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INTR~ODUCTION
 

'rhe term "Multipurpose tree' (MPT) in this paper refers
to a - woody perennials that are purposefuliy grown il as
to pi6vide more 
than one significant contribution.to the
production and/,or "servfice" functTons, Cog. shelter, 
shade,

land sustainability) of 
the land use systema they occupy.

They are, therefre s;o classified according to the
attributes of,,the plant species Ithemeelves as wall 4t hteplantls functional role ir:dhe system under consideratin
o :Many woody perennial spces can kte "uMti;Irpof e' in•e* 
 kind of system and "SLhiepurposeo ,Ianother.
 

Thore are many miailaritieA between the methoaologtosinvolved in the 
esect n, managem nt 'andevaluation o f"".
MPT's for agroforestry land use 
systems' And of trees and
shrubs used In forestry or agrlicul ure. There are,however, some difter
 ncsu that arise fr )m the need to "
 
consider multipl-otputs and/or services In 
agcforestry

ai well as 
from the complexity of the plant associations" 
comeampl,

from the differences arisinin the spatial and temporalcomplexities of the woody plant component(it) as compart.dwith the short-.statured, short.-duration ausociates. ,This


* paper concentrateson outlining the effects of these
differences. 

EcolgisA ad tosefamiliarmanaging natural w4th ives~4gaet1ng or
or integrated formsofland 
use ae well­used toand well-able to conceptualizo the characteristics of
complex systems involving species mixtures 
 of o,1•kind
 or another 
 that include woody perennials. And, if
applicable, 
to eaunte suitable management techniques
designed to optim-e part.icular c en 0-put characteritics.There are, however, many sciant, C5 and tl/'Chnoo.stv
trained in "conventional" agricuf/ture or
. rindustriAP** forestry, who nowhave become iriherested in agroforontryin one or another of its various forms who may not bqu te so famillor wlt hhe problems 
." 

involved. It is vainlyto th'Lu audience that this over~jiew isadresed.
 

There is a very wide range(von Carioitz, of ue o P'1984) and a great diversityS ... agroorestry, of typen ofLand use systems (Nair and Fernandes, 1984).The selectio, management and avaluatioin of MPT's f or anyone of these alwAys, of &rrourbe, Involves a consirderation ofthe tiee itself, sometimkta the tree as a crooppant and#often but not always, its~association with othior species 

*For 4 definition see 1undgren, 13.(1982). 
. ..::'r .......' '0 L " i tn + o n ~ e~,:i+:i9 •:"'r" '....... ; :j ; 
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(the, "tee/crop" mixture) Thus the' rewsolton of
tmanagementi. a ernatives and oany e.ocn object:

quire nswer to the1fowlowing qneslons; 
 "Wha speciesAare r: suitable for any Particular agroforestry phd use"~~sys tem?" "How many of them- r~P4ed-pex-uriL4.
.draa
 

-e' he ' Lrdnged and ma cie?" +':
 

' The subject areas c.nc. ed with in..in.g t.e ..s. ..thesie questions. are in,,to noteV Table 1"'anddistid~ 
I..+:n the sectio-I that, folow: where they i'av@":brief:
already been addressed elsiwhei6, and more fully where
they have not and are considered to need urgent attention.
The question "flow best do we evaluate MPT's as trees,
crops or in mixtures of species 1,ibee ad1r s1d PI a

"Manual of' Research Methodolog'y, for O' tloaiIC o. -mod
SAssessment~ of Molt piirpose Trees" 'Huley, (Ed), 19841 and
some of the issues are 
noted in Lhe appendix to this
present paper. Man~y of 
the other~ contributi~ons that
~follow in Lhig Conference addI s&lgniflcantly to the~
further developme~nt -)f the sunjoct, 

11. KEY ISSUES IN SELF.CTIN1, MIANAGtQ
I~NG AND5EVALUATING MULTIPURPOSE TREE SPECIES
 

A. Somec Characteristics of the genotype to conaider 

Chosing a MPT genotype for 
a pArticul,,r 9groforentry app ication
may often Involve difficuldties diu. 
 to the need to rank. i ,,some way, the relbit'ive linportanc~i of requireud outputs,well ns to consider ai n,potentials for environmental resource­sharing witni other kinds of crop species. As yet- 90me of~thebasic information on which tohasc aichoice in, indeqed, IiuLe 5
known for many, if not most, MP'? species.
 

Some important cr.'teiicjto consler dre'an ft'lows.
 
9 GeneralIgotiflwring annd 
 fruiting .1tt'ributfs, Which
 

include;-A i~ ++,"+ :,? +O+:++ ++
 
+ -+++ m a 5 5++: +!+ r t 

- specif+/++: (icme Cla + )0,+++ Y+5.55.s-,: . + ....!i +,+,': '55 + ++ .5s nlorph loqical attributes +................ , ++++......... .........................
: + :++5,+:++++ +: + ++:+:+:+++dry matter disk,&iu~o safce ++ b,/ genotype'S#'6+:?+++++,(+-++,6,+ i : + +... .. . ... K3 
: + .+ , , +?,++ , ;++,:+and envi ronmnent'.. +++, ++ +++ !+ ' : + ,"+++ + :(source-s ink rolationnhipi%wlth+.+ / +}++ 

regard to fruiting) .r" 5' 

Adaptability, which includes 
-overall genetLiC fitoOS~S Or f 10X i' l it y


ecophymi ological cons iderat ions

genotype and onvironment (G~xC) implications,
 
Ledig 
 (19631) has already criticilly nummariz, 5r rtnyOSPectS of dry Matter tdietribution, as affected, by go'notypic, 

.~"~ 

''5":,,. ; 5* .: 5V5 4 
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9 
and environmental factors. 
 Only some aspects of source

sink relationships aInd fruiting are taken up here. Similrly,

the value of matching the growth of the component plant

species to the environmental 
reaources avaIlable and, in
i part icular', of, under onding -bot- .and fan -the..ttudlresponses in time, for tPTs, has been discussed eiewhere

(Huxley, 1983a). 
 Some practical issues are':inoed In Other
 
sections.,
 

1. Specific morphological attributes,,
 

Although general descriptions of growth and form are-available for all tPT species there 
is often, still, inadequate

information at the provenance level. 
 Furthermore, no really
detailed nvestig4tions have yet been carried out 
to provid(14
an understandirng of the anatomical/morphological basis for

growth and development of individual HPT speciea in the way
that has been so helpful for 
some of our-more important tree
 casn crops. For example, in coffee, the early studies

the structure of the axillary bud 

on .
 
series and the behaviour of
buds in particular parts of 
It, (se. Fig.1) laid down a
sound, predictive approach to 
any form of shapin and pruning
of the-coffee bush. There is lit 
l that is neeled to obtakh
this kind of information other than careful visual observatione


combined with simple dLssacting techniques,anJ it should tie

undertaken for alt MPT species :s 
soon as pos'iibl .
 

2. Source-sink relationships and fruiting 


In woody perennials the onset of 
a development cycle 
{Clral

initiation, bud growth, ovule development, fert ization,.

pollination, zygote development, seed and fruit growth and
maturation) has effects not only for the current 
nea'son'­
vegetative growth activities. but also for the levol of
subsequent seasons' growth and development. It has long

since boon known that the presence of fruits can enhance 
 .
 
carbon assimiltion 
(Neles and Incoll, 1968): fruits (andospeciatly seeds) 
are highly competitive sinks and can

take preceedenco over all others 
(Cannell, 1971).
 

The manipulation of flowering end fruiting is, thoeieforo 
 '
 a powerfui tool 
for .shapinq -,the distribution of dry matter
in a MPT where, for example, from year 
to year a change In
the proportions of product outputs can, under intensivt 
 -
management at 
least, be achieved by encouraqing,. regulating

or eliminating the flowering/fruit.ing process.
 

With the exception of some edible podbvarinq leguminous trens
-Prosojis, Acacia) there are 
relatively few species of MPs

tati h~vbeen subiocted 
so far to any intensive breeding

programme in 
which fruiting capacity has been a criteria.

Most MPT genera, have Oeen selected through simple species
and provenance tr:ials fo survival and general vigour.

Leucaena has for 
some time been subjected to fairly rigorous.

_T'ieton and, latterly inter-species crossing,
select for mainly tuelwood or in ordebr to
iodder tjPes (Drewboker, 1930, 1961)

or for adaptability to acid soils 
(Hutton, 1981). A
 

-I ~ \ 21Y 

i 
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choracteristies of Leucaena Is 
its early and prolific

flowering with the F:onequence that 14rge numbers of pm1n
are produced. These can be used as 
a cooked vegetable when
 very young (in limirted quantities) but when matike. they are
not+reaot~y .en. by.domestiaAn ima-, ,not

wiely grown for its fruits, in other words~and the ittLLer
of pods and seeds 
that form under .eucaena plants providemainly a "service" function :which &_ou baetter be served byleaf litter, aarticularly as seedlings are usually not .vznte' -and have to be removed. Leucaena, in fact, provides anexample for 
the plant breEder. of 
a case where genotypes

providing a smaller fruit load would be advantageous 

Apart from the potential lavel offrulting, which
 can be 
over 70A of the annual dry matter in rremenu
woody perennial spec.'6s. 

tfh
lilre 

there is another, as yet scarety­
studied ospecL, of source-sink relationships with regard to
fruiting 
that would repay so"e consideration.- ThI Is the
spatial relationships between carbon assimilation 
asurce
(leaves or 
bracts) and the fruiting sites. In particuldar,

the.disposition of leaves 
in relation to flowers and/or

iniloresencos. Cannell (1970) 
showed in Coffea arabic..,
that even smal! vegetative lateral could O. .... ­sources of a simila e 

. 
sto ntearby developing fru ts. 
 A t5(
a number of carbon 14
- tracer studies with woody plantl '
 have shown that newly-formed carbon msimiatescan 
 betransfered to 
floral structures 
and the developing ffruit%.
 

rnot only Lcow subtendinq leaves, 
 but also from adjacent
ones both up and down the sten fe,an d Hu x le y , 19 6 9 ) . ­ .. . . . r . ... C.... . . . . 

The extent to which this occurs no doubt varies with
species, the numbers of developing uits at any site iand
the staqe of 
fruiL grOwth. .lowevgc It seems a reasonabloworking hypothesis that 
flowers and/or intlorescence. that are more adequately provided with source 
leaves, -either+ "L
the site or in ctoseLy-adjacent regions, willb eos# ofI a
drain on stored carbohydrate reserves 
and main canopy leafRources. And that processes of lowr and fruit growth " 
&thot'might otherwise be restricted by limitad carbon
Sourc accessibility will be better and mioreconLinuously
provided for whero wel2-leafed rather than sparteiy-loafI

fruiting brunhej (or oven inflorescences) are present.. 

:
 

If we are chosing Mp~rs fot thoir Ability to rellably
provide fruits and/or seeds this might be a posthtselection characteristLc to conslder (Fig. 
 rhi-). -ThereIs an urgent Ieed to collate existing general knowledge ­about tree form and morphology aind "Alblit reliot ionzhipsiwith functional atttributes in order to zacil1tati MPT 

selection procedures. 

3. Overall genetic fitness or flexibility A 
Enviuronmental- Siloction pressuros -will, through eventualgenetic change'eesutt in different degreqof i iad a pta tion toa range of ecological nicheo ("Clexibiltyo ) or, in ther
 

f 
++,+;..... : ,:i +,+ I':'+ :a++ ' . ; +' '+

+i q:+:" e' ' 2'. : +:,+ :: : ,"';; L+ v ' + : -- ' t":" " ' +: + rr]+ ,+ ': ::++ +: :
* *. ... 2 * < ,* ,* :+ +*-. 



cases, to a w~ore rigid adaptation to a specific set of
environmental variables ("fitness") (Stebbins, 1950). 
 in
 
selecting MPT germplasm we 
need to consider Oery carefully

whether the objective is to satisfy a generally adaptive

*set of citer ia in a _range of vros.paLgr-et
- land -u !y3 situated, perhaps, in
stom an environmentai y
somewhat diverse" area, or wlether the aim is 
to seleict

critically for a particular systemin either one or 
a closely

comparable set of systems.
 

Ecological flexibility is an attribute of a particular

pool of germplasm and individual genotypes may or may not

have the capability to flourish outside the 
immediate
 
environment in which they 
are discovered to be well-ouapted

(see also Picktrsill, 1983). Individual genotypes w ithin
 a particular taxon 
(species, cultivar) miy exhibit a narr *"'
 
or broad adapLive capacity, irrespective of how hete.rozygoul,

they are. 
 The abiJlty of a sinqle genotypt, to grow

in a 
range of different environments will aepend on how far
particular adaptive anatomical, morphologtcal and physiological

characters of the phenotype can be modified 
in response to

changes in particular environmental variables. 
 That II the 

extent to which it 

. 

has retained some 'buffering' responses
within aiiy 
set of road genetic instructions. Table 2

indicates the combination* found.
 

TABE,F 2: Degrue of adaptability depending on t
the ch4ractor li tcv "
 
of the gjenotypo and the capaclt-oQf:indlvxtitt-il
 
ganotypon within it 
to have iootinz.-,- ; .d-no-,..
specialized" 4dapLive'traits. 

