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A soils scientist by training and a Senior Research Sciemtist of
the Internmatiomal Council for Research in Agrotorestry (I(RAF) by
deaignation, Dr. P. K. R Mair has bteen focusaing his researan
attention upon foodcrops/woody perenntals/solls relationships and
their influence on the productivity and sustainability of agrofcresery
systems. [t was on these basey that he wag {rwited, fran July to
Septanber 1984, to serve ag a Research fellaw in the Bwiroment and
Palicy Institute (EAPI) of the East-West (enter. Hiy tems of
teference during his three-month viait included the repration of
this Working Paper covering the use of fruit trees as the jerennial
component of troplcal agraforestry systams,

The topdc s far fram trivial, It has been noted that, for
obv lous soclo-econanic reasong, famers refer wing fruit trees over
forest trees in thelr agroforestry famms., On the other hand,
foresters have veloed strong objections to the use of "non-forest
trees,” primarily because they fear the conversion of hilly focest
lands into agricultural lands, and because they bel leve that the wide
spacing recessary for frult trees would effectively redice thelir
[rotective rale on sloping lands, Dr. Nair'n working paper would
clarify some of the contflicting lssues and indicate in greater detail
both the productive arxd protective rales of fruit trees in
agroforestry systems,

It is hoped that this paper would provide forestrvy land use
planners and policy makers with a clearer inderstarding of the

benef fts of using frult trees in place of the traditiomal forest tree
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species in agroforestry. In gaining such an wnderstandiryg, these
resource adninistrators may become better inclined te aceepe
agroforestiy as a sustainable land use system rhat 1s comgatible with
the objectives of sustained-yield forestry management., 1This
acceprance may lead evertually to the forging of a strong pactnecahip
between foresters and famers in restoring the productive amdty o
degraded uplands, or inmaintaining the productivity of fragile
highlanda,

NAROLEN T, VERGARA
Research Asscciate
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SLIMMARY

A quick overview of the existence of agraforestry systems and
practices around the world shaws that a large number of trees and
other woody perennials are essential components of mary tropical land
use gystems. Theoe include veveral fruit-and nut groducing trees and
shruts ("fruit trees”), especially in the integrated =malltalder
faming systems of the Asio-Pacific reyion and other thickly-populated
areas of the tropics. Most of guch gpecies are under-explatted and
are trerefcre only wed on a |imited scale., The paper exaaines the
erv iromertal and socio-econanic advantages of such fruit trees in
comparison with other woady perennials as components of trod cal
aqraforestry gystems and discusses the probldans and prospects of
popularizing such systems., Most of the frult trees are animent
multi purpose specles becawse, in addition to their erwirommertal
frotection value, they alwo troduce variows products of trmerome
nutritive value, A summary acoount {4 given of the growth torm and
crop praf iles of 30 frult trees that are most common'y wed in
tropical agraforestry gystemd, While most other wowdy comporenty of
agraforestry can be harvested periadically for their vegetative mass
as fuelwood, fodder or muldy/green manure, fruit trees are seldom
harvested for ¢ich nonredible vegetative rts,

The erviromental merita of fruit trees in agratorestry systems
stem fran their micro-site enridment and macro-aite amel loration
capabil ities, There are strong indications of better organic matteg
rtelations (and all consexjuential benefits) and improved nutrient
¢orclying (and therefore a tetter nutrient econany) in the sotl-plant
gystean of frult tree-based agroforestry practices. Moreover
aprrope{ate planting and manpagement schedules aan b devised for wing
fruit tzrees for aoil mneervation and as windbreaks arsd shelcerbelta,

The major gocio-econanic benef ita of wsing frult trees as
component s of agraforestry systems can be summarized as: production
of variow prodicts and by-froducts, reqular contritution to the cash
eoonany of tne famer, posalbil ity af staggered production of minoc
foodstutfa during lean pecrliods of staple food availability, generation
of additioml employmert potential for the famer, risk minimization
and econamic compl ementarity in the sharing of scarce resourcos of
roiction,  Because of the location specificity of thene values and
benef its and their strong links with the frevall ing socdal hahits of
the local ity, these values cannot be predisely assessed and expl lcity
expressed {n quartitative temns,

The extent to which the suggested advantages can b real ized
depends on a large number of erviromental factors and manigement
considerations, Althouch the location-specific nature cf theoe
factors recludes any spedfic recarmendations on these, a general
acoownt s presented of the criterla in the cholee of species, mttern
and density of their planting and their mamagoment schedules,



Agroforestry research demarkis 2 thorouch modification of
conventiomal norms and procedures of discipl inary reseacch. The
apgroach should be to strike a balance between such accepted
procedures on the one hand and deriving the maximm infommation with
limited use af resources in as short a time as possitle on the other.
Similariy while intergreting research results and extrapolating them
to other regions, the soclal values of the products and bteref its al@so
will have to be taken into account,

The otentials offered by fruit tree-btased agroforestry systems
peems to be s0 pranmising that there is an wrgert need for mobil iz ing
resources and {ntensifying research and develogment efforta in this
very pramising, hut least-studied field,




1. AGROFORESTAY STITEMS OVERVIXW

An lrwentory «f agroforestry (AF) systems and practices existing
in different parts of the world, with special emghasis on the
developing countries is currently (1982 -~ —) being undertaken oy the
Internatioral Jouncil for Research in Agrcforestry (ICRAF), 1The
project aimg at collecting, wllating anxd synthesiz ing {nformation on
praninent and pranlaing AF and other related land use gystand with a
view to preparing a state-af-the-art of glotal AF, idertifying the
wnstraints, weaknesses and merits of major AF gystems and assesaing
their research needs. A large numter of active AF erthunlasts and
other knowiedgeahle fndividuials and 1nstitutiony around the world are
collatorating in the task, mainly as cssource wources for data
qathering. Before inttiating the formal data @athering for the
roject, availahle infcomation on the suject was [t together as an
"AF Systems Overview Tahle® by a group of regresentatives fcan
different geograghic revions of the developing world who attended a
planning meeting in Nalrohi in Decomter 1982, Though {t did not
ontain the structural and functioml details of the gy stana
mentiored, the Tahle gave a summary acoount of the diverzity of AF
systeams and practices ss known at that time and it was widely
publicized as a tasic dbament (see Agricultural gystems, 11
(1983) :191-194; Agroforestry Systems 1{1983) :269-273, and so on).

The "Systemg Overview Tahie” was updated recercly (Matr, 1984b)
incorrorating new information that has since acamulaied £ oam the
troject. It is presented as Table 1, [t is an alstract Table,
Cerived fiam detailed {nfommation gathered amd stored at IRV, As an

ampl if ication of the Tahle, a more detailed acouwnt of same ot the
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praninent examples of such AF systems and practices with emghauis on
the woody species invalved, ‘s given in Tahle 2,

Thece two Tahles give a summary overview of AF systeans., They
indicate that AF 13 wide-sgpread in the developing coutries in almost
all ecwlogical regiony, If viewed with the traad conceit of AF as an
approach to land use irwalving del itecrate retencion or tnclusion of
trees and other woody pervennials in the crop/animal trodsction tileldn
(landgren anxd Raintree, 1983; Malr, 1983a; b), it can te £and that
several of the exsting land use wystemy encxmpass the oncept of AP
althouch they have teen in existence over a lorny period of tirme,
without being known by this celatively now nare,  tHowever, the
greatest difficulty in Jdescribing AF systemy g that quantitative
infoomation doet not exist on the structure, function, drmamicy and
other operatiomal aspects of the oystems 90 that a woncise and
critical assessment on the rale and contrituticn of AF to the eaonaoy
and developnent of the countries concecned is pgsaihle at the mmert

only in qualitative tems, which lg not aften very appeal ing.

