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ABSTRACT
 

Ihe need to obtair more bio physical agroforestry data from on farm 
situations is emphasized. Two methods are discussed: studies of
 
sirgle, established mult Ipurpose trees and on 
farm experimentation. 
Some of the cooplexities of the former are described and briefly 
i llu'travd,; A n,. approach to on farm exlierimeitadion is proposed 

,i io'vUye radomly samalpi lg iatura l condi tion5 (in farm wOich are 
lcc ,ad 0,l d et:neVolii comipari son- (ecological" 

treatio,.. ), allt/or with added i:ianipi la,.ions ("interference" 

1.'rearlrl: ',rio-a.. ;avnisge'. of ,hi, ecolo(gical approach, using any 

'umr1V, . 1.ij1, ace (1icuined vin a vis classical conventiomally 
de ;i grdel;/jierienit s , iiihich may nr tie perceived by the farmer as so 
re levan :, nor land thewiselves to his active participation so readily. 

Key words: 	 On-farm experimentation, agroforestry experimentation,
 

multipurpose tree investigations, agroforestry surveys,
 

quadrat designs.
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1. Introduction
 

1. General co :ii:,rtts
 

lhe neerds aid ()portunities to collect more in situ bio-physical 

data about agrr fores try systens and components are becoming 

Incresring I / poiirit; whether these are from surveys ir from 

field experimnit. Crtirly, experimental questions have to be 

testnd on f orm in , ly 't ,ie iia,.e the win physical 

compl ity of i r turf, r r/.y %; drumlnasid a level ofy'; high 

site <pacitif vlirhdli , aniud th re in d :'itical ieed to be aware 

of So ,a,00t i >iOls ide's1 to anyii, nuqdtt. 

introductii rc or rhargc involving the use of trees. Indeed, 

with:iout th l : .er i ,jirm i i)je i,aialar on very inucorrectly 

esti ated. 

,Acc,iplet, :1 i T rresearch ;, ranle-, whether to introducei a 

technical int-erventioni oir a complete oystem, will necessarily 

li'volve a whole range of exiierinltal, observational and 

inforiation qet heriog activities. Ans itwill be closely linked 

and V-V iap Wi th no r; -tio w rt" (for ;MTle, see Atta 'rah and 

Trancles, 107). this papor introduces, and bripfly discusses, 

Cwo ap )rsachu. t ieat authors feel are particularly needed for 

on farm researc'hi concerned with ag-oforestry. 

In the firs; part umo,of the factors involved in using a grid 

transact mpehod to investigate the environimental interactions of 

an established tree with its immediate site are discussed. The 

second park in concerned with some of Ae short-comings in trying 

to adapt experiurctal techniq s that originally vwere designed for 

(ens,:;on , wnta',ios Ao taria arid newliii ri in o situations, a 

i<
approach s proposed. In this introduction we concentrate mainly 

on the need and justi fination for the latter. 

1.2 Observatirins in res 

The upipirge of interest in multipurpose tree (OIPT) species for use 

in agroforestry systems has created considerable demand for data 



on their growth, pnenology, production rharacteristics an'O yield; 
thei r poten ia 'ls for heneficially r-odit f ing the micro site; and 

,.heir genera I romp;il, ibii ty with othwe' plnt, part icularly with 

agricultura l cr12 and qiorsses. For ;atv., It rnl rips th - is a 

dearth ,f intolirfm itr (lit h sip (,-s. and, even when thi; can be 

o;)tairlt fruit vari r, do, ot:tertd olree , It is ifteri fragmentary 

and still ;n riood of vloitli 0 1 andl/or validation. However, a 
vast body of ur.h IrOfrm t 1No(1 1 I Il aait (o lles!tion frtm on farm 

sito l,,ion" lIt. main pIrr ldi 1.w her, ro, to define, clearly, a set 
of 1imi I.d, , 1.icl hj(i-( 1ivt:,, for col lt.t ing such information, 

and to (tliV,' qu th It (-' oiln ex tlyI t w it carn be obtained. These 

aspect" ore , icu ,;,td in jet iJon ? below. 

1.3 A rnev aprro'c: to o fornarm ,i i ' ( t r', experimentation 

This requires more explariation. a8:.,icillI, on ,tation designed 

expoeri ;_ents, fir which there iq v,,'/ wide choice of 
,:gularl/ hwpr fHink d.;igi';, (ro sets of t;ritt.ments chosen to 

provide answprs to clarly identified, well focussed questions. 

are ,l,:!,t n v - dlu.e on flat. or, at most, 

oently-'lonHit Idnd. Ieir size aind often rather fornal structure 
on) not. ,PI l.r. itblt f or on fdr trials wilth subsistence 

farmers ivrrj (M/ cr1ll Hlids. Fspeci aly where such farmers 

are on lo-o,;, soimttf.iwr-, ewen with terraces. Nor do such old 
fashinned arid formal designs Nd themselves to "miniaturization" 

either in size, onmplexi ty, or botL,. This is because at the 

n farm ,caln, the/ may become unsatisfactory both biophysically 

(t.q. plot size too small), and statl istically (number of degrees 

of freedom for testinq to few). FuNrthermore, farmers do not see 

such layouts as relevant tottheir normal farm conditions, or to 

the goals. So that thin can marl:edly limit their impact. 

These coimtnentrs appl with additional force to on- farm agroforestry 

as compared with tgricultural trials, because of the inherently 

larger size and comitplexity ttf the lat.ter. Additionally, an
 

agrnfor,,try experiment can he expected to last for several to
 

mtlanty
years.
 



In general, two ways have been adopted in order to modify the 
design approaches to agricultural on station research to make them 
more suitable for n farm investigations. First, limiting the 
size of bl chs in neen to h essential and. in conequence, the 
incomplete olock layout i1 a very useful apiw ach (e.g. flead,
 
9Y8 ,. K en agalin , the 
 ii;iage that many temperate hased
 
eserchers have of what constLitutes a -bloc[- has had 
 to be
 

greatly mlii 11d, 
 although porssibly not a% far as statisticians 
have neon dvo iti. Indeed, the term "block" is not a happy
 
ch(ii ;, , I, r-If 
 sef sn a ifil Iari ty, in some obviously
 
rec qn ifIrl ,..,I , ., of group oif 
 uni ts. Several authors
 
(Caldwoll ,and ':, I 1986
a, and lead, I988 , emphasise the primary 
reqtiir, ailw rn llomised hlo :,' layout, compieteri Cin or incomplete, 
for 'uettin, out (,Ja hb c: ain, O ,xperiment on an environmentally 
iio rhnoi. irel ,' rrjr'd es,,, of the contiguousness of the plots 
t-, lii itwj .w ,, treatments. lo extend this idea somewhat, the 
pl . in th. Tii.c ,n prisilog an/ one , loc2.' can even he quite 
uOn ly Vd;, .. 1, '.iu ley, 198ha), althro gh this implies some 

