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A soils scientist Ly training and a Senior Research Scientist of 

the Internatonal Councii for Rezearct in Agroforestry (ICaW) by 

desig.iation, Dr. P. K. R. Nair has been focusing his researai 

attention upon foocrops/wxdy perennials/solis relatorushiii avJ 

their influence on the voductiviLy and sustainsdtliti 4 acrororestv' 

systems. It was on these bases that he was invited, fra, July to 

September 1984, to serve as a Re.earLb F.licw in the EDrrortnnt ad 

Policy Institute (EAPI) of the East-Weit OLCnter. His terns of 

reference during his three-month visit includDd the prepration of 

this Working Paper covering the use ct fruit trees as the perennial 

component of tropical aroforestry Wjsttns. 

The topic is far from trivial. It has teen noted that, for 

obvious socie-econanic reaon.,, farmers prefer wing fruit trees over 

forest trees in their aqroforeastry farms. Cn the other hand, 

foresters have voiced strong objections to the use cif non-foreat 

trees," primarily because they fear the cnversion of hilly forest 

lands into agricultural lands, and becmuse they telieve that the wide 

spcainq recssary for fruit trees would effectively reduce their 

[iotective rale on slopingx lanb. Dr. air'. working paper wotd 

clarify some of the conflicting issues and indiczte in greater detail 

both the ocdiuctive and protective roles of fruit trrcts in 

agroforestry systems. 

It is hoped that this paper would provide fore-stry land use 

planners and policy maikers with a clearer Understanding of the 

benefits of using fruit trees in place at the tratdtio-.l forest tree 
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species in agraforestry. In airning sucn an n tenie, ese 

resourte administrators may be(une better in ti-ed tc acLxpt 

agroforestLy as a sustainable lan use mstan isr-bat Lrmpmtibie witb 

the objectives of suatarned-yield forestry mana¢qe t. This 

acceptance may lead eventually to the forging of a stroq partnership 

between foresters and farmers in restocinq the ixicive capacity C 

degraded uplands, or in maintaining the prod~ictivity ci fragile 

NULEEN T. VECARA 

Resarch Aasmxciate 
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Ihis Workinq Paper was myjpetared durl msa as a Researh 

Fellcw at EAPI, East-West Qbnter, frcn July to Seitmber, 1984, on 

lea'e of absence from itOA '. Durial the vriod, iV m.in xntact 

person at EA1 has teen Mr. Napoleon VerqDaa , Rc.-arcLt Ax-uclate. 

Both Mr. Vterara and Dr. L.tuicx anl.tun, -Uxotbler Re-zearcn 

Associate of EAPI, read through, and critic.%zd the unzncript, for 

whic I thank thtm. 

I a!n thank the Director of EAPI, Dr. '.i11i.m Matthewb, and his 

staff, notaby Msi. Kartn A,%hitatl, Sezetary, for the euellet 

facilities and juppurt; and Dr. B. Lawijrmn, Director " 4I I IU for 

facilitit r ' , ay at EAPI.
 

Same of 
 the data utsLI in the raper are the outputa trcn the 

Agroforestry 9, ttms Irertory ,ro3ct, an 1ICzF project partlally 

funded ty UISAID and coordinated ty *. The sources of the-x- as well 

as other data ted in the Fmper have been ckdy acnowivdtdd. 

Honolulu, Fkwaii 

Septanber, 1984 P..R. ,%ir 
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A quick overviewi of the existence of aqroforestry systems and 
practices around the world shows that a larc numer or tretes and 
other woody perennials are e3ssftidl cunpIonnts of iiuv txopictli land 
use systems. These include several fruit-and nut godtcinq tree8 and 
shruts ("fruit trees'), esp~ecally -n the integrated -mallt ler 
farming systems of the kisaa-Facific region and other thickly-po~ulated 
areas of the tropics. .Mstof suh species are uner-expilo ted and 
are b:erefore only treed on a Iixited scale. The piper ex~ules the 
erironmental and socio-eionaxic advantages or such1 fruit trefl in 
comparison with other woody perennials is components of tropiical
agroforest-y tsems and discus es the problunIs and prospeLts of 
popularlzing sud systems. Mott of the fruit trees are minernt 
multipurpose species becaLue, in addition to their ewiromrertal 
protection value, they aljD crotoce various proxukct: of Limer-e 
nutritive val ue. A sunary account 1i glven of the growth rorm and 
crop pxofiles of 30 fruit trees that are mmost xwmun2, Led in 
tropicaxl agroforestry vytns. hile most other wo"Jy comionenI± of 
agroforestry can be harvested periodically ror their vegetative 
as fuelwood, foker or mulcft/grees_ manure, fruit tree are rAeIdm 
harvested for .ich non-edible vetettive parts. 

The enwironmet merits of fruit trees in aqroorettry uyLten 
stem from their mico-site enrictnerz and macro-site xnelioraton 
cabpil ities. There are strong indicatlons of better orgnlic matter 
relations (and all cnivpuertial benefits) and improvtd nutrient 
cyclying (and therefore a better nutrient econamy) In the voil-plarx 
systn of fruit tree-based agrofore-try practices. Mtreover 
approplate planting and management shetkiles can be devised for tmlun 
fruit trees for ),oil otunxrvation and as windbreaks and shelterbelts. 

The mxjor socio-econtmnic benef it.of using fruit trees as 
oxmponents of agroforestry systems can to summrizei as: prcodUction

of various proc(icts and t -pxotbcts, rejiular oontriltution to the aim 
econamy of tnhfarmer, ssbillity of staggered prodction of -.d= 
foodstuffs during lean periods of staple food avalabhity, generaton
of aktlonal employmcr potential for the farmer, risk minimixatioo 
and enonmic coplanetarity in the sharing of scarce resources of 
prxiction. Becntxe of the location speciflcity of these values amd 
benefits and their strong links with the ircvailir j social habits of 
the locality, these values cannot be prtczinly assessed and e~plicilt 
expressed in quantitative terms. 

The extent to which the sugjested aovantages Lan be real ixed 
depends on a larg nutber of ewvlrornyt tal factors and mamte nxt 
considerations. Although the location-simclfic nature of these 
factors preclues any sFecific remxmendhtions on these, a general 
account is presented of the citeria in the dhoce of species, ifttern 
and density of their planting and their manement schediles. 



Agroforestry research demkin 4 thorou4h modifi tion of 
conventional norms and procedures of disciplirary resea=cth. The 
apprcch shouLd be to strike a beilanoe between such accepted
procedures on the one hand and derivir the maxium information with 
limited use of reaoureea in as bhrt a time as pos.itale (xi the other. 
Similarly while interpreting research results and extrapolating thtm 
to other regions, the social values of the prodicts and tbenefits alo 
will have to te taken into account. 

The potentials offered by fruit tret-based aqroforefstry Lystans 
seems to be -o rawisinq that there is dn urgent reed for moialzirq 
resources and intensilying renearch a dvlopnen efforts In thin 
very pranising, tut least-studied field. 



1. PGROORELlY SYS712C 0]VEIEI 1 

An inventory L ajrotoresty .AF systems and xactioes existing 

in differet putts of the world, with special tmnbasis on the 

developinq countries curctxy - -) being byis (1982 undertaken the 

InterratiorAl ,buncil tor Reaeard- in Ajqrcforestry the(I(AF). 

pro)ect aims at onllectixj, Ch1latij and sytheiizLrj Iniom.-ation on 

proninent and pranisirxJ AF anrd othcr relateJ Ix-d 'y.stumn with ause 


view to preprinq a .rate-t -the-art 
 cr 4lqcla Al, id-iZityL.j tne 

Lonstraint ., weakness and merits ot ia]or ,M' systems and amesainq 

their resear(t neets. A l ijcp nunter at active AY e huai s and 

other kncwledeable ixiiviciiua and In~titutions aroxnd the world are 

collatnratim in the task, mainly as r =ur e '.urLes for data
 

gathering. Beeore initiatin 
 the formal data ,jatheciru for the 

project, vaiatl e intcrmation on the .uLDbject was u tcxther as an 

"AF Systtns Overvitw Table ly a ;roup of rete±xnettive-J f rm 

different (oAJra~tlc retj.ions of the dkvelopiml world who attended a 

pidnLinq meetinq in :W.rohi in Dcmter 1982. Thovijh it did not 

unt.ain the :tructUral ai) tuntiorml details of the uystems 

mentiored, the Table jave a ti-zury account of the divera-ty o AF
 

systis and practtu .-ai known at that time 
arx] it was wial!y 

jAihicized as; a tt.;ic ic en (see AtricuLtural Systems, 11 

(1983) :191-194; Aqroftortry :'stans 1(198-) :269-273, d soa on). 

The "S'ystmo Gvtrview 1itae" was updattx recerIvy ('4ir, 1984b) 

inorr~oratim; nev information that has &inccact MLm ied frCm the 

r)t-xjt. It is p n--oor.ed ao- Table I. It io; an at-rtrac_ Table, 

derived f tom detallcti infonation qathered and stored at I(\F. As an 

ampaif ic ton. of t.h,, Thle, a more detalcd accunzit of smne o the 

http:n--oor.ed
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proninent eamples of such AF systems and practices with ctina-is on 

the woody species inrulved, Li given in Table 2. 

These two Tables give a surnary overview of AF systans. ThLy 

indicate that Ad is wihk-stread in the d-/elopinq couitries in alat.st 

all ecological region!;. If viewed with the trctd concet c AF as an 

apcoacdt to land u.'se ir ,olvigj de iterate retention or inc-luiion of 

trees and other wocdy pet.ofuua.hs in Lhe cro./=,rtl -Cc-sction tiel,.1 

(Lundgren and Raintree, 1983; Nai r, 1983a; b, it an te t-nd that 

several of the existlnn land use ystens enm.m[ns the wne 't of A' 

although, they have teen in exitsence over a longj period or tI:-e, 

without being kncwn Ly this relatively rnximve. fkvtvcr, the 

groatest difficulty in de.kcriinqj AF sy!±tum iti that quntitative 

information (beaL not exiit on the struCttUre, function, djrximicu and 

other ojrational ai.ects of the Jjstems -x) that a L)nci: e .nd 

critical asnesument on the role and contri ticn or AY to the er'nziy 

and developient or the COttrtries conterned is ivsaile at the .T~n : 

only in qui litative terms, whiLt. is not often very ap-ral ir. 

2. WOCY PERWNIAL RLAN1 IN ,CkORkW'IMY 

2.1. Anroforestry S i 

Since agricul tuxe and forestry (in the widest vense of the terms) 

are the two major .land use activities, most of the econcmic plants 

that are widely cultivatex.1 y man are also usilly consdaired to 

belong to these two cnteqries. Wd, thoh not tnsed on any Freac-i 

criteria, there is an agrent distinction tetween thrcs.e two qroups of 

http:pet.ofuua.hs


TAOLS2, FIELD EAr.LS OF SME COtHMNAGROFOefSTRYSiTES MO PUAICt IN METROPICS O fer ticlK.14*6 h L 

I -S.yItW. Cow try/, 30mm of the*AJWle 
Itice
~Prac Region, ___Oyi4eInvQIvI 

* . 
4Jeefra~ 

I.A. AGOSILYICIILIURAL SYSTEIS ,H utd/Sik-huild Lowlands 

Improved 'Fallow* (in %hitting IndonesIa Alrcid.. Viaa Emstadiar et al,
cultivation are, ) 

WoodySpecies planted 

and left to grow during Nigerls A""e &wUr. Itwul . 111,Q)
Ue 'Fallow PhaseA so th"aoo 4n 

Tree Gardens aIkelkLegee ii. )6104( 

Diulit~a)r, mult6 4mtt. 


special plant Aia4d"wieaw
 
416I041l1n with aeow
 

Orgaise planting
n0ow Paci fic Jhomwp aeI iae.)gZ 
arrengewnt kIlnds ~ Sjeds 

India, Apart @aJb.eS Co lan .ateirwef.t
Sri iLAnR . ew(tI4ljB
 

Paraguay UAbl|he Petals. wo c(t I at 

Arlocmrpw*.
h.A sis (slpo fe50Vlagsof9.lm"%"if 

ChrC. (ecatri; at al.. 1094) 

¢€fr ln.tOjSrmeLipIasnairei.1.•. :Hedgerow Ifntarcropping St Asia 011Wm~ AS 
"1 

04aummw 
(Alley crwptnq) 

WOS PICodIin hodgasj 90mokloft V~eepmLse Nigmria 
 itt**, and Lag(I11)
agri. speci Inbetween 
hqdges (alays)
 

MuIIPurP3%Q triel and aaPalla'~ 

shrubs nn farmlands .~s~gA*
 

free$scattered NMaa nhtt4
0 
talairsyor India com tfim ~ l~~

according to soevA 010 
systs"I attern 'j . *,l 

XanadMa Ma 

O.~apeei
 

http:fe50Vlagsof9.lm


TABLE 2 (CONr'O) 

* or®€I,'Con 
SE Asia 

*'.. 
Awai4 aaniw 

ArtowpTsa spp. 
Vkrio atbithinud 

... 

i'Crop combinations withi 
planta tIon crops 

1) Integrated production of 
p lantation crops and other 

crcps In Intimate plant 

* associations 
2) Mixtures of plantation crops 

eg. coconut and cacao 

3) Shade trees for coo.wrclal 
Plantation crops Mlal 

Plaistatfon Oroas 
AracMs o enuto 

Cowll iaIitM* 

(ao feiu 

Co'j'f 41%m&N 

V"dMi 

X I 

Owebroa mo 

ft'hJ llug 'waa 

bpe4rids prw Jara 

H'echtt 

MwOm 

(1902) 

ad 

:i; 

Costa Itca t Wlo,.~.ja humwitl (.l5"2i 

India 

Lay lopi, P~~u 
Jh, pp, 

AINbia4 spp. 

Cae%pp. 
bfvrsim S,pp. 

Cocont InteIWrc@1a9 

(141r, l17; lN3. 
LIyIAe t At.. IM) 

SEAsia Yarious frit tres 

Vest Indies 

Western Samwe 

.ta 

veari#$ f.*a RICl~.rth~n O1w) 

AF for fue ood Production 

Interplantlng fire. 

wood Species on or 
around agricultural 

lands 

India Aliaa sp. 