2. WO(DY PERENNIAL FLANTS IN AGROFORESTRY

2.1, Agreforeatry Specien

Since agriculture and forestry (in the widest sense of the terms)
are the two mxjor land use activities, most of the ecoxmic plants
that are widely cultivarea! ty man are also wuwally considered to
belong to these two categories. And, thoush not tnsed on any [rocise

criteria, there is an apmarent distinction tetween these two groups of
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fran an econanic and to some extent btialogical (with impl fed
sionif icance on plant management) points of view, a distinction can te
dravn batween fruit trees and other woody species used in AF,

Keeping in view the afore-mentiored aspects on the
charactecristics 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 ore hand, enhance thelr value or, on the other, diminish
their suitability for ary particular system, It is impnrtart to note
in this context that the two main distinct attritutes of AF are
production and gugtainability (protection), and the woady perennials
are expected to nlay a major rale in toth, especially the latter,
l.e., imparting gustainabllity to the system, All the imxoctant
factors related to this uwitaimbility aspect can be cornaldered undec
"erv frormental ® whereas the production aspects have to be 1inked with

the mcdo-coonanic setting,

J. ENVIRONMENTAL ASFECTS OF FRUIT TREES IN AGROFORESTRY

The major ervirommental agpects of £- it trees (and other woody
perennfals) in AF {and, in fact, in ary land use gystem) can be
grouped under two yroupa: sofl and climate, with variow processes
irvalved in each. Of these, moil-related aspects are better
doamented. While examining the il productivity aspects of AF, Naic
(1984a) stresed that toth micro-site enrichment (soil fertility and
productivity) and macro-site improvenent ,soil conservation and
ecosystem stability) by trees are net cffects of several factors, He

grouped these tactors brandly under =oil fertility and soil phyaiaal
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Flgqure 1, Schematic presentation of the rooting pattern of an
adult coconut malm (Nair, 1979, fram Kushwah et al., 1973).
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quantified, chere is aloo a process of "plant cycding® of nutrients,
It represents that part af the total uptake oI nutrients whidy is
aqain leached out fruam the veyetative urts through Crown washout,
occurring as canopy drip and stan fluw, Althoug this hendarenon Ls
usually not recoqnized in nutrient oyaling studies, 1ty awpitide 1o
of importance, especially in Jecrdoows trees,  The presene: of this
fraction, which ia circulated within the ecowystan, 15 3 sort oL
"necegsary waste® (Nair, 1979), and 1t i{ndicates the anount of
"logeed” of nutrienty that mwt te acannted tor while calculatung
nutrient budgets of plant aumnities, ‘The total ot Lrwvalved in
this cyd ing depends on the nutrient wortent of leave:s, the intenaity
and frequency af tadn, the age and arrangement of leaves, and Lo on
{Wrich et al., 1977),

Fran a wmnbque stuwdy on a woonut-tased system tn India, 1t has
been brought out that the (rewence at moce plant cover on the
plantation tloar tncreases plant oycl ing fraction of nutrients (Naleg,
1979; khanna and Natr, 19680). Khanm and Nalc (1980) estimated that
out of a total annual potagatun input of 353 kg/ha to the moll-plant
system {n a pure stand of reqularly fertilized and well managed
ococonut (almy {n the west coast of Indda, 150 kg was returned to the
o0il after teing taken up ty the plart throush cycl ig within the
plant system (unavoldahle “loss®). In a crop ambimation system of
cooonuts plus @cao wnder simar envirommertal conditions, this plart
oyaling fraction was {inaeased to 237 kg and the direct losa by
peroolation teyond the root-atsorhing zone was 55 kg/ha as ampaced
with 114 kg/hv'yr in a ole crop coconut system. These plart cycling

flues represented 33 ard 35 pereent of the total fertilizer addition
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fran the aole and mixed (with cicao) plating of wwonuty nder the
climatic conditions prevailing in the study drea (Tazles 4 and 9),

The increase in the proportion of the plat-cycling traction of
nutrients as a4 wnoequence of increased plat aver on the yroand
facilitates not onlv a reduction Ln the direct loss ot nutrients, Lut
alaoo enahles the plants to meet  the demand Lor nighly roaile
nutrienty, like potassiun, when the platy' oetalol lc feed are not
fully et through external inputs, a3, for exgnple, N seasong of
ntinved heavy raings (Malr and Khanma, 1978) . e of the ceans
through which thiy phenanenon ojerates tn a mled wwmatty o placs
{8 a larger rooting valune, irce the tranusport o autglents telow
the rooting zome 19 a major wrenue tor the drect logs ¢f nutrienty in
monocul ture agriculture, the rate of that provess can e woralderanty
reduced In mibeed plart aumnity oystems where the total w0l valune
at root explottation will te lacger as discussed, anxd woroequerely the
anounts ot nutclent loss less,

There 15 aloo evidence af conplanentacity 1n ehe irteractions
tetween aangntitle plart Stedes, resulting tn the tuild-up of oofl
tertility wder a mixed crop commatty s ooompacad to e tole crop
(Nalc andd khanna, 1973; Naic, 1979; Xhanma, 1981). e of the reamcna
that conteitute to this vomplanentarity would te the {ncr eased
activity o tereficial migoarganians, such as the tree Living
di-ndtrogen-tixing bacterta, Beiiecinckia up.: chosinate-aoluntd wers,
sudh as Agperglllug naded, Sseudononas Sp. 0 and others productng
qrewth - ranoters, such an glycerine- like sustances (Gl and {ndble
acetic acld (IAN), 1n the chizosphere of the CTOp amiimtion, as

ddscussed by Yot and Rao (1977,



Table 4. Arnual Fluxes of Mutrierts in Pure Coworut System (kg ha)
(Khanna and Mai:, 1980)

MNo. Mtrient fluxes N P K
Input
1. Precipitation 2.3 4.8 5.0
2. Fertilization 175.0 49.0 3148.0
J. ‘Total (1+2) 177.3 531.8 353.0
Qutpyt
4. Nuts 120.0 7.7 71.3
5. Leaaveg 33.1 1.8 13.4
6. Smathes and rachis 0.4 0.1 0.3
7. Permlation (3-4-5-6-11) 20,5 - 265.0
8. Total (4+546+7) 174.0 11.6 350.0
Incrementg
9, Stem 2.3 0.1 2.0
10. Rootg 1.2 0.2 1.0
11. Total (9+10) 1.5 0.5 J.0
12, 2lant ¢ycling fraction 0.0 0.0 151.2
13. Total uptake (44546 +11+12) 157.0 12.1 39.2

14. /\ woil store (3-8-11) 0.0 41.7 0.0




Table 5. Bianass and Nutrient Flwes in a 30 Year-Qld Cooonut Plantation
With 5 Year-Qld Cacao (350 trees/ha) as Mixed Crop
(Khanma and Nair, 19€0)

Bianass (t/ha) of cacac

Annual productivity

Plart (arts Stores (net assimilates)
Beans 1.35 1.35
Leaves 3.20 1.60
Stemsg 4.32 1.60
Roots 1.75 0.65

Total 10.62 5.20

Eluxes of nutzicata (kg.ha~l.ycl)

Ntrient fluees N p K
Input
1. Ool. 3 of Talle 4 177.3 53.8 353.0
2. Pertilizer for cacao 35.0 6.1 " .7
3, Total (1+42) 212.3 59.9 193.7
Quput
4. Coconut parts (44546 of Tab. 4) 153.5 11.6 5.0
5. (Gacao bteans 9.0 2.0 3.7
6. Percolation (3-4-5~10-13) 8.9 0.0 274.7
T. Total (4+45+6) 171.4 13.6 3J64.4
Incrementy
8. Ovoorut (Col. 1l of Tab, 4) 3.5 0.5 1.0
9. Qo (stem anxd roots) 9.0 1.8 9.0
10. Total (8+9) 12.5 2.3 12.0
Rlant cycling fraction
11. oonut-washout 0.0 0.0 151.0
12, CGaco-washout 0.0 0.0 69.2
13. QG@o-fallen leaves 28.4 2.7 17.3
14, Total (11¢12+13) 28.4 2.7 237.5
15, Total upeake (4+5+10+14) 203.4 18.6 339.2

