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SUMMARY

It is argued that agroforastry is presently
suffering from oversale and vishful thinking,
rather than based on objective analysis of
potentislities and limitatiouns. To build up
scientific credibility and provide a useful
instrument for those who vant to better promote
agroforestry practices, it is proposed that a
comparison betwesn agroforestry snd monocultures
as & valid alternative should alvays ba made.
Such comparison nust carefully weigh the
advantages and disadvantages of each system,
both from biological and socio-ecomonic angles.
To facilitate such a comparison a lengthy
recapitulation of qualitative and a fov quanti-
tative assessments sre presented, based on
practical experiences, literature raviev and
discussions with practising "agroforesters”.

It is hoped that these assessments - to be
refined on a continuous basis - can, serve as
guidelines to research themes, for promotion
-and extension campaigns and for evaluations

& posteriord.



APPLICABILITY OF AGROFORESTRY SYSTENS*
Gerardo Budowsk{

Agroforestry: . The distinction betmen false premises, ‘wishful thinking .
and real fﬂg _

In the recent ICRAF consuitztive meeting on plant researcn and agroforestry
held in Natiobi and which concluded only 3.days before the initfation of this
workshop, 1 had the privilege of participating in one of the four working
groups, with the aim of producing an apprafsal as well as guidelim"or

topic “plant management in agrofomtry"sysm' The discussions and : .

thg resulting eonclns‘ons. soon to be pub'ushed. together with the back-
ground papers. m proved to be extmly useful to the subject that Md _-‘
been assigned to me by the organizers of sho present workshop and it was
ipevitable that 1t moved me to rewrite the f paper prepared in rmmba. .
Costa Rica, 1n March 1981, B

‘The lesson 1s of course thét agroforestry is in a dynamic state of knowledge,
of mppraisu’l. fusl o7 pitf.i1s and often grosaly overrated in 1ts role

to help rural populations. As the draft conclusfons of the Nairobi working
group forcefully state: "agroforestry should not be considered as a panaced
to cure all evils of land managenent, nor §s ft of uniform applicability.
In specific areas agmforestry s useful, e.g. in rechimir.g land which has ,
been degraded by defective other uses, or in augnenting production on oooc
land 1n high input systems, by managing suitab'le plant associations. In
other areas, other land use systems are to be preferred "(ICRAF, 1981)".

A similar word of caution was voiced 1n a recent paper by the new director

~ elect of ICRAF, Dr. Bjorn Lindgren, when he wrote at another ICRAF meeting
{Lundgren, 1979, p. 526). In the promotion of the agroforestry concept,
there has been no 1imit to the alleged positive influence of trees. Some-
times this has achieved almost mystical dimensfons - the frequent talk '
about “miracle trees” 1s Gne aspect of this. Although it may sound 1ike
lack of imaginative thinking, 1t must be flatly stated that there exist no
miraculous influences of trees on soﬂs. It is often Mstakenly supposed

* Invited paper presented at the International Workshop on Agroforestry in the
African Humid Tropics held at I1ITA, lbadan, Nigeria, April 26-May 1, 1981.



that any tree crop has the same stabilizing effect on the sofl as the
natural forest. This is as wrong as to say that 2 managed maize field
is ecologically equivalent to a savanna.”

Moreover there are other stereotyped fmages that must be clarified, |
- concerning agroforestry. Is agroforestry only practiced by the rural
pbor? Is {t restricted to marginal land? Can it be true, as stated in

“ & famous veport to IDRC (Bene ot al, 1977), that “.... wore than half

of-all land 1n the tropics, although too dry, too steep, too rocky to be
classified as arable land, is suitable to the practice of agroforestry®
(and this statement was placed in an emphasis box on p. 43)?

The more we Tearn about agroforestry, the more we discover that it 1n¢‘ludé
productive and stable systems on all kinds of climate, sofls and under
varying social conditions. Many of these systems are very old, covering
centuries of empirical knowledge. People who have been exposed to various
agroforestry practices as a result of tratning in this field are actively
- reporting (or rather "discovoring") systems, along routes they had pre-
viously travelled, without ever noticing them before (Budowski, 1981).

. Although agroforestry has mostly been reported to be practiced by the rura)
poor (Michon, 1981; Tran van Nao, 1981; Avila et a?, 1979; Bishop, 19793’
Fuentes Flores, 1979; Wilken, 1977), good case studies are also coming _
forth concerning highly. productive systems by sma" -farmers (Beer, 1979. :
De las Salas, 1979). Afterall, coffee, tea and cocoa, when cultivated
under one or several strata of "shade trees® (that also produu timber, ‘
add organic matter, recycle nutrients, diminish weed growth and pmide ‘
& variety of other products and services), can be legitimately regarded

as agroforestry systems, whether they involve small or large tenants or
‘in some cases very huge enterprises such as for instance Jari Florestal

in Amaps, Brasil (Briscoe, 1981).