ipprij riao la.val of kmwledge about the conditions within which
 
'lon r,r 
 ity can in pel and, within practical limits, 

Jnfor u Nately, too many lieldr experimenters assume that
 
conti guunnnri over small 
 areas ensures homogeneity. In tropical
 
regions, where on farm 
 sitses can vary markedly over even a few
 
metre's di s tin(, pt5 in 
 a proposed block can often be found to 
he oiovioI ,ly io , ilvgenur , , Ileverthelecs, the image of the
 
regularly shaped 
 on tation field experiment, for which blocking 
was originally proposl ai a very effective and practical tool in
 
temperate I inds, has prevaild. Research stations 
aherever they 
may he are, or shiould be, chosen for their suitability for large 
scale field ex, ' islentation. Which automatically implies that 
they have several large envrrorrlental noriogeneous areas on which 
locational Prror car he minimized. Small farm sites in many parts 

of S tropi)1(15 111/1 tly do not0 hive this attribute. We are thus 
almost ivrib)l. faced with a very difficult and thoughtful task 
if we wirJi to set. d)oirl a controlled experiment using blocks on 

such i farm. 



The on-station field experimenter sometimes carries out 
a
 
uniformi ty (or non uniformity?) trial using the intederd or a 
subsi tute Lost. (rop, planted eoua 11y spaced over the whole area, 
and rhaIrvo,5-t od Qit h'.r a4 d grid, or according to a pr conceived 
idea of where hlr nk,and plots will ie situated. Co.variance is 

then usge to adjust the yield of su sequent expercilental plots. 
Such d careful approach is rarely found in tropical field research 
thes (lays. in on/ ca.;, for ajroforestrv , *ha di fferent 

eonvi t1onme.dl source- usr characterist ics of woody ano non-woody 
plant compone t ronoerq il.Iiinadoquatp in its usual form. For 

example, a 1ocolly adopted rernal c i ivar is hardly likely to 
provide an adequate teK f U.1t, varia ilty for an e:periment 
which is 0od/to irtoUIK a Meep roo. wr) perennial. 

We can undruhLtedl I ri-,y ft coosi derably more thought is 
requiren in dealinq Otn I,>,iil error in field experiments 
carried out on trin in rho :r i,. as cmpared with those 
on.-.sa in -.. oroZ 
 Hin,,. And that the problems are 

further excer ited with qroforestry field experinentation. 
Would it no! hn better, to look into ways to exploit rather than 
try to v.,rc ,.'thi, Andn, ura II / occuri rig on .farm heterogeni ty? 
to utilize it in order to cuprnee relevant situations? Or, 
perhaps, after ,e have identified and characterized the situations 
to rmoidify l.w in r,rer to observe interactions of other kinds of 

effects over a wider range (jf conditions? Two different, and 

equally iriortant objectives. 

To achieve thin, we will have to change our atti tudes and modify 
our approach towards that of the ecologist, ore of whose m&jor
 
tasks is to investigate such situations in natural 
vegetation. 
The approach Lo agroforestry field investigations on-farm proposed 
in the secnri part of Lhin paper is hased on this.
 

2. Bi physical surveys oifexisting multipurpose trees 

2.1 The approach 

This type of "on.-farm" research (it could be done both on-
 and
 

http:t1onme.dl
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ofT-farm) is designed to explore and compare the characteristics 

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

Such trees could he either qro, rng singly, in smal clumps, or 

even as hedueruw.n/hluridor plan;i nj, e.r, In what follows, the 

single tree example has be(len y,,:. [his kind of operation 

would be researchr p1 aned/ researcher managed. 

The approach is basically that which ecolcogi t , use when studying 

any plant caqunity, but the environhent immediately around (and 

below) a singl, lri.p in what needs to be investigated. Often we 

may wish to exam 'I ns oN I changes of sorie factors (e.g. 

shade), ard ]onger 'r rin lt I rens , for examrple or soil 

characteristics, orolil by studied hy selecting similar sites
 

possensirog tre' of different. ages.
 

As with mirny .r Kridn of research jatr if the measurements 

could well Ihe sioilar t.o thI,, needed on t.t.iit when studying 

sample res in ploEs. However, ior singl eire , in addition to 

any produclion from the tree itself, the spatial and temporal 

variations in different paraioters can, perhaps, hrst, be 

investigated ii.ing a grid transect metUd to study both the 

re levant rhov. ard below ground envirmomental aspects. Grid 

sampling ben eJath igt, tree plots has a1ready beer reported in 

an experimental agrfor'ntry situLion (.ig. 6y Newman 1984), and 

discussed in relation to the use of phytometers (Niewman, 1988), 

but it is yet t) ,e 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 more or less soil-improving than B?' 

However, a question like tLis can contain many hidden conditions
 

(e.g. -over what time scale?", -with what surrounding soil and 

crop management?- etc.). Nevertheless, even an outcome 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 



detailed studies have recently been started by Belsky et 
al.
 
(1988) and at 
IC8AF's Hlachakos Field 
Station (the latter, to 
Stud! only me thodiogy). 

At present wo ;now innfficip-nt ablojt the variability likely to 
be encountered to be able to) (oiie up with firm recommendations 
about sawipling such MItui IOMs. And there is a further need to 
simplify the e/peiCted cSbesnM.t methodology because of the 
1imit.athim to reserch resources. 

2.2 Explanatfor of Lime nhot-hitoology 

The research 110'.h
ogy pr,'hlem is that of selecting appropriate
 
char. LerW 
 , in mdeasure, 
and to define how to measure them. 
or ex plt , whi, s, e .izes (e.g. grid areas) are to be used
 

and how of:en, .hhuld w(e ,jple?w Ilhat rumber of rcpIicates 
tres are cf fil ia lly, we hive to solve any data analysis
 

pro' c:clu lih Pa. ic pr i cil1 s of exper'ilienta] design are 
relevant tW Q planning of such saipling exercises. iht)s if we 
are samplig from a grid of 64 squares around each tree and have 
to select s le quadrats from each tree on each of a number of 
occasion, tUe wtructural ideas of incomlete block designs and 
Latin squar. in be utilized advantageously.
 

In tohis 
type of bio. physical survey the farmer is being used to
 
provide MPTIIspecies/management situations that would not
 
otherwise be 
 vailablo. lhe usual difticulties of discovering
 
the exact (t hi tAry of 


characteriing and 


oi-,thie study unit, and of 
re 
ording current management practices or
 

intervotions will 
apply. The objective is to obtain valid
 
informati 
 toun tree environment interactions from an adequate
 
sample of trees of that species at one or more defined kinds of 
sites.
 

In the first Instance tree age and management history might we'll 
be standardized, as far as 
this can be lone. Otherwise samples
 
could he stratified accordingly, and then the tree-environment 
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interactions with time under different management circumstances
 
examined. rhis is Leg iniqir to make the si ze and complexity of 
such a biuJphysical survey riaher arge, but a study of changes 
with time in liQ , t.oprovide iuportant information. 