Oao*ia fjow 

Curi Wio 
i1V 40ftiIM 

ICM (1I9") 

M 1w)4 



TABLEZ (C011T0) 

Sheltetrblts. tindbrv4as.~ 

soticonservation hedges 


Planting Around 

Agricultural iantt 

As windbrvaks and 


shultartuitst planting 
Along con tours for 
terraCe stabilization
 

and soil conservation 

j~j.AGR~iLiCUTIJRL SST~S 

multipurpose tress 
and thrubs on farm-
land% 

Crop Combintions 

with~ plantation cropl 


~ '19ol 

"I (1140) 

us (1110) 

011W I#I* la, 

ffoolsowi.. 

W*b..kw"4. 

114"m^*1 Ot al'. l-W 

P4'44 (I"A) 

fqrosn"bps Ot 'kL 11W9A 

incI 
-. 

iiidon.,Ia 
(and aOahr 
Parts ;of 
ItAsia) 

Vooial Highla*#s\\ 

India, 

Orssit 


Costa Aita, 

India. 
Sri Lana 

c(lIrm;.~ 

reumaon 
-Irwbumi 

aj~~e 

oo~~M~.pi&am 
1£oevpAa 
frurihimm 

Alsaef Uep, 


vaiaa 

" 04hwp 4i " 

smsAda'*d
log. 

raws. ,"d 

Fea~~~~anit4.e.ia094 

carilia dfr"$ftns 

Alm* s~aw f 

wer-~baorIM(fuwd' 

Alme O4vipwamahas1113 

lo~w $Pp. 

A1bi$. sep. 

"4"44.urbw~ 

moto&Ipeb 

Phitlippines rf~fta #evWA&Al1 

R*anda aijihA~ 

Ppi ft" Gutiwa, Oa*it 4 

tee. 

lame"14 al. atew m~.d 



~ABLE2(CNI 

AFIFuelwood Production 

ShelIW rbe ktS , Windbrwks. f 
SOl ONSrvaton 

.C. AGROSILVICLTLA SYSTEM, 

, tPurPOS. Tress 

and Shrubs on Farm-

land% 


----l
- 7 -r lk-- - ......-

AF Fuslwood Production 

6' 

ShelI toerbelIts Aned 
Wladbj~~~ 

7 

'ind a. 

(%a 

Arid and Seel Arid Regtons 

Brazil 

. ~'N,\ cfl r n 

,pujblic 

Ini 


ll a 


Kenya 

Tanzan~ia 

Chile 

India * 

Sahel 

India,AadrA. 
Pakisatan ~ 

' 

Albi~a scpulaga ICAR (l979) 

lowlands) 

jo. (Imj) 
frmeepis juliflozr 
a~. Iaj 

Afa~,aow(s aegy iama n t 1 P 

momamse a p~e 

" 
AJW 0j.a AS (INW 

.. : ; " 
( I ....+:~+
 

Aaaaia %pp. 

Aow Sp. 
COW-bWvt&wspo. 

pmeopim &OWurv, ms (1980) 
l~uaia £.bkvA Lt) ~J 

. ~a,-(gai..ip1CM (11.
 
Pa ..o vis 'pp.
 

Acaai4 alb"g 
 *1 I~a 
~A. mu 

A. ot. 

dmS'IA*dOIa 
~ t. 

Oaae~a e~meShvith sr~d EA~llqW

flppeZ.b~,4, 

Xt~w.:jjO~b4' 
ftpwL- top 

4 



TABLE2 (COimo0) 

11. SLYOPASTORAL $15704S HAWSb- 1 Lolad 

ProItin Bank (MUltit. India. 

Purpoe Fodr TrntNeal. 

onio, 4rotw feruiandi) IrlLanka&tbem~r 

Living fences qV costa. Nice 

fodder Irun and 


31Asia 

tries And Shrubs Org~i 
a"lPastures (siilar 

tomul tipurpose tress 

oong
farmlands)e~myw 


Protein $anA Indian 

SubcontInt 

Living fences Cant.. RICA 
(thloola 
(ast Africa 

Irv*%and %brvbs Iraill ~ 
OniP~.uturwaeilesJe~~i 

Costa MiCA 

Arzocarw i~ep 

CaM4~ diahmou 
flIif 4 WdO 

.10'ma44an& 

Uawhs~e Jw4iba 

DNphaa. Ivb~wnoi 
q"znr 4aa j"p~ih 

*40ra 4pWkdflorm 

A-aio Wp, 
*W04rH~bm 00rd~ 1 

to~l"*nqew 

*a.eepiua 

AaaMt'c(. lop, 

QE Orei. 
"rypijm 044E0At.A 

00%,Vuis Waffsm 

.N~9&Aw a-si 

d4iu e .,Awi 

Indian 

IC I~ 
-&nav 1%2) . 

Root (sIM) 
jams"i Aad 4 IF IW) 

m anSta I1~ 

s 



rAOLt 2 (COINT-0)
 

1i, C. SI%.OPASTORAL S15TlIS 

Protein aank-

Litving
Fences 


lrqws AndShrub,\ 
onPastures 'fWi 

* Ill. A(IRS$LiVOPATO(l SIMSIV 

*Mulch, 
Wotody.liediprows for growls. 

Gruen IsinureAnd 
$oil Conservation, 

Ir-14.Cf,0QLIV5OISCh 414 
around Moxostsed (knownsAs 
$%A*nGardens * the%*Association$ 

aefound InAlmost allegological 
1l49lons andseveral countries; 

only 1ee" #vamples, are given) 

Arid And Stei.arid Region% 

Ial aa ntill0ijw Siaq (Im6) 

(Ast Africa &xia sIp,
 

India A-4 IP0.. 
.' 

Sooepei, 

Middl, fast and Amo~a 1". 
lfdlterremean ceswmsova reiqua 

lI4R Si IlcOntiftit irrehima Iii, 
(Himlela) £Ummfa9WO"AJ 
StAsia Swsehea IP9. 

South~ and 3( All. frialtIrueso4dsa *,w. Ma'. G?*. 
*W- 14mlowlands) . pli ntlen truo * Ja 

incline w tAqvV. 110)~mIf 
. . 5IC4wtu.ra lylea. 

Nigeris O WI 4W"AWM~ 
(Mamid lowlands) QWerimij~ he.%4 

Litt"n Amrcan Several weties .atign~d 011,4 09MU 
countries . Whes 5st~.warosilcultmN.& 

Taniania .Ab~a10 

(Highlands) Ot;A. tmn~ew g 
k~~~rue~~a t-ateteun~ 



crop plants. Thu, species regarcd as belonging to agriculture hae 

inc-Iuded mostly (but not exclusively) herbaceous ones that were 

cultivated with much mangerial attention and hiarvested at fregunt 

-intervals-for. theirmost, imortant econcIc prodice,. either through 
repeated, generations of the same short-duration sacies,.. ty 

repiated harvesting fran the same plant. Erestecs, on the other 

hand, concentrated on woody' perenial species that could be cultivated 
on a large scale, the main objectiveteing the m im return of the 

final product at the end of the fairly long production cycle. There 

are also seacific groups of aacies like the so-called whoticultualI 

crops that transcend the limits of these criteria. Bt there are no 

conventiornl agrofocestry species because the nme agrofocestry is 

new (althog the prxactice is old). 'Therefore most plait speclea that 
are used/found in the various AF syst sadescribed above tall under 

one or the other c the conventicrml disciplinay gcoups. Besides, 

there axe also other plants, especially wor* ores, which have 
hitherto been 1ittle-sudLed, but which form Importan. am nts cf 

existing AF systems, or m prove valuable foc potetial AF systems. 

Beore assessing the criteria for deciding the suitability of 

candidate species for potential AF systems, let Lu emUinr the species 

that are ccwmonly- fo nd to exist in traditiorai AF systes. 

(bnceptually AF systems involve at least woody species inone 

more or less intimate and interacting association with other 

herbaceous or woody plants and/or animals, all on the sme unit of 

land. Since this interactive presence of the woody species is the 

ommon dencminator in all AP systems, the primary consideration on 

plant species in Al should involve the wocy species. Sone o on 



exmples of such wocy species in exieting AF sysens have been 

presented in Table 2. This Table, which by no means is exhaustive, 

indicates that the woody perennials used in A? systems include a 

multitude of species in terms of their grcwth habits, forms, economic 

products, other biological characteristics, management etc. huis 

firewood crops, fodder trees, timber species, raians, fruit trees, 

vines, bmitoos, shrubs, and so on can be found in differert A? systems 

in various ecological regions. 

Based on the experience gmird f rcm intercro ping and other forms 

of crop'ombinations with tree crops, Nair (1960b) evaluated the OAF 

suitabilityw of a number of convatonal agricultural species. He 

observed that with the kowledge of the ecophysiological requirmenats 

of differaet groups of plants in general, and of the inUvidual 

species or cultivars in particular, some pedictiOns ould be made 

with a reasonble degree of accuracy about the conditions that are 

optimum for their best grath. hus it is possible to list a large 

number of rtysiologioal and agrot lca characters that decide the 

compatibility of the species in aduixture and the ability of the 

species to produce a reasonable yield under conditions of reduced 

supply of growth factors such as light and nutrierts where it In grown 

as an understocy specles. Furthermore from the practial viewpoint, 

the ease of management of the secies, its ability to withstand 

ackcrse climatic and maragerial oonditions, its adaptabiity to 

lco-inpu systems and marginal areas, marktablity, local uge of its 

produce, and so on, are important considerations. All thee apply to 

the woody perennials as well. 
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Based on these considerations, it will be p ible to ass the 
AF 	potential" of the species as well as the characteristics that 

contribute to make a cm[&ddte species potntially useful for AF. The 

manifestation of the potential will, however, depend upon 

environetal conditions, and in A? sitution. these conditions vary 

fran farm to fazm. Biedes, the socio-econcmic aspects and food 

habits of the local population are extremely important factocs in 

deciding the adoptability f ary species in a pmrticular place. Above 

all, within a given set of soil and climatic conditions, noe of the 

important asects of A? signiicance such as plant f ocm, cnopy 

density and even rooting pattern will depend uponl and can be altered'
 

bt1 maagement.
 

Thus a number of steps have to be fo~llowed in logicml sequence 

while selecting plant species - both herbaeou and woody perennial 

in AF. Onie factor that makes this process particularly ixrprtn ini 

the case of woody perennials is their relatively long srpan of the 

juvenile phase as well as total life so that the effect of theay cf 

initial maagement (auch as, say, planting pattern) will not be 

manifested until after a long time, and ar' modif ication of such 
management operation will have long-tem effects. Thee logical 

sequence of steps to be fllowed in chooeing the A? spacies is: 

o 	 evaluate the ecorhysiologicml requireaets for
 
ot.imum growth of the species;
 

o examine the grcwth habits of the species under the 
usual cultivated conditions;
 

o 	 assess the spacif ic A? poosibilities including the 
socio-cultural asrects of including the species

under a given situation;
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o 	 look f or an successful examples of similar Systems 
in other conditions. 

It 	 was acording to this sequente that Nair (1960b) ex.uined the 

AF 	potential of the commonly cultivated agricultural species including 

several fruit trees. Additionally, fuxliy (1983a) prpaered an 

aide-mmoir of characters of trees for those looking at the role of 

trees in AF. 

2.2. MulticurMose Trees 

with the recernt understanding (by the scier.ists and other
 

experts) of the values of age-old, irtegrated land m nagem t s sta
 

involving woody perennala and the consequernt awaenesa about and
 

acceptability of the ooncept as 
a sound and viable lan&-use option.
 

several terms such as village forestry, social forestry, farm
 

forestry, forest village, 'coactunty forestry and so on have appeared
 

in 	 ccumon uage among the ccmudty of experts. Depending on the 

priority of objectives and, to sea extent, according to the peramnl 

opinions and biases, the cefinitiona and inerpetation of the t 

vary; but in cmon parlan most of them terns hae often been used 

synomously, and scmetimes even out of context. Bu strictly 

speaking, each of the terms has distinct connotations; sae are 

land-use 1sems (e.g. fazm forestry); others are land (forest) 

mangement apprcaches (e.g. ommuity forestry); See Kirchhofer and 

Mercer (1984) for a discussion. In a general sense, all these terms 

denote one or the other form of integration of trees with components 

of other disciplines relevant to land use and rural development. 

Athough the trees so used are usually reither the corventioral 
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forestry species nor are they managed as in a forestry axunity 

(ntural or planted), all these terms have, unfoctunately, a semantic 

emaFtis on forestry as though they are specific brancies of forestry. 

roforestry, whiIch has now got established as an all-ebcacing 

generic term for a wide range of integrated Wnd mangemet appcodies 

and systems involving woody perennials to encomass, if not el. ianteo 

mrost of the earl ier-menitioned terms with Iforestry' endnge, also 

causes sud a confusion about its identity via-a-via forestry. 

However, not only the species and types, but also the uses, role, 

arrangement and management of wooy peraennials in AP are diftefnra 

fran those of trees in forestry. Tree used outside forestry ecep a 

few ornamentals and fruit and nut trees had hitherto been relegated to 

a status of lower econuic significance and importance. But, with the 

recognition of the importance of AF, sud tree and other vocdy 

perennials used in traditional mixed AF sysas and other qecies of 

AF potential have earned a higher Oranking" and *statu necessitating 

a distinct identity and definition for this group of plants. The term 

multipurpose tree (MMg) thus emerged and accluied wide acneptance in a 

rather short time to encompass all sud trees and woody pecanials of 

AF signi icance/potential. It has even teen opined that the term* 

multipuzpose tree* is batter and more apiropriate than "agrofoctry" 

in terms of expressing and conwying the respective meanings and 

concepts of the two different terms (von Clowitz, 1984a). This 

should not, however, lead to the impression that AF and MT are 

synonymous. 

MIR, like AF, also has no universally acceptable definition. 

Several dafinitions have been propotod. Sane are simple ones, foc 

example: 
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A multipurpose tree in an AF eOntext is one that 
provides multiple outputs of e inic ue frau the tree 
itself and at the same time is able to cbine well, 
both ecologically and econcmiclly, with the other 
conponerts(s) of that particular AF system (air, cited 
by von Cmrlowitz, 1984h). 