‘It 1s, therefore, possible to see agroforestry as a land use technique

that applies to both low capital, low input farming where self supply is

aimed at, as well as high input, capital intensive combinations where the

highest possible yield, taking advantage of incoming energy is aimed at;

botb systems having in common.that they must be sustained, that is, pro-
ductivity must be maintained.

Actually as many authors have pointed out, notably Lundgren (1979),
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"agroforestry as a form of land use is primarily considered as a desirable
replacement or improvement of land use systems that are degrading under the
pressure of increased population.densities in ams nitb low tnherent
potentul for 1nmsive tgricuituh" and he adds: "ln the huaid tropics
this 15 often s' us. with dreas under various fom; of shifting cultt-
vation.” In the Awerican humid tropics one may reasonably substitute ]
shifting cultivation with “extensive, grazing" since this is, aveawise,
the principa‘l cause of land degradation. ‘as witnessed by millions of
hectares of worthless secondar,v brushland that reinvaded abandoned pastyres

’-
XL

themselves carved out at tln é‘xpcuu of tln rainforesu (Budowski, 1981*)

Lundgrei? {1978) in a ropdt for hest Afrfca makes the agldmonﬂ polnt |
*that ‘the ‘écénomic and Mritional output fm the. ‘Iand aust not only be:
sustdined at pmcnt Ton levels but must be suhstantially m:nued t0 -ut
the requiréherts of: andncmsing population anJ ncreasing demands for
soctal and &cotmie dtvclopunt".’ [ gencralintjon that is of course valid
for a’h m m“mm agrofomtry practices throughout the tropieal world.

The pt'escnt papor win therefore refer more exhaustively to the awliubﬂw
.. of -agroforestry Systems as ‘practiced by the rural poor, often under d1fti-
cult conditions where the objective is primarily to feed the falmy (sub-
sistence. level) and hopefully increase the output, but nms under the
premise that the system, to be considered as such. must be sustained and
MVer onssible, should aim at 1ncr¢asing tho producttvit.y.

A xardstick to jgge applicability

It can be reasonably assumed:that {n order to be justified, the practice
of agroforestry must perform at least oqual to any alternative, notably
monocultures. This may apply ‘to both economic and social short and Tong -
term aspirations, and dependihi on the feeding requirements and land use
patterns, the areas devoted to agroforestry can cover a small or a large
part of the land used by rural communities.

Basically this involves agricultural systems where trees are added in

time or _space or both to annual or perennial crops or grasses or combined
with animals, resulting in a large number of agroforestry practices (see
for instance, Combe and Budowski, 1979),-and these to be compared with
monocultures of efther annuals or perennfals without these trees, (or for
that matter the same trees in monocultures). This may by no means be easy
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._since often the monocul tures have no parallel in agrofomtry or vice
‘versa or {f they exist, they may not be found side by side under com-
panble conditions. Moreover such evaluation s complicatec by varfous
short and 'long term economic projections concerning for instance the
value of md or the present and future estimations of environmental
damage (for instance erosion, use of pesticides in monocultures) and
even more 5o, by the appraisal of socfal and cultural factors, them-
selves coqmcated by a dynamic evolition in time that is difficult
to forsu

Nevertlu‘lcss 1t 1s constdered a most useful exercise for all those who
want to promote agrofomtry and eventually transfer various of {ts -
forms to other areas without unduly preacMng on the basis of faith 1nstud
of careful scientific appraisa! as explanied by Steppler and Raintree (1981)

at the recent ICRAF ronsultative meeting on plant research and agroforestry
neld earifer in Apri‘l 1981 1n Nairobi. “ICRAF considers itself as an

honest broker in promoting agroforestry.”® 1f other land use practices
.. are better qualified, it implies that ICRAF will make this clgar and |
" refrain from introducing agroforestry practices where they. are not warranted.
This approach should become a credo for all those working in agroforestry.
"With this objective in mind an attempt in the form of a compilation, has
been made to evaluate advantage and disadvantages of agroforestry practices,
as a basis for discussion and future evaluations. The compilation is
based on discussions with practical agroforesters and review of the
Titerature (notably De las Salas, 1979; Chandler and Spurgeon, 1980; Beer,
1981; Mong! and Huxley, 1979; Raintree, 1981; and ICRAF, 1981).

The and contra of agroforestry systems, when red with ul tures
of ﬁ 3 croisz w!_iﬁ_ E‘ asis_on ge humid trogics
1. Bio‘log:cal Aspec

a)'Ad vantaggg

- A larger amount of solar energy is captured.

- A better utilization of the vertical space is acMeved and up to
a point, natural ecological models are simulated as to form and
structure.