What is needed are some q;dple set; ot data so that idea ofsome 

the variability in ,uv 
 tree systems can be obtained. Only then 
Will it be ps,ible t, give precise recnmimendations about how to 
carry out this kind of study. Fig'. I and 2 give examples
 
indicating hypothetical smplin 9 schemes, bearing in mind the
 

present scarcity of suitable data on 
which to base these
 
,ugqestion. .ampling designs to 
 fit various different
 
restrict lio , can bp cmintructed without difficulty. For a
 
64. quadrat qriltihe retrictios may include rough equality of 
sampl ing inte"0 / i1 dif terent ron, oliurins, quarters (for 
orientation effets) or distance from the centre (tree effects). 
Iwo d(,igil? (ithout opti mality properties) are shown in Figures 
1 and 2. In ,i ,,1 time of gampling are allocated equally in 
each row, ech column and the irier block of 16 quadrats. Such a 
desigr reldles directly to latin squares. In Fig. 2 the strata 
within which allocation of sampling times is required to be equal 
are quarters and square boundaries about the centre. The 
analysis of daLta would involve fitting a regression model with
 
tems correspond rg to 
the st rata effects and (possibly) 
di stances from the centre and orientation, together with tree and 
saipling occasion effects. From this fitted model isoclines can
 

he construc ted.
 

Although at first sight it might all 
seem very simple the
 
diagrams that fo]low show that 
it is, in fact, not! Fig. 3 is a
 

plan view of a tree occupying a site. 
 Figs. 4-6 show examples of
 
the hypotheticul di st-ribution of some inputs; Fig. 7 the
 
distributioa of some outputs, similarly; and Fig. 8 the possible
 
net long term effect on soil fertility. iable I lists .;ome 
plant environment characteristics that may need to be assessed. 
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FIG 2 

-H-GE1H--F B CFA A H 
A F DC FA Gc-- D H B E BCD E--E GA I[ [ I --I-ID E ]-­- EFI-A HBCDEA- BF CD EFGD 
H B 1 EFFG H BD E AG HA BF C
G FiC A E1 G HE DB E C G-A HD 
A H B D HIFG B H G D F B H E A 
FiD E G A B C D -B C A_1 H iD F G F 
E LCH B C D F A A FG IE CtEH - C 

F B-GA C G D C F-IDG B F H 
-DCGE HH E F E F G-H F --E F HJD GIFDJHAFiB-A i G D A C -A.D C 

C GA B C E B H B F G E D B GE 
E F G H D C AHG-D-A-B-F E BH 
CD E F A BiF- C B FHG C D A G 
A G B C G'E ID F C-AE H BH 
B D A H H G B-E FEC D FAGF 

Fig. 2: 
 Another sampling scheme, also covering 8 sampling occasions.
 
(A to H). In this example Lhe strata within which the 
allocdtion of ,ampling time sis required to be equal are 
quarter,, (for or i itionn effe. 'ts)and square boundaries 
about the e:: itro (for di'n, ce from tree-effects) - see text 
for further exiplarwt ion. 
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SINGLE-TREE ENVIRONMENT INTERACTION STUDIES 

Fi 	 3. Stem, root and canopy as at 15 years N
-a 	 hypothetical case. 

Notes; 

1, Dimensions of individual grid squares 
will be dependont on degree of 
discrimination required. 

2 	 Numrber of grid squo -es (overall size) 

will depend on (1) together with numbers 
of samples that con be handled in practice 

e.g. 8x 8 1-m squares for a 
medium sized tree? 
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Fir 4 Rain received at ground level (M of open) - hypothetical
 

-all else as for Fiq. 3.
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Fig 5. % full daylight (ground level, per day) Latitude 50 S., July. - hypothetical 

(morning/afternoon soil surface tempero'.ures 

will be modified accordingly). 

-ill else as for Fig. 3. 
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-all else as for Fig. 3, 
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FH] Meium level in surface an eersillves 

Mainly deeper soil levels 

(but mocdified by litter and soil temperature changes) 

-all else as for Fig. 3. 
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i u hg levl o wae/tin uptake 

rfomu ei l(otiete iluence 

1
1 Lowest level (high lein, high tsil eme raturde s 

..... httIe Hirer disposition). 

-oall else as for Fig~3
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Table 1 Ist o jiotent. la2] p I wit rnment assessfnert for 

!ingl 	 e tr e invf'_e..i jat,io-;_ (I rt cite;ary, others are 
),pt 	oa tl) 

nformation aj,. wnnal hanges are likely to up important so that,
for each of thincharteri in. below, careful thought has to be given
as to when rd arid h wnmi/I im,, during the year an assessment should 
be made.
 

A. 	Above ground asssment 

On the t rec: ( rown i ze 

(at. beginnirg and end of season). 

leaf area index.
 

.tem di a ,eterm.
 

Height. 

Phnoogyo. 

ion 	destructive estimate of whole or 
part.
 

(e.. of fueWNoWd, at. beginning and end of season). 

Chemi cal compo-si t ion of foli agem 

((uring a growth flush and at least once, 

subsequently ). 

Litter 

(llountE and chemica composition, litter 

degradation rate) 

Fruit yield
 

(if apprnpriate)
 

Climate: Rainfall
 

(below and outside canopy in selected grid squares)
 

Stem flow, drip characteristics and chemical content
 

of throughlfall/ stemfl-ow.
 

Radiatior rd liqht interceptlonx 

(I. total daily integrated radiation and 

light.(Mh, received at ground level in selected
 

grid squares on sample days).
 

Ai r"mover,'ot ( ?O(f';i beloew l;es, branch elements 

and/or ball that height from surface in selected 

grid qquar' (i -nampledays; (eventuall i:obe 

replaced by ?Oci ;iiove crop, grass or weed growth)
 

as a V,tifair ovement in the open at the same
 

height s.
 



Temperature profiles, if required.
 

Humidity profiles, if required.
 

B. 	Below-ground assessment 

Samples taken only at the beg!inning, middle and end of season are 

likely to he feasible. 

1. 	On the tree: Root samples 

(in appropriate grid squares). 

Root phenologym 

(fine root growth activity). 

Fine root turnover 

(dry weight samples). 

Nodulationx
 

(mycorrhizai associations).
 

Nodule efficiency (ethylene-acetylene reduction).
 

2. 	Soil: Soil waterx
 

(profile determinations in selected grid
 

squares and at selected depths to identify
 

main season changes).
 

Deep 	drainage
 

(and its chemical content).
 

Hew surface daily soil max. and mn.
 

temperatures(at two oepths from the actual soil
 

surface in selected grid squares), and soil
 

surface itself (if required).
 

Chemical compositionm
 

(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).
 

Soil fauna
 

(seasonal samplingbiomass and nutrient
 

content).
 