16. A\ =il stores (3-7-10) 28.4 4.0 17.3
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The teref icial interaction effects of plart associations
invalving some woody perennials (primary’y through nitrogen fixation
in several AF gituations have teen reforted in quartitative terms.
Examples Include pAcacia albida in the miliet and reanut rreduction
areas of West African sahel (Felker, 1978), 2IQuopis 1ulirlogy 1n crop
mroductlon tields in the arid and semi-arid Western (acts of Iixdia
(Mann and Saxena, 1980), casuarina oligodon th wetee odiction
gystems of the highlands of Mpua New Guinea {Thiagl irxgem, 1983;
Bourke, 1984) etc,

Althouh such quartitative figures of xmplenertary Lhtecactions
are rot available fram frult tree-based AP systans, the existeroe of
several such very productive and swtainanle systems {e.q., in the
haneqardens of Southeast Asia: Vergara, 1981) Wiexrsun, 1582; wWidngh,
et al,, 1934) is a good lndication that such phenanera of efficione
nutrient cycling and canpl imentary intecactions are operative in such
sy stems,

The major avenve of output fram the total system is ®export”
through harvested produce. Such exports zre generally more foc
agricultural crops in tems of the total quantity removed per unit
area and unit time. But because even repeated harvests do not amaunt
to destructive harvesting in woody perennials, the rates of thelr
"export® out of the moil-plant system are relatively law compared to
those of agricultural crops. Thercfore the rutrients that are roroved
out of the gystom too are relatively low. Alvim (1981) pointed out
that the products harvested fram tropical plantation crovs (rubber,
vegetable alls, fibers and stardy foods) are tasically composed of
crbon, tydrogen and oxygen with only a amall fraction of mineral
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elenents extracted fram the wil, In other wordd, these cxops
"export® fram the fleld mainly elements extracted fram alr (carbon and
oxygen) and water (lydrogen), leaving only very litle &ress on the
mirecal elenents {n the svil, 1The situation I8 more or less the sume
in the case of fruit trees also, This is a major difference between
the fruit trees and other woody perennials that are frequently
harvested for thelr products for off-fam use such as fodder ard

f irevood,

Moreover, In AF systems conalsting of commeccial crops ) lke
ffee and cacao under tall-grcsing shade trees, the net hacvest
output of nucrients fran the commerical crope ls amply compensated foc
O autrient input by the shade tree leaf litter alone. For exmple,
AranGiren et al. (1982) studied the Mazritution of fluwes of nitrogen
ln sane purts of wffee and cacno plantations uider chaks at a tyidaal
hichlandd location {n Verezuela (1380 m atove nea level), 1The N flaw
agoociated with litter tall in the ttee system was dminated by the
shade tree (Broythrina sp. and Inga ap.) fraction amounting to a
transtfer of 86 kq 'ha/yr af the total of 189 kyp/ha/yr. The N outpt
(export) tram the aystem ty havest (17 kg 'ha'yr) was thig auch less
than the contrilution (inpur) ty the shade trees, The average litteg
decomposd tion constart (k) of the thak tree leawes, expresond in
terms of N, was es.imated to be $.5, wjuivalent to a halt~life
aptroximately 2 months., The caco system conststed of 302 kg N dn
the plants, of whi o woaly atove-grond pazts madke up 50 pecoert; fine
roots and leaves ointaired atout 60 kg N'ha. Litter on the a1l
surface, sampled quarterly, was found to cortain an annual verage of

37 kg Nha, with shade tree lewes makimg up 61 percent af the total,
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Out of a litterfall raie Gi 2,500 ay dry matrer 'ha/yr. the shade tree
leaves accounted tor 50 percent. The rate of N transfer by litter
fall was 321 kg N/ha/yr, decomposition constarts (k) for shak tree
leavec and caco leaves teing 7.7 and 9.5 regpectively, MNitrcgen
output by harvest was atout 45 ky/'ha/yr, with arout 20 ky N Lerny
returned annually to the field with cacao pod shells after [rocessing,
It is of conatderahle significance that Sesides the nutriont
compensation of the harvested prodice by the shade tree leaf litter,
much of the shade tree leaf litter nutrients cculd te fram soil
horizons deeper than thove exploited by coffee of camo and posaitly
fran blological di-nitrogen fixation oy the shade trees. The
situation can be fdentical In the case of low—anopied fruit trees
such as quava, ramutan, sagote, [apaya, and so on, grorn under tall,
denose—caropled shaoma trees.

In ommary, plart autrients are {rwalved (n a constant and
somewhat clooe cycling within the soil and plant compartmertys of
tree-based ecosystems, with minimal output (loss) fram the Oy stenm,
The extert to which the system la "cloesd® or "open® will depend upon
variowa factars, the deciaive ome being the tree-crop roportion,
Dven in agraforestry systems with a high proportion of woody
perennials, the frequency and method of harvesting their froduce, the
structure and density of the root system, the type and magnitude of
disturtance (including management) to the yystem, and the spatial and
temporal arrangement of species are among the important factoes that
contritute to the effectivenrss of the mtrient cycling processes (n
g0l productivity. In frult tree-based AF gystons, the wneral

tendency is to mairtaln an {ncreased valune of tree ainopy (becnuse of
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minimal pruning), which could be a plus point not only for leaf litter
production but alsoo for increasing the amount of plant cycling
fraction of nutrients this leading to a hicher nutrient cycl ing

efficiency in the soil-plant system,

3.3, Sofil Congervation

The establimiexm of a vegetative cover {s one of the most
e¢ffective ways of soil and vater conservation. Wwhen the [xotective
caver of vegetation on the il {a remcved, the structurally unstahle
tropical soils are exposed to the teating action of ralng. Loassa dve
to erosion irmediately after land clearing are nocmally alacningly
large. Experiments at the Internatiomal Institute of Trontaal
Ajriculture (IITA), [adan, Mogerfa {ndicate a st} loas of up to 120
t/ha {n the cirst year after land clearing (Lal, 1974). As i3 well
known, the magnitude of leas depends upon several ftactors, such as
erxiihility of the wofl, eroatvity af raln, alope, veyetation types,
manxygemernt jractioes, ard so on.

The (otential rale of trees {n reducing runaff and eroation loases
{g well aprrectated and understood,  The litter and the humlc layers
on the aoil surfae act ag a cushion against erosicn.  The txesence cf
more oryanic matter on the soil surfaoe increases ooll's irf {ltracion
Q@acity and erhances {tg @gacity to alsord g wall as retain water.
The pysionany of matural torest commnicies iy such that {t irovides
a multi-layer defence against the impact of rai ndrops. The different
strata of the canowy [royressively reluce the foroe of rain, therety

reducing the adverse effect of the {mpact on the il helow,
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The soil conservation bencf it of woody perennials can
conveniently be made use of in AF {n variowm situations, especially in
areas with steep alopes and ralling topography, Wiersun (1984)
revioved the quantitative data cn surface erosion 1n variows torest
and tree crop systems and evaluated the effect of trees yrawn {n
combination with agricultural crogpo on raintall eroafvity, woil
erodibil ity ani soll suriace protection Cadrey the data fzam variows
places, he concluded .. .t in AF there exigrs the [oustbil ity that
coalesced rainirops falling fram high canopy spedcies may cause more
damage, than the rain {tself, to the aoll, n the other hand, tree
c@noples may alao alichtly decrease the mmount of water teaching the
91l and thus decrease the hazacd for runaft and cill erogion
Qv iowly meveral canopy characterist{cs such au CTOwn archiftecture,
extent of ground cover, tree !{canogy) helcht and size ard joaition of
leaves will {nfluence the met balance of these two cortrasting effects
of trees on rainfall erosivity. Morecover, the tree/crop ratio and
mamgement practices are the xey factocs in this reqard too,