After evaluatrj the varioues ideas and definitions put forward ty 

a number of experts who assembled at an Internatioml Workshop on M~r 

Germplasn in Washington, D.C., June 1983, von Carlcwitz proposed the 

following:
 

An MPr is a tL'ee whicd clearly constitutes an essential 
component of an AF system or of other multiprpo e land 
use system. Regardles of the numbaer of its Ftentital 
ues, an MF1 has to have the capacity to pcoide in its 
specific function(s) in the system a subitantial and 
recognizable contribution to the sustainability of 
yields, to the increae of outputs and/or to the 
reduction of inputs, and to the ecologic l stability of 
that system. Only a tree which is kept and maintained 
or introduced into an AF system specdf icmlly for one or 
more ot these purpoees qualifies as an MT.
 

whatever the definition of Mir, the consensua of opinions in that 

the catch-word is "multipurpose". Although virtually every sacies 

of trees or shrubs can to used for more than one purpove (Burley, 

1983), it is generally agreed that multiple uses or mulriple outputs 

are considered important attritutes of ary definition of Mfl, and the 

term should be used to cover speciet' that may t grcwn for different 

purposes on different sites. An explanation of this latter point is 

provided bj, say, Grevilled robumta, an accepted timber tree, which if 

grown in plantations for predominantly timber pxoductiogu does not 

f,'rm an MPr whereas it becomes an MIr when grown in another situation 

not only for tiner, but also for shade, mulch, honey etc. For 

exmmple, Jchnson (1984) assessed the multipurpose nature and AF 
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Potential of paln and oerved that in addition to the four imngcve], 

cultivated pe!r (Arlna catechu - aeca or betel palm, ni fiL 

- cooonut paln, Elaeis ouineeni- - oil palm, and Phoenix dactvlifera 

- - date plm) there are 18 tzdimpciued -cultivated or maraged *Miw and 

29 semi-wild or wild paline of multiple uses and A? potratial in 

different ecoregions. An irterestng point to note here is that mos 

of such MPrs found in traditiorml A? systeas have been little studied 

in the past so that they do not fall under the category of 

conventioal for stry/agricul tural,/horticulturea species. Yet they 

make significant contributions in various ways to the I1vel hodo of a 

large nunber of people, and more research efforts on these speciee can 

lead to the exploitation of their potential to a much larger extent. 

Uncbubedly one of the greatest advantages in A? lies in making the 

best use of the vast potential offered ty them MPru of little-knwn 

2.3. 	 Fruit Trees in Agroforesty 

Table 2 indicates that the woody perennial crmponents of aue of 

the AF systemns in tropics and subtropics are the fruit and nut
 

producing trees and shrubs, some of are 	 calledwhid onventionally 

"horticultural species". In traditiornal AF systems, these species can 

often be found in association with other wod oumpnonts. Subject to 

their ecological adadpability, some cf the e fruit species are vicIly 

distrituted in different geographical regions (e.g. mango, papaya) 

whereas sowe others are highly localized and found only in oertain 

specific geographic regions (e.g. rambutan - Nephelium IaMM= - in 
Southeast Asia; pejibmye pelm- Bactris a=msimaes - in South Anerice). 
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Table 3 shows a swmraLy account of the occurrence of some of the fruit 

trees in AF systems in different Farts of the world and their 

condensed crop pofiles. The species listed here range fran tall long 

duration, peranial'S--e.g. -the i1l nut t .ree) to-rel ativelIy ahcct, 

Onon-woody" species sud as papaya. In this paper all these species 

are hereafter collectively referred to as Ofruit treesO. 

Table 3 indictes that among the various types of AF systems and 

practioes (Tables 1 and 2 - for detal s, see Nai r 1984b), the fruit 

trees are found only in some of them Ihe major AF subsystems of 

Table I in which fruit trees are only sparingly fond includes 

o 	 the taunga system 

o 	 alley cropping (where the wocd species inmainly
 
for mulcd production)
 

o 	 AF fuelwocd production 

o 	 protein bank (cut-and-carry fodder jtoduction) 

o 	 woody hedge for browse, fodder and green manure 

o 	 Aro-silvo-fishery (Aqufoetry) 

Obviously, the main reason for this "e.]usion*, cc rather, 

"limited inclusion" of the fruit trees in them subystema is that the 

fruit-tree pcodicts are primarily for human uons ion wheraea the 

primaty roles of the woodl perennials in the sabsysteuu mentiord 

above are production of other basic needs such as fuel and fodder 

and/or protection and impxovemen of noil. owever, the fruit trees, 

by their very nature (woody perennial) not only erform acme of the 

essential functions of all woody Ferennials in integrated AP 

production systems, but also produce nutritive as well as e ouioally 

valuable outputs (whid same other AF woody perennials do not). Thus, 
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fran an eooramic and to some extent biclcilici L (with implied 

significance on plant managemer±) points of vie, a distinction cmn be 

drawn between fruit trees and other woody species uned in AF. 

Keeping in view the afore-mertloured aspects on the 

characteristics to be looked for in the selection of woody perennials 

in AF, let us examine the special attritutes of fruit trees, which 

may, on the one hand, enhance their value or, ort the other, diminish 

their suitability for any particular systam. It is import.- to note 

in this context that the two main distinrt attribjtes of AF are 

producioLn and qu tinabilit (protection), a.i the wocdy perenials
 

are expected to play a nmajor rc(te in toth, especially the latter,
 

i.e., im~artinq siutainmbility to the system. All the i.-nrtant 

factors related to this sutair bility isjrct can be coru)ickred under
 

"envirormental" whtrea the [Rodzction aspects 
hwe to be linked with 

the socio-econxnic settij. 

3. aVIRCNMENTAL ASME1 OF F9JIT TREES IN GRCMORESTRY 

The majo' erviromental aspects of f-'tt trees (and other woody 

perennials) in tF and, in fact, in any land use system) can be 

grouped under two qroups: soil and cl imte, with various procesws 

invalved in each. Cf these, noil-related aspects are better 

docnented. While examininq the soil prccictivity asnqcts of AF, Nair 

(1984a) stresed that both micro-site enri.-ment (soil fertilit- aid 

productivity) and macro-site irirLamer soil connrvaLion a d 

ecosystem stability) by trey; are net efftets of several f-ctors. He 

grouped these factors brodly tnder 5il fertility and soil phyaicai 
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conditions, with rooting patterns of trees as central to both grcope 

of factors. 

3.1. Roim attrn 
There is a general telief that trees have deep and spreading 

roots and are, therefore, capable of exploiting more sil volume and 

taking up nutrients and water from layers that are usually not 

contacted by he:tbaceous crops. This process of taking up nutrients 

fran deeper profiles of the soil and evertually depoati ng at least a 

part of them on the surface layers though litter fall and other 

mechanisms is refered to, albeit erroneotmly, as "nutrient piuping" by 

trees. Hoaever, there is a considerable difference between the 

situations found in a forest, or a plantation, and that of an 

individual tree (as, sometimes, in agroforestry) with regard to both 

rooting patterns and root syatem functions, including the v--called 

nutrient pnpmLng eff ect. It is well known that, within the limits of 

genetic restrictions, the root development of plants will depend on a 

number of site characters and environmetal condiltions. In 

agroforestry systems the woody species often do not exist in such 

close proximity as in monospecif ic forIet plartations. herefore it 

is to be expected that the root development pattern of woody species, 

and conmquently the extent of their root Interaction with other 

species, will be of a different order of magnitude omparei to the 

situation in forests or plantations. 

The difficulty in predicting the rooting pattern and root 

interaction of fruit trees in AP is further o~mpounded by the fact 

that the root systems of most such species mentioned in Table 3 have 



28
 

little been investigated. Sane of the reviews that are available on 

the rooting patterns of trees in general indicate that for marn wocdy 

....... dcies,the largest number"f r ts and theiaJority of fl -e.roo . 

are located in the uppermost fertile portion of the soil pof le. 

Sane species of trees are consistently ahalla-rooted while others 

exploit the soil to a considerable depth. Apart from these
 

genetically induced variations, environmental oonditions including 

soil type and quality can alao iniluence the root spcead and therefoe 

rooting pattern, which, in turn, can affect the physical form of the 

plant. A q example is ±4..tot Jla, African,plca Ac an native found 

throughout the semi-arid regions. Usually it is a mediur-sized (4 to 

15 m tall) tree, but under conditions of extreme aridity and 

shallowness of soil, it becomes a low shrub. in a study of the 

rooting pattern of coconut pawns, Kushwah et al. (1973) otserved that 

in a deep sar' learn soil at Kasaragcd in Kerala, India, neary 75% of 

the roots of cooonut palms under Onormal" plantation ma gsaa:L were 

confined to a circular area of about 2 m radius f rcm the bole of the 

palm (Figure 1). According to usual plaiting practices, coconuts are 

planted in a 7.5 m aeuare pattern, in order to accmunockxte the 

large-sized canopy of the growing palm. Nelliat et al. (1974) and 

Nair (1979) analyzed the implications of this in the ortext of 

intercropping in coconut plantations, and postulated that e=epting 

the area of active root zone of the coconuts, the enticre interspace of 

coconuts in a mature plantation would be available for intercropping 

without mud overlappngs of root systems of the associated crops. In 

quantitative terms, this amounts to a total area of 7.5 m x 7.5 m = 

56.25 Eq. m per palm, less -r 2 i r - 2m 12.7 sq. m per palm of active 
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Figure 1. Scheati.5c presentation of the rooting pattern of an 
ad it coconut palm (Mlir, 1979, frcrn Mwu~hwah et al., 1973). 
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root zone of coconuts, so that the area available for intercropping 

would be 43.55 sq. m per palm, or about 75 of the total land area per 

palm in a monoculture (sole stand) coconut plantation. Ihe authors 

also examined the tooting patterns of various intercrops grown between 

or under coconuts, and found that even in a systematically planted 

multistoreyed crop combination of coconut + caco c + 

black pepper (PiR_nignpj -P pineapple, the rooting configuratiorm of 

the various component species could be such that there would be 

restricted localizations of the various root systems with minimal 

overlapping of the root zones, as shown in Figure 2. The roots of 

black peper are not ahon in the diagram tecauee of the difficultyof
 

depicting then in the diagram. 
 But it has been observed that black
 

peaer, a cl mior, has moat of its coots very 
 .sar the sol surface
 

and close to the coconut trunk. Note that this area near the soil
 

surface is usually devoid of coconut roots (Figure 1). 

Aside f ran these geetically controlled and environmetal.ly 

induced variations in the rooting patterns of (fruit) Urem, nw of 

the most important factors of relevance in AF is the extent to which 

the root system of such trees can be manipulated Iy appropriate 

management techniques. Haynes (1980) reviewed the influence of coil 

manageemn on orchard agro-ecofyst n and noted that the coot growth ..
 

a f ruit tree may be modified by soil manageent practice ty the 

absence of cultivation allowing tree roots to grow Into the surface 

soil or ty direct competition of the grass undergrowth (and other 

understorey species in an AF system) for nutrients and water. It has 

teen observed that the roots of maxy tropical fruit suchtrees as 

cacao (Alvim, 1977) and coconut (Nair, 1979)' tend to accumulate on the 

http:environmetal.ly
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Figure 2. Schematic presentastion of the distributlon of r'ots in 
a nult~storled crop acombination of conut, cacao
and pineapple (NaI r, 1979, frein Neliat, 8avapps and Nair, 
1974). 
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soil surface if the plantaLon flocc is left uncultivated and thus 

undisturbed as is usually done in sole crop cacao plantations, but the 

roots can also be 'trained' to be confined to a certain pattern ty 

proper management and cultural operations. Thus in an AF situatioc 

the coratant cultural operations necessitated tj the cultivation of 

associated herbaceous species can help restrict the root zone of the 

fruit trees to specified zones. moreover, such operatios can al'so 

cause root prunng, which is a owion practice in orchard managemnt 

of vmne tropical fruit trees (Alvim and Kozlowud, 1977) to induce 

fruiting. This could well be one of the most significmt differencea 

between the fruit trees and other wocdy perennlals as componets of 

sustainable AF syscems in so much as that the indirect effect of 

cultural operations done for the associated crops cun cause A 

beneficial interaction effect for the fruit trees growing with the 

herbaceous crops. As noted earlier, these aspecta pertaining to the 

aonwonly used fruit trees in tropical AP systems (Table 3) have not 

been investigated in detail. 

Cbviously, there is a great deal more that can be conjectured and 

hypothesized about the rooting characteristics of fruit traee in AF. 

In fact, that by itself, could be the topic for a separate review. 

The organic matter relations and nutrient cycling aspects of roots 

will be onmidered in subseuent sections dealing with thooe aspects. 

3.2. Soil Fertility and Nitrient Relations 

In a recently published comprehensve review of soil prodctivity 

aspects of AF, Nair (1984a) postulated that the lmpartant me hardsm 
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by 	 which compatible and desirable species of wocd perenials in AF 

systems can contribute to the in rovement in soil fertility include: 

o 	 an increase in organic matter content of the soil 
through addition of leaf litter and other plant
Farts; 

" 	 more efficieft nutrient cycling within the ystem,
including an increase in the pLant-cycling fraction 
of nutrients, and consequently more efficient 
utilization of nutrients that are either inherently 
present in the soil or externalily appLiedi 

o 	 bialogical di-nitrogen f ition, eolubLJzation of 
difficultly atlable nutrients, for exmple, 
phosphate, through the activity of mycorrhizas and 
phosphate-solubil izing bacteria; 

Scomplemetary interactions between the apornt
species of the mystem, including an enhanced 
nutrient econy because of different 
nutrient-atsorbng zones of the root systems,
resulting in a more efficient sharing of nimrient 
resources among the ccmponenta; 

o 	 a moderating effect of additional soil organic 
matter on extreme soil reactions and, onsequently,
inpoved nutrient release/aailability patterns. 

Theee factors can broadly be grouped under two categoriesi 

organic matter 'relations and nutrient alcling. Readers are invited to 

refer to Nair (1984a) for detailed discuesiori on each of these 

factors. In 	this paper, the discus ion will only be onfined to the 

relative advartAges of fruit trees as the woodi perennials in such A? 

systems with respect to these postulated mecheani 

3.2.1 raicMte
 

The major reo~gized avenue for addition of organic matter (and, 

hence, of nutrients) to the soil Ercm the trees standing on it is 

through litter fall, that is, through dead and falling leaves, twige, 
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f ruits and so on, and several studies on and estimates of the amounts 

vo added have teen reported. Fruit trees are not likely to be of arv 

speclal advantage or merit in this respect. Most fruit trees 

mentioned in Table 3 are not deciduous; their leaves ace not the.best 

curces of readily decomposable organic material; moreover, the 

removal of the foliage of acme of them ma cause setbacks to fruit 

pcduction. Other woody perennials, especially those grown pimarily 

for mulch and green manure will be of much greater ignif icanc in 

this context. 