3. Replacing -classical- designed n-farm experiments
 

. I Limi tation of ": la,,;ical" designed riperiments for on-farm studies 

When planrinrig to curri uut s;h experiments on farm it is often 
assumed to be, untntial & i mi.turi .. hto only are treatment 
numbers constrained, but the ext)erit}a1 unit is reduced in 
size. Fih former can lead to an experiment that is inefficient 
and, possilly, AtatLiCtal ly inadlequate (too few degrees of 
freeioom for te, tingJ). he latter may result in plot sizes that 
are so sm_ II that they are al I eIdge effects and/or severe mutual 
interfererce bet.ween plots take )lace; especially as the idea of 
guard rows in ften abandoned for Iak of space. In either case 
the end result. can be both bir, logirally and statist cally 
unsAt.iactory. it is like nrehing that farmerthe has ever seen 
and he view,, it , therefore, a,, having only dubious relevance to 
his situt iron. These problem, arise because we start with the 

ala;si (.l a n nat. l n yy-e of layout in mind Fcnd then try to 
adaupt. it. Ihere are other alternatives, one of which is described 
below. However, beiore doing this it is wellas as to say
 
sorii:thinrii t,; rpsearch objectives, because these 
 should
 
determine, ti o large W<tent, the 
 kind of on-farm experiment me do. 

A designed expie r inimt may h, carried out in order to test either a 
single piece of techology (e.g. to compare two forms of soil 
management, such as with andi without mulch combined with with and 
without tillage). Or it may attempt to compare different
 
farmer derived combinations of technologies which represent
 
alterrnative sets of inputs. Investigating a single technology 
lends itelt t) a more precise evaluation of the effects and 
iriteipri ins of selected key factors, possibly at different 
leveli. lompi:rinq trewtmentf, as combinations of several factors 
confound,, teiie;i, and defines role of clearly andh; the each less 
makes it more difficul to extrapolate to different places or 
management conditions. invotirating or assessing combinations of 
factors may a)pear to he ,ve relevant to the farmer's situation, 
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hut inevitab!ly thi provide, little or no inftrmation ot 1(0 the 

system work%. The ulre Iowip~tlex any tratttent Lom;imd (if factor 

combinations becomie% the horr- -. i . aipifes,. llerao';e oe ;,t+ ailways 
dealing with at_ ltm ,t twot planot riimtr ott t', in a, r , ir-;itr,' ny,tems 

(woodyj andI nont ood/ oe* the triit aIion to adopt, 5hr fa tor 

colthi tin apprta(h I,, or en r :onsiderable and, at tie caaled down 

on-farm lev( I, ice returns it inftrtLtatint could he rathUr limited 
and decidedly site spife.iif .. If otiih ,,t ;,i ir bre ingO ri t 0hiT 

th i s , o roo" , tie, mt ter. IULtAI is ddoptLinlg in 
observationala l'rttotype ;'y tfiut, itrial- aoproach (Huxley and 

Ra intree lI / '.-e Apie d i ), ) 1tilcit lly aimed at. exten SItO 

w)r 5, to ii ttmvidii l' .iih rc:a i t xlre, in an initial and 

pract.i il ew y, 'hient bet " ,Jr'i ft res ttry W Ir~c binations. They 
Will, ,1 f P, U - a er-n in it of,re IId> to (i, int exactly 

what pr,:iqo - P'xpv.t i n rri iret, ancd can ire particularly 

u;eful if tht in t i,,i) -'1 tritttr is till iot adequately 

fami l iar wii .t r,:;ipcac ert !nd practices heLhf iI rtt Iari agtrtj e it. 

Factori a1 orratnns.pnti., of it;:,m-,:al treatment5 can be a 

powerful w./ of invt ig hi.iq fv,.tral tat torn, each perhaps at 

diffetent levels. Factori,,.lly aranred experitment, can be used, 
very efficiently, to explore main effects, aid their interactions. 

The ,ize tof a t act.otially arranged agroforestry experiiment could 

readily tet out of hartd, because of the numtber of factors 

involved, cut iis difficulty can be accommodated through 
fractional replication, the factorial approach is 1i~elv to be 

tost ursful iL.initial, investigations to identify the key factors 

t. study itnany particular situation, provided that the problem 

being addreqcd (a) needs a field experiment as distinct from a 

prototype systcitm trial, atd (b) that enough is already known about 
the aqrofor-sry syst erm ancd pnent s utnder study to embark orcotti 

resource d wii lli rig fi li exlcer riiti tat i on. 

It Is up to 15- inuidlividtual researcher itt the particular 

circUs tarce0 :A) decide which strategy has t be adopted; although 

it is wise to une ,tati.st.ical advice in choosing the strategy 

het:anse statistics is the science of obtaining and using 
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quantitative i r rIat1 J(o effic ieutly. It is import antal so to 
recoginise that different 
stage; of a completcresear h plan will 
fi naturalIl irtu the rpeach Mt t.ion aitd the or-farm situations
 

3.2 On farm rese,-rch and f rer 'ljActives/(toa Is 

On farm resarch willW oftin have tw sets of objectives. One is 
imtplici' i t'',i inIh', i ,n f,r. '; , too I i provi de dat a to 
Maf.sly quo.100It tie reneirirr int:5 answered, hopefully 
quiLI y t, Vo1 If, b,1d 0 I t Ui (I p ss h,, L arrier through
 
extension 
p ie. ,',p raeft aA recommeridat iors. The other is to 
utilize the !xip.riance of the farnler himself to help design, 
mn tor ard (,vi Iiit the trial. The latter can b)e achteved at two 
levoel., ',.iih are (or 'hould be) essentialIy simple and clear 
r;spipse, by which lear'n something about ihe potential valuewe 

anq adoptabilit' ,iitife' proposed intervention. First, if tile 
former 
 ,,fp; , "i- es", -is interested in', "wan! to know more 

W-on: ,, f the in is a,a:I Ir experiment then that, itself, 

successful ,uQini'. 'vet 
 it the farmer -ignores-, "resists
 
apl)l;ing', 
ir ever ,l ,r'. a treatment-, something has been learnt.
 

"Accept%', 'Ii tknq , 'i n i terestiW i ir "wants to krow more 
about- are subjective terms which esicrihe a decision or choice 
based almost certainly on an integrative, heuristic appraisal of 
the possibilities made 
in the context of a highly-localized
 
situa:ioni Y' these
of factors are quartifiable, but many of 
the a re no, or at least not easily made so (risk, perference 
etc. ) lhb overall impact of the experiment, in farmers's terms, 
may well he ,defined quantitatively just by the numliber who accept 
or reject the intervention in some form or another. A second, and 
more valuabl intim,, for the experimenter, will )e to discover 
the reasons why the farmer adop., the view he aboutdoes tile 
experiment, including exactly what experimental treatments have 
attracted the farmer's own form of re evaluation (was it something
 

the experimenter overlooked?).
 



