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ABSTRACT

The need to obtain more bio-physical agroforestry data from on farm
situations s emphasized. Two methods are discussed: studies of
single, ectablished multipurpose trees and on farn experimentation,
Some of the conplexities of the former are described and briefly

i Tusteated, A new approach to on facn experimentation s nroposed
which involves randonly sampling natural conditions on-farm which are
selocied o be relevans and usefyl comparisons (“ccological”
treatnenin), andfor with added nanipuliations (“interference”
wreatnentas s The ddvantaeges of thie ccological approach, using any
Tquaaratsodecigqus . are diccussed vis aovis classical conventionglly
designed crperinento, which may noi be perceived by the farner as so

redievant, noe dend thewselves to his active participation so readily.

Key words: On-farm experinentation, agroforestry experimentation,
multipurpose tree investigations, agroforestry surveys,

quadrat designs.
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1.

Introduction

General comments

The needs and opportunities to collect more in situ bio-physical
data about agroforestey systeas and components are becoming
increasingly opparent; whether these are from surveys or from
frield cxperimenic,  Certainly, experimnental questions have to be
tested on facm ot an carly stage because the bio physical
complexity of wqroforestiy systeas demands @ high level of

cite specitic validation, and th re is a ¢ itical need to be awvare
of the dand user . peecine reasons and atititudes to any
introductions or changrs involving the use of trees. Indead,
without the laiter wvdoption pooential can be very incorrectly
astimaved.

A complaete oo Tavin recnarch peogramae, wheiher Lo introduce a
technical intervention or o complete system, will necessar11y
favolve a vhole vange of exnerinental, observational and
information qathering activities. Jfng it will be closely linked
andg overlap with on ~cation wory (for ezample, see Atta Yrah and
crancies, 15570 Thie paper intraduces, and briefly discusses,
two approaches ihat che authoirs feel are particularly neoeded for
on-farm recearch concecned with ageoforestry.

In the Tirse part sowe of the factors involved in using a grid

transact method to investiqate the environmental interactions of
an established tree with its immediate site are discussed. The
second pari i concerned with some of .he short-comings in trying
to adapt experimental techaigies that originaliy wore designed for
o0 siaiion cxonriaeniation Lo on farm situations, and a new
approaci is proposed.  In this introduction we concentrate mainly

ot the need and justification for the latter,

1.2 Observations an irees

The upsurge of interest in multipurpose tree (MPT) spacies for nse

In agroforestry sysiems has created considerable demand for data



on their growth, pnenolagy, production characteristics ane yield;
their potentials for beneficially modifying the wicro-site; and
chi2dir general compativility with other plants, particularly with
agricultuval crang and grasses.  for nany NP0 species there i a
dearth of infornation on thiwe aspeces and, even when thic can be
ootained from verious doounented sonrces, it is of Len fragmertary
and LAY in need of elabaracion andfor validation. However, a
vast body of wuch information <till awaits collection from on-farm
sttuztions  The main problems here are to define, ciearly, a set
of Tinmited, peactical objectives for collecting such information,
and o give quideliaes on cxactly how it can be oblained. These

aspects are diccussied in Section 2 below.

A new aperoach 1o on ferm agroforestry experimentation

This requires more explanation.  Basically, on.station designed
expecinents, for which thero s very wide choice of

crgulacly shapea field designg, use sets of troatments chosen to
provide answors to clearly identificd, well focussed questions.
Mey are almoct invariably doae on flat or, at most,
qently-doping Land,  Their size and often rather fornal structure
o NGl then cuitable for on Tarm trialys with subsistence
farmers having only <mall fields. Lopecially where such farmers
areon slopes, sonetiones cven with terraces.  lor do such old
fashioned and formal designe lend themselves to “miniaturization~
either in size, complexity, or both. This is because at the
on-varm scale they may bhecome unsatisfactory both biophysically
te.g. plot size too small)y, and statistically (number of degrees
of freedon for tedting too few), rurthermore, farmers do not see
such Tayouts as relovant Lo their normal farm conditions, or to

theis goals.  So that this can markedly limit their impact.