IMedapld-Of CoiplI.a 

on of IorM1tIl^
ofMg
 

ht1tS o, whichIt ti form#OAfSh|+lhlymjiscta= fflmetlw'p g hi hly +l Viatlati. 

rit
 

Ginetical, but of RCh* v+tRWI t Ntbro " 
0m" nln- ( VIeV0tw ), blut 114 |Itall-4­
•l.vviaktotl **Ma Vprh t to taWm~ameolI 

A wido tangio of qo.ntypo+
 
OAIAlli Which OnaAble *am*.
 
.i fr tn kIllM o f t t :
-

(4,o4M .noatype tostr cteIt
 
to oar leifor I lbitaks
 

rteLLble 
 4 ) 
" A f,it iA~l t 

nt ho"dkv~ort,m.". mloll++ btt pao
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=+traitrn .af 

L 
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~~ EcophysJioloqical considerations 1
 
(a) Survival and resource sharing mechanism$
 

Many of the attributes or adaptive change, and th
 
hasforeiher 1M~ttn___Qrexpressing these In
'Kresponse to changes 
In the environment,
during evolutionary ,history both from 

will hav 'evolved 
a need toe ensure
survival as well as an 
ability to develop cornpetitivel inPfant associations. 
These two objectlvesa oveip-n some
 

cases, but not in all.
 

The balance has been resolved in an Infinite number ofways by plants achieving some 
level of compromise 
in the size.
form and physiological behaviour of pavticular ocgons.
an evolutionary trend has establLshed some 
Once
 

specialized plant
. modifications, in the form of either 
a survival mechanism oran enhanced abi lIty to compete or to develop a " resource
sharing ability", and where these 
ire dchieved by different
plant modlticatLonsthen the plant's capacity to adapt to
another set of environmiental conditions may have been dimsinishedt. 

As an example, and to make this clearer,at one we might lookaspect of the evolution of the plant leaf. Variousadaptive structures have evolved to reduce waEr los from
leaves in arid environments: thicker, fleshier )eaves, smaller
stomata; hairs; 
etc. and without these (or a lternative
mehanism)the plant would be untible 
to survive the inovitable
prolonged 'drought periods' imposed by such a climate. 
 Such
leaves are-very difforent, in ch4,acter from those of many
plants which have evolved 
in moister conditions, where spocies
can grow relatively-closely together', 
and where the major
limiting resource 
to be shared In such a pl'ant community s not
water but, light. In such circumstancos leaves are oagrenuive.organs and shading, out another.plant i an adaptiv# strategy r
to achieve a greater share of Available light. 'Under these . 
conditions leaves have evolved so as 
to respond rapidly toreoduct ion of 
 'ght,by increasing their pecific leaf areo 

the 
(unit leaf per unitarea leaf weight). In other words as, the
plant is shaded, leaves sti.l.l in a formative stage quickly
grow bigger in area but, to conserve assimllated corbon theyalso grow thinner. '.2
This is seen to a high degreee, or
examplPe, in many Cucurbitaceae but it is, clearly a fenturewhich puts them to a disadvantage if water becomos In hort 

*.supply.
 

The arid land plants with thick lonven might well qrowvigoously if moved to 0 situa(ion where water becom)t,,moroplentiful. but the type of leat sLructuro to which thcy areby now gjnetLcally rostricted will not be f much us in oaplant, association where 
the othnr rPecies have leaves which
will respod-t LoS.o shading. Equal'I, he sur'dlwtlot'tho.itt., o, .oo. Eq~ ,ooth uvvaofto ,tie
if mov "d to a deqert fringe, would depend, aton the extent ieart in partto which they had rotaLned the capacity to
 
respond to dry environments by producint, thicker, 
w*Axie­leaves.
 

General adaptability therefore baoimes 
a maU'er of beoitgrelatively non-specialized. 
 As dis'inct from speweific 
I!" , - : . " : I ' , : - , J, : - : , I:::.: : : ' : : : ,: . : :: '. ' ?, " ': : . : : : : - : - :i : : ! ( • 



adaptabnity which derives from mophological1 anatomical
 
and physiological specialization which are 
the result of
evolution towards genetic fitness., 
In chosing MPT species 
we _used to-be aware-of -their~iatW.t ~d daI
 
t-o have 
some idea of the structural arnd phywsiological

mechanisms 
to achieve this which-they have ovolved in
 
natural communities.
 

(b) Potentials for exploitation
 

* 	" ""Success" in any particu'.ular community can be expressed

the ability of a (jenotype to increase In numbers. 

is
 
It May


depend 	more on 
a,plant's capacity to acquire, through a whole

variety of strategies, a greater share of 
the available
 
environmental resources 
than co-habiting species which

happen to find themselves there, than on 
 mor.positivQ
plant modifications to 
fiit t.to the specific environment.
 
The implications of this 
in terms of selection for
 
particular products or attributes 
are rather important, and
we 
need Wo apply the lessons Learnt with other crop plants to
 
MPT's.
 

For example, Coffea arabica, at its centre of origin,
(Ethiopia), is 
foun - s-uccessful understoroy shrub 
producing, under relatively ohady conditions, only 4number 	of fruits pei, tree; pest


but.sufficient to ansure its Knurvival. 
Removed fr',m its natural habitat, and grown by

man for Its seeds it has been found to yield much more

prolifically if grown in 
full sun. An long a" it is
 
provided with a h,4h enough level 
of plant nutrients to

enable 	it to do so on 
a regular agason-to-soaoon basiu.

The physiological reasons for 
thir are now well understood

and supported by the results of sevaral decades of detAiled
 
study (Cannell, 1971). There are, 
of course, mony other
examples of a similar nature 
in which the attributes for

ecological success tend 
to obscure the potentials for
 
exploitation by man.
 

(c) Implications for VeIOCLIngMPTn
 

if we understand sufficient about 
the genetic bAckground of
 
our MPT species, and have at least 
a basic understanding

of its anatomical, morphological ,and phyniological adaptive

behaviour when exposed to environinntal chantle, 
we will

batter 	able to chose 
the correct species for a particular

ecozone or site. 
 And to 	be able to propose appropriate

management techniques to optimise the products we require.
 

In selectingj multipurpose tree ,;pecies for varkouuuses we are likely tO frIn a whole spectrum of adaptive

strategies. 
Both in terms of genetic pools Of varying
degrees of flexibility, and as a consequence of -n individual

genotype's ability for 
antomical and physiological "bufferin']
However, the task of unravelling the evidence for either 
to r

both) is made more difficult because of the multiplicity

of "products" (in its widest sense) for which w 
 may select r
 any one species or provenance. There is therefore, a n~ed to

know and understand, however marginally, the growth and

development processes involved In 
the achievement of
 

~ -~i**~~~ 4 



wepropose 
grow that species.. Also the m ma o toodntbe oimposed.
in addition, we mnust clearly define its uses. ittis to be
gjrown primarily for its-leaves? for fuelwood? for. buitding'i\.:t , r s .[ th eul , wher we: propo :.:t
 
productive 


p)~ ~to atic e r Lmbitmazs 

t he species or provenance. wechoee tor 
a
particualr ecozone must 
be either generally or. specifically

oadpated to grow vigorously intha t particular 
environment 
and also to be suited to it in a way that will aximize thej p (or services) that. weproducts 
 require,. 

5. Genotype x environment interactions 

If the limits of and reasons for adaptive behaviour in PT "
 

species or provenances 
need to be understood 4 comon set
of crit cwally-evaluated MPT species/provenance trials
 
conducteod throughout a suitable range of 
enmvironm-nt are :

required. Experience 
to date Wth the major agr icultural
 
crops (wheat, naie*ricei potatos, cottoni etc. etc.) and

with provendce testing of Industrial forest tree pci6'i 
 :
establishes both i clear indicatioi of the recessity and themagnitude of this task. 
 Some attempto to undertake thiv Are,
fortunately, under way (Nitrogen Fixing Tree A 
 asoclatton
Trials, rrewbaker; 
National Academy of Scienceti Fast- rowlrn9
 
Nitrogen,fixing Tree rrials, Critzn: 
 FA1 O
MPFOGermpigm

ConservationhProjec, Paimberg, 
 and soeon, personal
communicatondi). Suvroncit (1981) indicatems the benefits to b qdined rytaking C'x E effctsto a ccounts withiriulturai crh 0 n-.

With MPTs there in th aifdded difficulty th o .t
sigInificant C x C.intera~ction may boe stablished for 
one
yield output, but not fQ7 others. Or, at, least,not thti
 
same kind or inaqnitudotofm x F. inLeractiondfor ,xamplo
,

•f two kinds of harvest come from competing sLnk- rAtthr" 
 -
than the same sink (honey asiu fruit/seeds, roundwood and
fucelwood, 
fodder from leave,, and exudates will, in each
 
case, be from the game sink. in any pair, 
but not betweon
pairs). 
 Another examplo, migjht be where a particular MiP1species responds only minimolly, in torms of overall veottatIve
 
growth to a small change in environment, bUt tho flowrin/

fruiting processes are markedly affected by a critical
 

. response to e.g. night temperature, tuxloykind Sumerft
ld,1976).
 

At present the selection otsui:table,,me grerl,an fora particular task involves a choice mainly At 
the spociv5
 
level. 
 Selection on the basts of provenance trial is
 
increasing rapidly, howeveaind tree breeding programmes
to exploit the huge genetic gain that is potentially ovaiicle* will be needed (Felker et al,. 1983, Burley anti Owino, 1M,[). 

-


The objectives of such F'io 7ammes need 
to be Very cluarly
considered because of the multipurpose natture of the plant.
flow do tree breeders sen th~i-o- -SapoAch?
 

The breeding prolqrammes for Leucaann levcocephala
(mainly in--kreadinq, unlike ns~­
two types of 
plants - mainly fueIwood typos e(a.gcv ' n
mainly fodder types (e.g. cv.Peruviaon") t i-wbaker, 
1900 
 -
etse. The extent of any seperation of yield impritivn 

-

Inabreeding programmne clearLy, has ,Anumbor of implict4ins ~-> 



that are riot fo 'und with agricu~l pral crops. One exampleis that the rates and degree of enetic gain for particul.4*....
 
outputs may be different. Arlot r, already ment'ioned, s-,; x F& l-acion i- a-be, n-h idnt -r
Ki : different outpyfs. y beftfit~tte
 

6. Selection index procedures
 

Whatever breeding strategies are adopted a major problem fo0rMe'r oreeders is to devise rapid and 4imple, selection pro oi'ures so 
that these can handle the extremely wide range of genet"
variability that exists in many MPT specie3.
 

Such procedures were introduced as a refinement, in the approac to selecting ,igricultural crops. (e.g. cotton

breeding) in the 1950s (Mannlng, 19 56: WaLker, 1960). Instead
of examining relatively large' amount of gerrplasm in the
early stages of selection by somewha crude arid subjective

methods Manning argued that it was bettor to measure the
yield an,.Its components in 4mall 
numbers of progeny grown
..In rep iated'plots. The dlata could then be used to establ1hgenetic variation so that a selection procedure coo.d b ..utu that could lead to maximum genetic advance wit-hin tho.
material studied. A "selection index* was evolved (Arnoldand Innes .1976) encpi-ssincj 4 traits o? cotton yold (which
were lint yield ard Its ") components). Originally theassumption was that a phenotypic trait (e.g. "lint. per peint'..
which equtilled "not worth") wis the additive outcomo of
genotypic and environmental oifect. 
 A solection indox ofthe form I 'u b x + b x ... h x0 wae used in which the
weighting coefc leot (?). b) were ca culated soa tomaximize the relationshi boween,. or Y.x~rple I and G (thegenetypic offect;.tortth 
 trait *nct worth"). Thin ,wsdon,
by talsing into account. the phonoptypic varionces and
covariance, of the traits as well, as their tenotyp . ­covartances, with not worth. 
Optinmum values of b arise fromthe simultaneous solution or tr derived set of equatio-s.Arnold and Innes (1976) describo th procedure in rn~me detaiIand. point, out that beceause G x n Inter-actions limit theusefuinoss of heritabitlty estimatos dxy.','d from a single
experiment, what is wanted Ith maqioitudo of geneticdifference inrrelation to the G x E interactions encounto.rdin the production area. 

In cotton, a plant which 
can be selfed, the sole'ption

jndex procedure was adapted beca4ie of the difflculties ofh detLning critoria for visual selection, and in orddor toundertake an 9 Obctlyr selection procedure. With MPTs in ' their initial stago-Is 6f selection there is no doubt, that
considerable progress will be possible on the basis of merevisual assessments and, wherever possible, quantitaLv;
measurements of phenotypic traits. The desirability of
ultimately dealing objectively with the selection ofseveral. outputs simultaneouisly may suggeit that wi look
intn a "selection index" procedure even ir G x K intet'aclrions
consLderably raiso theomathematlcal complexities of doing 

a th i.. 
d~Tnt l ~, . i , " . ,i • , . . , :, :. : . 
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Very simple Cnon-matheatical)can selecti.on procedures
be Used now for MPTs 
 These need 
to utilize sets
coip f,+e1 l nwhich
= 
 *say, end-uses
climatic designatonT of 
are listed against


ecoones. 
Such two.wy tables or
matrices can include 1
,slmpte within-table ranking schemes,
but they will have limited value where there 
is a high level
of,0 E in t LoLcpr c4-a.~ i ~ ~:an!be inve tigat-t and the outcome ""taken into account.