Clearly, art on farm experimen Can be wolt coJt efective ,f it 
fulfill ; both ;Kt of ft.jectives. lUt can a convelrtionai ly 
designed exprin! So, hi n vr, ef0t1 :vely? If it is a 
"miniatuarizew liK layout teting WAchnica interventions in a 
classical wai, then tin i knlily I; there a fetter approach 
and, if so, what design and ases-ment methodologies can be 

suggested? 

3.3 Quadr a d-Ae;i gns-

These could equally well be termed -unsystematic- designs! This 
approach assumes that on.farm treatments can be selected and/or 

arranged in to ways: either by identifying relevant
 

al ready occurinrg -ecological- (envi ronmental ) state; and/or
 
mtanagelent. ruditions which exist 
 in the type of on--farm situation 

to be found ( or whi ch come about a% a natural consequence of 

it.,romulgatinqa; some form of -Interference- with theor 

natural Lat. of part of the sys,:em. Either or both could be 

present in any one experimental nituation. The comparisons of 
experimental treatments 0.0l0 then tend';ist of those between
 

different sets of selected quadrats (-nUtsts plots-).
 

There are s;ome minimal requirements which apply to alty form of 
experimentation from which conc lusion; are to be drawn which are 
to he regarded as scientifically (or technologically) defensible. 

These include: 

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

treatment). 

b) Replication of urits to the level where some numerical
 

estimate of the variation between identical ,uri t treated 

identically can be obtained. Obviously this does not demand 

that we ctually use identical units identically treated (a 

philosophical impossibility). Rather it requires that the 
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number of units (on a single farm, or on a group of fars) is 
clearly larger than the total number if differences (either 
observed 
ero iogi cal d i fer',c, or app I ed Lreatments) which 
are of ilt'rent. Ur which iLStI. blift all owed for in the analysis 
(f the vairiot n i10 rr5iservlp e rtj'ih:iCr variable:;. 

rhe prop,;qed typ. " n f,arm invet igqatiorn ; will, therefore, he 
examninirig prihlv, partl by whichhbtifiervafion will involve some 

rando e c-mtrit. in 1.hl cfir , ,I f unin - and recognition of
 

envi rohni;;ril, 
 but- II. l Vet, any eileent of -interfreri c -; arid
 
Pirt.ly b expirtirmrtation 
 which will ivolve chice of units, 

perhdp, control if ernvironment, and "interforence" (. applied
 
t" _Oat.rei , ). lMe. iractice of superimposing simuple agronomic
 
treatment pl 
 t% onf i, ci,'; fing managed by farmers is not, of 

ncoure ow (o.g. Hildhrlrd arid PHey, 9815). However, such fields 
are usrally rho,'n W0 Wh enerally representative of the ,arm
 
nituati n in rnr ptr inlhr 
 arca, ard not fromt the point of view 
of exp nlrir in- olori Il<hlr locstihonal heterogenity. Ihe choice 
and selectio i f i rn e ological anid inrterference treatrments will
 
iepenl on th I iit Icolpacisoris o e made, whether or not the
 
invest ip,' on e5Linq
n in rri dn farm sitiJation, rr whether tihe
 
farmer 
 inabout in, initiate an ,qriforst.ry practice, i.e. it is
 
to be new y pl ianted ' a. Lo iba 
 exam intied later. Lopping 
maragernit oi i',tii] hprdilrr-:w, i', clearly an iiiterference
 

treatrment 
 ci dini %'ri1 newly panted sites could take into
 
account bh. natural 
 ririrtrn itic,, to examine soil, shelter, dspect 
or even the int lur nt rf vegetationi existing trees) on"her (e.g. 

selected quao , .,. 

In any ca,, comparative sets of -treatments- must obviously be 
chosen for their relevance, not merely because they are there! 
They will nearly always represent a few rather widely different 
comparisons (if not extremes:, a feature which will contribute 
both to averall siilicity and the r:lear interpretation of results. 

It is nnt necesary to maln detailed soil fertility reasuremients 
on potential plots before using the;r. A perfectly sensible 

http:qriforst.ry
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strategy w(,uld he to clasSify petential plots subjectively (with 
the farmer) and, where ,ubseuentmeasurement, of fertility or 

othor pihs i( al ( ha r(tfri s tics are avi Iable, to use such 

aasur(lemwt; an o'var'iates to adjust treatmernt comparisons. 

The 	 st e 

For thi s type of on-farm experimentati on we thus have the 

following sta.es. 

a) 	 Identify a large populat ion of observational units, 

probably spread over several farms. 

b) 	 Each uiit is classified according to its levtl for each of 

several envirotmIwro. treatment factors. 

c) 	 Each unit is further classified accordig to its level of 
each of %evral blocking factors, ,ihich, unlike the 

envirolent treatment fac(to-s, are of no direct relevance 

to the qoest.i ns the researh in hoping to answer. 

d) 	 There may by inriser erence treatcient, ( the type of 

treatment , epd in in on- itation experiment) to be included 

In the on ':-FI explerirent. 

e) 	 Within block of similar units, where blocks are defined 

from (c), uni t', t) represent different environmental 

treatments (b) are randomly selected fromi a population of 

available quadrats (plots) of that kind and (if (d. is 

relevant) allocated a level of interference treatment. 

3.4 	An example 

To elucidate we have taken a hypothetical hedgerow intercropping 

situation as an example, but the approach has a wide 

applicabilit.y and would he useful for any simple sets of 

comparisons (e.g. with 2 or 3 factors). The design proposal (see 

Section 3.5 and Figs. 9-) is for investigating from the 
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farmer's viewpoint, 
the feas ibi Ity, valuc arId adoptability of
 
this particular agroforestry intervention (hedgerow intercropping 
into a chosen wnoury iAnd a ttho}sr nuo wOOdy plant con:,onert). And 
to obtain dat a on tree (rop i nterface effects at two ranges of 
soil fertility an twoi lvols of h-itd rovi lopping, for the 

researcsher.
 

With these twin nets of objective: in milad -the farmer is to be 
asked, specifically, -is this 
form of crop association (In this
 
case, say, leucaena hedgerows with fie.d beans intercropped
 
between) useful 
to you?. And, thi:rt. qualify this (if the
 
answer is positive) by stating -what 
 'rangements and/or
 
management conditi(ns do you consider to be best for your
 
(sated) purpose?-. the researcher has 
 the specific technical
 
comparisons tc test of the interactive effects of the hedgerow,
 
with its adjocen crop, of two diffferent soil conditions 
and two
 
kinds of hedgerow lopping practices (clearly, hese would have
 
acm, discussed with Au farmer befor 
 being chosen), He must
 
obtain data 
from randomly chosen replicates so as to'draw
 
statistically valid conclusions. 
 One might add a third
 
collaborator . the extern..ion worker 
-.who will probably be
 
satisfied with critical observations (not essentially
 
statistically validated), from which he can gain 
a great deal of
 
practical information about what wil 
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 t management for different parts,
 
should he wish. Although, of course, not 
from the places where
 
the researcher is going to 
collect his information.
 