These comments apply with additional force to on farm agroforestry
as compared with agricultural trials, because of the inherently
targer size and complexity of the latter. Additionally, an
agroforestry experiment can be expected to last for several to

many years.,



In general, two ways have been adopted in order to modify the
design approaches to agricultural on station research to make them
more suiteble for on farm investigations. rirst, limiting the
stze of blocks i seen to be essential and. in consequence, tho
incompleie block layoutl is a very usetul approach (o.q. Head,
19883, Tnen aqain, the inage thal many temperate based
cescarchers have of what constitutes a “block” has had to be
greatly moditicd, although possibly not as far as statisticians
have been advacating.  Indeed, the term “block- is not a happy
chnice. A uloc pepresents a simitarity, in some obviously
recogqnical e senne, ot o group of units.  Soverd authors
(Caldwel T and Walecra, 1986 and Mead, 1988), emphasise the primary
requirencot in oo randowised hlock layout, compiete or incomplete,
for setting out cash block of an experiment on an environmentally
notogenenus arca regqardless of the contiguousness of the plots
cotiatiing operate treatments.  lo extend this idea somewhat, tne
plots dn the ficld comprising any one block can even be quite
wiaely oot ored fhuxley, 166500, althougn this inplies some
appropriaie level of Fnowledge about the conditions within which
TnonngeneityT can he dof paed and, within practical limits,

nerceived,

Unforiunately, too many ‘ield experimenters assume that
contiquousness over small areas ensures homogeneity. In tropical
regions, wiere on farm sices can vary markediy over even a few
metre’s dictance, plots in a proposed block can often be found to
be obviously not niangenious ., Nevertheless, the image of the
regularly shaped on station field experiment, for which blocking
was originally proposcd as o very effective and practical tool in
temperate lands, has prevailed.  Reseacch stations wherever they
may be are, or should be, chosen for their suitability for large
scale field vrperinentation,  Wnich automatically implies that
they have several large environmental homogeneous areas on which
lTocational error can be minimized. Small farm sites in many parts
of the Lropics inevitably de noi have this attribute. We are thus
almost invariobly faced with a very difficult and thoughtful task
i we wish to et doun a controlled experinent using blocks on

such o farn,
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The on-station field experimenter sometimes carries out a
uniformity (or non-uniformity?) trial using the inteaded or a
substitute test crop, planted coually spaced over the whole area,
and harvasted cither as s grid, or according to a pre-concelved
idea of where Slocks and plots will be situated. Co-variance is
then used o adjust the yield of subsequent experimental plots.,
Such @ careful approach is rarely found in tropical field research
thess days. 1o any case, for agroforestr,, the different
environnental cesource-use characteristics of woody ana non-woody
plant componeets renders it inadequate in its usual form. For
example, a locally adapted cerecal cultivar is hardly likely to
provide an adequate test of oite variability for an experiment

which i to include o deep rooting wood, perennial,

Wee can undountedly agree tnat considerably more thought is
requires in dealing with locational error in field experiments
carried out on tarn in the fropins as compared with those
on-scacioi 1o Lonpevate rogionn, And Lhat “he problems are
further exocerbated with agroforestry field experimentation.

Hould it not bLe better, ‘o look into ways to exploit rather than
try Lo overcome this naturally occuring on-farm heterogenity? And
to utilize it in order to comsare relevant situations? Or,
perhaps, after we have identified and characterized the situations
to nodity thei in order to observe interactions of other kinds of
effects over a wider range of conditions?  Two different, and

equally inportant objectives,

To achieve this we will have to change our attitudes and modify
our approach towards that of the ccologist, ore of whose mejor
tasks is to investigate such situations in natural vegetation,

The approach to agroforestry field investigations on-farm proposed

in the second part of this paper is based on this.

Binaphysi}algjupﬁpys of existing multipurpose trees

The approach

This type of ~on-farm” research (it could be done both on- and
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oft-varm) is designed to explore and compare the characteristics

of existing trees, including their effects on the micro site.

Such trees could be either growing singly, in small clumps, or

even as hedaerovs /boundiry plantings ete, In what follows, the
.

single tree exanple has been chosen. Fhis kind of operation

would be researcher planned/ rescarcher managed.

The approach 15 ba<ically that which ecologists use when studying
any plant community, but the enviromwent immediately around (and
below) a single tree fo what needs to be investigated. Often we
May wish to exan e weasonal changes of some factors (e.q.
shader, and longer e int tuences, for example on 501l
characteristics, wauld be studicd by selecting similar sites

possessing trees of different ages.

As with many other Findo of research some of the measurements
could well be sinilar to *houe needed on station when studying
saple trees in plots. However, tor single trecs, in addition to
any production from the tree itself, the spatial and temporal
variaiions in different parameters can, perhaps, best bhe
investigated uling a grid trancect methud to study both the
relevant above  and below ground environmental aspects. Grid
samnpiing beneath Singis tree plots has already been reported in
an caperinental agroforestry situstion (e.g. by Hewaan 1984), and
discussed in relation to the use of phytometers (Hewman, 19883,

but it is yet to Le generally adopted.