Furthermore, it must be remembered that the usersthemselve
will e'stablisha different rankn 
 .­order according to 
land
use sysitem for which any particular MPT Is being grown,
Therefore, a 
simple 'r)nking scheme for
will have user requirements
to be incorporated. 
ThiS could be made at 
Least,
partially 
 objective throuqh the decisions made about
syjtems requirements using ii field diagnostic procedure 

Lhe~
 
(such as rCRAF's "Agroforestry Diagnosis and Design'
Proceduirvn, Raintree, 1983),.
 

:he 
favourable possibilities for vegetative and micro­propag 'ton that 
exst are 
likely to aossivt tht rapid
dissem.pation of many MPT specie, and provenaces. 
Although

.fora seza -rt.-" wary of clonalLy-establimhed iaduntrial
sP.anta.ions tree
,:..ould be remembered that the bul,
the world's temperate and ofral I
tropical tree 
fruit in 4stries
':has been based on selected clones. For 
temperate fruit:
starting from extremely diverse germplasm in
material that was eedling
widely distributed in the l14th and 15h
centuries onwards. 
The future of MPTs may be much more
directed towards 
tow-input 
land use systems but,
of thespecias of interet are 

as mAny

Cast-growing,
rapidly, there is and mature
an opportunity to establish MPT broodinqg
centers which can 
provide a successive range of 
vuitable
germplasm (Includinq pest and disease rosistance) as 
It i1
replace that which becomes outdated.
 

needed to 


7. Conclusions 
The present fragmertary state of 
knowledge about MPTa togothet.
with the 
large numbers of species (let
involved aid the need to get trials 

alone provenact 'o
 
acarted quickly,.wil.
all militate against any in-depth evaluAtion of 
factors
underlying the adaptability 
ind suitability of partic.!a%
selections. 
 Nevertheless, where some considerations
be given Lo can ­ ' rthis, however scantily, it may not only save
resources 
but assist 
in the more rapid selection of snPcieS
for particular end-uses 


there has to be a Certainly, 
'
in selected ecozones. 


more elaborate proceos of
value oL different MPT species 
Judginq the relative 

'
 

than is usually the
single-product forest ca.e for
tree or agricultural crop Sploes.
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Attt r ruteg contributing to land 
sustainabii.ty 

e at
Saoil hanges the mi~crositeh
 

* Species of wooy Pe~nd c n jrqnn~als 
-p:an b eoa o: atmtr1O-; eap.......
adjacent sail (the inicro ?tc). ?re~ PpC@ w ncod
 

to know what soil changes occur, and'. the t ~me
takei. to

bring those about on any'particular kind ofsite,
o[ ired t~o whinc The 
tree's capobility agoo, ty:sstheyo b, he:):to change the crouite wlhl itself be
modified by managemnent,'-particularl1y 
trai~ning and pruning,
Ana by anI rem~oval of plant materials. For eaplei yiel~d

harvets, and mul.ch or 
ltter which is used elsewhere, To

Qstlate changes inthe romptex space-time arrangements,'

of a mixed croppie agroorestry system involive 
 the
C01-19L'J.ration of i great number of vAriableks '4fl their 

interac ionTe 3inicte pol sib41Jewa ollll#t'-" ga>~ 
from Huxley, L982} .. , ,:) ......: :!: i 

flt~r
tih cone~llt'ied .n ordr t . *t.mae_ ..... kthe 

tPensad o~t* nld h efectd ilio.() r:, mn 

461
 

lan syt inovn :PT , .. ... " :du " 

floOt to"#4.1 oitt -A 

*Ni .Swe She, ,e.t 
''- >'­

" -Ill |it-lil~il till| t.*-- 4.ofis ~ 4l~r ~t: 4 ' Qsl : > . 
' -, , .: Imtli l~i I1l~ll !m!' l, i lltltl t!,litl' " <.;U - , ,:,, 7.-: 'L : t::,.?. '2 

fmedlheU V totr~otg, et.toITO~i flitiP lltN 9t t4I':: 
.?' 


(#on thile otif 60ialitolltilu * of ttolltli 
 d Il1.e4,0i |l t 4tllitlool ilit e ., 

,i.., to, ,i , .(5 , . 1..w 

* ste ttdi "11 . i 4, .0. ,, .: . 
1104"t, , l- i,r l* Of, lii It li 40 " - 110 "104 

b, .l!V4.l. 
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dgesThymythreforei be: of differing",values in 

Inithe indigenous sp)ecies of P/rosopis i(p,ineraria) :: 'ii :!/ii ' : 
n8rmonl.y anefamers' .fieT n aj<tan:Zfound :iit::.......


isntres b ecause ofLtq favourable effects ors 11.-microsi:ta.:s p e c i e s 	 :;::Whereas: the introduced -(P. i:julltlora) is not. : 	 near-y ' } :so beneficial InArica Acc: Mx~~siial a
known for its faua bl ef (NI47 1978) an dc in-i: ... 

::behave similarly,. 	 :Other examp le e spce of..,-" ; 5 

ry ] i a, Ac o ar u and Sesbania, as well 4s :,u r u . .Teg--1mn6u rOpeisAnd aYI __To example Grevillea,: To.rtin Lalia

and Alnus among non-legumes. ,
 

LNot all woody species improve" the status of oi~l around : " 
them,. Many gymnosperms, for 'example, •as we wall know, prodoce: .: ,i! 	a resinousi and :slowly decomposing leaf li tter that ca evrl
 
lower soil reaction. eucalypts alau deoi 
a 	litro
resinous leaves that can , 
orm a close-lyiepost thte o{ : ,

inhibit understorey growth higherand, onplantssloping land,knowne~ncourage;: :.
 
Srun-off. A fewIspecies of 	 are nctuallto produce rootsecretions that inhibit associated pl
srowbenefiia. InerAfman absciflic repJnt prbems
tnt".(eq,
 
o eguayule c acicr(Honnet and Galston 1944).(trtnscinn

eobscurely, there are many di ernt kinds 

Move
 
of orianic icompouds that can accumulate rc the decomposition of- pnt 

FrJedman,1983i Koslowski andHuxley--983; Shanghynq:: residues which have adverse effects on associated specie K r" :
iand­
: tsi-Ilua, 1983).11 	 Druniq andSander ,(1983) giveaccouno theinalye 	 a detailted,! ':i'io 
 f dpeierent peats (.om rtw phatia­communs yr In ou natural. swamp forest-in Sarawak. Nutr temt 

and physical conditions alone-were ntr conodere to "
broughtubout the differencesin physiological responsne
v 
 n
growth changes that subsequently occurred In test plant 	 :i 

folalowing , CUrlie.tSuhe ofgcertain species; and hashn ha "ben repored, for Oxmple, for fruit trees e Styoth&7thes
 
(a perennial fodder plant) 
 rabaca mndpcoffee.rma.SAgroforestry sys.ems aro often promoted becauso ofcrOomns thtcncuultfrnhedomoiinopat
 
heir Impl:icit wood iland p ipto chaeLertstcs of ddaron 


1982). It sems esential, thereore, to estawblish ,A, pro 

possesisd slowly d0comosief that. cant. vro
owerd oi 
 echighly promising candidates or d oferent.
 
ecozones (fwrom among 
 more thian 2000 species t t have ofo prodlisted ts possbles;to urney ni
d owino, 1984). Aso .,.


establishLo any possible aldlopathc eftects 4whereMPTsr 	 A 
are 
to 	be used in cropmix u 
ren as well as any replant
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* 2. MPT's and land system sustainability
 

The generalities arid, sometimes, illusions that "trees

improve the 
soil" need to be replaced, for in'ividual pT

species, by critical experimental evidence of the kind that
 
facilities extrapolation to other sites ard .,mana..g 
 nt
 
condition's, (Young,1984). 
 In this respect we will, where
 
trees are grown as crops or 
In mixtures, needalso to assess
 
very carefully the 
outcome of removing relatively large

amounts of biomass from the site; because this Is often
 
implicit in many proposed agroforestr y production systems.
 

Woody species are often (but not always) deeper-rooted

than forbs or grasses and may, therefore, be extracting

n~trients 
from lower soil levels and re-cycling these in

litter. This process has very significant ecological

effects over long perO,ods of time. And there 
is much
 
evidence for this available from the studies of the dynamics

of natural ecosystems such iS tropical forests 
(e.g. Golley

et al, 1975) and also from the wealth of data on shiftiog

cUlE'vation (e.g. ter Kukle , 1983). uazHowever, ke 
naturai ecological situations, the time-scales for any

requirel improvements in most managed agroforestry syntemN
 
are very much shorter, nor are such managed systems closed.

There is, also considerable evidence in 
the tropics of the
inexorable decline of soil 
fertility under both continuous
 
agricultural cropping and plantation forestry which suggest

that an 
 high output system (unless it is on an extremely

fertio-soil), 
cannot provide sustained yields without the
addition of nutrients. Agroforestry schemes Ailch purport
to be able to remove, annually, very large amounts of biom s .. 
from the sites without the addition of nutrient inputs need
 
to be treated with some scepticism. The amounts, location
 
and rates of off-take and replenishment of nutrients noed
 
to be carefully studied 
in relation to the environ"ntal,
and physical site factors, and of 
the MPT species concerned,

before such systems can be considered viable in the Long­
term.
 

Depending on the climate, the 
intrinsic growth rate 
 -of the species or species mixturoI, and the inherent levelof soil fertility itmight be reasonable to expect
quite modest limits, of biomass removal (say, 5 to 10t per M,
before many land use 
systems In "difficult" environwonts
become non-sustainable. 
Despite the difficulties involved,

the need 
to obtain relatively precise Information about this
 
in clearly a key issue if 
the design of newsustainable agro,

forestry systems is 
to be undertaken scientifically. And
it key issue in assessing the. input side to the 5itia.1IOt, isthe potential rate of microsito enrichment that any particular
 
MPT species is capable of.
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3. 	Deattnq with sustatnability in mixed cropping
 
with MPTs
 

In designing agroforestry syntem where appropriat-e ,."
tv are 
to be used on) farmer's land in miXtufe, with iqircutt,%rni
crop species 
there will, therefore, be a compromise botLwevi)
the level of proluctiv-ty (the rosults of multiplw 
 outpt.­from all conLr butinq species) and the 
 oUstainabiltyof
system. Bearing inmind that, 
 i.n tiny particutAr nysaem, 
th,
 

the latter may.well depend prodominitely on the troe'specws
being used and their nuxmker per unit arei. 
1to 	 then. can we
considerwhat proportions of 
tree and agriculturat crope wkil
be necessary in order to prudict any paticular productijirty/

sustanhibtlity "trade of"?.
 

A precise answer to this question can only he (ou}dafter some considerable on-site research, bUt 
a mtijn Of
an
productng tOn outiome 
from a combination of th(oretkct.

approximations bsei on 
existing anlagous data 
(what. w-,
already know about 
the effects on soil, o( other tree
 
on 
the 	sites) will but least, ijive 
 Itart.
H 	

us t Eqs. . A 'AHuxley, 1983b) shows 
the 	changes with time 
that can be expected ­



in the soil status with a paired tree/agri~cultural
 
crop combinationi A similar response surface can be 
predicated using some information (or guesses?) about
 
production output, Such a model can provide only conj(tral

solutions at aue _a t i on. qLh.b hepapn 

with time in soil status and plant productivity,
particularly with multipurpose tree Species, is unknown. 
Nor do we know anything about the shape of the curves
 
representing the effects of such a species mixture
 
on the soils. However, the absence of required-data which 
is xposod by this model helps to establish a set of 
priorities for research with MPT's.
 

C. Some Tree Management Considerations,
 

Canneltl1983a) has discussed a whole range of management
 
options ,nd their effects. What follows here ip confined
 
to some aspects of pruning.
 

L. Pruning and the manipulation of vegetative growth.

a,.ic fruiting. 

Woody perennials lend themselves to relatively precise 
forms of structural manipulationwhich are usually under­
taken to (a) change or moderate stature and form, and
 
(b) regulate the proportion of different parts.
In the lattar case, there are two main objectiven. - ratr
 
to adjust the balance of sources o carbon asgimilatton

(i.e. the green, actively photosynthetic parta) and tho
 
sinks (those other parts of the plant which utilize fixed
 
carbon) Hosas to maximize total-biomass production; plint-t
will otherwise be "sourca-limited" or "sink-limited'.
 
Second L. to optimize the production of those plant.

partis that are to provide the want.ed yields - fruits and/or 
seeds, l c ves, trunks or other stems, roots, exudatit otc, 

ALl this has to be done with a knowLedge of what 
state the vegetative condition and fruitfulness of th , 
tree are in a, a consequence of previous growth and 
fruiting activities. There must al~o be a predictive 
assessment of future cltmatic benefits or streasses, in
 
both the shorter and longer terms, so that veqetrtivt.

growth, dry matter partitioning and plant davelopment 
prccasses can bo harmonized within tie possible limitations 
of the seasonal weather patterns that. are to be expected. 

The proportion of the annual dry matter increment
 
that miy be allocated to erutts/seeds can be from zero to 
a recorded 7O or so (e.g. coffee, Cannell, 1971). Snme 
extremely fruitful mPTI (e.g. Prosops spp. grown for 
pods for animal fodder) may weT'[-pe,"hrm similarly (Pelkor, 
pors. comm.). 