An incrence in the swceptibility of soil to ercaiom (sofl
ecodibil ity) has been reportzd from a few AF gystams (campared with
forest ecogystem) such as the Taungya gysten {n Kerala, Inda
(Alexander et al, 1960), Leucaena lrzucocephaly systen in the
hilipoines (Baconquis and Rondilla, 1979) , Tarmanda (Lundgren, 1978).
Hawever, not much research infomation is avallable to judoe if sofls
nder AF may develop lower erodihility as compared with soils under
agricultural cropming. Predictions are that it ia very likely
(Lundgren and Nair, 1984; Nair, 1984a).
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such as pest and dlsease managument 1n agrororestsy stures, the
ef fecty of sudh mixtures on avian popalation ete,  Sut thefe afe N
experimental evidenoe un sudy 1sseey,

Thug it ig clear that there are several erviiromental advantages
of Including trult tress; Lo AF sfyotang,  Saite O thdl afe aaamn to
all trees, tat aome age speciltc only tu roat trewed,  The degree of
succeds and the extent to whidh the tenef ity an e taad lowd depead on

the location, the species yivalved and thelo mnagenent,

4. SOCTO-HXINCMIC ASPECTS CF FTUTIT TREEL DN AGRCRCIENIRY

4.1, Prudt Trees ALQLopeitoy and the sSmall Fagm

Aqrolorestry wystoms Liwalving Lot trees are post oammonly
tound in the andl tam baldings tn most gty ot Asta-iucific and
other tarts of the world, and Livaniatly muah o the Lawbwie
fractices adopeed ty these hane acheners ate ome of the other formy
of trult tree integration &ith other tyies of prants el o snumals,
e word manal L tarm™ nes<d pot pevvanartly reter o the dlse ot the
fam wanit, o agro-cvonomie aclanoe, gise ot aanall o tammocan vaey
fram a traction of g Bedvtare aixnd e ganden nit to hund o
hectacres of actd 2o graeing land, (o that a nore aprcopd Late aomatt
ot aamall tamm 1s that of one where the “esouroes awvatlade to the
vperator severely Limit Dis opter Snltlen o0 unpraveament,  s.a0 18
sually at cr near the mipiman tapurted 2or martenanoe ot
sutsistence=tyie oferation ke extating condittond, fwever, Ln the
hane gqacdens ot Asta-incat o where Lrur? toee-baaed agrotogestey

fystans prodwminate, the size ot the aolding oo sually only a
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fraction of a hectare. Green revalution tecinaloyies dunirated ty
high-yleldino varieties of crops for monoculture stands and
concanitant requirements tor exgansive inpts have not permeated to
these anall fam agroforesters, As polnted cut by Aing {1979), ror
these resource-poor tamners who vield no recovgnizale weral or
political power, agroforestry s the only apueogrlate apreoddt to Land
management wherety toth food and wood products wan e procuced ! ram
the same picoe af tand at the same time without ciausing deterioration
of the ecosystan. In addition to this fossibility of roductng
multiple outfutg, the other gocio-evonumic advantages attrituted to
inteqrated agroforestry groduction systems include generation of
additiomal enployment to the famer, tavoratle cost/benef 1t celations,
rigk minimization in raming, staggered production of sutmidiary tagm
procuice, econanic wmplementarity in the we o inputy, mproved
nutritive value of diet, and so on. Sane of these benef its canmot te
expresoed real istically ln quantitative temms, Nevegtheleas, they
shall bte conmddered here briefly fram the point of fruit tree-based

agraforestry systems,

4.2. Preduction Aspectg

vVarjows reports are availahle on the production of different
species of plants grown together in plant associations of variows
types in diverse situations, for example, yield of anrual field crogs
under coconuts in the Fhilipdnes was repocted by Mnec (1975);
intercropping results under coconuts {n India bty Maic (1979), Nelliat
and Bhat (1979), Varchese et al, (1980) and Nair and Varchese (1980) ;

coconut intercropping results in Sci Lanka by Liyanage et al. (1984);:
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otgervations fran hill famning systems of Nepul ty Forzen and
Obechalzer (1984), reports on highland agroforestry systams in Papua
New Guinea by Bourke (1984) and so on. Apart fram giving some broad
indications on the general productivity ievels, these results are
nelther aminranle nor quite extrapolable to other areas bexause of
the lack of wniformity in the conditions fran which the results arce
reported.  In addition to the wgual variations in such results caused
by differences in climate, s0il, etc., the results are also Lrfluenced
by a host of factors related to the type and managems=it of the woody
perennial component in such mixtures. The species, its planting
pattern and denaity, management regime, cultural operations to the
understorey sgecied, etc,, will have marked influence on the results,
Moreover, in most of the reporty, results are reported for gardens oc
proels of plots of wndet ired acea,

One of the very rare sety of researsh results on this aspoct was
reported tran the Central Plantation Cropes Research Institute (CACRI),
Kasaragpd, Kerala, India (Nair, 1979; Nelllat and Bhat, 1979, varhene
et al., 1978) a part of whici {5 presented in Table 7 tor compncative
purposey,  Cther reports fram CIXRI indicate that when the overstorey
speaies (coworut) and the understorey species were sepncately
fertilized ard managed acwrding to the reaommended package of
practices for the individuil spedes, intercopring did not have any
ulerse eftect elther temporarily or wer a longer period of timeo, on
the productivity o the werstorey siecies (Vacghese ot al,, 1575!.
Although not sutstantiated by research tesults, it can le surmised
that such a situition can be anticipated in the xse of Crop

combinations invalving other fruit trees alsu, wherety the yleld of
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the fruit tree pgp ge Moy not re adversely affected v yrawiny other
species tetween or under them, provided that the fruit tree and the

aompanion species are managed reasonahly well,

4.3, Productivity dompagivons

Althoush there ig no genecal pattern that emerges fram all such
repocta, it iy ﬁoc unl ikely that in some situations the yield of a
particular wndecstorey species, which nommally can te or 13 grown as a
sole crop, is allghtly less when grown tn an agrororestzy amianation,
as compared to itg sole crop yleld,  There are two aspcts to any such
yleld reduction, Flrst, the yield ceduction on a per plant tasis and
seconxdly, on an area tasis. The latter 19 only apurent fvcawse the
et area occupded by an wnderstorey specles 1n CIOp aanbination,
[y, ome hetare, will te leuas than ome hectare.  Thegetocs, inteccrop
yields qin te adjuuited on the asis of the et area occuined by the
species n the total crop mix,  The yleld reduction that might ocours
on a per plant tasts tg a met eftect of a large numter of tactocs,
mainly amperition for growth tacturs such as Licht, nutzients anld
water, ‘These interacticn ettects of Pertacvowr alant aixtures have
teen scussed 1n detatl ty Trenmath (1976) and of perenvual wlane
mixtures by Mur (980a). Sudch yield reduction tossibilities in
Mixtures dave often been advanced and acticulated ty critiss of op
combd nation desuite the tact that the yvield of the overs Srey sieddes
ta mnlikely to te adversely aftfected and the total vield tom e
Jrtea will te higher,

This leads to the question ot yield and praductivity awparcisons

in polyadtures. The crux of the ixotlan 1s that the wual tendoncy
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is to compare the yield of a particular species grawn 1n crop
asspociation to that of the same species in mopocul ture,  Hut the
appropriate camparison showld te tased on the total productivity of
all species grown ina Wit of area 1n the short ra. and the
sustainaboility of such pradictivity 1n the long run, Wwvlowly, since
the yields of different crops 1n a crop assoctatdon are not additive,
other wamgarable values should te agerized ©o sucn yields, Moy 1S
one such practical unit that «on e aprlled to all jroducts, is easily
wndecstanvhibi e and acceptable te all, and ty cagatde of reflecting the
quality differences amonyg the froductsy,  However, the relevanoe of
menetary figures alao depends upon the time, the country or the

local ity, the wcio-cultural values, ete, Moreover, there arze also
several non-monetary terefita of a social and cultural nature that can
be accrued which will te difficult o quartity [cecisely,