Such an investigation on single trees could attempt to answer
“simple” questions as such “In this area, and on such-and-such a
soil type, is species A wore or less soil-improving than B?~
However, a question like this can contain many hidden conditions
(e.g. “over what time ccale?”, “with what surrounding soil and
crop managewent?” etc.).  HNevertheless, even an vutcome in
relative terms (e.g. as a ranked order) could be very useful at
this stage in agroforestry research. Single tree investigations

of any kind are, alas, all too few (cf. Kellman, 1979) but some
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detoiled studies have recently been started by Belsky et El'
(1988) and at ICRAF < Nachakos Field Station (the latter, to

siudy only wethodology).

AL present we fnow inoafficient ahout the variability likely to
b encounlered tu be able to come up with firm recommendations
about sampling such <ituations. And there is a further need to
simplify the espected asseqoment nethodology because of the

Hmitations to rescarch resources.
Explanation of the nethodology

The research wizthodology problem is that of selecting appropriate
charactoeristic, tog mieasure, and  to define how to measure them.
For exanple, wiat ample oizes (e.g. grid areas) are to be used
and how ofcen should ve somple?  What number of replicates

(Lrees )y are puidied r Pinally, we have to solve any data analysis
orovlein.  The hHasic principles of experimental design are
relevant Lo the planning of such sampling exercises.  Thus if we
are sampling feom o grid of 64 squares around each tree and have
to select sample quadrats from each tree on cach of a number of
occasions, the structural ideas of incomplete block designs and

Catin squares < an be utilized advantageously.
}

In this type of bio-physical survey the farmer is being used to
provide MPT species/management situations that would not
otherwive be available,  The usual difticultics of discovering
the exact manama ont history of the study unit, and of
charactericing and recording current management. practices or
interventions will apply. The objective is to obtain valid
information about tree environment interactions from an adequate
sample of trees of that species at one or more defined kinds of

sites.

In the first instance trec age and management history might weil
be standardized, as far as this can be done.  Othervise samples

could be stratified accordingly, and then the trec-environment



interactions with time under different managenent circunstances
examined. This is Leginning to make the size and complexity of
such a bio-physical survey rather large, bhui a study of changes

with time is likely to provide iwportant information.

What s needed are some sample sets of data so that some idea of
the variability in <uch tree systems can be obtained. Only then
will e be pousible to give precise recommendations about how to
carry cut this xind of study. Figs. | and 2 give examples
indicating hypothetical sampling schemes, bearing in mind the
present scarcity of suitable data on which to base these
suggestions.  Sampling designs to it various different
restrictions can be constructed without difficulty. ftor a

64 quadrat qrid the restrictions may include raugh equality of
saiipling intensity in different rows, columns, quarters (for
orientation offects) or distance from the centre (Lree effects).
o dcsign: twithout optimality properties) are shown in Figures
Pand 2. In Jig., 1 tines of sampling are allocated equally in
each row, cach column and the inner block of 16 quadrats. Such a
design relates directly to latin squores. In Fig. 2 the strata
within wnich allocation of sampling times is required to be equal
are quarters and square boundaries about the centre. The
analysis of date would involve fitting & regression model with
terms corresponding to the strata effects and (possibly)
distances from the centre and orientation, together with tree and
sanpling occasion effects. From this fitted model isoclines can

be constructed,

Although at first sight it might all scem very simple the
diagrams that Follow show that it is, in fact, not! Fig. 3 is a
plan view of a tree occupying a site. ligs. 4-6 show examples of
the hypothetical distribution of some inputs; Fig. 7 the
distribution of some outputs, similarly: and Fig. 8 the possible
net long term effect on soil fertility., iable 1 lists some

plant-enviranment characteristics that may need to be assessed.
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Fig. 1:

Sempling scheme for 8 occesions with 64 grid points for four
trees, each in the centre of its plot (see Fig. 3.
Occasions (A, B, C, D, O, F, G, H) are arranged to occur in
each column and irmer/outer square boundaries with equal
frequency, and in different positions for different trees -

see et for further explanation,
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Another sampling scheme, also coverin 8 sampling nccasions.
J 9 g9

(A to H). In this example the strata within which the

allocation of <ampling Limes is required to be equal are

quarters (for arientation effects) and square boundaries

about the centre (for divtance. from tree-effects) - see text

for further caplanation.
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SINGLE-TREE ENVIRONMENT INTERACTICN STUDIES

‘>
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Fig 3. Stem, root and canopy as at 15 years

Notes:

=~a hypnthetical case.