Where MPTs are not. purposefully grown for fruits or
seeds the flowering process may just be 
ignored or fogotten
about. However, if flowers, fruits and seeds are 
not wan ed
their proouction represent a waste of the plant's 
resources.
In either 
case a better understandlng ut 
the development
processes may wollIsu ges t-way.n,.or-qUl a tin t - -Fo9 __ e m . r .­
most M'I species there seem to be only reft.rences toflowering and fruiting in the ecological or taxonomic* literature whichis not 
usually of the kind to lead to
 
practical management strategies.
 

The investigational requirements 
are not onerous.
The first is to observe and record on 
what type of stems
 
flowering takes place ("new" or "old" shoots, i.e. current
or previous season's stems), 
and to note in whot sequences

flowering and shoot-flushing occurs. 
 (Does (lowering
occur prior to, concurrently with or 
after a veqetative
growth phase?). 
 These can be related in 
as much as flowering
I to a vegetative flush must is facto be on the wood*(stemis) producted in a previous 7
 ieaaon: isuch Information 

essential for 
an effective pruning programme, as all fruit 
growers know. 

When flowering occurs on 
"old" wood it may be form

residual axillary buds which have remained dormant and Orestill capable offorming 
flowers or inflorescences. 

likely it will be on some form of 

More 
"short shoot" -usu-illy an*
axillary shoot with highly compressed internodes. Viowerinq
on "new" wood is not restricted to the periphery ot 
't tree,of course, as shoots can grow out 
from older stems. However,
the supply of potentially active budsistay rapidly be used
up and whole 
areas of older stems become relatively free of
,ixLllary shoot formation and, hence, are barren. 
Sptcies


or cult ivars may exhibit a range of types from those thAtflower mainly on old wood to those that mainly, or addl­tionally, flower on new wood 
(e.g. in the apple "tip-bearors).
Whert plants are not fruiting only on short shoots a
regulated supply of 
new fruit-bearing ste s 
is, again, one
of thn iims of a pruning procrammo. Short 
shoots thomselves

will eventually age ar,d 
need to be replaced at other sitex
 
in the tree.
 

To remove unwanted flowers and/or fruits may often be
impractible, but whore a NPT -is, atleast in part, to provide
browse, then it may be feasible to impose browsing of 
newly
developlng shoots around 
the time at which flower init:vion
is occuring in order to reduce their number.. If floworI(or inflorescence buds) have 4 dormart period, as in itaica
coffee, this may be 
some 
time hefore ar.th.e-sis occurs.
check the time, or part of the 

To
 
season, at 
which flowor budqare intiat~d requires only a aequenced programme of buddissoction and examination with a binocular microscopv.
 

An appreciation, however av-,cdotal, of the carbo­hydrate source/sink relationships o. a MPT species cainbe of use in doterming its proper management. For example,by trying to attain a appropriate source/sink balance byregulating the amount Or eaf todeveloping fruits. Howver,

there Is an outstanding need to investigate the ways of
 



doing this throughsome relatively simple approaches.

Perhaps by finding morphological "Keys" to physiological


%functions. It 
involves not only a consideration of the
 
1,relative "size".of the fruit sink, but of 
the potential

activity and position of 3ource leaves 
in relation to thii.
 

.There are experimental data on the capacity of plants
to provide recently-aasimilated carbon to various sinks,
including developing flowers and fruits. In general,
 
young expanding leaves do not export carbon (except to

the apical bud), mature active 
leaves can export both upwards

(e.g. to fruits) and downwards (e.g. Lo roots) depending
on the strength of sinks 
in these regions and the exact
 
position of any leaf; 
old leaves do not export newly, cquirod

carbon, which is retained and presumably respired. Activ*Iy

expanding leaves adjacent to or actually substendiig

fruiting sites usually supply all 
their surplus carbo,
 
to 
these sites and may therefore, be a major source of
 
carbohydrate supply to the developing fruits.
 

There can be considerable variability in the 
 | rresa
 
of fruiting regions Figs.2a-h even between closeily rela.ed
 
species but, even if 
well-studiod agriqultural and horti­
cultural crops this particular aspect as not, yet, been
as 

well-studied. The characteristics may be A useful one 
in
 
selecting MPT genotypes required for fruiting should a
 
relationship between "leafiness" 
adjacent to fruiting sitvi
 
and stability of 
fruit yields be proven experimentally.

Similar rapid selection criteria are required with MpF's

i.norder to 
relate form to function.
 

2. Pruning practices
 

There are many 
forms of pruning (e.g. Canncll, 1983a.
 
von Carlowitz, 1984) but 
only,,two basic pruning opoationi ­
"thinning-out" (Fig. 5) and "headlng-back" (ig. 
 6. Their
 
skilled application can b 
'used to change the overall ntue
and .shapeof trees/hrubs, to manipulate the sourrootL1,k
relationghips so as 
to regul.ato growth and fruiting, ond
 
so to modify the oitput 
of all plant parts.within limitt.-
The two operations can be carried out on 
stoms of 
differing order% main stems, primary branches, secondarieo. 
tertiaries, and so on. 
Coppicinq and poAarding are forms 
of headlng-back carried out on the main trumk. 

Although the overall effect on different specios ot

either operation will be 
similar the precise response will
depend very much on the growth charac-tertiEcs of the specois
concerned, the time at 
which the pruning operations take
place (with regard to both the physiological condition of 
the tree and climatic factors). and the care and understanding

with which the pruning operator selects which provoss to
 
use in respect of individual trees and parts of 
trees.
 
Because skilled pruning involves numerous decisions it haS
 
to be recognized as an art 
as much as a science,and it has

reached a high degree of sophistication in many tree species

grown for their fruits4 and/or seeds. 
 This kind of knowledge

about plant responses now needs to be transferred for use" with
 

http:size".of


MPTs where, however, relatively simple forms of pruning
 
are 	likely to be more readily adoptable than complex ones.
 

The effects of using the two basic processes n 
branches of different orders ae show in Figs. 5 and 6. fEven When.....-frl t sLsand-:seedg-ac~e-.not reqUired--as--useful-products'-a:::::7 
knowledge of the location and magnitude of 
the numbers of
 
fruiting sites is important so that a conscious reduction o"f
 
the future fruit 
"sink load" can be undertaken If this ts

feasible, at the same time that the potential leaf caflopy nd
 
the 	general form and size of the 
tree are regulated. An 
ability to balance prunin9 operations so as to predict the 
appropriate degrees of .leafinWss " and fruiting required i.
 
what makes the more complicated pruning schemes even 
more of
 
an art.
 

111. MULTI PURPOSE TREES AS CROPS
 

A. 	Ideotypesa
 

Up to the 19609, as Donald (1968) pointed out, plont breederm
 
had 	confined themselves, basically, to two typos of breeding
 
proqramees: "defect olimination" and "seltection 
for yield"
(on the basin of yields). The develop ,'of cropphynpiology 
,,n a branch of plant science led Donald (nd spe also oniald 
and 	Iamblin, 1976) to propose that If 
enough was known about
 
the attributes that 
formed the basin of any set of breeding

objectives then a 
"model" could be established, and this couid 

be used tomake selection processes much more exact. 
 The 	term
 
"Ideotype" ("ideal plant type")was derived 
to describe thi.
 
sot of "modul" plant. characteristics which include, for
 
example, attributes not only of stature and rorm but of
functional efficiency, such as 
the intrinsic (actorn affecting

growth (leof area ratio, net assimilation rate, leaf area
 
ratio, lea-to-total-growth ratio, etc.) 
and 	fruiting (known

influences -f climate on flower aitiation, fruit set and 
 ruit.
 
maturation.
 

Three types of ideotypes were envi-Aaged: 

A. 	 Those that. do well as spaced individuals ("isolation'

ideotypes);these are often widely-branched broad-lleavr
 
and 	have other "aggressive" growth attributes.
 

B. 	 rhose that do well in varietal mixtures ("competition"

ideotypus). 
 These can flourish In a plant comiunityof tvid
own kind and they have charocteristIcs thazt tend to dominate 
lest aqgrvssive varietis. 

C. rhose that do well in crops consisting of -single cultivars
 
("crop" ideotypes). These have a form and functlonal
 
abilities that 
tend to enable them to share environmental
 
resources in a community of their own R 
 I. In cercals. 
for example, short-sta tred, upright, rarrow-leavqd 
kinds. 

.
 

.. ,: 

U
 



The validity of Donald's ideas has been well-substantLated
 
by agricultural crop breeders in the 
last two decades or
 
so, particularly with ;'egard to the selection of "isolationO 
and "crop" ideotypes. More recently the concept 
has been
 
taken up by forest tree breeders (e.g. see Cannell, 1919,
 

In agroforestry, and in systems consisting of mixturesof plant associates, we will mainly be concerned with 
$"associative" ideotypes.:, Thitt 1- those plant selections 
(species, provenances, cultivars) of either woody perennijal, 
or perennial or seasonal forbs or grasses, each of which,
although of different plant stature, habit and functional
 
characteristics, is contributing to the, fulftill nt of the
 
syst.om's, 
 design objectives whilst maximizing envirofnment~i 
resource-use by intoqratinq and sharing in both ipave 4,d

time (in other words, "non-competitton* ideotypexi}. Each
 
kind of plant in such a-iS'st.i, could be Idealized in ttm­
of a "specification" based on a combined 
 set of r'equirament.s
decivd by considerinq the needs of the system adid the 
tachn.cal requirements of available plant 
types ';hat can
 
fulf iI them.
 

tCRAF', procedureti for "Dtaqnosis and Design" of aqro­
forestry syit.ems (Raintree, 1983, ICRAF, 1983) rolotei 
tchnical components to the requirements of the landusor and 
the land use system as a whole. It now includes a rocO0e1 
ot deriving o prioritized "specitfi,attion" of pl1r;lt components 
as port. of the process of tlefinir.q arty research needs, 'nd
this ctn he considhred an ,.stablishing a set of tdootypes
for MPTs (lux ey and Wood, 1984). Such,'specificatton# might
include not only a set of 
required attributoe associated with
 
natural growth, but those Achteveb1l under some form of
 
management. Fig. 7 shows, dtaqramnAtic4lly, some example

of "isolation", "competition" ,ind "crop" deoLypes for lIrl's

plus a set of "associntive" trce ideotype forms that might
be suitable for different typos of agroforestry systems.
For the latter there would be 4 parallel st of "associative" 
agtricultural crop ideotype.; also. The dotailed specific itions
would Include an outline of attributes not only of st4aturo,
form ai phn,olo, but of dey~ired functional charactoristicx 
aliso.
 

B . Plant density and rectangularity 
arrangements 

The ,ffects of manilpulating plant density and rectangularity
for trees and herbaiceous crops have been well-summarived ind
discused by Cannell 11983a A b) and I intvind only to make 
some addi t ional relevant, potnts here. 

1. Some general concepts noted and extended 

(a) The enthusiasm that hai' greeted the possibilities for
improving the productivity and sustainability of land lIse 
systems by using MPTs has nometlmes led to unthinking optimism 



26, 

t me twith regard to the poasibie level of outputs . At atlt'
it pay.ntv .remind oUrselves of the information that iS. 
available .concerning potential biomass. production in differvnt 
ecozones, the data available for dry matter parLitioning ind 
harvest indices,"and the published infornatio about actua.l 
yields of difterent species under optimum management condi,-*o(lis
 
(Tab- 41 'e-nx'page)~-

T very large differences rietween. the potential and 
mean yi'--i Js that always exist may encourage us to hope that
 
a better use of the available environmental rasources might 
ensue T a suitable MPT species is incorporated whore there 
were non previously, or that more efficient seloctions 
of MPT's can be used in place of any less productive woody 
species already present. But it is just as well to remetrh-r
 
that as one gets closer to the potential biomass production
 
limit economic gain gets harder and harder to achieve,
 
sometimes starting well below it. The posslbilities of
 
improving the harvest index of MPna is a loss practical 
reality because we dre dealing with multipurpose plantt and,
 
hence, the outputs R often represent the results of 
competing sinks. 

These comments are relevant when considering a chocr 
of MPT density because, despite the large accumlatlon of 
published inforMation and practical experience in developing. 
the theory and testing of plant dennity/yield relationship
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(see Cannell, 1983b; fluxiey, 198kc) there is still an in­
sufficient awareness of what to expect on the part of many
 
concerned with planting MPTs.
 

(b) rhe curve for the plant density/yield relationships

will normaly b.eppo 
 e.yuatlan..
 
That,commonly used being:
 

ca.dbyareciprocal.yietd 


9./we:'ght per plant u (a+b (plants ha 

rhis can result in, basically, either an aeympototic
 
(for biomass) or a parabolic relationship (for plant parts).
 

There are a number of practical issuses relating to
 
the choice of plant df|ensIty with MPTs. The results of undi,­
populating a unit of land with herbaceous crops that 
reach full structure during a single season, wtd th.at ire 
grown for biomass, will be some loss of potential yield in
 
average climatic years but no effective loss in below- or 
above-average climatic years (because in below-average
 
years the attainment of the curve's plateau is shifted to a
 
lower pldnt population). Similarly with herbabeous crops 
grown for a plant part (- a parabolic yield/plant donsity

relationship)) there will be little or no 
1,ous when climate
 
is below-average (as long as this is not severe), but there
 
may be some loss in average or above-average years. Ai,

weather in sub-tropical And. especially, tropical regions.
 
as distant is marked by Its
from temperate ones, disparity

from the climatic mpan, the difficult of not only establishing 
an "optimum" plant 6"nsiLy, but of, regularly aihhieving 
optimum yieldn by adhering to it, are nbvious. 