Fig. 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 treatiient plots (same treatments as before).
 



Fig. II gives another example In which the natural farm situation 
has been utilized to test a set of simple (2 factor x 2 level) 
treatment%, onp ulofwhih is ecological (site condition) and the
 

other 
inter rence (ulhIclmanagement).
 

3.5 Points (to{ionidec
 

In setting up such a t lal It must b( clear that (a) sample plots 
representing any particular ecological 
treatment 
are as similar 
as posossiblC, and (WI they are chosen to be a random sample of 
the possible avai lable plot-, of that, kind. 

The classiication of ecological plot,, based on existing 
situationi, would best nW done by dotting the farmer himself to 
select thom, or co 
make thii a joint exercise between him and the
 
research team. Certainly, a farmer'n7 
 classification of his 
soil, 
based on experienre, could be loss time and resource-consuming, 
and far more manage;ent arid output- oriented than a scientific 
evaluation of 
soil characteristics. 
 Although, the latter could
 
be used, eventually, 
to validate similar clusters of treatment
 

plots.
 

Treatments such as 
"di stance from hedge" would need to be defined
 
precisely and the plots chosen to minimize other potentially 
influential 
factors (e.g. orientation, sheltered or exposed side 
of the hedge etc.). Lengths of hedgerow without accompanying 
crop rows could be left it data on potential hedgerow biomass 
production are needed 
as a "control-, arid samples taken from
 

appropriate sole crop 
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 example, al! 
 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 stJitable, similarly randomly chosen plots would be
 
included.
 



Typical 'Good' site 
Fig. 10 Hedgerow soiping 

unit 3 such 

6MG: 
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- 'Por i)- 3suh 

C'rop sampling Crop rows 

Hedgero w sampling unit 
('Poor , site) - 3 such. 

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 be non-destructively measured for 
growth, as weil as having fodder, fuelwood or mulch yields taken 
from those parts being subjected to a standard experimental 
manageme,t procedure. A limited number of hedgerow plots mijht 
be available for rletructive sampling, if needed, as long as this 
did not inteforfre with any site characteristics (particularly the 
treatment plots). The farmer, similarly, could manipulate 
hedgerow or co-p el sehere on the site n any way that occurred 
to hin.
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Site providing another randomly chosen possible set of
ecological- comparisons i.e. crop shltered and soil 
 wet - (i.e.clayey with poor drainage), versus crop exposed and soil -dry­
(sandy, and free-draining). Clearly, all crop plots (as
indicated) w)uld need to be equidistance from a hedgerow in orderto standardize this fctor .A Iet of interference treatments (M
nd M) involvihq tih ue or not of Ktandard amount of mulch
otainpd from a, adjacent, hedgerow arc also indicated. This forms a ?Y/ ",omporinn which would he replicated on as many other 
similar ';i te a n, ne:e'f.1 ry. 
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Amnorel
AA A< A limitedsizecnhave tesm datg s1 a-i 

AA~AAAA' AA~A~Aclassicallydesigned on-station experimnts'(e g, Mead, 1988), 
Other~design approaches h p~i~t lots coS aA(suas As.o 


nubefAsitesaA~n bused Pegsion anlyi may be usefu tol 
dicoe theLfeormof any relationshipbetwen 1o varils 

Wht~h researcher caAA learn from Asuch an.ernnt ay~uk 

deedo h kilwt
Ail hc itA ha been p 1an ned T e" 
AA spatial arrangement of plant companentA ~ vros'"A range Ofof ds; 

aageen condiin an A tisite envirniental differences 
iA~ have to becrflJyslce so th a reviously, defined pnd 

limi~ted 'set of' Ideniibeeprmn' sitaan C beA 
Ssampled, and reliable tbio-physical data bbtained. Cleary ,6a6c _ 

layout willAA' be chosen (or designed if itrIs' Z. be newly-Aplated 

- :toonAA/rmA a particula site adstof exCper imental 

adeuae
umerofdifferent sites whc mutfrtbe survyed
evenAif~A~ aspectsa opr ..subjectively' "forLsuch 

A ~Soil ,';ondition, aspec ,exosure, 4 and so on.,k 

Au h t
lao coulAA , de iA nedrA~ tA giv~'a-erAid A 'g e." 

enviromentalandManagenieta1 situationS ndeed;, ar beyond te. 
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seletios must be cearly cipi F'r xamle 
re-ro- n er~iceaffec an~examIljadiffer~i

oprientaior Or par,>1Q la*~~ ~agement coni t os cnte~g rnsil maeab 
tdied-e, tilledverus unild ,combindwith~ ulch a 

Sunrulhe~dsjtuai usding hedgeri residues), Agin st 

Swell dnd stationlschosno 
 hc ocoesml lt
 
(aig sure thtohe oditions are kept -sadr-o sda
 ~ blocking factors. On sloping? ara h a earne
 ' 

m ~~across and alon~g terae le e 

Because oftedffc~isof being able to?seetp jsi 

il1certai nly be best to rnaklzl.6s'that teatmen t~s 
9 maredly differen~t from one another, For exa~mple, an e x em6n t 
to discover the ef soQogrwhfinemts o ' i 

resiueued a much-woul d better be doe n.statlon certa ly

If 
 ceia 
B-ut testing~the effects of wiey differ li lvlscn

S crp andhedgerogrowt C-o' 'ittle, 'an~d -lots-,ltet 0, 
~ be quantified) could sutably be done ori-arnm 

~fdetai led soil phsia iad enireentsare needed 

.
 

9There are-as possibili ties for measuigeprmna variables 
(coyariates) 
 insitu as they hape to occuranuig 

regesson toadjsttreatnen:jneans~ so as tonalsis 
 improed
 
preci sion.~ 

3.The benefits' f-

Deedn on the resources-'' avial suc nfr5x ei'a 


cannab nthe resoarcc e xam I uawierag o seu 
s~-y measurable conditions e has inited control over th
 

~ experimen.t as a whol but must demarcate -and 
 retain precise
 



~cogcaloe theojplotseh~ ~ e ine' s 
ec' etnee to'mtA1r ".'He 5: usienhe 

I }ale e siybte heterogeeti ao' etotio(e st is 

estblihin atreatmentange n which rl ag
difdferences areto" be expe& ed. Indeed, sc exeiet ae 
unliely to beable to discriminate fine di fferences. Hpoweverv ~ 
if thereresfficient replications, andi the selection 6f~1ahplot 

~'~ U>wth.clasejy si1ilar' bio-hsia atrbt5(hc~a, 

preisly'chracter~ize.) is a ,'ieved.'w't Iea defin'ed. 
randomi sam iling car1pornert.witin eachbock, then such1 anPan 