The concept ot land equivalent ratio ([FR) that has teen
developed to deal with ayricultural Inteccrepping (Intermatioml Riwve
Research [nstitute, 1975; Trentath, 1976; Willey, 1979) has been
appl fed to tree-based {ntecaopping systens as well (MNalr, 1979).
Asguming equivalent Jevels of management, LER refers to the relative
land area wnder oole crops that is rejuired to preduce the ylelds
achleved by intercropping (Willey, 1979). The practice of irter-
cropping 18 assumed to be beneficial when LER {5 more than 1, and
detrimental to yleld when [LER is less than 1, Similar to LER, income
equivalent ratio (IER; b ..o been proposed to assess the relative
performance of a crop combimation compared to @ole cropa of the
cmporent specdes.  Thuy, [FR 15 the ratio of the area needed under

sole cropping to produce the syme total net income as otetained fram a



unit area (hectare) under crop carbination of the same managemnent
level,

In agrctorestry systans, thece is Likely to e canplementary use
of resources ecawse the comonents of the Yutun explolt the
ervironrertal suppl {es of grawth factors itn Jirrer L] wayy ag
disamsed in a previows section, and therefore, the LK (and I3
values .an exeed untty, Wwhen the yleld of the tout tree cumponent
is not awersely aftected, GGroturestry pedactior will result tn an LEX
(IER) or | + x, where x D0Lreondl to the extra yleld {inaume)
obtained tran additiomal component (3), 1his would aloo mean that land
units equivalent to praduoe x extra ity of yYleld (1tname) would have
teen necessary to produce ylelds whidt contritute o the {rerease tn
LER (IER) over uuty ty x. The octimun ke Ly L the aklitioml
component. to ottain a maximur value of x can be cal cul ated, Raintree
{1983) discussed sone of these Glovcomamice wnatderationg of
agrotorestry in some detail and postulated that certain highly
franising agretorestry oumpl anertaclties are Jrgnit taant only wndet

Law input production wonditiont

4.4.1. fplovmeat potentiad

Intensit {fation ot land-we by increasing the imlec of
crops/enteririses per auit area at Ay given time will understancahly
increase the on-tam anployment. potential too,  Mur [ 1979) reforted
that the annual lavour rejul ranent tor Tamigimg one hectare of xdult

ooonut platation in Kerala, India tnereased foan 150 man-drys for
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monccrop of cowonut to 350 nan-dayd for high intengity crop
canbinations, In the agro-silvo-tastoral system (of raising 2-3 milk
cows per hectare of wownut area and stall-teeding than with the
fodder grasses that are grawn along with other intercrops indec
woonuts), the annoal laouwr rajul ranent was ag hich as 1000 qandays
per hectaze, ‘there way aloo a orrespundimg increase in total imxme
per Wit area,  Such lmprovements in emp! yment gerscation and Lcoae
by woonut intercroppdng had leen repofted fran Sr1 Lanka also
(Etherinton and Karunaneyage, 1981) ., Inmost gmall ramm haldings
where trult tree-based agrotorectey gystang are nost Leasille, Tost,
{f not all, of the lalowr needt for the tarm are peovided ty the
owner/ocoupler and hig tanily, (rop intenuitication will, thereore,
trovide additional om-farm employment to the farmer amd hia family and
thugs alleviate, at least to sone extent, the feel ing of iertia and
fnactivity cawed by unemployment and underemployment during same
pacta of the year on the art of monoculturista. This {a arttcularcly
true in the case of frult-tree agraforesters because frult-trees
normally demand higher latour throughout or moet partsd of the year g
their management and harvesting, as compared to the managemant of ©ost

other woody ferennials in agroforestry Systems,

4.4.2. Risk mioimizaticn
Most hame qardeners graw a variety af crops together not only to

meet their domestic needs, tut algoo as an insurance against the risks
of monoculture cropping. This would apply ajually to monoculture
herbaceown crops and to frnudt tree growers. In spite of the general

tel ief that fnuit trees are lawrisk crope in comparison with most of
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the arahle crops, their monocultures pose some element of risk, For
example, a glut in the market, and transport bottlenecks, especially
for perishahle products, can cause gerious problems, Moreover, the
incidence of pests and diseases that affect growing meristems can have
disastrous congequences particularly for species having single
(aplcal) grawing buda (e.g., palma), (rop divecrsification and
agroforestry offer some sort of insurance against such calamities, and
this I8 particularly important in tree crop huatandcy where it is not

posalhle to change the crop after one or even a faw yearsa,

4.4.3. Stegqered production and subaidiary producta

The posaibilitlies for staggering the famm operations to some
extent exist {n the management of some frult trees that are ascasomal
in grawth and production. This ia advantageous to the farmer oo that
cultivation expenoges and lator upe can be distributed as desired by
him. Planting of i{ntercrops can be timed {n guch a way that a steady
supply of subsidiary tfood materials can be ensured during lean pariods

of availahility of staple foody,

.44 Mutcdtdve drprovenent of rural diect

ferhape the most cignificant attritute of fruit trees that make
them enirently suitable for rural agroforestry is the nutcitive value
af their peoducta,  In may village mocietien ail over the world,
legendary tales exist linking some species of treen to the [rosperity
af the village, Sawners (1978) evaluated the nutritive value of
variouws {ndigenous species in the hamegacdens of the thilipptnes and

found that sudh specles contrituted substantially to the diet of the
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people, Table B8 givesg nutritive values of some Of the Iruit tlewi [OL
indicative purposes.  Sustairable agreforestry fractices tmwalving
such fruit trees is an excellert wiy of supplementing and enrtdiing
the diet af rural people in mary developam) coumtrles,

There are alw several other wdcial valwes attadad to fnte
trees, [for example, 1t lg still cwtanary in mauwy rural societley to
exchange or make other uwse «f tree productd 1n soclal erdaromtes ard
religiows rituala and celetrations, wxl marny sudh treed exdst Ln
compatible association with other cultivated plarts,  Intensification
of land uge with systemy frwalving such trees will not e any
protlem of social acceprance and adoptabil ity of swch technologies by
farmers. On the other hand, many of the fast-growing, multipurioge
trees with ayraforestry potential may have this problem of social
accettance bty famers when they are tried to e introduced for the

fl:st time {n a locality.

5. MANAGEMENT (ONSTDERATIONS OF FRUIT TREES IN AGROFURESTRY

It {3 a truiam that the success or {allure of any innowvation in
famning systems depends on the skill of its mamagement. It {5 omm
thing to elucidate the scientific merits and advantages of a now and
innovative technalogy; to make it acceptahle and adogtable ty the
faming cammnity is yet another, The matter is mare cmplex in AP
situations because the extent to which the suggested advantages and
postulated benefits can be realized in actual field altuations will
depend enormoualy on the level of mamagement especially of the woody
component. The term management {8 used here in a bcoad sense to

encompnss all aspects of species pelection, planting density and
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pattern, pruning, thinning and other plant manipulations to regqulate
and alter itg architecture, {t9 care and maintenance including usage
of fertllizer and other agrochamimlsg, and so on.

It i alao to be kept {n mind that the productive and protective
values of truit trees elucidated earlier {n this papes would apply
only in a camunity of planty where such treea form a discernible
ocmponent of the systen, In other wordy, Individual and scatterad
trees cannot be expected to have such noticeahle temef {cial effects;
in any cave, such scattered sprinkl Ing of trees on the farmland or
other lardscapes may not offer ary algnificant ewwlogical or
econamical Interaction with major production womponents of that
land-use system and therefore may not merit identification with oc
inclistion nder the generic tomm of agroforestry,

Same af these mamagement wonaddecations to e taken into acount

while {rtroducing frudt treew in AR gystems are dlscesoed here.