Even if thereweori a normal frequency distribution of 
years in which the growing conditions (either generally, or 
for a particular crop) were optimal, or nearly ui, as 
compared with those in which they were detrimentai, mont 
farmertj in dve lopinq; '. ountr ies v{uld be more concerned with 
avoidinq crop failtthen in optimising yield. They wIil 
fear the effvtg off o I evere drought, when it is better 
to have plantq relatively widely spaced, more than they
covet the extra. (saly) 10% yield resulting from' having o 
higher plant population in a slightly wetter ynar. The

distribution of "wet" years is usually positively skewed, 
anyway. 

With tree as compared with herbaceous crops the 
investment 
in planting is gireater and the risk consideration 
therefore iuvoIven more serious consequences. Furthermore,
the re ,muits of plant stress in standn that are too closely
planted is, as with herbaceous crops, to increase the 
proportion,of small ("dominated]" plants. Hlowever, with 
woody perennials this effect is then maintained throughout
the duration (ifthe stand over severaT-W-mgmjnyyears, with 
adverse effects on ,both management and yield. rortunately.
treers do not reach their full stritcture in one season and,
the often-used practice of over-planting and nequontial
thinning allows an opportunity to renwedy the effects of 
previous minor Climatic dis(,stors. Althouqh this will not
 



be the case where a completely regular 'aspacement i s required. 
as in fruit orchards or in some agroforestry systmes (e.g. 
hedgerow or border plantings) where the intention is to 
maintain continuous lines of tree!, or shrubs. 

2. 	Effects of plant density on the harvest of plant
 
parts over time
 

With MPTs it is necessary always to consider the projection
 
of the effects of plant density on yields over time.
 
In Fig. 8 this is done for hypothetical situatLons relating
 
to mean annual increment of woody biomass and mnerchantableo
 
timber from Cannoll, 1983a) ,and for total blomass, fruitN/
seeds and leafy shoots ov fodder (from Huxley, 19836c).
 

3. 	Rectangularity
 

Crop plants which have the same stature share available
 
evironmental resources most equitably.when they are evenly­
spaced. In row-cropping this is reprusenced by a
 
rectangularity (the ratio of between-row to within-row
 
spacing) of 1. However, Large rectanguiarities are oftun 
used to facilitate managemont practices (e.g. drillirg,
 
interrow weeding, spraying etc.). With MPTs grown as
 
crops in the tropics (as in fuelwood lots) there may be
 
similar reasons for increasing the ructangularity abovo 1,
 
and 	generally similar trends will obtain 
to those exptete

from herbaceous plants. (Fig. 9). [jut different- MPT
 
species have a different capacity for branching and, also,
 
there will be different effects of increasing rcctanqularity
 
on the yield of different plant parts. So that we need to
 
explore more fully the consequences of rectangulox Lty changes
 
on MPTs, at least at a few exporimental sites and on a
 
selected range of different types of MPTs.
 

C. 	The effects of the removal of 
plant parts on sustained yields 

The effective handling of trees demands a clear percoption 
of the way various manageiient treatmonts will affect dtry 
ri'ttor distribution. In particular, with MPTu, how 
ha ... sting the various products will influence future growth 
o, development in terms of total blomass production, plant 
allomeLry and the entrainment of subsequent growth and 
flowering sequences.
 

It. i's not possible to deal with this subject in any depth 
lere. The background to factor,; affecting dry matter 
distribution has been discussed by Ledig (1983) and Canneil 
(1983a), the need to study enj;rainnient sequences Is noted 
and discussed briefly in Section IVC. From an understatntling 
of what a par ticular management procedure does to the tree,
itself we cin proceed to a consideration of the kdded effec:ts 
of population density stress. (Section UIB). 
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i 31 
Fig. 10a-e present some hypothetical cases for; 

a) the general growth and dry matter die'tribution
 
pattern of a free-standing MPT (Fig. '10a);
 

b) similar plants subjected to different kinds of
 
pvuning (Figs. l0bc and d) and
 

c) the MPT grown as a crop (Fig. 10e).
 

m
Other scenarios are clearly possible ,ith other manage ent.
 
treatments and/or the combined effects of density stress. The
 
diagrams are intended only to stimulate a more detailed
 
approach to the consideration of plant responses to management.
 
and to provide- 5orkae rough , practical guidelines for these
 
general non-speclic cases,
 

IV. MULTIPURPOSE TREES IN MANAG IXTURES
....

OF SPECIES
 

A. Space-time considerations
 

I. Dim ensional opportuntie 


The term "Multipurpose Tree" is commonly used to describe
 
woody perennials of several kinds and of varying piant habits
 
and staturei for example large to small trees, shrubs and
 
bushes, palms, woody vines (liaries) and bamboos. Thus the
 
range of choice of natural dimensions and form aveilable
 
when chosing MPr species are much greater. than one finds with
 
agricultural plants, or industrial forest tree speciOs,.
 
Further .MPTs can be, and often are, greatly modified by
 
training and pruning.
 

(a) One group of Agrotorestryresedrch 'work~trsis very'
 
much concerned with the study of the,structure and dynamiC­
of natural vegetation, and the transposition of the basic
 
concepts learnt from such plant associations to the design
 
and management of simulated "artificial* plant.communitie..
 
In these MPT species provide specifically required output*
 
The first stage in this process is, ildeed, just the•partlal
 
replacement of existing veyetation by chosen MPTw to flt
 
particular ecological niches.
 

A paralJcI approach Ia' the detailed study of complex
 
man-made systems that Involve multistorled mixtures of many
 
species, such as Intonesian Home and Foreat Gardens (Mch n,
 
et al, 1983). This is dona In order to learn more about how
 
j"'oU-ts of plants, including MPTs. can be associated and managed
 
oven more efficiently. This type of work Is nowmoving from
 
the purely descriptive phase Into experimental approaches
 
(e.g. Olderman, 1983).
 

N, (b) A characteristic of' the process of Imroving or designIng
 
agroforestry systems (and especially of the more complex onesi
 
is a requirement to understand sufficient about how the
 



Sassociaed plants
° can best share the available environmeta l 
 2
Sresources in order 
to Optimize their growth and development
asOindividual species In 
a way that provides the correct
 
proportions of different outputs needed from the system as
a whole. Such problem$ have been
with intercropping herbaceous, dressed by those concerned
low-statured agricLlturak
 
cropped land use systems that include MPTs there is 
a need
both to extenJ and add to our approach. Thle atial dimenson
 ..are .greatri, moin-n',hen "ptime durtionhe re canen-wth n'tures uo, hbcT"nover which the system pr luctit 'is markedly _onger uc yt0­(fTom one harvest to many %equential
harvests of-'different kinds), and the product outputs 
are more
numerous.
 

The more "permianent" nature of thehas MPT in such it vystema range of bialogical, economic and mariagemental
implications, one; bet oip which are related to the time atwhich events occur. In' particular, thew,. is a need to
understand the phenological behaviour 
6,fthe woody specie uand to chose those kinds of MtPTs 
that can 
best match with
the resource requirements of 
the lower-storey plants: 
or can
easily be entrained to do 
so by Appropriate management
practices (pruning or lopping at different times). Thlisimplies that we must havephenophases d~etaled. iriformation on thein relation to climatic change for the MPT speClols
in its indigenous location1 
we must Include phenological studit­in all trials of 
species (or provenances) Introduced into
other locations (or ecozones); and we should if needed, asseSswi
the extent to which phenophases can be manipulatod by manageent
treatments. 
Of course, if 
the MPT is an introduced species
we mus. check that its phenological behaviour
location is, in.the now
itself, indicative of climatic 
suiltakuility.
 

These aspects have alteady beon discussed mort
elsewhere (Huxley, foul1983a) but it is worth re-mphasizingthat successful association in plant mixtures will dpc:d +very much on the stature, form and ph )ol "ica. behaviour of
thle MPT _Species. 
 In general, wJ-Tiave at 
present far too.
little information aboat the phenology of most mn secies.
but tropical woody species as a whole arte charactorixodconsiderable by .1diversity of phonological behaviour that C
undoubtodly, 
 be used to great practical advaIntage. 
.v, 

2. The troe-crop interface 

CombinaLions of 
MPTs with other
the plant species must optimisesharing of environment resotircos to the best advanta.t"mixture but, of thlitin practice, what can be done to discover howbest to do this? With complex systems at least a firstapproximation of choice of plant arsociation can be made onthe basis of cons i1dering all'availabl pairs of combinati nsand examining the mutual interactions at their interface ,(Fig. I 1)o 

With MPTs even a "simnple" one tree/onerequires a crop as500cie1Lonlarge experimental area in orderof management variables likely 
to tst the range

to be of interest. 
And this,
4.again,
can be approached most cost-efect:vely,by examining
 



what happens at the interface (Huxley, 1983d). rhis can have
 
considerable implications in- simplifying the design

of field experiments, and this is discussed more fully
 
in the appendix.
 

B. 	Choice of 
'Optimuml Populations and
 
Degrees of Intimacy
 

1. 	Choice of plant density and intimacy in MPT-crop

mixtures
 

choice of plant density for MPTs in crop mixtures, apart

from other considerations noted in Sections 
I1 	 8, must
involve decisions on 
how they are to be managed. That is.
 
whether they are to be pruned or 
lopped in some way, and
 
when. The level of intimacy of the mixture can then he
 
controlled, as needed, by manipulating plant density, plant

arrangement (i.e. whether species 
are 	arranged in some kind
 
of mixture,or zonally, so as maximize or minimize tree/crop

interfaces), by sequential thinning and by pruning. 
And 	such

forms of pruning are much more akin 
to those used by fruit
 
tree or tree cash crop upecialists then foresters 
(sea Section
 
lit C).
 

Because we are concerned with the 
level of outputs from the
 
whole mixture of species, any pruning regime must take into
 
consideration not only what; may be best for 
M"but wriat the
 
environmental resource requirements 
for 	the uiderstorey crops

ill 
be, and what pruning the MPT in different ways an,/or
at 
different rimes will do to satisfying those. That is.
 

what do we need to know about how to prune the MPT so as 
to
 
maximize the tree outputs required-without detriment to 
 L4ts
 
long-term multi-yield capacity, and'how do we 
estimate thei
 
environmental -esource needs of 
tho 	other species in the
 
mixture. For example, are periods of water stress 
o be
 
avoided? flow should we partition the light between upper

and lower-storoy plants. What nutrient 
limitatLions might

occur and how can we best deaty their onset? and so on. These
 are not easy questions to 6nswer separately, let alone resolve
 
in terms of complete system's behaviour.
 

The understanding and design of such systemn requires
considerable scientificrbackground and an aptitude

for systems thinking. Their practical management similarly

demands considerable aptitude and an 
ability to'perceive

future events before they occur. Unless such practical

skills are inherently available, or 
can be easily taught..

there is every reason to compromise in proposing ragroforestry

systems that involve mixtures with MPTs,.io that 
 implcit of
 
management is not sacrificed in order to maximize the

efficiency_f the system.
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The effects of Increasing rectangtidarity 
was briefly des&ibe-d
in Section TuBr13 There ~ iit¢.bidle way ot ifLtrQis nlow a growing Interest .&n hde 
-ducingMPTs into tropical mixed cropping situations. There
are various reasons 
for doing this which needs 
tk)be briefly
explained as 
they effect whetheror not 
we are concerned witn rrectangularity ratios 
in which the mPT hedgerows can still
be considered as 
close enough to interact in some way with
 

one another, or not.
 

In mot. hedgerow-type situitions the MPTs will be

Maintained at a 
low height by some torm of pruning/pollidingij,
which may or may not be accompanied by side-pruning. 
 This
is done both to Limi: the dggrv stvity of the trees in the
hedgerow as well its 
being a consequence of the need to 
take
harvests of 
leafy shoots, woody mulch materials and/or 
fu#.w-od.
If Lhe hedgerown are being grown for other purposes 
(froits/
seeds lnt exudates, nectar sources etc.) then the pruninq

procedures wiII 
be different.
 

We may be dealing with hedgerow innercroppn
nw .OL
 
tropical regions,where it 
is already becomLng weLl-estoblis.ed,
 
or in semi-arid areas, where 
there is itill 
a"need for
turth(,r, investigations. 
 In the latter c.se, 
high rectan'ulirity

ratios might be a necessity due 
to the need to obviate
competition for the most 
limiting en-vironmental factor, 
 :.o.
available soil 
water, although this can be achieveit by
coppicing at 
the start of, or during, the growing season; ;
although only with fairly drastic conseqencea on the yield
of vegetative materials from the hedgerow.
 

Where athedge~row i6 bctnq grown 'i ordnr to provirlo wood~ymulch with a view to 1mprovtnq the sut~~tiiyot tho' ItCuse system, or becautu ot soij. and wator consorwitior equire-.mnts, then the rectangularity choice may not entirely depend
on attempts to optimizo yield 
 (of bout the hedgerowand
the inter-hedgerow crop plants). 
 e n
 "' '' 


ere oaring these poinLs in 
mind we can 1imit oursolves
here 
to discuss breifly the underlying principles of-adjusting
rectangularity 
in hedgerow intercropping to thore ecO one ­
whore water is not particularly limiting. 
In such situations

manipulating the rectanqularity is the key Lo quccestiful 
intor..
cropping of MPTs and agricultural*crops. 
 The fxrs -t+ep is to
consider the choice of MPT-pldnt population per unit 
area
relation to environmental resources 

in
 
(Se-t ion lII D)and Lo
 

::(pruning,.opn
re-estimate any effects that may predictable from the ma naemt(

coppIcin9) pollardilag
, etc. ) that 'is intondedti. 