Ikwever, the fruit trees can be equally efficient as other woody 

perennials in the constant addition of organlc matter to the soil 

through dead and decaying roots (N'e and Greenland, 1960) as well as 

arhizodepoition*, that is, the steady release c carbohydrate-rich 

organic material fran actively grcwing roots (Sauerback and Jchnen, 

1977) thereby supporting a substantial microbial popUlatlon. 

3.2.2. Nutrient cycling and nutrienMt economy 

Nutrient cycling processes that take place to varying degree in 

all land-use systems (Colley et al., 1975; Frismel, 19771 Rooewll, 

1980) are particularly relevant in the AF context because of the 

likely effect of trees on such processes. "looed nutrient cycles 

are known to operate in mixed evergreen natural forest (see Glley et 

al., 19751 Sanchez, 1976; Ulrich eta.,, 1977; Nair, 19791 1984a). 

From the point of view of soil fertility maintenance and 

sustainability of production, the major pcocesses in nutrient cycling 

that are usually accounted are nutrient inputs into and outputs f ra 

the soil-plant system. Besides these important processes that tmn be 
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quantified, there is ahxn a [,oass ot "plant c/clinj " of. nutrients. 

It represents that part at the total uitzake ut nutrients wticri is 

again leactied out from zhe vetaetituve tirt tirou- *rWn wa-hoct, 

occurring as drip and .tdn Alurouu;. [ienc ntoriynoW rltw. tliiz is 

usually not retm;iize in nutrient cycli ir.; ;tudies, it-i ::L.xvtut 

of imortance, e;vci l, in Jeciitluz; trf-te. The trtA:rA-Xo Ut Mti 

traction, wbdic is circulatod within me c vstui, is a .Aort ar 

mnecessaryj waste (Nuc, 1979) , mnd it rli~iutL-s the .inotnt of 

"losis'" of nutrlent,; that :nu;t nu accnmted ror while cclatlrj 

nutrient Widqets of plILU: r~IS 111C total IIVoLIlt ir,.'lved in 

this cyclintlj depenL~ on the nutrient uxnrtent of le:es, the intenity 

ad fr]Lt .nhy ci rain, the a,e and arran<nent or leavres, and .o on 

(Uilrich1 et al. , 0 77) . 

rcm a LnL]ue .st 4 on a coownut-nmsid iystn in Irdlia, it has 

been broutjht out tlat the tretmce t t~ore il-t cotver cn the 

plantation tloor incruust-u plc Wlir j fraction or nutrients ( air, 

1979; Khanm and Nair, 1980). lClixm and Nair (1980, estimated that 

out of a tottl annuatl gotasniun ini tt Lt 353 ktj/'N to the .ul-piant 

systen in a pure stand of re(tlarly fertilizeml and well T.Ur(xd 

coconut jalni in the wen.t o .iutt india, 150 kq was returned to the 

soll after tvinq taken up ty the plant throutgh ycyiruj within the 

plant ystan (unvoLkihle 'loss"). In a crop cminatoioa .st, n of 

coconuts plL -i-ao tnder ,;imUar eivlromietal cormitiono, this plaT 

cycling fraction was increcii to 237 kq and the direct lss ty 

percolation tvyormi the root-.horhlrN zorne was 55 kclVm as =crapnred 

with 114 kg,/-yr in a fxule crop coconut Wystxn. Thesie plat cycling 

flUxes repr-ented 33 arki 35 percent of the total rertilizer adition 



36 

frarn the jolt! andl mixed (with cacao) pluatini )t -ucunutsj -wiir trie 

clima~tic cuwitlo.i prevailinq in the ,L; area ('1aLles 4 Mnd 5). 

7he incrct±z~e in tht! Iruort-ion at tht! iazi-irt rr&tion at 

nutrients a~s a conafl eLkxfLi~t mfctr d,4d plait CZ~er Cfn tie qtLcnd 

faa:ilitates not oni" a redLtion in the direc-t Ict nutnems~, rLut 

airgo eritles the plarTs to mieet the kinai~ for ruiihI,. .r&ile
 

flutrienta, like± jtassLiu, when thle [I~uri4' ::t wiC2ediare mit
 

fully met thirou~jh external ilqx t-,, uJ, tor ex-xriple, LI :A-4zI.)ufl Or
 

cvrltinuxi heavy rins~ (ir and Kharu-ii, 19783) .~ aL the mecins
 

throuqh whLb- thlis Ileflenun oivrattes- in a miuk-d aulnuuty dt ixx 

is a larjer rootrmj volunec. ;ia the t In±Iquct Lt nutrierit4 W-I 

Wfe rcootir)L zone is a Tajor YivenEi tr tIe di ret C inc-4 rutrientsJ 

Mor.X-iLatore 1(jriCI1 tore, the rate ot that can tuzimaicenarily 

reiced in mlixed plait Ltmu~ll~ity Ott114 W~e tle to)t-l :uoil vulure. 

at root exploitation will tit! lar~pr azl xr.LkjixrT-y'U-z&,Ari t'ie 

.anOLZlt.; Of ilUtriopt lcu;. ;10. 

'llivre 11; 11A) eVhinv t viiriiltriemarity in uie -tcrak.tIov, 

tetw(e-i ctinjutilde .iAiut .t~orc~tI.-r-9 in tUIV P.1ilA'-Up Of iXnil 

fer tili ty LZIhier a mixid crop cumTusuty ,u- cmizirt-x] to die ,vl -.rct) 

(tair andl Khanna, 1971; Nair, 1979; Khanxi, 1981) . Cnit o tile tr =ri 

that ,untriLxite to this, xxnpLment-Arity uad tv tlie i.XnC\eo±7^ 

aLtiv ity at Leruticual 1 r"-an, LcI-Aaz; the trtee liv ir~q 

i-Tcwt jrantir k h~t; , 4lcc j;utt uc-lejas ilincu at uilrdLes.; x) LA 

acv tc acild CEM) , in tho rhuibere ot the crop Xol.\1aitUor as 

di.cui~edLV ~ andK RJO 107) 
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Table 4. Annual Flwues of NAitrients in Pure CotMrit S\,attn (kg/.h)
(Khanna and Ni, 19 80) 

ND. Mtrient fluxes N P K 

1. Precipitation 2.3 4.8 5.02. Fertilization 175.0 49.0 348.03. Total (1+2) 177.3 53.8 353.0 

4. Iuts 120.0 7.7 71.35. Loaves6. Spathes anl rachis 33.1 3.8 13.40.4 0.17. Permiatiorn (3-4-5-6-11) 0.3 
20.5 - 265.08. Total (4+5-#6+7) 174.0 11.6 350.0 

9. Stan
10. 2.3 0.3Rotsq 2.01.2 0.2 1.0 
11. Total (9+10) 3.5 0.5 3.0 
12. Plm scy,. jLat oQa 0.0 0.0 151.2 
13. Total uLtake (4+5+6+11112) 157.0 12.1 239.2 
14. n il store (3-8-11) 0.0 41.7 0.0 



Table 5. Bianass and Nutrient Fluxes in a 30 Yedr-Old Coownut PlaItation 
With 5 Year-Old Cacao (350 trees/ha) as Mixed Crop 

(Khanrm and Nair, 1960) 

Bianass (t/li) of acao 

Annual pcoductivity
Plant parts Storesi (net asiiilats) 

Beans 1.35 1.35 
Leaves 3.20 1.60 
Stfus 4.32 1.60 
Roots 1.75 0.65 

ITolI 10.62 5.20 

Fluxes 2j nuZt(,= (kq-tu-l-yr - I )
 

Nutrient fluxes 
 N P K 

1. 	 Col. 3 of Ifle 4 177.3 53.8 35.3.0 
2. 	 Flrtiiizer for camo 35.0 6.1 40.7
3. 	 Tot&l (1+2) 212.3 59.9 393.7 

4. 	 Cl()nut parts (4+5+6 ot Tub. 4) 153.5 11.6 %.0 
5. 	 Cacao tvans 9.0 2.0 4.7 
6. 	 Peraolation (3-4-5-10-13) 8.9 0.0 274.7
7. 	 Total (4+5+6) 171.4 13.6 364.4 

8. 	 GQxmnut (Col. LI of Thb. 4) 3.5 0.5 3.0
9. Cauo (.,ttu and! rooti1) 	 9.0 1.8 9.0

10. 	 TOIt.l (8+9) 12.5 2.3 12.0 

fl.Unt C.mI'cl h £uc-'-n 

11. 	 Qxmnrt-w,.LMhoLt 0.0 0.0 151.0 
12. 	 (Qimo- wa'ho-o~t 0.0 0.0 69.2
13. 	 C3nco-fallm Iemves 28.4 2.7 17.3
14. 	 Total (11+12+.13) 28.4 2.7 237.5 

15. 	 Tuita upt ake (4+5+10+14) 203.4 18.6 339.2 

16. 	 A uil .ores (3-7-10) 28.4 44.0 17.3 

http:11+12+.13
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The beneficial interaction ef fects ot plarm asxociatons 

involving some wocdy 1erennial. (primrx'y throuk.p nitrogen tix.ioion, 

in several AF situationm have teen rerorte%] tn L auaitAtive term3. 

Eamnples include _ajIAid in the millet ard .ezuiuz oudut-ion 

areas of West A[ rican Sahel (Feiker, 1978), 2Q oU12/ Ln Crop 

Ro(iutlon f iked; in the arid and seiMl-arId We tern lrrt.i or liiha 

(Man1n and Saixier, 1980) ., .0iuain o11 .1Jtin tft prk~i 

systems of the hi;ti1wxi or £tltia[ Jtw Guinea (Thia[Aianm, 1981; 

Bourke, 1984) et". 

Al thOUt$1 such quantitative oeations jtitayf iiuri of .

are not availatle frm fruit tree-based AF .ottI:1, the uxistci. at 

oeveral suLt very rociZctive and stmitainatie stni (e. .. , In the 

hcmLardeun of Southeast Mia: Verqara, 1981; Witxsu, 1982; Wiciltt, 

et al., 19i4) In a (pod indiction that such [,terwim=a- of efticitnt 

nutrient Lycliin and cunplimentary interak:tions are olvrative in sudi 

systems. 

'!he major avenue of output fran the total system is *export" 

through harvested produce. Such exports are gencrally more f c 

agricultural crops in terms of the total quantity renmv(d per unit 

area and unit time. But because even repeated harvts do not amount 

to cstructive harvestlng in woody perennials, the rates of their 

Oexporto out of the soll-plant system are relatively lw canpred to 

thosne of agricultural crops. Therefore the nutrients that are rnmcvd 

out of the sstan too are relatively lw. Alvim (1981) pointed out 

that the products harvested fro tropiu.l planttion crol (rubtfr, 

vegetable oils, fibers and starchy foods) are tnsically cxiposd of 

carbon, hydrogen and oxygen with cnly a small fraction of mineral 
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elenernts extracted fran the w.L1. In other worcki, these rops 

Nexport fran the field mainly eltmerti extracted frczm dir (carbun and 

oxygen) and water (hydrogen), leeving only very litle orress on the 

mireral el.enters in the nmtl. The situation is more or les the &a=e 

in the case of fruit trees al w. This is a major difference etween 

the fuit trees anJ other woody ereinals that are frcquently 

harvested for their Eroducts for Ltf-farm use sudi as fodder and 

firewocd. 

breover, in AF systens cnnsiutirxj ot aiuixmrcial c a IIk 

coftee and cacao under tall-grciing shae trees, tho net harvest 

outp t of Prvxriems frc the cLimmericaL crofej is enply zninted foc 

ty iucrient inlt± by the haide tree leaf littex alone. Rbr exerpAe, 

Ar=;iren et al. (1982) studied the di!=ribution at tluxes of nitrogen 

in .xine urt" of coffee and caco [ itation-a uzider Made at a typi~cl 

hbihlm! lo,ation in Veri-zuiela (1380 m abave ,xa Itvel). The N flcw 

anmocidted with litter tdll in thie cnrtee ,ysta. wi Jmnir-ted ty the 

sIa&k tree (Eyh~z u amAlj~. fract ion amountirn; to a 

trxnafer at 86 kqhLVyr -x the total uf 189 kq,'/'yr. Iie N out,± 

(exurt) trun the :y,;ttn ty hnve-t-. (17 k, t'yr)h wIZ tht lud 1is 

than the oontritution (injxet) tv tiu -.1.vl trees. The avexrge litter 

meom[oaition cuni.nt. (k) of the £t1. tree Lv\wcs, ert-WoI in 

terms of N, was es .mated to te 4.5, aluivalert to a half-life at 

aptroximately 2 aurths. The cao Ly.sten -urz-A. d:tof 302 k,; .i'h in 

tne (-:xt;,c atvvt-'j;rou-Td IU 50 'Lercr±; I rewhi :iwoAcd, Lit 

roo i ari IeCvets ntr.Lliwd .nut bOt kgj 'A. [Itter cn the auil 

rurt7kact, wk'ihed quarterly, w; feound to cxirtauin an arntual aere t 

37 kqI '/ha~, with dxid tree lewe±; makiml up 61 T-vrcent of the total. 
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Out of a litterfall raLt CZ 2,905 k.j day .. tr-r, 'h/yr. the shade tiee 

leaves accounted for 50 percent. The ofrate N transfer by litter 

fall was 321 kq WNA/'Vyr, decomposltion comn-tars (k) for made tree 

leaven and cacao leaves teinq 7.7 and 9.5 respectively. NitrcxOwn 

output by harvest was about 45 k lhd/yr, with atout 20 kij !4 Le- ; 

returned annually to the field with cacao iod ziheli after xocesanq. 

It is of coniderahle sitjdficarnx that tesids the nmtr*2nt 

cnipensation of the harvested produce by the ibid litter,tree leaf 

much of the sade tree leaf litter nutrients cr'uld be from soil 

horizons deeper than those exploited by coffee or cncao and posaituy 

frcan biaocal cd-nltrocyn fixation oj the chade trecs. The 

situation can be Identical In the case of low-canopied fruit trees 

sud as gpuava, raUutan, -apotc, (p[-Ta, aid so on, qxrwn under tAll, 

dense-canopied ,hxx trees. 

In onmzry, plant ntrints are Invclved in a contan. and
 

so.mewhat close 
 yclirj within the soll and plant nomjrtmentu of
 

tree-based ecosystann, with midmal output (Ioan) fran the system.
 

The exte,-, to which the system in "closed' or *open" will depend upon 

variots factors, the decisive one being the tree-crop proportion. 