5.1. R . y

‘The adnixture pattern of species will dupend upon the npecies
thanselvey, ol imatic conditions and the lwvel of mamagement.  There
can te a sutstantial body af knowledge on these aspects concerning
certain species whereas that on otherd, such as the auntregloited
species, may te meager,  The nmost camondy abjted plarting pattern of
trult trees in exdsting AR systoams can te grogped into five as

{ndiited 10 Flure 3. These are, hxwever, cather troad catepries

and mary variations within eadh of these schames are anmon.
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A, lHedgerow planting. ‘The fruit trees are planted in tows at

spacings much closer within the rows than between the rows, o that
the rows appear like hedges. Depending on the canopy aint tgurationg
of the specien, the rows can conuist of aingle, dounle or even more
lines, 1he {interspaces tetween the rows can te wed for agricultural
sprcies, 90 that the lay-out resemhles that of an alley cropping
system (Kang et al,, 1981; Wilson and Kang, 1981) except that in alley
cropping gystem, the wooly pecennial {s jertoMoally prined and kepe
to a law bheight., 1This lg 4 systenatic planting pattern where
intensive management 19 poasible and g well-suited for thincanopi ed

frult tree species like quava, palmsg, etc,

B, dontour Hedgesl. In areas with sloping land, selected tree
specles can e planted in hedoge raws acrosy the alowe alongy vontour,
In diftecant arrangerments (single, douwle or altecnate tows) )
tnter-raw distances vary deponding on species and the degree of aloge;
soll hinding perenntal gragsaes can te establ fched botween he rows
along the ontours,  well-suited for alogpding lauxdy and ralling

tecraing as {n the hichlanxks,

¢ Deogder planting. (Qose planting of frult trees {n rows all
around the plots and alomg the toundarctes of agricultural fields. The
trees will toom tive fences and windbreakers amd sheltertelts.  The
schame is marticwarly suttahle for large-canooied trees 1ike

jacktruit, mango, mshew, eto,
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D. Zonal planting. Fruit trees and other components of the AF
gystem are planted in defined zones or stipe the width of which will
usually be narrow so that there will be some interaction between
adjacent zcies over a significant progortion (i.e. more than 50%) of
the area invalved, For example the other component of such a gystem
can be a muldrand-fuelwood prodicing nitrogen-fixing tree or shrub,
rather than an agricultural species, The scheme is particulary
suitahle for semi-arid areas where it may be advantageous to avoid
overcravding of the species in order to minimize competition for water

and yet be ahle to get the teneficial interactive effect,

E  Home qarden mix. This is the most commonly found planting
pattern irvalving frult trees in AF, The trees are intugrated very
intimately with other herbaceoun and woody species to form a
multilayer canopy confiquration with no definite planting acrangement.

All the above mentioned patterns can also be adopted for
sitiations where the fruit trees form the laver or middle layer of
canocpies, with other taller-grawing species forming the overstocey.
In such cases, scheanes A,B and C can bo adopted for the
tallest—grawing species, with the fruit trees aming in betwoen the

tall-tree rows,

5.2. Plaokt Density
This is again another highly location-specific management

variahle so that a general scheme is difficult to be recommended,
Once the species and planting pattern have been decided, then plant



64

density will depend mainly upon the degree of manzgerial apility of
the famer as well as pevalllg climatic conditions. Bavapma and
Jacob (1982) tried various models of crop associations with perennials
{n Randy, Sri Lanka. wo such models, ore for high intenaity
multi-species croppdng, and the other for hanestead gardening by paddy
famers, are given i{n Flaure 4.

Schematic diagrama of canopy configurationa of such
high- intensity multi-species combinations have been xenented by
variows workers (Bavapya and Jacob, 1982 fram Sri Lankaj Fernances et
al., 1984 fram Tarzaniaj Widagda et al., 1984 fram Indonesia; and 80
on). A ommon feature of all such Jdiagrams {s the local ization of the
variows canopies 9o that they £it very well verticaily and
horizontally within the availahle spnon and thus minimize overlapping

and interference effects with the canoples of the co-habiting speciea.

5.3. Adnixture Sequence
Depending on the existing land-uoe fractioe on a site, fruit

tree-based AF can be initiated by efither introducing them imxo
existing systems, or ty incorporating other sppecies into frult tree
mardens, The former can be acconplished in agricultural lands
according to the planting patterns described earl fer. In forested
lands vary ing deqrees of strip thinning can te dore acoording to the
mature of the forest (primary, secondary or plartation) and the frult
trees introduced.

The strategy for introducing other crogo in existing fruit tree
gardens irvalves intensification of land use at various grawth stages

of the fruit crees without altering their planting pattern or density.
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This practice usually does not adversely affect the fruit tree's shogrt
term as well as sustained productivity, Before undertaking such
species admixtures, the growth form and shade talerance of the fruit
tree, the light tranamission characteristics of its canogy etc. have
to be evaluated. Flqure 5 shaws such an evaluation of the grawth
phases of coconut indicating posaibilities for crop combinationa.

& third possibil ity that can be viswalized is that of naw plantings of
fruit tree-based AF enterprises, In such a situarion, the plarting
patterns of the fruit trees and other perennials can be adjusted well
in advance keeping in view the requirements of the asgociated species,
Generully speaking, in such plantings, agricultural species an be
cultivated during the intial 2-3 years when the fruit trees and other
perennials are in the early stages cf the develogment, almilar to the
Tamngya gsystem of forest plantation estahl fshment (King, 1968),
CGanopy development over the years of the variouws compoments of sixh a
three-storeyed crop combination (conaisting of lawer, middle and upper
layers) is presented in Flqure 6. Assuming appropciate plart
densities to provide a compntible mix of spedies, the total canogy
overage af the grownd by such a combination will be moce or less
onstant right fram the early stage of estahl ishment and thus the
protective actiong of the caropy on gsoll as discusoed in an earlier

section can e ensurad,

5.4, Rlant Manipulatcion

The challenge of management of fruit trees in AF does not erxd
witn decisions on species selection and planting arrangmments,

Hjually important is plart manipulation such as rrundng, training,






12

1

A TR

i

thed
= = = = Overstory dense-carovled tree, ormed periodically

XXxxXxxx Fruit tree

Arnual agricultural srecies

-
’
Ve
’
x,(,qnxx.x:-,i J-Aaan.'.n’"ru\,«;\,."u,,w/
-.F)‘ Ve i
ad ’,’ P ! //
= A L
7 S -
+ 7 L e v
; ° -
+1-+’~ g Prtning —
= P Y
™ - v
*~ - P
~
__)-77 -
s o -
A
rd JN" - /1 //I
4 ~ / - — P
s - l . //I ///] 7 > -
b T L L - L i

. 2 3 4 5 ) 7 8 9

figure 5, Schematic presentaticn of QAnogy develogment over the years
Ot an agrotorestry glant combinaticon of el wricudeural seecies,
fruit tree and an overstory dense-caroried tree.