(Section I 

o , ":j:
 

if
rC).the latter is not pogsible there is 
no
altornatlve but to 
find out 
r
 

through appropriate experimu.nt.attOn

(see Appendix). Considert 
'on of the factors influencing the
 
decision about rectanqularity that are mentioned below ,.ill
also mean that the effects of 
shading from the hedgerow haV­be taken 
into account, and hence orientation, and thus the
heighL at which 
the hedgerow is to be maintained when mature..
 

9 is impoetant.
 

http:weLl-estoblis.ed
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* .Fig. 12 shows what effects changes of between-row
 
spacing will have on an initially chosen plant density

(at rectangularity I) aestrmi:nq 
that no adjustment to compensate
for In-row spacing is madefu in fact rectangularitie greater
.han- ahout- &--have iitrle subsequent popula{iona-p--l--­per unit area. 
Depending on the original plant population chosen,

and the basic in-row spacing for this at rectangularity l.also
 
on the maintenance height of the hedgerow, relatively ilttle

interaction between hedgerows is 
to be expected at Such

rectangulAFities, anyway.
 

In some'clrcumstances in 
the wet tropics, such as on
 
hill slopes where hedgerow intercropping is inteded to raise
soil fertility through the provision of 
nitrogen-rlch mulch,

and/or for soil and water conservation, rectanguLaritties of

lower than 6 will often be of interest. In these circumw
 
tances 
the next step is to consider how, as recwguuraitees, chsvowe
 
may adjust the basic In-row spacing so as to re-establish
 
the plant density optimum., The way to approach this is ihown
 
in 'ig.13.
 

A factor that limits the choice of very close in-row
 
spacings is the need to consider the effects of plant

competition in the 
row during times of drought, especially

during early stages after planting out, when close In-row
 
spacings can be highly detrimental.
 

3. Orientation
 

With MPT strips or hedgerows olentation his to be considered,
 
even in the tropics. Fig. 14 shown the results of using

model of light interceptlon' (qackson, 1983) 
tor a site in 
Malaysia (31N, , E1 to estaulish the diotribution ot diffus ' and direet incoming short wave solar radiatilon (cxpresaxd a 
porcentageto full dAylight) at ground level in 50 mwtro-wide
 
strips of cropland alternately situated between 50 metre-wide ntrips

Of uelwood tree s (taken in 
this ca a ani solld object allowing

no light difftision. 
 The mode, can allow for both difteentr

orientations and strip (or hedgerow) dimenslons, including

height, as well as different latktudes. Although originally
produced for hedgerow fruit tree crops this and um,,lar

comptiter models (as well as 
later approach using a light
panel and a physical simulation measuring model with
so;eniurn calls) .irt, likely to'txe extremely useful for Agro­
forestry rosearch and design.
 

.Iam grateful to J.E. Jackson for producing these
 
results.
 



C. Managjement in Tree-crop MIixtures 
Un1esclentists, who are usually tryinq to conta~to as inblt
to be able to comprehed.he comei 
i eg'r6req..
 

- ontlt1nin§'biotogical1 nntttles a tropical poaaant fiormer
out to exxloit the heterogeneiity inherent i~n his. land use 
is
 

system Tli bot 
 space and time (Huxley, 1982). 
 The opportunities.
to do this. in agroforestry are 
even greater than in less
complex systems and in relarton to 
the choice and management
of M4PTs for such systems, in must necessarily dem~and
appreciation of exactly'what a gothe environmental cpportunlt
will be, iteS
and a clear understanding of hQw best 
 fill them. 

For example, attributes of trees 
that enh'ince thier
site capture" abilltty such 
as an appropriate growth 
trm
in relation to that of-associated species, rapL 
 early trowtn
even under shaded conditions , efficient 
liqtr.ttercepton..
features, high-wateruse efficiency 
and so o'n. will nr4necessarily make them the best choice for mixtures with
storey aqricultural cropsI ndeed, there will 
Iob­

not be a
complete set of attributes that, can com.only bo-
 seen as
"desirable" fur all mPTs, because their place 
tn any one
kind of agroforestry land use system may nKA 
be the 94mv azs itianother, and the possihilities for managing them in difforent
ways is very large. 
This oan not be doalt with in 
any dopth here aM
only two subjects will 
be briefly disucnsed: the ned to
understand and manipulate the 
system to obviato plant ttrensn,­and the possibilities for entraining a desired sequence o
growth.arid development 
in Uie MP''s.
 

I. manipulating plant stress
 

(a),Connor (18Ja 
has conside d the ways 
in which diffecrnt
stresses will 
occur 
between tje wody and herbaceouv component./in agroforastry systems, 
 Ile describes 
tho charactoritic.

of the 
"resource pools" (light, water, nutrients) and
emphasizes the predictable differences with which sub-optim;il
levels occur 
ond can be replenishod. 
An udiderstandlnq of
this is essential or 
the good management of MPTs in 
 j
mixtures.
 

Conner reminds us 
that, with light,pJefaential 
iocess
relies on 
canopy display 
in which stature 
is the most
advantageous aLtr -utes 
differential 
revp I 
se can bke i., iftd V" "in teims of the 
.tbf photo.synthesis/}ight 
responv functions
of different species. 
 For 
water And nutrionts in the 
soil
preforential access 
depends on 
rlAtive root profiles, Vitidifterentiail 
responses depending on efficiencies of extractiov:
1Pr unit of rooting volume. 
 Tn ract, with elativety inmoiotie
nutrernts, such as P, access depends less on 
root affic.tncy
and more on continuing 
root Irowth into non-doplftd soil
volumes. Complementary uses 
of resource is the key to
successful co-habitation of 
a e Iteand the reader in retotred
t. Connor's paper fur 
more detailed discussion and exampler.,
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(b) Agroforestry systems are supposedly more 
sustainably

productive than many purely agricultural land use systems

found in the tropics. If they are so then it 
is because they
 
are better able 
to share the available environmental resources,
 
or that they are less "leaky" ith regard to 
 or . of. 

.h .e rasources pools, or both. 
The hard evidence in terms o:

experimental data in 
the form of light interception measure­
ments, leaf 
area indices, light intensity/photosynthetic
 
response curves, water use efficiencies, details of root
 
volumes and water and nutrient extraction rates, nutrient
 
growth responses, the ditferential effects of environmentsl
 
stresses on associated plant species, and even a summary of
 
biomass produtto.,. Is either unavailable or, at least,

anecdotal for agroforestry systems. This is largely because

these are, in the nrin, both subsistence-orientd And complex.
 
so that they have neither attracted the experimental rosoour est
 
nor been' seen to be so easy to study as sole food or cash crop

species such as ri',e, maize, 
grain legumes, rodder crops, coffee,
 
ted, etc.
 

Without a deeper appreciation of the plant environmenrt
 
reponses it is not going to be easy to be able 
to predict ho-w
 
best to associate and manage species so 
that they will share
 
environmental resource pools in both space and tiz 
 In a wy

that minimizes the onset of stresses. We seed anbuers 
t)o*uMe

apparently difficult questions such as 
"flow do we want to
 
portion out the incoming photosynthutlcally active radiation?*.
 
What are 
the relative water use requirements of the various
 
plant components?". "How should we best 
try. spatially, to
 
distribute 'xlsting nutrients in 
the biomass (litter, mulch
 
materialp or, if used, fertilizer inputsu"). And 
so on.
 

'Ihe answers to auch questionu ieuihely to' cma e %
 
complex serfes of investigations (orjtny particular

agL'oce3try system if anything more"han crudc estimates
 
are wanted. It may well be that pproximationswlll have to
 
suffice, 
and combination of a pragmatic "trial-'n--error.
 
approach, combined with existing conceptual eco-physiotogical

"models" will take us a 
long way (Loomis and Whltmann 1983;

Connor, 1983b). Certainly, for some 
time to come, and
 
because we do not 
have nearly sufficient research resources
 
available, we may have to test, under representative site
 
conditions, the practical outcome of associating groups of

agroforestry species (or provenances/cultivars) Writhout fully

understanding the ways they are interacting.
 

3. Entrainment
 

Woody perennials must proceed through a cyclic series of
 
phonophases. 
The later steps of these are, as with seasonal
 
heryaccous plants, consequent upon the completion of earlier ,.
 
ones and the time of commencement of each subsequent cycle,,

can be influenced by both exogenousand endogenous controls
 
(e.g. the state of the leaf canopy, Huxley and van Eck, 1974).
 

The secluencvs or qrowth and development that normalrly occur
 
under natural. conditions can vary very greatiy among tropical

woody perennial species. Within this wide range of plant
 



0 

behaviour further variability can occur due to weather
 
variations about the climatic norm. Even individual trees
 
can be affected by rate conditions and, not the least, by
 

.m n a gedd- ,n- 3 o ch .= 	 .an.:.L- n f Iuenc '--prun i ng -i-i r riq e tiocft-=a.. :.i;: :: +:i 

fertilization, or by other biotic influeces such as pest
 
and disease attacks (causing defoliation, fruit drop etc.,
 
and by browsing animals. Any or all of these can promote
 
or retard plant grwoLh and/or development processes, And,
 
as these are sequentially linked any one of them may be tiet
 
in train as a doninat plant activity,
 

Figs. 15 and 16 give some examples of the way certALn
 
management practtes hav been shown to influence normal
 
patLrLs -r 9rowLh ewTe*v, 1 Nf.~tt, In-order to optimise
 
both the design and management of MPTs In agroforestry it is
 
necessary to know both the natural sequence and the expected
 
time of ansret and duration of individual phenophanes, as well
 
,%s what opportunities there are to manipulate these by
 
approparate management. practices.
 

V. RESEARCH PRrORITIES
 

There are many, hut perhaps the most urgent that arise from
 
the aspects considered here can be summarized as follo : 
 -

* 	 Simple description of thu locatti Oe tA49 Of dirfetent kili" vaxt a 
accomrnt of whmit growth and/or flowering potentials r 

they ?5o sess 

a 	 S;ome information about the offectq of fruiting 

on vegotativo growth.
 

Dry motter distribution.
 

* 	 Experimental evidence to ascirtaln the relationship
 
between morphological ciaracterLstics and funcLional
 
pert'ormaunce.so as toi.-V0 selection processes (t.g.
 
"leafiness" of the fruitrng traits and fruit yield,).
 

* 	 A knowledge of the range of adaption possessed by
 
specios and Provenrlices of %iiTs. For t.ho mar
 
,important ofT~ ome undorsia~rding of the
 
mvehansms undcerlylng adipt ivo responses. 

* 	 mPT breeding ntrategieS (actual schemes for
 
individual species), inluding the establishment
 
of objective selection index procedures and GxC assessments,
 
(mathematical or non-mathematical?).
 

S 	 Dita or the capacity or individual MPT species t,,

enrich the micro-site (and tindoer what part~icukar

circumstancos).
 

http:pert'ormaunce.so


* 
 Testing the prediction model of the effects of
 
tree-crop mixtures on soii change4, and plant

productivity.
 

* Descriptions of the flowering characteristics of
 
MPT species tflowerinq onnew wood, old wood, short­
shoots etc.?) - Additional information on flower
 
initiation times for important species.
 

* 	 Responses to pruning/lopping/browsing at different
 
times and intensities.
 

0 	 Simple source-sink investigations of the tree-standing

plant in order to look into the interactions between

veqetative growth and flowering/fruiting.
 

Practical 
trials to optimize pruning practices.
 

* 	 The effects of changing plant density and plant

rectangularity on growth and yield of desired parts.
 

0 	 Modifications to 
"normal" source-sink relations"
 
brought about by piuning and/or "pacing.
 

* 	 Studies on the Otree-crop" interfac* in-order to
 
discover about resource-shering, plant stress eftectr,
 
and so as to regulate the "intimacy" of mixtures.
 
Also tt help with the dosign and management of
 
agroforestry systemo. •
 

E
Experiments on MPT's in heidgerows 
(including
 
ori'ntation aspects).
 

0 	 Simple studies on the phenology of MPT species 
 "
 
both (a) grown untouched (in different ecozonOs)

and (b) after management by, say,pruning including

observations on "ontraInment".
 

Some of the research areas relating to managomental aupects

will be, as yet, inappropriate for some spociOs of 
MPTs whore to 
little is known that. simple spocies/provenanqes eCimnation 
trias may be Oppropridte. 
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9-Im' ar st,udies wer~e requi'red for.MPT.species ofte ;budi ,i!
 
morphology iLn-relatio t0,:o n e-Otc.
branc ngL p runin g re p 
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SPQ. 2: Different examples of "1eafiness" of the inflorpucunce
in relation 
to assimilate 
 source-sink relationshipi

of developing fruits (Jiagr&'Matic)
 

A. 	 Shoot apex ends in 
inflorescence witheut 
leaves
 

R. 	Shoot apex vegetative, lateral 
infLorescencen
 
(single flowers) subtended by 
numerous
 
leaves.
 