Dien in agqofore-;try ystcmn with a high pcoportion of woody
 

perainials, the frcquency and method of harvwsAnd their prod o, the 

structure and density of the root system, the type and m tude of 

dinturtre (including management) to the Wstem, and the qztial and 

tanporal arranq-mct of species are anong the important factors that 

contribute to the effectivensa of the nutrient cycling processe in 

soil productivity. In fruit tree-based AF systens, the Wirvral 

tendency is to mairtain an increased volume of tree oanopy (becoume of 



42 

minimal pruning), which ould be a plus poirt not only tor leaf litter 

rodJcctilon but increasing anount oalso for the pl~ux cycling
 

fraction of nutriets this leading 
 to a hicper nutriet cycling
 

efficiency in the soil-plant system.
 

3.3. 	 i-U Conservation
 

The establLzment of a vegetative coer is one of the most
 

effective ways ot soli and iater cmn.qirvation. When the protective 

cover of vegetation on the coil is romwved, the utructurally unsble 

tropical oils are expoed to the beatirxj action of rain". Loaumis ie 

to eroaion immedilately after 1anS clearirn are rrmally alarmingly 

large. Eqxriments at the Lnterrtlck[-i rnti tute ct T'ropmtcnl 

,jriculture %IITA, fIlcdin, NP)eria irdicnte a nil 1oss of up to 120 

t/ha in the tirbt ye.tr after land clearirnj (L a, 1974). As is well
 

known, the tipqittxL of lcsWI AJ e "nJ up)n oeveral ractortf, such an
 

ercxlliility Lt the soi-, t.Oalvity t rain, aloje, ve,,tation typen, 

'nmimtnent jxactim, ai" a) on-

The jutentia! rule of trefi in reduiclmj ruinoff aid erosion loamen 

if; well aUjreciautx and undkr toot. Ihe litter and the humic layer: 

as a oubion The 

more ocjrinic matter 

on the auill SLurf.1 act c a,,iinst ero"ion. prlen cf 

on the mnil surt'o incr.vtss moil's irnflztaricn 

cmincity and e.ncim its -mincity to atrorb is w,!l l, retiin water. 

T1he 	 il±y-ic)-ciary of ra1tural tcrcLt x~r==m cei it; zaudi th~tt it irvies 

a multi-Lyer efetn aeairut theibaI n of rain~rot,. Ihe differa-;t 

btraof a th .e canorw e'xc(_ thivelyreiticv the solrof ra n. therety 

redjcinq the adkeroe e~fct of the imict. on the lwmlcw.!xuil 
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The soil conSeraton benefit of wo4 Perennials can
 

COnveniEntly be. mad e tcf in AF in vario,.w 
 nituations, jipeciLaly in 

areas with steep slopes ar] rolling top~ra[k1. Wiersun (1984) 

reriwed the cquantitative data on surfctce erosion in various foreft 

and tree crop sytens arxi -jaluated the etfett Lt tre-J qrcwn in 

ombination with atricultural cropi on r.antall erosttvlt', noil 

erodibillity ant| soil su -ace [rote ton. U[iiruj the dita fra-n vazioun 

places, he cncu1Lk .. t in AF there exists the Lo.nibs l ity trut
 

calesced rairktrop3 fallirxj frcm hl(h canly :-ies ma Lc-tusoC 
 m-re
 

damie, thul the rain itm.lf, to the noil. Cn 
 the other hzind, tree
 

canopies may also sili~htly deLzease the mnount of water rewLbinq 
 the
 

wll and thus decreaw the h~ttard for runaff and rill erosio.
 

Cbvioualy rvveral anoy chara 
 teristiaj such as crown archiltecture.
 

extent of ground cover, tree 1cainopy) helkht and size aril nition cf
 

leewes will 
 influence the net hbeLancL or thee two contrasting eftects 

of txees on rainfall erosivity. 'brocr, the tre/crop ratio aJd 

management Fractices are the ,yf,-ctors in thin re<prd tao. 

An inceaze in the susceptibility of soli to croaion (soil 

ecodibility) has been reported fran a few AF sy sts (cznii rtd with 

forest ecosystm) such as the Taunqyn ryste in Kerala, India 

(Alexander et al, 1980), system in the 

rhiliplines (Baconquis and Rondilla, 1979), Tarania (Lundr4rn, 1978). 

Hcwever, not researchmuch irtormation is available to Judge if moils 

under AF may develop lower crodibility as ,ximpared with soils under 

agricultural cropping. Predictions are that it is very likely 

(Lundgren and Nair, 1984, Nair, 1984a). 
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,he data put together by wiersum (1984) and presented in Table 6, 

indicate that the aroeion rates in any tree stand, -- whatever its 

nature, tend to be within the same range as long as a good direct sail 

surface cover is ensured. In A? systems where leaf litter productin 

b. trees is limited as a result of leaf harvesting or wide espje :t 

of trees, there will be a rihction of such plant cover on soil at 

various 'imes depending on the management of the crop and the tree. 

But in AF systes involving fruit trees, where tree6 are not hazvested 

periodicaily for their leaves, there is always se plant cover on the 

soil. Hcwever, the extent to which this can be effective in 9oil 

protection depencs on a large number of factors a dscumsed. There 

are also management possibilities for exploiting sud permaent 

cover f oc soil protection in systaems involvij fruit trees; them will 

be discussed in the later section dealng with tree mara ,t. The 

important role of trees in slope stability also needs to be realized
 

and exploited.
 

In summary, it can be said that while fruit trees too can be 

expected to have the baneficial effects attributed to all trees in 

general with respect to soil conservation, the extent to which theme 

effects can be exploited and realized in field situations depends on a 

large nunber of management considerations and site factocs. 

3.4. Ecosstem Stability 

Arising fran the realization of the protective action of a 

community ct trees in imparting stability to the bcod ecorystcm or 

watershed where they exist, and alaimed at the ill-effects of foest 

denudation in the water catcnent areas on the reervoirs and 



45
 

Id 
v
 

-l 
C

 
w

 



46
 

farmlands served by such catchment areas, a lot of speculative and 

often exaggerated thinking has wn into the I ikely effects of trees 

on farmlands and other AF systems. owever, there is very little 

direct research information on these asepcts. As Hamiltcn (1983) puts 

it, it aeems to be assumed that when trees are introduced into a 

cropping or grazing system, nothing but beneficial 'reults will accrue 

to the watershed parameters. 

The beneficial effects of trees on wdtershed protection can be 

realized to any discernible extent in only a large ommunity of treea. 

Usually arv such large-scale afforestation or tree planting activities 

on watersheds are planned and implemnted by or at the advice of the 

forest officials who have a tendency to select conwnrtioml forestry 

species for the purp se. The logistical aspects of more attutive 

managemnt and more frnquert harvesting needed for the fruit trees may 

also preclude then f an the list c candidate species for such 

activities. IMwever, the posaibility exists for using fruit trees foe 

slope stability and ecosystem protection. But the extent to which 

watershed protection on a large-scale can be achieved ty fruit 

tree-based AF system depends on a large nuner of these factors. 

7wo other aspects of ecosystem stability and environmental 

protection of fruit trees in AF which can be of ignifiance at the 

micro-site and farm level are the microclimate modification and 

windbreak/shelterbelt effects of trees. Nair (1979) has dtscussed the 

effect of crop combination with coconuts on the micrcal imate effects. 

Nair and BalakriEhnan (1976) reported that the evaporation during the 

dry months in the microclimate (mean values f am measuring sites at 

ground level and 1 m and 2 m fram the ground) of a multistoccyed crop 
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combination of coconut, cacao, black pep er and pineapple was only 

about 30 percent of that f an the open area whereas it was 60 ercent 

'-- der a-ole stnd of "adlilt aonut . Silarly, ee waF al-6-........ 

a considerable difference in the temperature regimes within the crop 

mix and the sole crop stande. The air temperature on the plarntation 

floor in a sole stand of coconuts (as well as in the open area) was 

about 30 C higher than at I m above the floor, which causedmovemit of 

air fran the heated soil surface to upper lalers by convection. 1here 

was no such temperature difference, and hence no air movemant, in the 

crop ccmbinatlon. moreover, the presence of crop canopies at various 

vertical distances fran the ground in a crop mix offered greater 

aerod namic roughness and a buffer action against any drastic 

microclimatic changes. his could hare considerable effects on the
 

various biological processes occurring in the envirojnent (including 

soil) of the crop ocumunty and on the multiplication of plont 

parasites. Coconuts with their tall unbranched atema pxotzbly eraent 

an extreme sittation in this regmad. Nevertheless, similar effects 

though of redu ced magnitudes are likely to occur in crop associations 

involving other ftitt tee to 

Fruit trees may have a special role in offering 

shelterbl t/windbceak effects in.A? systems. As pointed out by 

tarrtofer (1982), the choice of wod pirenniaals es windrea s is 

dependant upon a number of factor such as their phaniloqW, growth 

habit, ncmpla e tarity and compatibility with other species, and so 

on. But the possibility of arranging the fruit trees in rows 

resembling hedges on farm and plot boundaries makes them prticularly 

suitable for A? systens. here are also other environmerital issues 
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s3uch i [tnett and~ d.i!,.-aie nijumt~mt-jt in A(jrourr--tv/ tOL~zc~i, tfle 

(±ffLcT-J Of ±3UL± MiXtUrt:6 On LIVL~"I 4AIAiUr eCL. BiUt t.j:LC .lre 1-1) 

ex~riment-d wic ncm on suai 1SL xJ . 

'1hui it itl dear that. there are ~ee iefvicirntit-±1 adx)xt4() 

of inciLktifl t rUlt tre'z AnF iy Jtti01-. Ztte Ut:Id!l are t:lIlun to 

all tretit, tut ZIAite JtU~ ~ ) nly L) u ra.t tre 11C goThe Oreea 

!IJuCcU-'S Ir~i the e xteflt to Wtruxti trnfLrtz aAc t txtl Lzt1A deiund onthe iui 


the location, theO siecicn jvvW- andtei
 

Mf~k4 . SOCIO- WX.XNCM~IC ASICCPS c1 i1bL'EIII IN U.CIUSRY 

othier pr C; or Uhe wcr I I, ukl iv.i aly u~ji ot. thIe 10L~ 

tva~ct ictx; acbtct~vk ty th:a .t C;a:.,t :i r the *:'ther o' 

oft ui .it- t into' ;r at:.n w~It!,", ott;.or n' '; 1,,I t t. t. NIr 

1hle w('r, ".n;aI a:i n r ot : 1 Ote 'oII.re.a "t 11"c 

farin mit. l.r-. rn I': I IXVV~' OLUt: "t A E~I- tril '.'l. 

ttin a tr1 on1. LOm 4k AL ')t 

.r 

n'ttetxL to ,'i~ i; 

htxtar e!;i or 'I ~ ii t c inq land, K) thlal A a.Or a o te& ~ 

ot a aL I t~lrm 1.; that or oti' "WhetV e tb: o11;r a'.1: to t!'eAva 0,Ia~ 

ojvraL( it h Ia oppo iwt .L,,; "'I~~~e~ent ..ciorxeiec ra 

unwtlL'y it :a nv~r thie lit it:01 ''.' 'it'tdW 0 A 

aul;y ;i'i:;terk-t &~ i':ext:1'. ' '0.1 tI :rt. : -Wo'cC ill'r the 

thonef prdm!; ot AIa itIt4l li .t:e'-. ~Ii; ta a 

:.y 't ti; : feq IIi rulte, th" z'Ot ;vt ci;ek at~:;IV the yo''c 
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traction of a hectare. Green revolution tenrndojie5 domniniated ry 

hic fyieldinn varieties of cropz for monocultLre -tands xr-J 

concamitant rcLuirunents tor e.)qen.ve inp.ts have not ermeatod to 

these anall farm aqrofore!±tiers. AI OntLt Osut Lv kint- (1979) , or 

these re'nurce-uoor fa.ners writ yild no r iiiiz=Ae 'tcual or 

political wer, aqrotorestr is the only aj._ru~ixAr a to Ia"',i 

mana(pent wherety both prcktcts -e i:rcxii dfood and wood .n rcm. 

the srne iAx oftland at the ,same time without Lu-usIn j deterioraticu 

of the cosytein. In addition to rits Eussibll ity a .r C.Ltmj 

multli[Ue outluts, the other socio-t.vxtrnic a riarmacls attriluttdI to 

integrated aqrorore;trv r oduction !'stimnn irlIte ?eneration or 

additional unplomyent to the farmer, tavora.lle Lot/henrf it realtuorns, 

risk minimization in taming, st tagoredr pmr Jtion of jLutuidacj rarm 

rodce, exx)ryunic .. the 'ze inpIus,u.xn[dmjrity in c1 .mrLvtd 

nutritive value at diet, and so on. Sane af these enef its inxnt bt 

expressed real i k.:ic2lly Lut qkntLittive terms. Nevethteiesd, thty 

shall be oornnick.ere here briefly trom the point of truit tree-b d 

agrof ore-stry bysts. 

4.2. Prouction IMLts 

Various reports are awailable on the Fxioction of differ 

species of plants grcwn together in plant asociatons of variots 

types in diverse altULwtions. Fur ex.ple, yield of arru.bl field crops 

unrder coconuts in the Fhillppines was reported Ly Ibner (1975); 

interc:oppinq results uner coonuts in india Ly Naiir (1979), %kaliat 

and Bhat (1979), Varqhene et al. (1980) and Nalr and Varcme (1980): 

coconut intercropping res'ults in Sri Lanki ty Liyrge et al. (1984): 

http:e.)qen.ve
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ot ervations fran hill farming systems of t<E-al Ly !brrzen and 

Oberholzer (1984), reports on hightilan agroforetry iyctems in Pdpua 

Ned Guinea ty Bourke (1984) and so on. Afprt frao giving some bcod 

indications on the general roductivity ievels, these areresults 

neither xcin;iratile nor quite extrapoladle to other areas t use o 

the lack ot Lniformity in the conditions frcom which the results are 

reported. In addition to the sual variations in suci results ciused 

by differences in climate, soil, etc., the results are aldo irluenced 

ty a host of factors related to the type anid maragtL.-t of the woodj 

perennial compDnent in such mixtures. The spucie-i, itsi planting 

pattern and dern ity, mx-aoeme re.ime, cultural operations to the 

understorey speciej, etc., will have marked influenix on the results. 

Moreover, in mot of the reports, results are reported for gardun or 

urcvls of iotds of t-i-tirtd area. 