Dimensions of indwidual grid squares
will be dependant on degree of

discrimingtion required.

Number of grid squa-es (overall size)

will depend on (1} together with numbers
of samples that can be handled in proctice
e.Q. 8x8 I'5m squares far a

medium sized tree?
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Fig 4 Rain recewved ot ground level (% of open) - hypothetical

-all else as for Fig. 3.
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Fig. 5. % full daylight (ground tevel, per day). Latitude 5° S., July. - hypothetical

(morning/afternoon soil surface tempergtures

will be maditied accordingly).

-~ oll else as far Fig. 3.
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-all else us for Fig. 3,



Fig. 7. Water/Nutrient uptake situatians: -hypothetical

"l High level in surface soil.

Q
/ly Medium level in surface and deeper soil levels.
PN

Mainly deeper sail ievels

(but modi‘ied by Iitter and soil temperature chenges) .

-all else as for Fig. 3.
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Fig. 8. Hypothetical overall topsoil fertility stotus after 15(?) years.

(needs to ollow for increosing canopy and root spread).
-a Highest fevel (most litter, less rain, some shode
but high level of water/autrient uptake)
W Moderate fevel
Kb' Low level due to heavy stemflow leaching?

[ ¢ [ Hormal level {outside tree influence)

(;N Lowest fevel {high leaching, high topsoil temperatures,
] hittie litter dispositiaon).

~all else as for Fig. 3
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Table 1 list of potential plant environment assessment for

Single tree dnvestinations (* necessary, others are

optional)

Information about weasonal changes are lively to be important so that,
for each af the characteristicy, below, careful thought has to be given
as to wken and and how nany times during the year an assessment should
be made.

A. Mbove ground assesument s
On the tree: Crown sizex,
(at. beqinning and end of season).

teaf area index,

Stem diameterx,

Height.

Phenology .

Hon-destructive estimate of whole or part.

(e.3. of fuelwood, at beginning and end of season).

Chemical composition of foliagex
(during a growth flush and at least once,
subsequently),

Litter
Camounts and chemica composition, litter
degradatinon rate)x

Fruit yield
(if appropriate)

Climate: Rainfallx
tbelow and outside canopy in selected grid squares)

Stem flow, drip characteristics and chemical content
of throuqghfall/ stemflow.

Radiation snd 1ight interception
(% total daily inteqgrated radiation and
Hght(Palv, received at ground Tevel in selected
grid squares on sample days).

Air movenent (20cm below lowest breanch eloments
and/or holf that height from surface in selected
grid <quares on sample days (eventually io be
replaced by 20cm above crop, grass or weed growth)
as a loof air movenent, in the open at the same

heights.



v
Temperature profiles, if required.
Humidity profiles, if required.

B, Below-ground assessment

Samples taken only at the beginning, middle and end of season are
Hkely to be feasible,
1. On the tree: Root samples
(in appropriate grid squares).
Root phenology¥
(fine root growth activity),
Fine root turnover
(dry weight sanples).
Nodulationx
(mycorrhizat associations).
Nodule efficiency (ethylene-acetylene reduction).

2. Soil: Soll waterx
(profile determinations in selected grid
squares and at selected depths to identify
main season changes), '
Deep drainage

(and 1ts chemical content).

Hew surface daily soil max. and min.
temperatures(at two depths from the actual soil
surface in selected grid squares), and soil

surface itself (if required).

Chemical compositionx
(every 3 years) bases, CEC, pH.

Soil physical status»
(every 3 years) bulk density in selected grid
squares).

Soil water infiltration rates
(in selected grid squares).

Soifl fauna
(seasonal sampling, biomass and nutrient
content).



3.

3.1

i

Replacing “classical” designed on- farm experiments

Limitation ot "classical” desiqned experiments for on-farm studies

When planning Lo carry out such experiments on farm it is often
assumed to be essential Lo Tmivicturize . Hot only are treatment
aumbers constrained, but the cxperimental unit is reduced in
size.  The former can lead to an experiment that is inefficient
and, posaibly, statistically inadequate (too few degrees of
freedqom for testing).  The latter may result in plot sizes that
are so sall that they are all edqge effects and/ur severe mutual
interference between plots take place; espacially as the idea of
quard rows 4 often abandoned for lack of space. In either case
the end result can be both bislogically and statistically
unsatistactory. It is like nothing that the farmer has over seen
and he views it, therefore, o having only dubious relevance to
his situation.  These problems arise because we start with the
Telassical” an osiation Lype of layout in mind and then try to
adapt i1, there are other alternatives, one of which is described
below.,  However, beigre doing this it is as well as to say
something aboui research abjectives, because these should

determine, to o large e«tent, the kind of on-farm experinent we do.