C. 	 Single terminal flower, supplied by whole of
 
leafy shoot betow.
 

- (W),lb), (c) and all found in, tor oxampte,different genera in 
the 	Romaceae.
 

0. Single flower arising from a lateral and

suppliod from leaves above and below a main
shoot(after Monodora myristica, Annonaceeae).
 

...
 1 
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Fig. 2(cont'd): 

F. 


G. 


H. 


E.Shcio-t. apex veg'.a0/_ -- fI receaces matQin y~

flowered and Iateral'o each subtended by
 
a single leaf Qn).y.
 
(after Combretum Lenu ipetiolatum). 

Single - or few - flowered lateral. 
inflorescenceson lateral shoots that.
 
themselves, remain vegetative. (c(A) 

after Grewla (Ti~laceae). 

-

Inflorescences borne on "short-shoott. 
among leaves (after TorminaliaN 
(Combretaceae)
 

Inflorescence borne alone on o
 
reaves borne on other short jots.

(afte- some SpeCies in Anacardaceae,
 
Burseraceae).
 

.• : a C21" 
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Pig. 3: 	 Response surface showing the hypothetica effects 
of a tree-crop mixture on soil status with tirsp 
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-
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Fig. 4: As for Fig. 3 but showing plant production
 
trends.*
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Fig. 51 "Thinni.ng out" as a pruning practice -10 tvxt 
for explanation. 
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HEADING BACK( 

At PRUNilkQ riEM LA4IM 

I W.4s 

ieym.04t 

Figj. 6: "lleading-btck" as a prtming practice 
- 'etext for explantion. 
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60 
Kffcts 04gplanting density on tho mdan annual 
tncremamnt IMAX) of trees qCowM for woody biomass 14)(branches and stems of any diawter) Andmercnhantabe" 
timber Ib) stams Above a qiven dlamotse. gote that

fl ) there Is an optimum density ca1 Od all 

move the pop114tion.In the direction A 
to F. lemRkoer
 
that closely spaced %ees 
will be smawl in diAze4ter.
bu'inot necessarily hs'tqht. 
ainithat. Iinivnt1ninnod 
st'anm, 
the number of. weTs at harvest wltl be les4than at PL.sninnq own LOsf-thining, rrom
CdnneiJ.M..t . ,JUItt Pt&' ppulatlion and yield of 
trees And r
liceous crop*, pp. 411)-50) in PO.A. IiuL1,y

LMd) tPlant hWaeuajrh and AqfitJoreatry*. TCRATF Wa1ruh1.
 

Changes with tima of total 
biomass 
 nerpccvmeia

unit arsaof lend 
(or difterent plant densities at 4woody perennial apeates. eventualiy the et annualinclement due to carbon (tiatio" And minotat upiake

wilt bemxacoded by lossesfparts &had, tot4 
 respirAtlo
and this will happen sooner at high plant dolitstos. 

ChAnqes in annual fruit yield with time 
for a woody poro1e.ll
;peoes planted at diterent dentnites, Small amoonts offru t ,er plant camnqivo ubstntial yield* per unit agesat very high piant populations e-rly on. but ls4T*aaingdensities (and the development of pests ld 41s~seeal(d) 1 *anmate such unpruned stands rapidly wstidqqitjo. )1 4.veol 
populAtiont witl attain mamxlmum yields pos 'att 
area later
 
out possily become unprctuhciive less qi.'kly, -L w
nf plant lopulation will 

leov
 
glve lemler tidividul te Yyito .
blot tot wliea .1 MpAcLnq will limit yeld W, wnilt.area taklthqh1

it may mk ' andn.60momnt V411100. PrunW,s .11ny i 1,ill
shift th rOeSPn4e FO I)e llt. 

Changes with 4qe 
in "he yield ot jely Ohoatj 
 .
tn hiedgtous with dittetnt within-tow psamin 
 :
 
Asming no over-browAing or excessive W -pinq andthat hedge height is restrigt:4 to that ahieved 

vV'etattve buls Available 
ay esmItlees occur with 
some se1cife, ,. teal? ater continued ptuntn'y ofleafy shoots.
 

Pig. 8 (see oppo.Ute) N 

http:poro1e.ll
http:pop114tion.In


(a)}
 

(b) 

4,i
 

()ill 

{"-15.U
 



a b 

~W tooI" worl 

too 

c d.
 

Fig. ' (a) Basic yield per unit area (y) plant density (P) 
relationships

(b) (c)The effects of increasing raectang~il.rity on an 
asymptotic and paraboLic relationship, respoctively.

(d) The general trend in a parabolic yield/density 
relationship brought about by changing soil
 

fertility and climatic stress.
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Fig. 14: Distribution of 
 (A) direct light -.W antd 
 H,-S,
orientJtonsl and (n;diffuse(0 U1glibf, iOf rt,treeo heights (both as tfuI.daylight). acrossS0m cropped 
tm lley" betwen SOm-wd
tfuelwood td bI
trees- (assumed to allow noe b~k:lcanopy
lgh
 

r n by Dr . J. .Oun) see ' J c s n or a s t "ackson 8)Ioams in $ l ytnh~ outaputoe a .: +:,: 
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401 

ig. 15: 	 DinribuLin of crop for.tea grown frequetly­
irrigated (closed circles) and under naturalrainfaLl 
(open circles) In Southern Tanzania. 
- re-drawn from Carr (1974) 

.,,.A 

Note the "entraLnmenat" of cropping peaks inboth treatments and the differences in crop
levels due to,Irrigation, 
 (Arrow indicates

when fortilizers w en, applied.- Dec.-Aprtilin the rainy sedsonI'See original paper for
 

details).~ 
~ I~i' 
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thnor FM watrnirrigatedvon y:S noEis ir-ratin 

mid- Jan to mid-Feb, .(S3F) similarly, mid ian to
mid-March; (SJFMI, similarly, mid-Jan to mnid-April,
1983.A 
Note the effectoW treatment SJF (wAter Qithheld
for two months) when subsequently Irrigated, Se
orijnal paper for details.A 

A 



APPENDIX ONi THE EVAATI ON AND A.SEt;SMENTu ,' sr:OI-" MU:.'I'! P~ 1Ni.'R'. 

by 

Peter A. HIuxley 



3 
APPENDIX 

THE EVALUATION AND ASSESSMENT OF 
MULTIPURPOSE TREES
 

The reader is referred to 
"A Manual of Methodology for the
Exploration dnd Assessment of Multipurpose Trees" (Ed.
P.A. Huxley; compiled by P.A. Huxley, J. Burley, P.j. Wood
and P.J. Robinson) for 
a much fuller exposition. All that 
is
intended here is to comment on a few aspects.
 

A. Evaluation of multipurpose trees 
as
 
trees.
 

The types of fild and/or laboratory experiments required to
study the potentials of MPT species as 
trees can be
drawn from, and are paralleled by, many decades ot work
en "conventional" timber, frutandrtree cashcrop speciesl
For these there is an extensive amount offield work on
species, provenances or cultivars which has also elicited
supporttve laboratory studies of product quality, rei.vant
physiological and biochemical analysis, and microblologic.i
investigations (e.g. for Rhizobia and-mycorrhizas). 
 All
this is part of the "armoUry"T-t exists to xuW antAnattack on 
our present ignorance about many MPT species.
 

When investigating MP's its 
 trees the main problef" is
not related to "what field layout will provide 
a -uitable
investigational structure" (these are 
unlikely to differ
from those used for studying other kinds of 
trees), but
rather "what kinds and levels of assessmont are actually
needed?" We must be sLringetitly sw-ZIT ve( procedures are
to be feasible but still 
useful. Hueprdy and Burley (1984)
have compiled an extensive checklist of characters that
may be considered for assessment deponding on 
the objectivas
of an experiment and the purpose for which any MPT Is
grown. Table I gives to be
 some suggesntons fur 
a minimum
programme of assessment 
and some Indications of how this
might be enlarged when more precise research objectives
become defined. 
 Fig. I indicates
kinds of measurements that can 
some of the very simple


be made on branches so asto provide a consLderable amount of 
information About. th
behaviour of the 
tree.
 

B. Trees as crops: trials of spacing
 

and other management,practices
 

I. Spacing trials 

A knowledge of yield/plant density relationships obtained
from experimentall y derived data fitted by the recelprocal
yield equation (@/weight per plant 
 a+b (plant per hectare) 
,n 
 I 
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i:,
,:sa rational way to approach any decision about crop spaing
Although thisii:i must, of course, be conditioned also by other

!i i':!ssues such as requirtementes 
for.Culti vatlions and.ha rvestitng , :,,, 
' ..I e . 
: -.
,,uring thne 
.test seasons--wil 

..
d I make an exact relationshipi:: ::!.:!ii
 
.wil
Il.var~y according :to .he: capac ity of 'the:environment to ;::! :!::::: i
!provide physical resources, as well as of a; specles :to
" utLilize these in:.the 


• ::: !i!.
ruest eff ect ive cropi 4 rrangemenshi,." 
 :' ':' ' " J"%:'
 

:yield/plant density relationships 
 any MPT s 
 gown Aor I 

MPT gemplasm . Mos species of MPTs re.hghly haterozyvois:
crops because of the expected genetic Varidbility of most:'
because they are outcropping, andit will be di 
 ppcut ctoing
 
yi~ different) seasons orthe growth and yield of 


'i:reconcile. the influence of 
successive dnd different
S perennial providing multiple hrvests o 
({often ..
) woody 


different kind 
and..
a sgrownatdifferent plant densities.
.

o t 
 -
 - .r.
 

.. Nevertheless, an
f pprais l o
response the yield tionsi"
for oneparticulr experimental Ui e 
is helpful evoLa
 
tivaynot very precise, because it 
is possle to usen it
to predict atleast the trends 
to be expected in othes 


'. tidepending on whethe hese are 
it
 

more or 
les environment 
I I y ­
• : In
stressful.theory (Wtlley
(See Cannell, 1983b ,.nd F19.9, main papor). !'


nd Hieath, 1969) 
the ieldpl n: ,"'::,:
 
edlndensity
relationship can he estimated from experiments 
rwt.
 

contain only 3p wiW
dficulties with density levels
dT sPTs But bocau ore
mentioned above it ny
i probablybot7yi.. ..
to extend the range o 
 plant denities under testtoAn to
attempto e
teiblluthe relationship withrat le 
 t M-u h 
precision as possible.


erange Another reason why a Suitably wod
o plant density levels is reksred is
toa p'rdctiat leaSuhel-tns toa ben
exptdlhat.th i um
in oth fors
 
spcn or 


',as 
the yield of one outptI nieyt etosm
that for another, and such differencou may rnot
iobserved
when only a 
 w plant densities be A ceal
are tsted.
 

Teveryteests,
experimental anpryild/plant density rlation
resour pescis, .s..
rsponenfrone beisecisi 
pQ
f e'rbltiveiy
plot layouts can be vhyewasteful.
dse ing e on eae r( hige2 re mr e or e ie i uon ...
 

spcn o teyedofoeotu
Inscale that 
reeults 
rom testingMPii uliely pa
it i t e Lht am
er4.
 
si le guard rows 
are adequate 6nyway.dl


A nowwellproven and costieffecti
texperimntaly layout aomlternatvre t
that handlevespaing varable 
&h:: l 


a:iYumqtic design, and more particularly
tohe prllel oriMPTy sroietrow layout proposed by ldeensitie (1969) seCte 

a tem . Somels the problems wi p wytatlcadesagns haic
boen listed oluxley, 
198 nouhei res wl axpui.talmanagement the advantages fordiyferneay nri
outweigh t i itisadvantages. Ad t otluae lry
d ovide xcel-ent
 

ui n onvnational 
tlot. i youts can 
 asserve to
 

i 

http:6nyway.dl
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establish the effects of differences in rectangularity whlst
 
maintaining a constant or selected density (in log/loq desitgns

these two variables can be tested together).
 

2..Management- trials 
 - . . -

MPTs can be manipulated through pruning and bending but because

these alter, considorably, the size and form of the plTnt, 
it 
is not possible to consider optimizing the output of
 
diferent products without eventually dealing with spacing

and pruning simultaneously. 
However, the response of the
 
Tn-troduced tree rat 
different plant densities and rectangulz­
rities, and the plant behavioural responses to, example,
or 

pruning or lopping without any density stress, are 
the 	% .o
 
points of departure 
from which to consider the varlouily­
manipulated plant under different 
levels of denaLty stross.
 

Experiments on MPT management need to be kept, as 
simple
 
as possible, starting withSa 
 tudy of the changes in responae .
 
to natural growth and development of the introduced sirtige

plant before progressing to their behaviour when treated 
in
 
the 	same ways, but grown as 
a crop. The steps to consider
 
when undertaking a field investigation are listed and
 
described in the Manual of Methodology for the .xpIoratiol­
and Assessment of MPTs (Huxley, 1984) from which -Ig.4 ti
 
taken.
 

D. 	The assessment of tree-crop
 
mixtures
 

I. 	General concepts - inadequacies for studies with
 
MPTs
 

(a) Early work on species mixtures and compotltion/interiergnco
 
were carried out with replacement series experiments where
 
a stated total plant population was manipulated so atM to
 
give varying proportions of each component species. In
 
practice, in intercroppLng, the populations of both sole crops

and 	the mixture can be varied and the expected and actual
 
yields of any mixture density (for any proportions of ccop

mix and levels of intimacy) can be compared with any relevant
 
sole crop densities (usually the optimum for that cite).
 