69

thinning, etc, These operations have to e carried out on a
continuing basis for ensuring the test results fram the frut tree and
for providing the optimum conditions for other species, Manipulation
requi rement for different species vary wnsideranly, In gerecal
tems, propagation (nursery), transplanting, Jwentle pnase .l nature
fhase are the yrawth phases during which mantpalations are (uss=itle,
(ne obvious ditference tetween rrut trees and other woody
perennials in AF with respect to plant manipulation ts that the
vegerative mags of most other woody perennialy will te harvested
periodically depending on the main purjome for wrudh they are grawn
(fodder, tuel, poles, green manure, etc.). (n the other hand, the
removal of vegetative masg of the fruit trees will normally te tor
inducing fruiting or pramoting growth uf other deairanle fartys than
for any econamic produce. However, in AF situations, such peunings
will aluo be necegsary tor creating more congenlal erviroment fog the

growth of other species, or sometimes for pest and disease management,

6. SME (OMMENTS (N FIELL TRIALS WITH SRUIT TREES IN ACRCIORESTRY

We have seen that the protlems associated with fruit trees in AF
are many. ‘Though the practice is old, it g not attracted auch
scientific attention so far, w that intenalfication af such land uses
based on the modern scientific conoopts in order to incroase the
productivity and sustainability af the system has little or never been
attempted. Research methods to tackle such complex gystems have also
not been developed. However, potential qaing fram systematic
improvement of such hitherto neqlected species and systems have
recently been strongly unphasized by several reciarch and dev el opment:
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agenciea (NAS, 1975; World Bank, 198l)., Thus it would appear that
there exsts an uilimited scope for innovative and lmaginative AF
technology packages, as well as the enthusiaan and support of many
development agenciesa, But there are several pxoblems of varying
nature and magnitude to be clrcuuvented to get effective and efficient

research effort on ground.

6.1. Ingtitutional Niche of Agrofogestry

All of those who are irwalved in AF research and development
often £ind that one of the strongest impediments to AF cresearch is the
lack of understanding of the disciplimry nature of AF, As pointed
out by Lundgren and Raintree (1963), rigid boundaries exist at
goverment and aduinistrative levels amorx) separate departhents
deal ing with different aspects of land use; these depnrtments competo
severely for the same develogmental resources; the prafesaiomls in
the different departments trained in traditioml disciplines 1like
forestry, agriculture, animal huwsbandry and so on are confined to
thelr ovn digcipl ine~orliented branches and sub-branches with vecy
little interaction. To complicate the matter furthec, in mary
matiomal institutions and international agencies, AF is often
oonsidered as a branch of forestry so that the resources for its
xanotion and develogment have to cane from focestry's. And in all
developing countries, agriculture gets the lion's share of resources
for land use activities, Even in institutions where integrated
research programs and crop diversifiction activities are undertaken,
they are, understandably, strongly biased toward the basic

discipl ine/cammodity of the institute concerned. Thus any
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horticultural institution that might be interested in doing same wock
on the fruit trees of potential value in AP would do 90 with the focus
on the fruit tree per ge with practically very little attention on the
other comporents of the gystem or on the gystem as a whale. Thus, the
dilemma is that AF {3 {nstitutionally considered a sub—division of
forestry, but the major initiative and potential for it have to cone
fram agricultural ists (including live stock production experts), who
are xafessiomally not trained and seldom interested in AF, nor are
their institutions mandated to deal with it. Then there ig the
important aspect of integrating socialogical aspects in any AF
research. So, the problem is really complex and that is the challenge

of AF research.

6.2. Prioritiea for Pield Research

There i3 not much point {n fcrmulating a list of research
fxiorities in {solation. Apart fram technical issues, it will depend
on institutional capabilities erd other physical factorw, It has
already been pointed out that a large number of lssueo—bialogliaal,
erwiromental and socio-econanic—need to be attended to, and all
would gseem to deserve equal pxiocity rating., FHowever, it pems to
this author (biased, as vsual, by dicciplimry irterestl) that in
terms of the practical valus of the matuce of results and feasihdlity
of undertakirg field trials, the efforts should first be focunsad on
management of a fev selected fruit tree species and thelr perfoomance
evaluation in AF. This could irwalve selection of gormplaam, sirple
trials on their propagation, cultural aspects and plant manipul ation
under AF combination, and the evalinticn of the species per _se as well
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as the system over a period of time. The advantage of this approach
is that such trials could be {nitiated at various levels of technalogy
and infrastructure; even institutions with limited facilities or no
formal research resouroes can undertake some such trials and gather
the basic data; institutions with greater camahbility can @ deeper
into conducting research on the varous aspects such as soil fertility,
erv irormental peotection, and so on, as described earlier. Sudh
tricls need not be 1imited to experiment stations (on-station); they
n also he undertaken acoording to a general format on cultivatces'
flelds (on-fam) so that the trials will have more pocio-econanic

gimilaritiea to the real fammers' situations.

6.3. 49! M "

The aprrcach in guch research endeavors has to combhine sclentific
values and ecologial awareness, and adopt a franework that makes
optimum uwse of avallable cesources, The procedure should to aimed at
fammers' raquircrauenta and adoptanllity of mew packages cather than to
supply scientific data of academic value. In order to acoompl ish
that, the research methodblogles that have teen developed for a alngle
crop or organism, and the corwentiomal research procedures will hawe
to be modified, As has alrexly been pointed out, the scientista
invalved {n such studies have to shed thelr commodity- and discipl ino
orientation and focus attention on the multidisciplimary demands made
on tham by implicitly conaidering the meoeds and conditions of the
lom=input and integrated production systems.  In mary cases, the
experimental framework should be kept highly tlexihle to take

advantage of all new information as soon as {t is available even if it
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disturts the norms of statistical accuracy developed for orwventiomal
monocrop field experiments. for example, the traditionmal provedures
stipulate to have several yedars of experimentation with a rixed set of
variahles to gather "valid® conclusion and recomnendations on the
feasibil ity of an agronamic practice, Such lwaries @nnot te
afforded in AF research at this stage.

Same AF methodoloqgy designers have even qone to the extent of
totally ruling out the applicability of onventioml experiment
station research in AF, Fur example, Raintree (1943) arques that
poduction conditions enjoyed by research stations and a select group
of "high access” tammers are such that the more !imiting production
factors are routinely topged up to optimal levels by inputa fram
outside the system, and, theretore, such conditions are not
representative of the world outseide the ayricultural latoratocy.
while it ia likely that some of the syrerqlatic Intercropring
potential and complementary interactiona of AF are better manifested
under low-input conditions, it should not be forgotten that experiment
teation reseacchers o not always confine thelr trials to hich-input
cond/.tiong only. Moreover some of the basic aspects of compornent
behavior which ate o0 essential for understanding component
interactions and system dynamics cannot be properly understood if they
are not {rwestigated in rather contralled situntions as in research
stations. ‘Therefore, what is praguatic and desirahle is to modify the
comventional experimental procedures to the special needs and demands
of AF,

IRAF and other orqanizations imwalved in AF research have mada

some efforts to develop methodologien for AF research in acoordance



with the atove considerations. A diagiostic and design (D&D) aprroawn
has been developed by inpt fram a multidiscipl inary team (ICRAF,
1983), which descrites the step-wise procedure in initiating an AF
study. Methodologies are also being formulated for gspecific
experimental needs. For example Huxley (1984) and co-workers have
asgemhled information on the methodologies for evaluating mul {purpose
nitrogen-tfixing trees in AF; procedures for land evaluation and
build~up of enviromental data hases have teen outl ined by Young
{1983) and Darnhofer (1984).