Cte of the very rare st-t-i of researti reultsi on this aszict was 

reported fran the Central Pl.ntation Copo Research Institute (CI.YI), 

Kasaraipd, Kerala, Indla (NAir, 1979; Nelliat and Ehat, 19791 Var e 

et al. , 1978) a purt of whicti is prttxnted in Tahle 7 tor .cmnrative 

purpox!s. Other report.; from CI I.I ixiicte that when the overstor ty 

sWCacies (coaintut) alnd the mOr.storey sipcxes were .,1,rately 

fertilized aridv manaqed acnrdLimq to the recmzmrr!nde packaItl a 

racftiee for tlie indivLitl sticies, interctpIry] did not have ay 

adverse eftfet either ttmnirarily or over a lonler ;vriod of tire, on 

the crcxditivity at the cverg-toroy :qx!vue-- (Varqhese et al., 127T. 

Althouqhi not -,it;tantatted ty researdi re-iilt:;, it can ti surmiied 

that such a situation can tc anticipated in the cnse ot crc-

corntinto,r inv lving other fruit trees also, wherety the yield of 
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the fruit tree rA ! t, riot Ute cdveroe-Iy arttcted ty .jr.wiml otner 

sFecies be tween- or undeir thusi, pxo.'idd tha.t the fruit tree aini the 

cnipanion specie!3 are manaoed reasonuhly well. 

4.3. Prcductiwityv COTZ 1-I [ 

tlthoug;h there is no qereral latterr. that emerges from all such 

reports1, it isi not ~Inliktely, that in mwe situatrw~ the Yield of ai 

prticulir Lndekrstorey sieces, wtuLti nrrially zn WE or is cqrcon asa 

sole crop, isi sli, itly lessi wtx--i qrcwn in in a,;cotort=±-ryocLrjtion' 

as ciomiiiux to itz !xolc crop yild.I( There are twio a!;jxcfu to anyjL~ 

yield rfiiction.. Prst, the yiLd rettuction ori a vr iAx tasis andi 

secondily, on an area ta.-;i. The latter io only cipurtvit Uairee 

w~t arei occupiedI by an uidr!;torty !ivcivii in 4 'rop yaunt-Iorin, 

say, orx hu-are, will 'I* Leon thain ont.! net-tare. Theretore, Intertzop 

Yields c~an WIdLj on mm4siof rLet ty thete ,ited t:he the ciriv. occtmu.kxl 

sje-ie±; in the totll 2rot) mix. Thbe yield- iction that :n(Pt ~Ccxur 

on a jplar in, a0 not er-i ett ot Iaq r~ a~Evr ansi a ci itmr tactors, 

mainly .-zneution tot ;rcwth tactoro -,udm 1-, 1 il;nt, nutrients xia0 

water. TIheise irnteriti(.,tcn ot Ierttl'vouj .1nt:ixt-uresnxwe 

teen JLnctuu;;ek A!il 'I uthm (976) o .11.=in Tr t vv a r iraal 

M iXt Ure LV 'Ii r ( I') 6a) SLu'b tA d r-exiuticn- :oa t-tc-; in 
Mixture-, n'.'c Uftenl Leen acIrVUxd ant-i artaiculatxJ Ly cr iti; Of crapT 

LfllflhjRatdin Anite the tact that the yield Of the cverstorc)y ;pcics 

L; LnlIik&ly to Iv -idver. ly aftected andi the total yield ,.;nnit 

areai will ve hi,;her. 

'Ibirs Lelits to the LJW-t-man ot yiCld 111i V.-Clt~ctlVity Cxv~pirioorw 

in -oycuLtUrCes. The0 Crux Of the ;xroblm ir, that the urL:;.1 tcnthiflcy 
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is to Lonpare the yielu a a articular secue.- L urwn in crcp 

asaociation to that ot the same qecies in mo-ucu.tuze. ;iut trie 

appropriate cauxiAricon 1hUU-d t'! [.' d on the tot.,l iroictivity of 

all sixaciescgrcwn in a L:J t or area if the flcrt ra. M-titne 

stwinauliLt- ix such prcdictivity In thne lonq run. Ut.ouil-, !;irw-x 

the yields of citterent croti in a crop aswc1.atia are Wut atkjitve, 

other cmniratLe valt e; -zould P-e a criLreti to u yleltki. t)rE- I13 

one sud practicail r ut that ain Ltx apixi to ll oduL t, is ea.4i1vy 

under standhtd e and aco [t-it'le t,.all, aid Is cipttle ot rerlectin; thie 

Liullity diflerences among the rcdAAct;. lk:Haver, the r4ltv.,'x , t 

monetary tioure-; ,lw dv4Airt uon the time, tme contry cr the 

locality, the acio-cultural valmti, etc. Am)rexvr, there are alo 

several no-monetary a and thattneritts it an)cl .cultural :ature can 

be accrued which will t d fficult to qrturtify jRecia;eiy. 

Tlhe conLejx ut land Ltjivalt: ratio ([Ill) thAt haS teen 

developed to ceal with aritatural interzcj%-itngx (Internatiornal Rim 

Research Iti=itute, 1975; Trerniuth, 1976, Willey, 1979) has ten 

applied to tree-tu ixd rtnercroppint; '.'-;tys as well (,Shir, 1979). 

Assuming equivalent ltvis ot maxammt, Pl refers to the relative 

land arexi un,ier mole crotu that is rtilutred to prciucm the yieldr; 

achitved by intercrop iAnj (WiIley, 1979). The ractlc of inter

cropping is asstned to Le teneficial when LER is more than i, ,nvj 

detrimental to yield when [1fEis leiss than 1. Similar to LUR, inoxne 

oquivalent ratio (IFNI h -o been ircpxoed to assess the relative 

performance of a crop ctnhination xompiredl to sole crops of the 

component species. ThIus, 12 is the ratio of the arm needrd under 

sole cropping to poduce the sae to-il net iname as ottained fram a 



unit area (hectare) Linder crop cu: ina±rion ot the fkm1e xcue
 

lev el.
 

In agrctorestry £sbtuns, there Is~ ikenlv to :v 
cnpiuntxtazy t--ie 

of resourcvs tiecauue the unixne~nts or the L'±ittvi emplit tne 

environner-I suuT.aiei ut jr,-wth raL-tor± in Jter asinq%waysi 


disum.jx d in a xeviotx; section, x-b the~refore, tne L'1 (and ZZ~
 

vales -an e~weed unity. Wivn the 
yield or M~e t.-uLt tzcv- -,Lnp~rwnt 

is not adJr&A~1y attecteti, aqrorure=try ttiuwill rcesult in ain LEN~ 

( IE2) or I +- x, whe re x cur r'L to tnhe extra y ittld( MUC 

obtai ned t ruxn ,.kittiota %xcijunent(.i). Thuiz would au meem that laM 

unltij cxjuivailent to jxrcxkija x extra iaiit-; ot yilIJ (Iinu) ~La h43e 

be en nLLv;.;ry to Exodu~ ylhij whuti w-ntrltutc to the 1nk.To&±e in 

[.ER (IME2)over Lni ty IN, x. 1he ictinun ~ANIt 1 ' 1- tuie kc tC
 

LXXmlxry~t tf) ottaijn a aiudX±X.i ValLv- cA1 x canf t. cicuattAL 
 PaI rnr e 

(L9833) dis~iz-i;ed SkXTIO Or tbc u 'ivcunc uuivratiomiu of 

a;ruotretry In AxIne tk taiil .u:ki JOItLUatt'II that etln hikphly
 

ircinilnq aqrotorce-;tr/ .umultucrta~ritlen are aikyur icrt only unu
 

lw inixMjt rodictun undit-wrL;.
 

4.4. ~~i1Bnrt ~~utTc- nArtrsr 

4.4.*1. 

rrnte~ru L;.-aon at larxi-tz~c Ly Iflcred~ilq the ruzuLer ef
 

cro~cntr~ri:;~;per ud t auetl at at,,* ;uvtm 
 tiw0- will mdrstaniably 

intxe~u-A. the on--tant hmr iuu-tctal tcx). ' c 1079) rc~ortemd 

that the annukt1 lat-our ritintmt tor muoqir-x on hectare a( -xialt 

Qwaonut plaxation in Kerala, Iniia LWCi f n 150 mar-tiyr, for 

http:disum.jx


55 

wcnocroo of cxuc- nut to' 350 iu--days~ for high intensity crop 

anbi na tons~. In the agro-silvo-castordl !,yistcn (of ra-i~iirmj 2-3 :rudk 

ccus er hecta~re otr Lxnuinut area drmA stal1-reedinq the~n with the 

tock r qr.-u±.±±3 that arc! irown alan.] with other intercyovZ3 tiwer 

vcunti) , cte a-nnuial lLtur rtujuirtintet wets .4s hi(;h a!3~ 1000 :veur-tiiys 

er hectaze. 'Ibere w~u l. ah cflrr ±4l[uriin~q incrLee in tout inwxiuie 

Fer ilt arwa. Sucfli Lar rc neitj in emp) -yirxt qr-&rito Ars.J iru.xlne 

Ly cu~nnnut intercroppjirN hti Leen re~orted r run S~ri L-..a alw 

(Etberinujton arsI Kruiarkiya&'p, 1981) .In no: xt. mall ra txilirmp 

where fruit d YL~'trwnu reasiiue,trt-O.M squo~~ art! mosit ztost, 

it not all, or~ the lanLzr rnecc~j for the tarm are jx -viLid Ly the 

ciwri-r/occaxpiter ur~d hi~i tinily. Crap) it eT.; iar t-ion wUll. , there&force, 

[roCviC3 al(litiorul ory-t~rM an;au~'mert to the farmer ark hisi ramnily and 

thti3 alleviate, at least to ixane extent, the fL'einJ of Lixv.rtia and 

imaCtiVity (MI.Med Ly ir-0- np!LCYrneaz andl un~k. rt-.1jJ/nc diiN. LKV~e 

Ijtrt--3 of the year un the [lirt of mox -iaturiots. Thiii ij tnrtucularly 

true in the case af fruit-tree aqrn:fores-tcrB tx-cnusc fruit-tre~w 

normally tkLMUrK] hiL~htcr hatour throughout or moit Farta of meu ye=s ioc 

their mawrjment arv. harve±-;tirN, ais Lxlnred to the mnaimcn of moct 

other wocx' perennials in airaforcstry systtems. 

Most hane crers cgrcw a variety of cropsi together not only to 

meet their (dwemtic neeci, tuit also, as an insurance agailnst the risks 

of momculture croppinq. 1This would apply Ociually to monoxa tur a 
nrteceoun crops and~ to fruit tree gjrcwern. In spite of the general 

tel ief that fruiit trees are lcw-risk cro~e in comrition with morat o~f 
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the arable crops, their mourclteur pose some element of risk. Lbr 

example, a glut in the market, and transport bottlenecks, espc7ially 

for perishable products, can cmuse serious prblemuu. mare<ver, th6 

incidence of pests and diseases that affect growing meibtema can have 

disastrous consequences particularly for spvcies having single 

(apical) grcwing buds (e.g.., pImle). Cop diveri ticntion and 

agroforestry offer some ort of insurance against such Lca.laities, and 

this is particularly ioportant in tree crop huatarxky where it in not 

possible to change the crop after one or even a f tw yedrs. 

4.4.3. St r roduction and sutsdiarv producta 

The possibUities for staggering the farm operations to 9=e 

extent exist in the management of ame fruit trees that are asea i l 

in growth anxi production. Thin in advantacprous to the farmer so that 

cultivation expenes aid laLr um can be distriLuted as deired by 

him. Plantirn of intercroixi can be timed in such a way that a stea' 

supptly of subsidiary food materials can be ensured durIn lean parioda 

of avau ihity of staple foods. 

4.4.4. Niutritive inuvrgvewmit of rural dict 

FerhM the most ific.r attriLute of tzecs that makM.2i fruit 

them eminently suitable for rural aqraforectry is the r~tritive value 

of their voAucts. In mary viltilp iucietlcs 3Li over the world, 

leqerxdnry tales exist link-iml sane slecies of treqx to the jrosperity 

of the villaLe. ciers (1976) evalumt' d tle :mtritive vallue Ct 

various indi(rnous specie[ in the hu px)ardens of the Iiblijpines and 

fot~nd that sudi species ountributed substantially to the diet of the 
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people. Table 8 gives nutritive ValLes of S(AMe CIt tt truit urevt oar 

indicative jur,.oes. &utalrintleajrctor ettry [xacx.ti cs iniolvinq 

such fruit trev_3 is an exwe1lt-,t wey or suhunev.tirIj antJ enriirninp 

the diet of rural [&ople in mxzj dvvelou nj wtxLxtrles. 

'There are alux everal uther uci St± to fruitraI att-at±o~l 

trees. Ebr xyxnpite, it is still cuttunazy in miuf/ rural so_-etaes to 

exchan.e or mLke othur ze t tree prdudct in Xclal crunont-i andi 

relicjio-3 rituals and lexations, d m."I su'i: treti exist in 

0=14atitle aI91)Clatluln with other cu lutvated pl 's. Itt ui tI Ution 

of larnd use with o stans irvuAviAj su trev-I will nut itiu miy 

problemn of uoncie~l acc tance arxd adotbility ar ux± tte.-TUax;oqls Ly 

tarmers. on the other hand, rV cf the fa±t--jrcwirg, nxatlpuxpose 

tret-- with ailroforetry jotetiial Tmy have this obliml at uocial 

acce~tance Ly farmers when they are tried to We introducd for the 

first time in a locality. 

5. MANC E" T NSIERATIS OF MIT TRLM IN ;G 3RASTRY 

It is a truism that the succeuj or failure cf any Innoation in 

farmingirystmnq depen on the skill ct its management. It in orm 

thing to elucidate the scientific merits anid advantages of a new and 

innovative technolocqy to make it acceptable and adoptxable ty the 

farming cmminity is yet another. The matter in mce complex in AF 

situations because the extent to which the suggested advantages and 

postulated benefits can be realized in actual field aituatiUco will 

depend enormously on the level of management especially of the woody 

component. The term maag~ment is used here in a trod sense to 

encomnasB all aspects of species nelection, planting density and 
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pattern, pruning, thinnimj and other plant manipulations to reulate 

and alter its architeture, its care and n. intendnV irx luding uL3,) 

of fertilizer and other aqrohumi Lls, and so on. 