Where species yiel. differently the comined yield of
 
mixtures is highly dependent on tne proportions of the
 
different species used. 
 Nowadays, when making comparisons

bwtween mixtures contLaining different species mixed in
 
various proportiona thl.i evaluation problem can be approached

by comparing the separate yields of 
the two intercrops and
 
their combined yield, in terms of 
the 	relative land areas 
 "
 under sole crops, (at a stated plant density) that are required
 
to produce the yield achieved in intercropping, the 'Land
 
Equivalent Ratio" (LER). 
 These are equivalont to "Reiative
 
Yields" and the "Relative Yield Totals' of earlier workers. 
 -

The LER Is always less than or greater than 1.0 with mutual
 
inhibition, and mutual co-operation, respectively. 
 And 	it
 



~$cani be either, when one 5peciespdominates theoohr but some 8ilevel meis apparent. 

Thus: a.S Ln
 
a~~abb ~ &
 

La 	 and Lbare the 'LER z.fo. he. ida,SWhere: 


crop species in the mixture.
 

p a and Yb are the ctual yields of the,
 
inteircrops, and,

ner. b
a:i.:;te 	 thn indlaldual,
 

S and S b are their yields a83s01* crops., 

Because change in crop proportion in a mxture'wil l-tse{,

change the calcultated LER's and the Total LR,of the.,i~ltu.rof.

there is not only an "optimum" 'otal LER for a part~cto1ae, "
 

mixture but a setof "Effective LER':" for 'different crop

proportions (Mead and Willey, 1980). Furthermoroe, an Lift

involves a.comparison rp ilso~cmonn
n'd~~s~
peies (very likely aL pl& t densitIe. that are dife
 
from one another, also), so that these must all',becloly'

stated (Huuxley and Mainqu, 1978). This tends 	 AS / 	 to m'4ae,batw& , Wi, 


Site and between-year comjarisonsof LEft's (or "*Cffectivo4LF5

which allow calculation-for .pre-determnedcropproport'lons)

less fundamental than toy might seem because the optimum

sole crop density wLIl-itself chancge-with the levolQPf.
 
available environmental resouirces. As willthe individual
 
and total crop yie'jds in the mixture (and honce eMindivdual
 
and total LEft's) aa mixture' intilmacy ischanged. 

Recently, a "competitive Ratio.'r (CRV:'has been proposed

(Willey and Rao, 1980) to serve a's a oeulailIAUo
 
of comparative "aggresivity~of species used 'in, mixturies'.
 
grown under different cirmustances,.wherete<i.
 

CR - Actual yield of (a) Actualyield of )
when nLercroppd + whe . torcroppd',

ExR pectoT IoTTof,-~ Expec ted yFolalo7'ib)
when Inteircroppad when, lntercropped
 

When: Yab yield per unit area.-of (a)'Intorcropped
with,(b) (at the plant density and ifitimacy af
 

.....
...
the mix~ure).
 

iii( ;	Ya yield par unit area of solo crop "a"prsuab, ' 
at its opimum and 

I 

Ybb f'orl "b4 lJAeWise. JI 



9 

Za propo tion of intercropped are initially 

LERa Zba
two -oponnropsrt oirr oppnd a'reintalallocathed
torcrpo"b
Ifact CR X
which y iS~~u.ce . - o ... :ref .,..."i........
 

LERb Zab
 

adit is simply the ratio of the individual LERs of tht" 
whc he r op s - were o rig ina ll sou ce 

Riley (1984) has extended the concept of the Z.ER and
proposed a ge 
 .LER that can deal"with several intercroppi g
n
systems and so-e- -ropa at the same time, as have Chetty and 
Reddy (1984) in proposing on "Staple LEWR where a fixed 

yedof a particulAr crop for a -,ven land area in require.. 

(b) When we come to try to express the results of 
intercropping experiments In which one of the componentu is 
a tree or-bush the usual problems (as mentioned at~ovo) exist,
over specifying sole crop yields for LERorCR 5 o as'to make
 
the comparisons most apt in tavms of relevant plant,donsitles.

There are, also, severl addlitional problems to consider:.
 

in mixed agroforostry schemes the normal plant danklit.

(numbers per unit area) of 
trees and of agriculturalcrops
 
are of a completely different order. thatSo It is much 
more meaningul to consider the *area occupied" by any plant

unit (or group of similar units) in mixtures of trees and
 
agricultral crops, because the tree component will not add 
to the plant population total of the mixturein a way
commensurable with Itz- ocCUpation of space. 

MPT trees/bushes will provide, by
 
products (fodder, uelwoo , timberfoodmulch
productshoney eotc.) as we'lan good, functos medical 
be difficult to evaluate (shelter, soi)l improvement Otc.).
And yet some of these may well be modified when the treo 
or bush is grown in a mixture., This 1yiold*.of widely
disparate outputs maynot be easily compared~betwen sole 
crop and mixture if the ratio of outputs is changed in the
 
latter.
 

Trees aind bushes may provide harvests at different,

time intervals depending an the part being harvested. For:

example, there may be several intermitentwithin-season
 
harvests (browse),a seasonal harvest (fruit/seeds), harvests­
at several-year I..tervals (alwood, buildingpoles), and/or 
a final harvest after many years (timber). Some form of 
averaging (or discounting ' It monetary values rare of interost 
will be needed, therefore, if comparisojo from mixtures wlt.v
MPTs made with the yiOkds of seasonal ciops. , 

" 'i)i?/ :, : .: : ;:!? ::L .. !.: : .' A , ::° . : ;.
.".___._____________.__. .... , . f. :•'•• " : . :::..- ____ <. i.! 
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~~'The very considerable differences in stature betwoenww"mature trees and bushes and mnost" agricultural crops,, i ,,in itself, a'condit'ion that can markedlyaf a ggeisfh
 
4inei~he~rpostive or negative ways, 'depending 
 on cicum-Stancess 

'ad-berigin mind the comparat'ive phenology, of the'_component,species. There are,"'therefore'o likely.9-obeyvsry.-large*
obser'vable differences between ther 
 or of 
a tree in a sole cropp ng at qno~withJ'ts 

e'1Q r 


-lkl performance 'in 6 
w 4­

aiu re-z'with"' (sy)a dominated agricultural crop. Much .more so 'than'Iwh oe.A'different species of 
a similiar stature are being compAred..
This raises issue as to whether intercrop,experiinentkzuuing
mixtures in plots are really necessary in the preliminary 

'Istages of an investigati n, or whether some'simple examnination 
" 

of the'"tree-crop interface" is zuff''cient.. I fthia can b6e,_
followed by a study of sole crop yiel~do of both the 'MPT andthe agricultural crop species at~different~plant dn~itl*a
tprovide sufficient information for tOrmualtinq"'design an6&'-

JI 

management features. This is discussed morfwlbeo. 
Woody perennials' occupy,~ the land' fort -several:,to.manyyears. Where a long tenure crop '(a' tree or bsh) is'-~
concerned with yields may be accumulated over.-a much' Mor,
complete partof the accumu]latedgrow , ng' seasons than [ft %ortoI'of seasonally-sown annual crops could achieve. 
 AlthoUgh,
*this nood not obvicite the use of, say' -LERor CR,-asa ~tool foz9' comparing different plant mixtures involving teo6"/hru thireeis a need to bear it In' mind if~ the comparisons'are' tof bemeani~gful. E~ven with annual species there is' (-439 t6 

-treat 
 comparisons of LERB betweon long- and short-scas,' .
 
crops with caution. Pacticularly,in situations whe
differences in the duration of land txcupancy do not-make the,
most of the environmental resources availablev that 
 wtoihrc,
somLe part of the potential growing season As:"wastedw by anagricultural crop." Futhermore, If there Is a possibillty'
to manipulate timo-of-planting, and/or the,.longth'ot
 

' 'the growi'ng season through choice of cultivarnsthen'

different cultivars might, inpractice,,a
bo-or-suld8'.
 
to eThaethe sole crop, or the mix'ture, 'but' no oh~ 

Trees/bushes (even fagt-growing onos) 'ce, th~~ie

for considerably longele than any hebcosesn .,o

grun
 
perennial 'crops. During their occupancy, th. progess fro
'the juvenile 'stage (whon they may bedomnated-plantsl~t6

maturity (when they will be domlnants" or co-domi nts)-o'ah~
they can be subjected to vaiu :,om''~.tann'n'hi
early growthi, and of plant mangement during-ihoir pr con 

stage. Experiments in intercropping. must havw~c aarlY i-statod 

''"'
 

objectives relating to which growth stages 'are tLbe' stiudletd. 
SFurthermore 
 the development of the trees,'or bushes Lthm1'se 
:,4-'-.
will also be dependent upon the plant-associations, 66i.
mangamtint etc. that are imposed pn~revious, years.,','~ ~ 

Mainy agroforestry, systems existst-,~ v~"nr thaav ~ -
-~"two plant components. Some of the most producti,vemaati'ihanoacd'~"~~'


association involve woody perennials and contat Iag2,,~~S numbers of species' mixed Logether. ':-Conventiond !. 1nterc:' A-nexperiments will not encompar's-the range,.of 'varUble ihherent'-r-~, 



been suggested for the ........... t n teArcopping 
 experi
 

ments (Pearce, 1982, Dear and Mead, 1983), .but the addedcomplexity of agroforestry irtercropping is likely to causeproblems of data evaluation (see also Chetty atd 
Reddy, '1984; Riley, 1984').
 

Bearngcomonshes -in indit eem lielythat some
factrs aoutth
relatvelyelemntar g owthcoplementarit.
and environmental resource-needs of the proposed partners in
tree/crop mixtures will be required before one embarks on :fid 
investigation's through more elaborate ntercropping trials.[
The most' coat-effective way of obtaining this information for
field trials is through tree-crop' interface hssesament.
 

r 2. Tree-crop interface trials 

This approach has been discussedmore Agully in HuxLeytl98J).The tree-crop interface is the key to understanding, indhence designing and managing, complex agroforentry systemswhere MPT-s are associated in some way with other kindi ofplants. Such interfaces can be.studied whereever they 
occur
or can be arranged (Fig. 5a). However, in any kind of 
row-crop .'arrangement (e.g. hedgerow planting).the effects of one 
plant
associate or 
another will be considerably fiItluanced by the''
orientation of 
the rows, because this will 
affect the extendof shading, shelter and rainfall diversion. If the systemin mind is to 
include any zonal arrangements of plantcomponents the :tree-crop interface effects must be investigacted
so as to take orientation into eccounL and a cheap and singlearrangement for doing this is shown in Fig. 
5b, for Investi­gating zonal plantings of HPTs with an 
agricultural field
 crop. Such a design can be utilized to study hedgro, 
par to
and even combined with a systentatic set of hedegrow I.pp i.g
treatments (Fig. 5c). 

The interface in such designs will be examined by taking

transects 
through suitable parts of 
the layout, replicated
within each arm, if possible, and by recording.environmentalconditions and the rospons. of 
the associated piant species At a
standard degree 
of intimacy. A list of 'possible moasuremonto 
to make is given in Huxley (1983b). 

' ''- S ' " '. ' ' - / , 
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5 
 Information~ and sleted choice of. ~ig~qtsi
94armplasm acquisti~on 

. ...... . .... .. ... .. .. .... . . .. . . ... ............ ........... . -....... .. ......
,+ 1+ll +Osold* an esaurtsivotol 
9 objectives and match to An *xparsaoftts) qpA., 

Comion tiI ot III Is to Sufcin to" e ig 

pcoven- n~~tco"Oliki" 	 A4test tWI' species end 	 jwItm-ltvl41% 0kohV ki'.+.
provnAn, In a IjoI.t , virx4 U an psdcxtyi " .pcopeoly phased er 9414 to. 4. Cs 

] +,~~ 	 ......... ~~ + ++.. .
 

tyl;uaion at the T Dec.i on to ' O 0 1o0oitiI.- +. .l q *IPd.+plt~llIIII *@ Ir,+H*IlW
IiInior~on and xpentnIt -1 ,-i Fa 0nfemhtnln ebo+t m 
evidence to data 

14-17 	 txamtnou aw uIJot I( . . . . - +: ,, ,-1 

neceshary, inforvistion abO.1 eoatte i wtlik ybo p' l antu +,om. or,. llill'" p-At 4Aein 

out Scraenle trials vith * 1'M* +50
4lu ego. goo deltaled .then 	 otPUl0 

It 	 reeitblity andi ,eLept L ... .... 
trias with +nd .. i 5t 

App. Fig. 4: Outline of the Stapb in evaluating MP s 
(from Huxley (Edc), 1984) 
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App. Fig. Si 	 Geometric [lolt layouts Ir .Trssl+nthe r...C: p
 
intewrfAce.
 

* .	 ) an interface can be~ ntudied wherever it OcCurk% 
(b) a S5Uggesed lyoutwhere orientaton i
 
ImporLant 

yste set 	of trootoonts.++ combi'"os+a
(c)
kaoutforus* with hedgwrow trials which
~~~ ++++~ ':+ +'++::~ ~ ~ ~ +++~ '](a an (b froaNuxiey++: 11831b) '+++.....i++": :+ +) 