Huxley (1983a) proposes the use of systematic and geanetric
designs for field experiments in AF, which are wed usual ly fog
inftial screening of a large number af gpecles. Browbaker (1984)
advocates the uge af auynented deaigng for trials with fast Grow ing
tree species,  That design veo hag aome |imitations in AF
appl tcations,  This author has recommended a moce conventioml
Split-Plot Design for a detailed field exporiment in AF (Research
project proposal tor hedgerow intercropping in Machakoa, Keryya: C.
Soekabembe, 1984; unpuhlished), In AF trials with frutt treed, ary or
all of these designs can te adopted depending on the maln objective,
If the {dea s to test the feasibility of a numter ot agricul tural
species as understerey crops with a fow fruit tree species, thoe
gysteamatic design will te advartageous. Augnented design will te
appreopriate it the otective is to evaluate a fow little-studied truit
trees and compare them with tetter known species of ooce or lese
similar grawth, and at the same time collect more datatl ed information
on the better knawn species. A split plot experiment 13 more suitahle

1f more management (agronomic) variahles are teing irwestigated in a
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selected trec-crop mixtures, Filgure 7 outd ines these three scndanes,
The underly ing principle 1n all the experimental proceduress in AF
should be to strike a balance tetween accepred scientific

{discipl inary) norms on the e hand and optlmun we & the ccarae

researd) resouroes on the other,

6.4. Integpretation axl bxtrapolation oL Researeh Resiultd

The welo-cwonanic constderations tivalved 1n AP systans with
trudt trees have teen disaosed tnoa previows gection. simtlar to the
modit fcations newded tor appiying teneardh provedures of wrventioml
digipl ines to AF, 2 change in the traditional thinking on ewonamic
analysis {9 necegsary to evaluate the latour intengive, teoource
efficient, suwstainable AP gystems of the umall baldins,  Sane
apiroaches in this direction have teen jroposed {(Ethecimgron and
Matthews 1983; Hoekstra, 1993; Raintree 1983; Armald, 1944). One
fmoediate conseyuence af the multiprodict maturs af A production
systems is that thelr productivity cannot be assesaed ty corventiomal
measures of yields per unit area of sepurate components taken
individuzally, but some modifications of these productivity
measur aments which take account of thelr net value to the gxodioer.
Thus interpretation of researcnh results in AF has to take into account
the social value also, amd therefore it bzoaomes more difficult and
locatiorespecific than in the mse of aywentioml discipl inacy
oxperiments,

The same applles to extrapolation of research results too., A
particular AF practice may cause substitution of some scarce resource

or some other form of econamic complementarity in the sharing of
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3. SFLIT-RLOT DESIGN: Lay-out of one hlock (replication) a
split-plot experiment consisting of 3 main plot treatments
and 6 sub-plot treatments; other hlocks of similar type; both
main plot and sub-plot treatments to be randomized
throughout:,

Flgure 7. Same experimental designs for field .osting of agroforestry
scheanes irwalving fruit trees,
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resources. [n another situation with aimilar hiogiysical enviroment,
tut with disaimilar socio-econanic condition, the mactice could ke
equally productive bialogically, tut less attractive in socio-econanic
tems. This is especially true in the cise of fruit trees because of
different food habits and vary ing ded-ces of substitution of staple
foods, ty products of fruit trees, Moreover, in remote areas with
severe trangpore bottlemecks, where famery are r’on':ed to pcoduce all
bagic needs (food, fodder, fuel, cash) locally to the extent posatihle,
such fruit trees will have added soctial value,

The point t}at gets strenqthened tram all these discusaicns is
that fornuiation of research plang as well ag interpretation of their
results has to be very locatiorsgecific tn all AF triala, especially
those lrvalving frutt trees. In other wordks, there cannot be a set of
uiform proposal- (v: all asituations. Hven within a locality, a
"cafeteria aproach® (Malr, 1979) has to be developed so that the
opetatorg/recipients will have an array of cholces fran which to
select based on thelr resources, input requl ramerts and output
possibilitieds, The additiomil infommation areerning the variouwn
a3pects of each of those options can be stored in a data bank so as to
advise the users on the merits, requirements, drawbacks, etc. and help

them in the decision making process.

7. (ONQUSIONS

There are inmumerable examples of traditioml AF systems and
practices in the tropics imvalving a large number of truit trecs,
Although a consideranle amownt of research has been done on some

tropical fruit trees albeit with the corventioml monocul tural
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perspective, the fruit tree-based AF systems have not received
research attention to arny sutstantial extent as is the case with all
low—input traditiomal AP systems, ‘'lhe foregoing brief and sketchy
evaluation of the potential rale of fruit trees in AF systen reveals
that there are some distinct ernwvirommental and socio-econamic
advantages in choosing fruit trees, as compared with other woody
species, ag the perennial plant canponents Of AF Sy stan,

Mu‘le selecting the woody reremnial conmpunent of AF gystens, the
emphasis is ¢n multipurpose species, i.e,, species that produces
multiple outputs and/or performs multiple rales in increasing the
productivity and/or sustainability of the wystem of which it will form
a comporent. Most of the fruit and nut producing trees and shruts
have the added value of producing verious products of inmenoe
nutritive value in addition to their emvirommental protection rale,
and are therefore emirently suitable for AF. ‘iowever, since they arce
wually not harvested for their vegetative mase such ay fodder,
fuelwood or green manure, truit trees are not to be the preferred
species {n those AF gystans in which the primary production function
of the woody perennial is to produce such nomr-edible vegetative mrts,

An evaluation of the erwirormental aspects of fruit trees in AF
reveals that there can be significant advantages of soil impovement,
microcl imatic amel foration and envirormental protection in fruit
tree-based AF systems., The maintenance of an increased valume of tree
canopy by fruit trees {because of minimal pruning) can he advantageous
not only in leaf litter production but also for increasing the amount
of plant cycling fraction of nutriemts., Thus there are strong

irdications of better organic matter relations {and all the
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congsequential benefits) and improved nutrient cycling (and therefore a
better nutrient econamy) the soil-plant system in fruit tree-based AF
systems, Morever, throuch apxopcriate planting arrangement and other
management schedules, fruit trees can also be used for soil
conservation and as shelterbelts and windbreaks,

In soclo-econanic terms the fruit trees have a speclal
significance 'in the context of amall halder faming gystems, By
virtue of their various products and by-products, they can be an
important contritutor to the cash econany of the mall farmer, The
possibility of staggering the production fram fruit trees that hawe
aseasonal production hahita offers a means of requlated supply of
minor food stuffs in lean periods of staple food availanility, as well
as provides cash flow to the famer on a continuing bagis, Generation
of increased labor potential and minimization of the cisk of
monocul tural famming are strong factors that can alleviate the {rertia
cused by undecemployment and instabil ity that are characteristice of
the resource-goor mmallhalder taming sy stems,

These suggested advantages and attritutes of fruit tree-based AF
are only wneeptual, They need to be val idated by extensive field
trials. Research {nformation on these aspects are very tudimentary if
not nom-existent, 1The extent to which these fotentials can e
exploited depends on 1 large mumter of env irormental tactors and
management considerations, (hoice of apycopriate specles, the mttern
and Jdensity of their planting, their management schedd! es, and so on,
Wre to be caretully detemmined to suit specific rajui ranents of each
site. SBecause of the extrome location-specificity of all fractices

and their strong links with prevail ing socio-cultural conditions of
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the study area, it is difficult to come up with specific
recommendations on these manigement aspects.

Corventioml methods and procedures of fleld experimentation also
need to te moditied in AP research. ‘the appranct: showld be to strike
4 balance tetween the acceptad norms and rrocedures of drscipl tnary
research on the ore hand and deriving the maximum irfommation with
limited resources in as short 4 time as wgsinle on the other,
Interoretation of receardh results will also e different foan the
wnventioml procedures in monocultural systems where one 1s deal ing
with a single commodity aften with no revard %o social factars. The
value of the p.oducts and temefits fram integrated AF §Y stems,
egpecially thove irvalving fruit trees, cannot alwaya be realtsnically
assessed and expllcitly expressed in quarcitative terms, and this has
to be taken rote of while extrapolating surh research resulta to other
Areas,

Integrated AF systems lnvalving fruit trees as an apgccach to
land use is eminently suitable to the amall halder faming systems of
the Asla Pacific region and other thickly populated areas of “he
world. In order to realize ity potential fully and to make the
practices and systems widely adoptable, concentrated etforts (n
researdi and development are needed at variows levels, The {xesent
institutiomal arrangement of clear-cut demarcations among the mandates
as well as activities of various land-use discipl ines such a3
agriculture, forestry, and livestock production is an impediment to
successful implementation of such integrated programs. But the
tential is so bright that these prohblams that are rot-so-
insurmountahle should not be alliowed to hinder the wa's to realize the

bepef {ts., AGROFORESTRY CANNOT WAIT.
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