'« There {is greater resistance against adverse rainfall conditions
(both excess and unseasonal droughis).




= Temperature extremes are mitigated (lower maxima and higher
mintma) particularly for the benefits of plants and anfmals)
close to the ground. The lower miu reduce the speed of
decomposition of organic mttor. .
- The damage caused by strong winds and rain drops with Mgh mroy
'1s reduced. A
- A larger amount of bimss returns to the sofl as organic. ntur’
through fallen leaves, fruits, ﬂmn. branches. -
- Thore is greater efficiency in recyc'ling nutrients because tm .
o roots "capture“ nutrients that move through the sofl profile-or
to areas far away from the annual or perennial crop plants. In
~ this connection superficial long horizontal roots of ‘trees may
~play an extremely useful role as was pointed out by 'Ldndhun
(1978) who stated that "the superficial root system (of trees)
~ will reduce nutﬁent and sofl losses by leaching and erosion
and iuprove porosity fnfiltration and aeration properties.
their deeper roots will bring up nutrients fm depth to be
incorporated into tbe bimss. :

- Trees and their roots also tend to improve the soil structure’
(see above) by producing a higher amount of stable aggrggates
and avoiding (also dismantiing) v-rious types of hard pans.
Percolation 1s thus favoured and there will be less stagnant
water on the soil surface. : J -

- There will be less prolifersition of weeds because of less light
reaching the 9round and the possible effect of mlching.

- Mulch production, particularly 1f trees are prumd or pollardcd
reduces water evaroration from sofl, adds considenble organic
 matter.and reduces (or eﬂninates) the need for tillage,

- Most trees are better able to extract available nutrients from
the soil, through the acti vities of mycorrhiza. In the case of
most legumes (and reﬁresentatives of a few other families),
nitrogen from the afr ‘éan be fixed. through the ‘action of specid-
1ized bacteria, and incorporated in the plant t’lssues.

- Erosion is preventecl (up to 2 point) by uost trees particular‘ly
on slopes. SR



- Nanipuia;‘ioh“of the arboreal ;trata through pruning (pai-ticuiarly
to control crown density) can become a tool for better control
of phenological processes l1ike flowering or fruiting, for the
benefit of associated plants. Moreover the trees themselves can
be selected for appropriate phenology (Huxley, 1981) particularly
their decidiousness (Budowski, 1981b).

- A greater diversity of the fauna is promoted by providing a greater
variety of niches and this can be advantageous (e.g. certain animals
as a source of protefn, birds and other beneficial predators of
harmful insecis or rodents).

- The diversity of plant species and thoir spatia‘l arrangement can
deter insect proliferation.

- Trees may serve. as supports for climbers of economic value (su
fqp"‘ instance Okigbo. 1981).

b) Disadvantages

- Trees compete for l!_ght with associated plants in the lower strata
aid this may lower the yields and the quality of crop plants.

- Trees may' compete. for space with assocfated plapts, both above
and ‘under ‘ground -and this can be a handicap for eitber or both.

components.

- Trees cmete for nutrients and make them {naccessible to associated
crops wher they are stored { n stems and branches (instead of being
recycled).

. There 1s 3 1oss of nutrients when the wood 1s harvested or "expofted"
from the area. This is of course equally true when fruits or seeds
from the trees are harvested.

. Trees compete for water iIn tbe soil in times of water _s‘:qwess. the
more so if they keep their leaves (and transpire) instead of
shedding them.

- Trees keep part of the rain in thefr crowns. This can be important
when there are light rains. Stemflow can adversely redistribute
rainfall. : :

- The harvesting of trees may cause mebhanical damage to the asso-
cfated crops. ’
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Mechanization becomes more difficult or impossible.

Microrelfef manipulation of the sofl surface (furrowing, building
of mounds, etc.) to benef‘lt certaja crops is more difficuit or
impossible. :

Air mofsture close to the:assoctated crops may be fncreased (partly
because of less air movement) favouring fungal diseases.

Large water drops that coalesce and drop from the higher parts of
the tree crowns may cause damage to the assoctated crops (for
fnstance in times of flowering).

The different enviranment. Aroduced by the addition of tms can
favour thc prol‘lfentioa of noxious aMnIs.

Sau tms hive ane\opathtc effects on crops.

2. Economic and Social Aspects -

) ‘Mvant_tgg' .
Famr obtain. at least !h part, direct economic benefits from tho
trees that satisfy their needs for firewood, posts, poles, sawn wdod,
certain fruits, feed for cattle, flowers for honey, medicinal p ts,
etc. They do not need to buy these products or transport them f
‘Trees that produce salable wood constitute "sumﬂng capital' ln]
fnsurance to meet emergencies jn case of immedfate cash needs.
Dependency and c‘atastropﬁ_i,es' associated with a single crop are
overcome or mitigated, particularly in the case of irregular

O pafnfall patterns, market fluctuations, pest qqtbreaks.,difﬂculty
" in acquiring imported products such as pesticides, fertilizers,

machinery and spare parts, concentrates for cattle, etc. Moreo
the price of such 1mparted products may (and often does). drasti lly
tncmse. o

There {s' Tess need to "ﬂwort" and to- m for energy, particularly
fueT and other products brought .from cutside.