~er ent may be both, stat stically and bilgcal mr 

'will resmble somethring , ore fa iljia~r'to the farmr' nmI aI 

awkard a sitethis' mayjbe, s, 

37Which' alternative? ~< 

A
~groforestry experlimentation fo lo -inufamstatosi 
,ytolb' l 9,to alarge extent, ithv.Petgaigt 

optimiationof copnonets and simple managemient techn~iques for' 
prttp sytmI a eakd therefore, whether on thF 

~one hanfd itisbetter to dtart' with a randomized block design inj 
2which great cr Is.itaken"to p1 ce st of excperimena plots 

homogeneous bu
Into > rg.ntdbok Or,, on th other, c-reate 
an appropriate set of environmental/mng n codtin Whc
 
canbe easured andcomparedU as sampled -quJadra-? The answer
 

Sandinterference 
 treansrequie n h degree of 'validation. 
n to deteri1ne either',(a) the homogeneity~of individual'vecessary 

block,r b) h env" onmental sui abi 1ityansi1 
~~ ~.quadrats to be u~sed for .jiy particular set of treatmnt K--Z'V 

In fat r
comparison''.hs cnet reallyidentical. Do~ 

'we end up, the wtadiinion without a dfeec 
4 )- 7'fr~e 



Altogh coeptuall the sgm '.he Qice o d recton' f a 
wlw appoach the pro M 0 ~ Q~ 

akln '14 IeIll'fc~s ratr son 

J o sby td; isea ant evaiab ty,~ mkigse of-cIe 

treatments whichw hpe wth goo~m gement, can be;:careful1y ­
cotole in' iuto nfrta is: inevitably l19cational ly 

jquadirats uses the natural varabi'lity to identify 'and/orcreate 
set of''relevaot codtost eeaie.Eitncniin 

canthesele's'be recognised'and2, Ifncsay mdfe.I
 

ffe hwhic,,sbt more readily appreciated arid.understood bythe ~armer and, at the same time could romo~te a_! 

wi de range of treatment compa risons and interactions in'a wa 
t~hat~can' equally well-fulfill the researcesojcie. 
Furthermor~e other'kinds of data analysis tech~niques can be~ 

~'''utilized,~For example clustering anid/or ordination techniues
 
cor.imonIy'used by' ecologists, would be' one additional 'possibi1 

s~Te ueton: is hrefore, not '-eith'eIor?- but fork each 
it atio chpo'int inthe coninumill be most 

'cosit.effeative?-, On farrsf'"sufftiint s 'ich are ie 
on sutbyhmgnosevrnetlaes the conventi'o 1~34jk'iKigns'2312dge	shul be,"a 

desgnss-usd~ esd wyithi 
"~"~	 out~ 

our modern o abbiouy
'perimentalexI& d'n'('' 'proabl1jnot~uslg.Randemised Camplete."e. 

Blcs) 
 Onsalfrara with' cnsderablesoladr
 

ciai hnge'the'eco6lgcal 

.'~ 'clapproacch 
 offrs a possib

bl 

4.Conclus'ions 	 ~''3" 

A'2challenge to agroforestry researchers evrweearssfo 
the. dfficulties of3 exploring2woody/non-wody iercrop­
siutos of one kid3 or~anothc Androf dealing, with the' 
testing3~ introductiobrof4 the vyery, large~ ange ofa'nd/or 




~1a nd subtopical anduse',sytems' T .'ec tu, f-­
se'geoertes a'nult'ue of dfcult qeston e:im~ate-

~neS0wccan oy -pprovided-,thougvre~full­

scts of fiel e i~e ~ ~ pb~vt1rototyp&
 

sy/stestrials 0ay well eneratesoe~rapidtn a s to wht
 
re ., B Ibpt to ,w l nc xermn 

have been foosedtfnrpoe on-Station agpfre,t field,ep~rifents,' 
(for exampl~e, Hiuxley,, 1985,187, 1968b H, ,VM''d"adNui 
.1987), yet on farm agraf'ores'try experimentation demandsneven 
more, thatrt?e researcher opens up his mind toialusefu1 

possb es'. i.n s,paper,wet ave proposed n icseJw 
of t whc .ohv.oet~th0' Pen 

r~ The multidisciplln'ary ntr rh apoceo plve 
and ,.re'of teapoce ohdscri ti 

K;paralleed by slimil1ar thrust Io~ thMa ermna sine 
reqire beachieved th~rough innovative researcwil~prbabl 

and/or combiaonl ofideas for reearh resulting from 
SeXpor.nces from severah disciplines. Wehaveto Lakethe best A 
frn h oastaanno e afraid to open up some new viis 1~~ 
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FIELD EXPE RI NE NTSVERSUS. PROTOTYPE SYSTEMS, TRIALS4 > 

PA Huxley andJ. Raintree ~ 

.Prtotype syst ems~testing using a Prototype(Sytm Traldiffers~f r"om 
feld herotatio of)~r on-farm; 'inseverald t.eperimentto, 

Impri~t''was hefllwin i a brief note suggesting"What the Y:« 

auhosfeel t ese diffetrenq shold be. 

1. The agroforestry afield,expermet 

Desjed field experiments shoul ,aeprecisely-focussedobjectives~<X 
*~j~based on examinngthe effects, and oft~en also the interatlon<AK(<
 
S between carefully-selected tkey varlables~with,al.otherr adri 

as far, as possible. The greater spacetimef dli1ensions and managemenVt~>
COM a
Wthms
 

.;(complexities of agroforestry systems.,, as r
 
agricultural ones, means that agrofo restry 'field,experimepnts can ol 

deal with very few variables at a time. Because each istep in~ an
 
experimental sequence has to be prop~erly-vlidtd-ast il
 
9experiments may take a number of years to~complete2. Y~
 

~KThe results are to prvdIsto inomto oneprieta
 
--treatments combinations ofteslce arals nte
C~various 


f'mof-statistical ly.-aalysable datasets which give miuaplhigful~ ~~g 
coprsons 'of the.strictly limited aspects of~the ujc. ne 

S in~vestigation. Thrlouigh TCRAF s 'D&D- approach. this suJbiect willhave 
beei selected sa potential system,) leverage point- the moiicto 

­

oA<f which could beneficially~affect thouptadirsbltyfte 

landuse system-of cocr' 'This ensus ts ean'nanr~ilia an 
prort susare adressed.'X<aneprmta 


::;1 e~riment s-can'se'ld ambe effectively madfiduls h
 
oraiginal experimental design has takensthis, into 
 p-oni~rvsin

___rsplit plots). Deenin toouce
on t accaupt (pravisiae 

- ~ 
ICRAF In-houser Circular ovember -987'--; -I-A-*--N I'l-

4 



tst ~ -ht ~p r t may8 t oit ~euapn
a~ jus HO:sIW_ 

leeloffame ut theC ncp f testin electedprtciaton 


pstof data'rinepee oast scientiificaly convincing Wh ta 
sam,'t~ieopeulyof poracti&a! value-, toes r 