It is aso to be kept in mind that the [xoductive and pcottcive 

values of fruit treti eluc-idatd earlier in thils pai: wuL d a ply 

only in a cnmunty of par tu where suct treen torm a discrnible 

cinponelt of the sytem. In other wordi, Lndiviikl and 3cattered 

trees cannot be expected to have such noticeatde ttent icial effeLest 

in any ca!e, sud ucattered s[rinklitj of trexJ on the farmlai or 

other landsca[ij may not ofter uiy ai dliiruIt exoloqjical or 

econmill interaction with maor lroxctiun xun[nentu of that 

lanti-une sy.tem and theretore may not merit iJ ntlfiCaton with oc 

incILtjion Lder the eneric t-2rm at aXofrotc try. 

I)Tne of thene na( nit -ConAiLkratlon:i to Le taken irto aciDunt 

while irtr(-Aicinq fruit. trecti in ,k" try!.te:m.I are dLUCujs'±ed here. 

5.1. Plantini katte=-

The atinixture [ttern of spacles; wiil- o11ien uportc the slcies 

themxelves, climatic tirxnitioras and the ILtvel of rxirvtnmct. There 

can be . stltitantiai tx y of knowledqu on these aspicts rxnin ; 

cetajin ojeuien werc\u tbat on others, .;uch ,L; the tzxiAe.'pLitl 

:q-ecie-s, mry Iv- ineaqvr. flb mc.~tulrx)(Ll -OLtetl ilA~tim; p.3ttetl (If 

truit tr'e"; in e.i.wtiu 1 A' ca,;tcni;be ,;rc, Ted into acn f iye 

trIntmkitxl 1 riour e .ithir A- axe, hcwteer, rather , ctilae 7roLc 

ar-l n,'u, variatiorv within ea ,: ofte: scter, are cLxTzm~n. 
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A. lledcaergW. :Adntici. TIhe fruit trees are planted in cows at 

spacincp much cLotier within the rows than berieen the rcws, aw that 

the rowsa appear like hedces. Ceivivnding on the cwk)W ainfiprations 

of the specieoi, the rows can conaist of~ aimrle, iki~Une or even more 

Iires. The in ier.i~j Le ten the raw~i can bei Lried for aqricultural 

specica, so that the lay-cot rcchlen that or an aLey cZOPpirN 

system (Kanq et al., i981; Wilson and Kan-j, 1981) en-ept that in alley 

croppincl wastwa, thiu wo4-l peceiinial iin periolicIlly V*xtzw~d andi kept 

to a lcw height. Thin is ifyzittmIatlc Fl.Lxztiml [itttmn whtre 

Intenaive inanacement i Iia.'ilhle =nd is welI-aiuited tor thirl-%.Aropied 

fruit tree fipecies like iA~va, palmas, etc. 

It. He~.."t-r In areds with Ltojinwj lard, ,xiected tree
 

sjxrciL'8 can Le puitckl in hck~j rowa; 
 aotnn the nicu., along] cuntcur, 

in dlitter-rm arxnenit.. (:iinqjLe, do?'!JIe o~r alte~rnate bLW:); 

inter- rcW ditxancesi varylin on zqx cien- arx the (JLree o a no~vj 

coil birdinq r..nial q;rasfes k:an tvEestatilhtex Ltween the rcw!n 

alonq the Wttci~.~lel--SLited1 tOr aloclair,*; Iarii arxi rallirij 

tterraini-- i in the hikiilxks. 

C. Wrd i-.21m, ]. Close platrKj of fruit trees in rcws all 

dCOLXId the plot: antl iLoml; the tIz)Lda.rIvs of aqricul tural ficlds. The 

t, e*eu wUl I toci ' iv.: t ev~txs aml w indtz cike~rs ari shc1 tertel] t-q. Th 

,4dLtene is partict.irl -;uiLthle for lart~e-caiuex trci li.e 

jacktrUlt, nkirip, acn'hw, etc-. 
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D. 	 Zn pn-. Fruit trees and other canponents of the AF 

system are planted in defined zones or stlp the width cf which will 

tually be narrow so that there will be some interaction between 

adjacent zoses over a significant proartion (i.e. more than 501) of 

the area involved. Fbr example the other component of such a system 

can 	be a muldc-ard-fuelwood prodcing nitrogen-fixing tree or shrub, 

rather than an agricultural species. The scheme is partUl±ary 

suitable for semi-arid areas where it may be advantageous to avoid 

overcrowding of the species in order to minimize competition for watar 

and yet be able to get the beneficial interactive effect. 

F. Lime garden mix. This is the most c nly found planting 

pattern Involving fruit trees in AF. The trees are integrated very 

intimately with other hertbceous and woody speciea to form a 

multilayer canopy nfiguration with no definite planting arrangment. 

All the above mcrntoned patterns can also be adopted for 

situmtions where the £it trees fom the lcwer or middle layer of 

cwvpies, with other taller-growing species forming the oairstcel. 

In sud cases, schemes A, B and C can be adopted for the 

tallest-growing epcies, with the fruit trees cing in between the 

tall-tree rows. 

5.2. 	 PlntDnst 

This is again another highly location-ec ific management 

variable so that a general sdceme is difficult to be reoommen d. 

(ihce the species and planting pattern have en decided, then plant 
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density will depend mainly upon the degree of managerial abiity of 

the farmer as well as irevaI2.Lg climatic conditions. BapapI and 

Jacob (1982) tried various models of crop associations with perennials 

Sri Lanka. Two sud models, one for high intensityin KarxKy, 

gardening by paddyrriti-apecies cropping, and the other for honestead 

farmers, are given in Figure 4. 

Schematic diagrsna of canopy configurations of such 

high-lintensity multi-spaciea combinations have been ptsented by 

Lankajvarioua workers (Bavaan and Jacob, 1982 fram Sri Ftern ea et 

al., 1984 frQn Tanzaniaj Widagda et al., 1984 fram Indonesia; and 0o 

on). A caumon feature of all such diagrans is the locallzation of the 

various canopies 9o that they fit very well verticmlly and 

and thus minimize overlappinghorizontally within the available space 

effects with the canopies of the o-habiting speclen.and interference 

5.3. ALbxxture Seojunc 

on a site, fruitDependinq on the existing land-use 	 r&rtice 

introducing then intotree-based AF can be initiated by either 

existing systems, or Ly icmrpocating other slecies into fruit tree 

ardens. The former mn be accanplished in agricultural lans 

accordicj to the planting pttern1 described earlier. In focested 

lands varyinj deqrees of strip thinnim can te done accnrdin3 to the 

nature of tho forest (primary, oecondary or plantation) and the frutt 

trees intrcxdaced. 

The .=trate'y for introlucing other cropM 'n existing fruit tree 

qirdens inwolves intensification of land use at various grcwth stages 

of the fruit crees without altering their plantinq pattern density.or 

http:irevaI2.Lg
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his practice usuaaly does not adversely affect the fruit tree's short 

term as well as sustained productivity. Before undertAking such 

species adnixtures, the growth form and shade tolerance of the fruit 

tree, the light transmission characteristics of its nno[y etc. have 

to be evaluated. Figure 5 shows such an evaluation of the grcwth 

phases of coconut indicating possibilities for crop combi tions. 

A third possibility that can be visualized is that of ne plarzing of 

fruit tree-bdsed AF enterprises. in such a situation, the piatting 

patterns of the fruit treea and other perennials can be adjusted well 

in advance keeping in view the requirements of the asociated species. 

Generally speaking, in such plantings, agricultural sp.cies cin be 

cultivated during the intni 2-3 years when the fruit trees and other 

Ferennials are in the eirly stages of the dievelopnent, amilar to the 

Taunqya system of forest plantation esta Ii.ment (King, 1968). 

Chnopy dvelopnent over the years of the various coinjnent3 of su h a 

three-storeyed crop combintion (consiutlng of Lower, middle ad upr 

layers) L3 rEsented in Figure 6. Assuning atjzriate plant 

densities to provide a cuwpatlhle mix of sptcecl, the total canoty 

coverage of the ground Ly sud a crbination will te more or less 

constant right fran the early It.aca of eItabli. VIC.ct and thUS the 

protective act ions of the cmropy on soil as discusaed in an earl ier 

s~ection ca~n W ennsurtxi. 

5.4. Plant manirxlation 

The challenge of unac nent of fruit trees in AF does not end 

with decisions on s3pcies selection and planting arrangements. 

Rplly iisurtant is plait manipuLation sud an Frundng, training, 
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thinning, etc. These operations have to t#. carried Out On a 

continuing basis for ensuring the teist results from the fruit tree and 

for povidinq the otimum conditions for other ! eciet. .fLu.gaotiCn 

rcquireent for different spIecies vary Lnraideranl'. In rt:r=i! 

terms, poagation (nursery) , trxnsjExaiitrj, jrnenle xicnaeMaturt: 

MgnAe are the growth ibases iir~j wh1,i :rtupulatlold ; .are :uszaitd. 

(be oviou-j ditference [.,etwetn truit tret; .nd utnur wx-4' 

erennials in ,AFwith resi !ct to planrt mni.lation is that tmet: 

vegetative mass of most other woqcx ' reremaln swilI tveharvested 

pericdiLally 0eendintq on the main ur oufor wtuctl thL ' are qrcwn 

(fodder, fuel, paoleJ, (r tLn manure, etc.) (inthe other hand, the 

removal of vetpetative mazs of the truit tret-e will rux.aullv te t r 

inlrcinq fruitirKj or rtnotirm; grcwth of other deslrable jurts than 

for any econamic produce. liowever, in ,V oituatonv, nucn pcunimn~r 

will alo be necessary for creatLing more con~rnlal environmulr fuc the 

growth of other species:, or !xxnetimeu for jest and dl see :anarrin t. 

6. SaM C*i'iS (CJ IELD TRIALS WMI JIrr TRUS IN X;T(RIRy 

We have seen that the jxohxns asociated with fruit trees in AF 

are many. 'Thouh the practice i9 old, it h"s not attracted mu(d 

scientific attention so far, u that interLif icntion of such land ages 

based on the modern scientific concmts in order to increse the 

proactivity and austainabhity of the sys-tem has little or never been 

att~nipted. Research methcb to tackle such complex systans have also 

not been develoged. However, putential. gains fran sysematic 

imrovtinert of such hitherto neglected species and systcrs have 

recently been strongly u:m[hasized ty several rmi-arh and developi ent 
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agencies (NAS, 1975; World Bank, 1981). Thus it would appear that 

there exists an unlimited scope for innovative and imdginative AF 

technalogy pnckagea, as well as the ethusiasm and auport or MUY 

developnent agencies. But there are everal problems of varying 

nature and magnitude to be circumvented to get effective and efficient 

research effort on ground. 

6.1. Institutional Niche of Aaroforestr, 

All of thoe who are irolved in AF researc and developoent 

often find that one of the strcongest Impedint to AF receaxch in the 

lack of understanding of the disciplinry nature of AF. As oirted 

out by Lundgren and Rantree (1983), rigid boundaries exist at 

gover ment and administrative levels mong sepsrate depatnents 

dealing with different aspects of land Lue; these deprtents cmpete 

severely for the s~me developmental resources; the irofesnionals in 

the different departments trained in traditional dic&iplines like 

forestry, agriculture, animal husbandry and so on are cunfired to 

their own disciplire-ociented branches aid sub.-rances with very 

little interaction. To compLicmte the matter further, in man 

nationil iistitutions and international agencies, AF is often 

considered as a branch of forestry so that the reurces for its 

pxonotion and develoipent have to come from forestry's. And in all 

developing counttries, agriculture gets the lion's share of resources 

for land use activities. W~en in institutions where integrated 

researdi programs and crop diversification activities are undertaken, 

they are, understandhbly, strongly biased toward the basic 

disciplire/ mcanodity of the institute concerned. Tlius any 
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horticultural institution that might be interested in doing sane work 

on the fruit trees of potential value in A1' would do 9o with the focus 

on the fruit tree s with practicdlly very little attention on the 

other coinpnents ot the system or on the system as a whale. Thus, the 

dilerma is that AF is institutionally considered a sub-division or 

forestry, but the major initiative and potential for it have to come 

fran agriculturalists (including live stock production experts), who 

are professionclly not trained and seldom interested in AF, arenor 

their 	institutions maridated to deal with it. Men there is the 

important aspect of integrating socioloqical aspects in ary AlF 

research. So, the problem is really complex and that is the challenge 

of AF 	 research. 

6.2. 	 Priogities for Field Researc 

here is not muud Fr.nt in Zcrmulating a list of rearch 

priorities in isnlation. Apart from technical iss, it will deend 

on institutional cmpnbilities ex.d other pysical factocu. It has 

already been pointed out that a large number of issuen--biologiaLl, 

envirormental and socio-econmni--reed to be attended to, and all 

would seem to deserve equal priority rating. Ikwever, it stma to 

this author (biased, as usual, by dieciplinry interwti) that in 

terms of the practical value of the nature of results and f easbility 

of undertakirg field trials, the efforts should first be ftoawmd on 

managem st of a few selected fruit tree species and their performwox 

evaluation in AF. 2his could involve selection of garmpla,, siat.e 

trials on their pcoagation, cultural aspects and plant manipulation 

under AF combination, and the evaluation of the species = as well 
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as the Wateu over a period of time. The advantage of this apprcoch 

is that sud trials could be initiated at various levels of technology 

and infrastructure; even institutions with limited facilities or no 

formal research reouroes can undertake ziome such trials and gather 

the basic data; institutions with greater ca uiblity can c deeper 

into conducting r(-edrch on the varous asl-ects such as soil fertility, 

envirorine tal protection, and. so on, as descited earller. Sutdi 

trils need not be limited to e perimrit stations (on-station); they 

can also'e undectaken acording to a general format on cultivators' 

fields (on-fam) so that the trials will have more oocio-ecormic 

similarities to the real farmers' situations. 

6.3. Lxrrimntal Hethods and Procedures 

The ap~roach in such retearch endeavors has to czmbine scientific 

values and ecoloical awarenens, and akbJt a fra-iework that makes 

optimum use ot ailable rc--uroes. Thte Frocxuro should to aLd at 

farmers' rajuirmtnta and adbo.taility of new packages rather than to 

supply scientific data of academic value1. In order to acplijbh 

that, tne reneardi metho(bl(x]ies that hawve been developtii for a ainxlo 

crop or oryani-m, and the corventional researLt procedur.1 will have 

to be modified. As has ,IreAL been vointed out, thte scicr:tists 

involved in such studies hwe to ;hed their c.rxAn xty- and disclplin 

orientation and focur attention on the mul ti ipli ry ir-ds M. 

on than ty impLicitly xnsiderirmj thle neetb and cotlition of the 

lcw-inpxt and intL'rat& prodiction ytans. In mary zs, the 

experimental tronwork should Le keit hithly tletx ile to take 

advantage of all nr. information as ,soonas it is available even if it 
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disturts the norms of statistic al accuracy developed for onvenrion l 

monocrop field experiments. kbr example, the traditionml jrocxdres 

stipulate to have several yedrs of experimentation with a fixed set of 

variables to gather 'valid* conclU~ion and re =niexdItions on the 

feasibility of an agrononic practice. z'ucb luxuries cannot Le 

afforded in AF researct at this sitagte. 