A designed experinent may be carried out in order to test either a
single piece of techrology (e.g. to compare two forms of soil
management, such as with ang without mulch combined with with and
without tillage). Or it may attempt to compare different

farmer derived combinations of technologies which represent
alternative sets of inputs. Investigating a single technology
Tends itselt to a more precise evaluation of the effects and
interactions of selected key factors, possibly at different
tevels.  Compering treatments as combinations of several factors
confounds thei, and thus defines the role of each less clearly and
makes 1t more difficult to extrapolate to different places or
management. conditions. investicating or assessing combinations of

factors mey appear te be e relevant to the farmer-s situation,
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hut inevitably thic provides little ur no information on vow the
systefi workes, The more complex any treatment compused of factor
combinations becowes the wore this applice,  Because we are always
dealing with at least two plent components in agroforestry systems
(woody and non wondy unews the Lenptation to adopt the factor
combination approeci is otten considerable ane, at the scaled.down
on-farm tevel, the returns in informalion could be rother limited
and decidetly site cpecific.  If enough wites are being used ihen
Lhis, ot courwe, may not matter.  ICRAN s adopling an
observational “Pratotype Systems Trial™ aoproach (Muxley and
Raintree 1987 <ee Appendiz), principally aimed ot extensiun
workers, Lo accomiadate this nowed to explore, in an initial and
practical sy, “best bet” agrotorestry factor combinations,  They
will, of canrye, atton lead toa clearer definition of exactly
What precice cdpecimentotion 1o required, and can be particularly
useful A the dintending ezperitentor is 5till not adequately
Famitiar with the plant components and nanagement practices he

wisies to tudy,

ractorial arrangenonty of wxperimental treatments can be a
poverful wiy of investigaling sceveral tactors, each perhaps at
different levels. Factorielly arranged experiments con be used,
very efficiently, to explore main effects and their interactions.
The <ize of a factorially arranged agroforestry experiment could
readily get oul of hand, because of the number of factors
involved, but this difficulty can be accommodated through
fractional veplication.  The factorial approach is likelv to be
most useful G initial investigations to identify the hey faciors
toostudy in any particular situation, provided that the preslem
being addreacad (ay needs o field experiment as distinct from a
prototype system trial, and (b) that enough ic already known about
the agroforestey systen and components under study co embars on
resource deaanding fiold experinentation.

P ds up to the dndividual researcher in the particular
circumstances Lo decide which strategy has Lo be adopted; although
1L s wise to uce statistical advice in choosing the strategy

because statistics 15 the science of obtaining and using
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quantitative intormation efficiently. It is al<o important to
recognise thai different stages of o complete reearech plan will

Fit naturally into the research station and the orn-farm situations

On-farm research and farmer objectives/qoals

On-farm rescarch will otten have two sets of objectives. 0One is
fopticis in the divcusaion o far.  Ihie i4 to provide data to
sabisty question. that the researchor wanes aitswered, hopefully
quickly Lo be adapted and passed back Lo the farmoer through
extension procesaes ay practicael recommendations.  The other is to
utilize the cxperience of the farmer himself Lo help design,
monitor and evaluate the trial.  The latter can be achieved at two
Tevela, which are Cor should be) gssentially simple and ¢lear
respanses by wnich we Tearn something about the potential value
and adoptability of the proposed intervention. First, if the
farmer “accept o “likes”, “is interested in”, “want Lo know more
auout” il e part of the experiment Lhen that, in ditself, is a
successful vutcome.  Lven if the farmer “ignores”, “resists
applying™, or even “aliery o treatment”, something has veen learnt,
“hcceptsT, CHives T, Ty intorested inToand “wante to krow more
about™ are subjective terms which deqcribe a decision or choice
based almost certainly on an integrative, heuristic appraisal of
the possibilities made in the context of a highly-localized
situation. Some of these factors are quantifiable, but many of
theit are not ) o at least not easily made so (risk, perference
ete.g. The overall dimpact of the experiment, in farmers’'s terms,
may well be defined quantitatively just by the number who accept
or reject the intervention in some form or another. A scecond, and
more valuable outcome for the cxperimenter, will be to discover
the reasons why the farner adopts the view he does about the
experiment, including exactly what experimental treatments have
attracted the farmer’s own form of re evaluation (was it something

the eaperimenter overlooked?),
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Clearly, an on farm experiment can be post cont Hfective if it
fulfills both seto of ohjectives. Bit can a conventionaily
designed caperinent do this vory cifectively? If it is a
"minfatuarized” field layout testing technical interventions in a
classical way, then tunis is untikeiy [s there a better approach
and, if so, what design and assessment methodologies can be

suggested?