1interested "SC eni5Sadal hse Who abale~to access' translate
 

and extrapolate the informhation provided so.,as bettlerto manpulateA
and manage the concerned system under thelr part1cular sets of ~Q 
circumstances, 4 j st:K ~~j~ 

LiL2. Th e.ry rott pe"system trial,~ A: 

k A prototype systemi trial i~ a simulation of 4a parti cular , bestbd<' 
~ combination of components and managem.entfeatures. Itrepresents a1 
racilcal attempt to' examine, inan,. bservatoamaner and hoeuy, 

buotesnaly wtsoefwreplicates, ;a whole system orp part~
of a system. The objectives may be broader.andrel ated dee op A 

an understandiegacnd information about the, eneral roduct'lon/servicer~
 
output capacity of the'syste'. ~A nle~observat onal ltrial needs~to 
be continued until eihrtesse i's' ^m t ~e o otigfute 

;can be learh't from it,and/or~it ceases tohaenyvlesa 
idemonstration. Howeyer, a relativeiy earlyrturn of inoratonfo 
effort/resodurces> invested isto be xeid r' apooyesse
 

The choice of systen to test,_and I'tsipreci1e design,.l 'aiars
 

fron' a D&D- exercise, but",the outputs 'will ,be a demnstainfa 
',improveme~nt, or set of Amprovenient, 'over-the ex~isting landuse system 
and comparative data sets of Inputs and outpts.';This informatio' 

~gP must con~vince the primary custo ers, who are theextenso evc h
 
will need to modify and adp toterown~farmers~'precise
 

44~44~ -circumstan~ces.I ' 4 ' 

-'v1 4".Iii2' t ., ­



I prototype .system t'ril ca readily udergojmdifictionsY 

chic oody-s'pecies has been crectly made, ~Clues (u not44 

i' a11e~rniy 'v'-dae 
factos such as,,manay eet an~ seasona 'lcim~ate diffrne onth
functiphning ,of the system Will be, valtuable-ob e vatina1, rnorrmati64 Y 
~of'.scibntists visiting to refine/thier field experiments9 and/or ma e,,4<~' 
them more relevant, In some cases, it7 1ay be:.deided 'that 'D&D', 
,exercises, of one kind or another, will lead..to a set.of best-bet
 

;reconlnendatlonslthat are to be issued directly to the extension
 
S services without the need to set down" altIial to test them.' 

3.Conclusions 

The prototype systems trial will be especiallyusflwhr 

agroforestry Is being developed and, there islittle 4or no pre4viKs 
4field experience of the intended system to go on.' Conductej " .-. 

'On-station- such a triali s an agroforestry equivalent~of the ,.. 

agricultural -look see- experimentnfrom'whIch the reisearchier, &ambegin 
to select the'.most 1ipor~tant 'vaiiabl.e on'which to.exprim~ent and 
target W~on appropriate levels of eachi. 'Agroforestry field" 

4,~ 

S 
experiments and prototype systems trials are thus two parallel 
activities.- 4 each essential and miutually supportive.44 Table I 

. 

which,, 
4 

'~ 

'444 

follows, li sts 4 th bas'ic 'characteristics of a field''e.periipentand' 'a 
prttp systemstrilal in a, comparative way.' 1~ 4'w4:L 

4' 4 444 44 

4 A 4 ~ ; 4 4 -44444'V 
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Table 1: Comparing the basic characteristics of agroforestry
 

CHARCTCIS[!CS 

FoCus 


objectives 

Time course 


Potential for 
maodification 

Design features:
 

(1) Replication 


(2) Size 


(3) Choice of 

treatments 


(4) Background 

information 

required 


experiments aiT prototype systems trials 

I Fl b);PER< MtNTS PROTOTYPE SYST[S TRIA LS 

i'rec i Sely focu,sed Broad focus 

To study (irefully-selected To observe and examine how 
experimental variables well a system (or part of a
 
(componen.s,' aragement practices, system) functions. 
but only a few and others are 
standardized). 

Seqent.ial ,L of investigations, One (or a few) designs
eac:h to he viiid Ld. As AF 
nys term'. are complex comlpletion 
of investi qion'. could take a 
long Lime. 

Very little or none for the 
individual experiment 

Essential -must be adequate 
to satisfy particular 

statistical rerluirements
 

Difficult to prevent on AF 
experiment from becoming
large and complicated. Block 
size mut Lill be kept small 
to w imize varialbility due 
to locati onal errors. 

Depends, on objectives . but 

may often be necessary 

to select curefully from a 

relatively large number in 

agroforestry experimentation 


From -D?D in order to make 
experiment relevant. From 

detailed scientific literature scientific 'tools' from
 
etc. for precise 
treatments 

selection of which to make a 
prognosis of how the system 

will work. 

under test until 
maturity. Se early 
returns in information to 
be expected. 

As long as original
 
geometry and choice of
 
woody species is broadly
 
near optimum, then seasonal 
changes (e.g. in management) 
are permissable. 

Desirable, but can be very
 
limited. 

Can be kept small as long
 
as 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.g.
 
same components and
 
arrangements but two
 
different levels of
 
management inputs).
 

From -D&D- and also 
requires technical/ 

2> 



Minimal - just good field 
staff 4 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 amounrs of
 
informatior on component
 
measurements. 

Extension 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.
 

Especially needed where
 
such AF systems have not
 
been tried before (and it 

Management 

Features: 

(1) Manpower 


A equipment 

needed 


(2) Site 

Outcome 


Primary
 
Customers 

Secondary
 
Customers 


Extrapolability 


Priority 


On-;tation, often requires high 
degree of skill and (for lhow 
experiments) scientific 
equipment which has to be 
cali)rated and maintained, 
Even on-farm experiments 
usually require somen scienti fic 
back up. 

Needs to be representative of 
region/ecoclimate and easily 
accessable to all experimental 
staff concerned and their 
equipment (may need electrical 
power, laboratory facilities 

etc.)
 

Detailed and statistically 

analysable data sets relating 

to sometimes a few key 
components/management factors; 
sometimes has only relatively 
little demonstratior value. 


Scientific commdnity 


Extension service 

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

If a simpie -What happens-

experiment then this is limited. 

If a -How does it happen-
experiment (i.e. with 
appropriate sets of highly 
focused treatments and adequate 
sampling/instrumentation) than 
extrapolation should be possible 

Needed for the sound and long-

term development of the Af 

System and to further the 
understanding of how, generally, may riot even be clear what
 
to design and manage woody/ the experiments should be),
 
non-woody plant associations where local scientific
 
productively and on a 	 information is sufficient 
sustainable basis, 	 to 'try-out" a seemingly
 

practical proposai, and
 
where (if sufficient is
 
known) a demonstration is
 
requIred.
 