Sane AF methodoloqy deainers have teven gone to the extent of 

totally ruling out the aplicaility of cnventomll experimcnt 

station research in ,F. urn example, Paintree (1983) arques that 

produition o1Kltons en Jay&ty research stationa and a sAdect group 

of "hiqh access farmieTs are suc~h that the more 1=lting pro~iution 

factors are routirlny topped up to optizmal levels ty input! fran 

outside the systen, vnd, theretore, suc:h cowiitions are not 

repre-sent.ative of the world outside the atjricultural latoraty. 

While it is likely that £mne f the Nr-er(:;ltic intercroucvan 

potential and canplenentary interactions of MFare txtter uanifested 

under lcw-input conditions, it should not be forgotten that expieriment 

uNtion researchers Lb not alw,,qs confine their trials to hic).-input 

onr..tionos only. Moreover some of the basic aspects of am.ponent 

behavior which are so essential for understanding compoent 

inte.a&tions and system dynamicb cannot be properly understood if they 

are not investigated in rather controlled situntions an in research 

stations Therefore, what is pcagnatic and desirable is to modify the 

conventional experimental procedures to the special needs and demankdo 

Of AF. 

ICRAF and other organizations involved in AF resard have mnd 

sme efforts to develop methcblogies for AF reearch in ackmrdrnce 
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with the atve considerations. A diagnostic and design (D&D) a[pxod-t 

has been developed ty input fran a muitidiscipli "ry team (ICRAF, 

1983), which describes the step-wise procedure in initiating an AF 

study. Methodologies are also being formulated for specific 

experimental needs. Ebr (1984) haveexample Huxley and co-workers 

assembled information on the methodologies for evaluating mulipurpose 

nitroqen-fixinql treei in AF; proc.kireo for land1 evaluation and
 

tuild-up of envirorvmiertal data bases have teen 
outlimd by You'.g 

(1983) and Lwrnhfer (1984). 

Huxley (1983a) propoaes the use of uystmLatic and geometric
 

designs for tield experiments in AF, which are Led usu lly for
 

initial scretninq of a lar(je number of sv, s. Brtwtaker (1984)
 

advocAtes thneLe of autenteJ ded8 ,is for 
 trials with tat (Irowing
 

tree specien. That de'si(;i Loo haij xine I itations in ,k"
 

applicatioru. his author ha.s retxmnrxed a inore corwetIIonal
 

Split-Plot IDesJi for a etailled field experiment in AF (Pe-earch 

project pojusal for tikrcw intercropx[niq in Itidiako3, Kenya: C.
 

SekatxtAe, 1984; unpxlishcd). 
 In AV t rials with truit tr cs, xy or 

1ll of thesC Lie!ins cin te a(bbt#,] dperlinsj on the main objctive. 

If the ica is to test die ftisihil ity (f a ninber af agricultural 

species as LZ~derster y crqow with a ftw fruit tree .;-dcies, tho 

sySbtemltic (e 5il will *,, a( Va~a,?eccUS. .ugnented Liesiqn will tv 

appro riate the jt xtive isif o to evaluate a ftw litt e-tuditex truit 

tret,_ ard cc-nnre them with better known qeciec; of .ixre or less 

similar qrowth, anl at the -ame time, ollec.'t more d6tailtxl informiation 

on the better known sp-cies. A Split Plot exvrimeit iz more suitable 

if more margan, nit (agronnic) variables are einx invcstIyItcv in a 
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sel xlted trce-cr(cJ mixtur±3. F ure 7 outlJPs tth±±e t4riree im. 

T'lh underly nq principle in LLI the experimental procx.-crt-_ in AF* 

should Le to strike a tLal-nc. j ccepted scititi ic 

(dLiscipliNIEy) nor:c; on the owi l.und and o.tliuii uae u th',c ,c4rLx

retxarA1 rcnwurcvi; on rhe otfler. 

6.4. 	 JnLCj~tw k Eir io n roi eoc Rtu
 

'Ite ic'-ucorac wn in s'yt-,xn
r)lat- Ori ilrM'ovtid A with 

truit tree, harce i:en di cua;:ed I.n i ir %,iotzl xc-tio.v. Similar to the 

modtiu neetid tor ijiy intj r,:AeirLI1 prox4.!urtmi of ur'entiortUitionu; 

dlsirElmi to AF, .i c.noqe in the traditioil thiuLiri on e,.vroxic 

afglygi iSi , to LviLUt#. UIe Lttur ir±tfnLAve, Le:xurv 

efficient, ;Utairitlite, AF tly Tens ot tle zmall txIldi;jV. tne 

appraiches in thisi direction h.,e Lven [oixAd (Etblerirnjton and 

Mttht-w!-, 1983; Hoekstra, 1993; R5intree. 1983; Armlid, 1984). One 

imrneLitte conizxxunc- of the mtlt -ixttlt naturc- ofo AF prordution 

systens is that their [prcxb~tivity ainnot be asix.mo.d vy conventiornl 

measure _ of yieldi per unit area of _eurate cominents t.Lken 

indivickilly, but some mcdificaLitoc o these prodictivity 

medsuranents whLtd take account of their not value to the [xdticr. 

'flus interpretatlon of redsearai results in AF has to take into account 

the social value also, and therefore it tps xmes more difficult and 

locatiorrjecific than in the case o ofwienticmaI discipiinary 

experiments. 

The same applies to extrapolatLio of research results too. A 

particular AF practice may cause substitution of come ixmrce resource 

or soe other form of econonic comploimentarity in the sharing of 



Tree 

0 15 

IIi~~~ I________ ___I 

Mlitter 

Crop 

. SYSTIATIC DESIGN: Two superimtupd xrallel r cdesigns for 
testing the effects of simulltousiy cihnqnq plu'.t densit, in 
both a tree and a crop species. If the tree irallel rcow is 
extnded a secund crop layout could be fitted in (Huxley, 1983b). 



rrea tn ets 

Replizated 	 Unr epl icated I 

Rep. I C A B I D I E I 

I 	 I 

Rep.II I B C 	 I A F G 

I 

Rep. IlI A 	 Il C H I
I 	 I I 

2. 	 ANXMWJTLD DESIGN: Lai-out ot an augmented design consisting of 15 
plots, 3 replications, 3 replicated treatments arAd 6 unreplicate! 
treatments (Brcwbaker, 1984). 

Block I I I I I I I I I I I I I I I I 
I b I I I I I I I I I I I I I I I 

AB 

A, B, C - Main plots (fruit 	 trees), randoized 

a, b->f- Sub plots (agric. 	species), randomized 

3. 	 SPITF-FLOTr DESIGN: La -out of one block (replication) a 
split-plot experiment consisting of 3 main plot treatments 
and 6 sub-plot treatments; other blocks of similar type; both 
main plot and sub-plot treatments to be randomized 
throughout. 

Figure 7. Sane experimental designs for field '-stinx of arIforestry 

schanes irvolving fruit trees. 
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resources. in axother situation with sinilar btogiyaical ewviroment, 

tut with dissimilar iocio-econnmic codition, the [cactice ould te 

equally [roductive biioqiL aly, but less attractive in socio-eorn tnc 

terms. This is especially true in the case of fruit trees beciuse ci 

different food habits an]d varying der .ut of suttltution of stapie 

foods, ty Exoducts of ftit treen. Morecver, in remote areas9 with 

severe trans[Drr tottlteck., where farmers are rorLxd to [xccici all 

basic neecfj (food, fodder, fuel, cash) lo mlly to the extent Eutjaitle, 

sucth fruit trees will have adcked social value. 

The point tt at gets strenqthened fran all these dlisctzaicns is 

that formulation at research plans as well as nterpretation of their
 

results has to be very locatiorr-sicific 
in all AF trials, epecially 

those involvixj fruit trees. In other words, there crivt be a set of 

uniform troopsar. all situations. W en within a locLlity, a 

"cafeteria apgroach" (&-ir, 1979) han to be devel(4ed o that the
 

operators/recipients 
will have an array ot choices frcn which to 

sele t bxscd o:i their reurces, input rquir mvts and output 

possibilitiei. The additior-l intormatIon cvncrnirx the various 

aipects of each of can bethese options store-d in a data hank so as to 

advise the users in the merits, raquiremeuts, driwtacks, etc. and help 

thein in the cecision makinj prooesa. 

7. [1LMUICUNS 

1here are innumerable exampls of traditlorul IF systems snd 

practices in the tropi" inolvimj a larip ntxtvr of fruit trew. 

Athoug*h a considerahle amou-nt 'f re-earc has been dbne on sone 

tropiotl fruit trees albeit with the Lvrvcmtiorll ronroultural 
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perspective, the fruit tree-based lP systEns have not received 

research attention to any sutctantial extent as is the case with all 

l1w-input traditional AF systems. 'The foregoing brief and sketd"y 

evaluation of the [tential role of truit trees in AF svst-,, reeals 

that there are some distinct eruironmental and socio-onrWXni 

advantacges in Lbooslnq fruit trees, as anmAurei with other woc/xy 

species, as the Aerennial plat Luin[iornts or AF sy± n..s. 

While selectinj the wocd ertyndial mxnVfnerit ot A' u'jsten, the 

emphasis is on multipurtv! sp;ecies, i.e., iecies that pcrducea 

multiple outxts and/or performs multiple roles, in irtnrtosinq the 

produictivity and/or sustainability of the uy's-tm ot whiLh it will form 

a conponent. Most of the fruit an nut producin' treets and shrutW 

have the added value of producing vrious prcduics of brzrwnue 

nutritive value in addition to their evrironmt=.l [voteition role, 

and are therefore enlrntly suitable for AF. iwqtver, since they are 

usually not harvested for their vegetative mast, such as fodder, 

fuelwood or green manure, fruit trees are not to be the preferred 

species in those AF systems in which the primary production function 

of the woody perennial is to produce such non-edible veetative parts. 

An evaluation of the ewvirorinental aspects of fruit trees in AF 

reveals that there can be significant advantages of soil im4cvement, 

microclimatic amelioration and environnental protectlon in fruit 

tree-based AF systems. The maintenance of an increased vol ume cf tree 

canopy by fruit trees (because of minial pruning) can be advantagm 

not only in leaf litter production but also for increasing the awount 

of plant cycling fraction of nutrients. Thus there are strong 

Indications of better organic matter relations (and all the 
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consequential benefits) and imc~oved nutrient cycling (and therefore a 

better nutrient economy) the soil-plant system in fruit tree-besed Af 

systems. Mrever, through apropriate planting arrangement and other 

managenent schedules, fruit trees can also tv used for soil
 

conservation and as shelterbelts and windbreak.
 

In socio-econamic terms the fruit trees have a special
 

siificane in the ontext of -,nall hal c,.r 
 farming systems. By
 

virtue of their various roducts and y-products, they can be an
 

important ontributor to the cash econany of the small 
 farmer. The
 

possibility of 
 staggering the prcduction fran fruit trees that have
 

aseaaonad production habits offers 
a means of reulated supply of 

minor food stuffs in lean periods of sta le food availability, as well 

as provides tiod to the oncarih farmer a continuinq basis. Generation 

of increasied labor [ntential a1K1 minimizition of the risk of 

monocultural farmikj are strong factors that can ww-rtiaall viate the 


caused by underarploynxnt 
 and instahil ity that are chiar oc.zistic-j o
 

the r esource- puor z-nxlihlder tannimu systans.
 

These suqqeste! advantage and attritutes of fruit tret-baod AF 

are only concepttal. 'Ihfy need to te validated ty extensive field 

trials. Researtl1 information on thes-e anp cts very rtxligntary ifare 


not non-existent. 
 'he extent to whidh these potentials cn te 

exploited de[vn s on a lartj nhMtr o envirorn.ental factors and 

mzuamuq exit con.Uc rations. Uioicr ot al epriate s[iecies, the inttern 

and den ity of their p untint, their rmi, nert sLhcxktjes, and 5) on, 

vr.re to te carefully determirvd to suit sp-cific r quiranents of each 

site. BC-ItISe of the extrt ne locato1-s[rcificity of all [tacticn 

and their strong links with prtvai.nq socio-cultural conditiens of 

http:prtvai.nq


il I 

the stL/d, area, it is difficult to cnne up with specific
 

recur nendations on these manaclnent aspects.
 

(brventiornal methodi of
and procedures field experinwntation also 

need to be modiried in A ' re earcll. 'Ihe agxcu± shokad be to strike 

a balanme Wtween the accited norms and procedureJ or disciplin ry 

researct on the orv hand and derivirkj the max.mum irurmat-lon with
 

limited re.x)ureXj in mflort time .uuale the
as a a- oo other.
 

InterireLtion of 
 researc results will alWo Lt difterent ra-n the
 

conventiom1 [rot.xdrc-i in morxcaJ, tural systium; wn.re 
One is dcal iN
 

with a sin(e cXmnodii often with no retmrd to social factors. The
 

value of the F- oducts and tener its frcm intetjrateo V? sdytutrs, 

especially thot-e invalving truit tret#ti, cannot always be r'ilisically 

JS3eSSed and exlicitly excrwiued in quantitative terms, Xad this h.U 

to be taken note of while extrapolating such researd results to other 

areas.
 

Integrated AF systans involving fruit trec-i an
as a coach to
 

land use is emirnently suitable to the small holdeor farmin systes of
 

the Asia Fncific region and other thickly populated areas of tshe 

world. In order to realize its potential fully and to make the 

practices and systems widely abptatile, concentrated efforts in 

research and developnent are needed at various levels. The [vesent 

institutional arrangemt of clear-cut dtar.irctions among the mandates 

as well as activities of various land-wxe disciplines suc±h a3 

agriculture, forestry, and livestock production is an inpediment to 

successful implementation of sud inteqrated programs. But the 

potential is so bright that these problems that are not---o.

insurmotuntable should not be allowed to hirxdr the ways to realize the 

beref its. W.RJORL ITRY CANNYT WAXI. 
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