“Quadrat” designs

These could equally well be termed “unsystematic- designs!  This
approach assumes that on-farm treatments can be selected and/or
arranged in tvwo ways: either by identifying relevant

already occuring “ecological™ Cenvironmental) state; and/or
management. conditions which exist in the type of on-farm situation
to be found tor which come about as a natural consequence of
profmulgating ity; or as some form of “interference” with the
natural siate of part of the syscem. Fither or both could be
present in any one experimental situation. The comparigons of
experinental treatments would then consist of those between

different sets of selected quadrats ("units”, “plots™).

There are some minimal requirements which apply to any form of
experimentation from which conclusions are to be drawn which are
to be regarded as scientifically (or technologically) defensible.

These include:

A1) The definition of the observational unit, in terms of size
(which must be similar for different units), and location (if
orientation varies it could be regarded as an ecological

treatment .

D) Replication of units to the level where some numerical
estimate of the variation between ~identical” units treated
identically can be obtained. Obvicusly this does not demand

philosophics] impossibility). Rather it requires that the



nuber of units (on 4 single farm, or on a group of farms) is
clearly larger than the total number of differences (either
ohserved ecological diiferences or apnlied Lreatwents) which
are of intecest. Ur which must be allowed for in the analysis

of the variation in oboerved pertoraence variables .

The proposed type ot on farm investigations will, therefore, be
axamining probles, pactly by observation - which will involve some
random olement in the choice of unit and recognition of
environaent, but not have any element of “interference”; and
partly by cxperinentation  which will involve choice of units,
perhaps control of environment, and “interfercnce” (.. applied
traatoents) . The practice of superimposing stmple agronomic
treatment plots on tielas being managed by farmers is not, of
course nev e Hildebrand and Poey, 1985, However, such fields
are usually chosen to be generally representative of the <arm
situation in any particular area, and not from the point of view
of cxploving ine available locational heterogenity. The choice
aind selection of both ccological and interference treatments will
depend on the Vind of comparisons to be made, whether or not the
inviestigation i on an exinting farm situation, or whether the
Farmer ic about to initiate an agraforestry practice, i.e. it is
Lo be nevly planted o as to be eranined lator, Lopping
management on eoisting hedgerows i clearly an interference
trectient conpariaon, and newly planted sites could take into
account i naturadl opportunities, to examine soil, shelter, aspect
ar-even the intluence of other vegetation (e.g. existing trees) on

selected quadcat:,.

In any case, comparative sets of “treatments” must obviously bhe
chosen for their relevance, not merely because they are there!

They will neacly always represent a few rather widely different
comparisons (if not extremes?), a feature which will contribute

both to overall sinpiicity and the ¢lear interpretation of results.

[t is nnt necessary Lo make detailed soi) fertility measurements
¥ Y

on potential plots before using them, A perfectly sensible
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strategy weuld be to classify petential plots subjectively (with
che farmer) ond, vhere subteyuent measurements of fertility or
ather physical characteriscics are available, to use such
maasurenents a5 covariates to adjust treatment comparisons,

The stages

For this type of on-farm experimentation we thus have the

following stages,

a) ldentify a large population of observational units,

robably spread over several farns.
!

b¥ Etach unit is classified according to its level for each of

several environment treatment factors,

¢) Each unit is turther classified according to its level of
each of several blocking factors which, unlike the
environwent treatuent factors, are of n direct relevance

to the questions the resedarch is hoping to answer.