;‘Economic 1nvestments to estabnsh tree crops may be constiderably
,reduced because of the beneﬂ t& obtained from shnual crops at the
early mges of tree growth "In some cases the number of years



- devoted to annual crops can be increased by thinning, pruning
~or-upper crown manipulation and additional economic benefits

. can be obtatned (posts, firewood) at the early stages of tree
| development.

- The presence of trees usually reduces weeding costs.

- Trees can be used to mark property boundaries and constituto a
safeguard device against land usumtion.

- There 1s more flexibility to d1str1buda the work 1oad during the
course of the year. L

- Wildlife can be ’f,avour.cd and may be harvested for protefn.

- Some schemes allow a gradual changeilf' destructive land use
practices towards more stable systems without diminishing producti-
V"W. -~

- There 1s obviously considerable scope to improve on existing
stab]g systems and %0 design new systems with higher production
and productivity. by assocfating the most desirable plant specfcs
(and/or animals), in space and in tiue. by drawing on local and
world-wide experience.

b) Di sadvantagas

! . 2

‘= In some cases, over the same ares, ylelds of crops (or pastures)

- ‘£

__z - Hoi-e manual labour may be reqpired, a negative factor where labour

1y i.

'can be lower than for monocultures. Even if the combined value
of crops and trees:may be Mgper. EL3 ny uke a mmber of mrs
f'for the trees to acquire economic vahn. Lo o

1§ scarce and expepsive and mechanization appears to be a better
alternative.

Tammirs

. Agroforestry ig' often assoctated with land use systems of poor

-« .,,people, where 1{ittle effort s made to adapt improved agronomic
"~ “practices such as selection of improved varieties, or use of

fertilizers while there usually is a complete neglect of pest
control In this connectior it is often argued that many current

‘ agroforgstry practices do not stimulate farmers to abandon their
present socio—economic status associated witb poverty and subsis-
tence levels.



- In depressed areas, economic recuperation may take a longer
time (than profitable cash crops) becauso of the time lag in
cropping trees. |

- In areas of high pogulation density and scarce land resources,
where survival is based on. the next crop, there may be consideradble
resistance in planting or tending trees. In the particular case
of taungya when cheap labour s used to establish trees with the

‘ collaboration of {tinerant farmers that do’riot own the land, this
"‘my b~ considered as socially inadequate or a vestige of "colonfal”

_or other pr_oéticcs Tinked with exploftation of ‘the poor.

- Thore 1s considerable. scarci ty of tnimd personnel to handle or
{mprove exioting agroforestry systems, and to devise new systems
and install demonstration plots.

- Agroforestry fs more complex and less understood than monocultures
and this may be a handicap to attract scientists, extensionists
or farmers with a higher agricultural education. Also any
experimantal designs involving complex associations (in spice
or in time) and subject to statistical analysis is likely to be
much more difficult. It can hardly be done in existing plots
such as thocs curmantly designed by farmers because of the
impossibility of controlling, let alone manipulating the
variables. Testing agroforestry practices and comparing them
with monocultures may thus become a lengthy, difficult and
costly task that apparently can only be carried out efficiently
by selected experimental sfat‘lons where appropriate land, funds
and specialists of-different.disciplines, are available.

- There fs lack of knowledge on the potentfalities of agroforestry
among decision-makers and this results in scarcity and lack of
funds for land use planning, research and extension prograsmes.
Backlashes resulting from false premises (e.g. “miracle” trees)
may compound this rathe_r depressing picture.

Conclusions

" The foregoing appraisals of advantages and disadvantages are obviously

incomplete. Moreover, they can scarcely pretend to cover the whole
array of agroforestry possibilities. Not all of them may apply for one
peculiar system but. they cover a multitude of situations.

A}
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However, they can provide a framework for evaluating existing systems
and for the design of new ones, particularly as concerns their applicabilfty
and the chances of success. They could constitute a basis for a series

of questionnaires when the promotion of certain agroforestry practices

is to be aimed at. Finally they offer a series of possibilities for

research and for evaluations.

With new and more homogeneous descriptions of agroforestry systems entering the
literature these appraisals may be considerably refined, enlarged and 1nc6rpont.d,
at least 1n part and where applicable, in the quantification of those

systems, their testing, validation and continuous evaluation, particularly

where transfervence of techniques is aimed at.
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