d) There may be interference treatments (- the type of
treatment ased inoan on-station experinent) to be included

in the on Teen experinent.,

e) Within blocks of similar units, where blocks are defined
from (¢), units to represent different environmental

treatrents (h) are rand selected from a population of

available quadrats (plets) of that kind and (if (d} ig

relevant) allocated a level of interference treatment.
An example

To elucidate we have taken a hypothetical hedgerow intercropping
situation 4o an example, but the approach has a wide
applicabilicy and would be useful for any simple sets of
comparisons (e.q. with 2 or 3 factors). The design proposal (see

section 3.5 and 'igs. 9-11) is for investigating from the
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farmer s viewpnint, the feasibility, value and adoptability of
this particular agroforestry intervention (hedgerow intercropping
into a chosen wanay and 4 choscn non woody plant component). And
to obtain data on tree crop interface effects at two ranges of
soll fertility ana two lovels of hedgerow Yopping, for the

esearcher,

With these twin cets of objectives in mind ﬁﬂg~i3£mg£ is to be
asked, specifically, ~is this form of crop association (in this
case, say, leucacna hedgernws with fie'd beans intercropped
between) useful to you? . And, ivon to qualify this (if the
answer is positive) by stating ~what i‘rangements and/or
managencnt conditions do you consider to be best for your
(stated) purpose?”, The researcher has the specific technical
comparisons te test of the interactive effects of the hredgerow,
with its adjecenc crop, of two different soi) conditions and two
kinds of hedgerow lopping practices fclearly, hese would have
veet discusced with the farmer befor: bring chosen). He must
obtain data from randomly chosen replicates s0 as to ‘draw
statistically valid conclusions. One might add a third
collaborator - the exter<ion worker - who will probably be
satisfied with critical ebservations (not essentially
statistically validated), from which he can gein a great deal of
practical information about what will or will not work in terms

of management and farm organisation.

The farmer would be provided with a set of guidelines on how,
generally, to manage the trial, but at the same time encouraged
to adopt his own approaches tc management for different parts,
should he wish. Although, of course, not from the places where

the researcher is going to collect his information.

F1g. 9 shows a hypothetical example of a possible on-farm
situation from which the researcher is in the process of
selecting relevant ecological treatments. Fig. 10 illustrates,
for another farm site, what the outcome has been of selecting the
randomly available treatwent plots (vame treatments as before).



Fig. 11 gives another example in which the natural farm situation
has been utilized to test a set of simple (2 factor x 2 level)
treatments, one of whizh is ecological (site condition) and the

other interferonce (mulch management ).
Points to consider

In setting up <uch a ti’al it must be clear that (a) sample plots
representing any particular ecological treatment are as similar
as possible, and (b they are chosen to be a random sample of

the possitle available plots of that kind.

The classification of vcological plots, based on existing
situations, would best be dope by qetting the farmer himself to
cefect them, or oo make this a Joint exercise between him and the
research team.  Certainly, o farmer s classification of his soil,
baced on experience, could he less time and resource-consumning,
and far nore management and output-oriented than a scientific
evaluation of soil characteristics, Athough, the latter could
be used, eventually, to validate similar clusters of treatment

plots,

Treatments such as “distance from hedge” would nced to be defined
precisely and the plots chosen to minimize other potentially
influential factors (e.q. orientation, sheltered or exposed side
of the hedge etc.). Lengths of nedgerow without accompanying
crop rows could be left it data on potentis) hedgerow biomass
production are necded as a “contrnl”, and sariples taken from

appropriate sole crep areas, similarly.

The size of each sample plot (or length of sampled crop row)
would need to be chosen in relation to the overall size of the
experimental sites, the number of plots needed at any one site
and the treatment being tested. It would be essential to try to

standardize sample sizes.
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Fig. 9

Hedgerow intercropped farm site chosen to provide two kinds of
“ecological” cropping situations: crop proximity to hedge being
(a) near (N), moderate (M) and far (F), on (b) soil of good (G)
or poor (P) fertility. Some of the possible “plots~, which also
conform to the requirement that otherwise they are similar, are
shown. Fer cxample, all plots are on the sheltered and not the
exposed side of hedgerows, Dotted lines indicate crop rows (they
would not necessarily all be parallel), the hedgerow is indicated
by convoluted lines. Should controls (crop alone, hedgerow above)
be required suitable, similarly randomly chosen plots would be
included.



o
Typical "Good’ site
Fig. 10

Hedgerow sampi:ng
/ unit = 3 such

Crop sampling Crop rows
unit

Hedgerow sampling unit
{ Poor site) - 3such.

fig. 10

A similar site indicating the equal-sized crop plots (quadrats)
and different, but equal-sized, hedgerow plots which have been
selected, at random, to represent the ~ecological” situation
under study. Hedgerows would te non-destructively measured for
growth, as weil as having fodder, fuelwood or mulch yieldas taken
from those parts being subjected to a standard expevimental
management procedure. A limited number of hedgerow plots might
be available for destructive sampling, if needed, as long as this
did not interfere with any site characteristics (particularly the
treatment plotsi.  The farmer, similarly, could manipulate
hedgerow or crop elcewhere on the site in any way that occurred
to him.



g, N

Site providing another randomly chosen possible set of
“ecological” comparisons i.o. crop sheltered and soil ~wet~ (i.e.
clayey with poor drainage), versus trap exposed and soil ~dry-
(sandy, and free-draining). Clearly, all crop plots (as
indicated) would need to b equidistance from a hedgerow in order
to standardize this facior. A et of interference treatments (+M
and M) involving the use or not of standard amount of mulch
obtained from ar adjacent hedgerow are also indicated. This forms
a Zx¢ comparison which would be replicated on as many other
similar citec ar necessary.
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Table

1: Comparing the basic characteri

stics of agroforestry

CHARACTLHISTICS

trocus

Oojectives

Time course

Potential for
modification

d2sign features:

(1) Replication

(2) Size

{(3) Choice of
treatments

(4) Background
information
required

experiments and prototype systems trials

LD SAPERIMENTS

Precisely focussed

fo study caretully selected
experimental variables
(components, management practices,
but only o few and others are
standardized, .

sequential et of dnvestigations,
each to be valideted.  As AP
systems are complex completion
of investigations could take a
long time,

Very little or none for the
individual experiment

Essential -must be adequate
to satisfy particular
statistical requirements

Difficult to prevent on AF
experiment from becoming
large and complicated. Block
size must Still be kept small
to minimize variability duc
to locational errors,

Depends on objectives - but
may often be necessary

to select curefully from a
relatively large number in
agroforestry experimentation

in order to make
experiment relevant. From
detailed scientific literature
etc. for precise selection of
treatments

rrom “DED

PROTOTYPE SYSTEMS TRIALS

Broad focus

To observe and examine how
well a system Cor part of a
system) functions.

One (or a few) designs
under test until
maturity. Some early
returns in information to
be expected.

As long as original

geametry and choice of
woody species is broadly
near optimum, then seasonal
changes (e.g. in management)
are permissable.

Desirable, but can be very
Timited.

Can be kept small as long
S overall plot size remain
“credible” to the farmer,

Trial will be made much more
valuable by having paired
“compare and contrast”
system’s situations (e.qg.
same components and
arrangements but two
different levels of
management inputs).

From ~“D&D~ and also
requires technical/
scientific ~tools™ from
which to make a

prognosis of how the system
will work,



Management
features:
(1) Manpower
4 equipment
needed

(2) Site

Outcome

Primary
Customers

Secondary
Customers

Extrapolability

Priority

o

On-station, often requires high
deqgrec of skill and (for ~How”
experiments) scientitic
equipment which has to be
calibrated and maintained,

Even on-farm experiments
usually require some scientific
back up.

ficeds to be representative ot
region/ecoclimate and easily
accessable to all experimental
staff concerned and their
equipment (may need electrical
pawer, laboratory facilities
ete.)

Detailed and statistically
analysable data sets relating
to sometimes a few key
components/management factors;
soetimes has only relatively
little demonstration value.

Scientific community

Extension service

(but often information so
precise its practical
implementation in isolation
is difficult).

If a simpie ~“Wnat heppens~
experiment then this is limited.
[f a "How does it happen”
experiment (i.e. with
appropriate sets of highly
focused treatments and adequate
sampling/instrumentation) than
extrapolation should be pcssible

Needed for the sound and long-
term development of the Ar
System and to further the
understanding of how, generally,
to design and manage woody/
non-wondy plant associations
productively and on a
sustainable basis.

Minimal - just qood field
staff + notebooks and
camera - estimate of growth
and yield, soil changes etc
desirable if facilities and
staff available.

Needs to be representative
of region/ecoclimate and
easily accessable to
extension workers and a
limited number of
researchers.

Observational and
demenstrational. Data
sets on input/outputs
but probably relatively
small amounts of
informatior on component
measurements.

Cxtension service (and so
to farmers in appropriately
modified forms).

Scientific community

Prototype trial has to be
designed to represent an
improved landuse system
broadly-suited to an area
based on which local
modifications can readily
be made by the extension
services.

Especialiy necded where
such AF systems have not
been tried before (and it
may not even be clear what
the experiments should be),
where local scientific
information is sufficient
to “try-out” a seemingly
practical proposai, and
where (if sufficient is
known) a demonstration is
required.

A



