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CATIE is a civil, nonprofit, autonomous association, scientific and education­
al in natue.c It caries out, "promotes, and stimulates research, training and 
ltechnicv cooperation in agricultural, animal, and firestry roduction in order to N 
offer alternatives to the needs of 'til Ameriext tropics. particular. in the coun­
tries of the Central American Isthmus arid the Antilles.The Center was created in 
1973 Ly thei(.overnnent of Costa Rica and IICA. Accompan,,(iug Costa Rica as a 
foundi nniicmber, Panaiiia joined in 1975, Nicaragua In 1978" and Honduras and 
Guatemala in 1979. 

* \' y 

The responsibility of tile GTZ ,Perman Foundation for Technical Coopera­
,ign) is to undertake technical pVning and implementation of measumcs for 
technical cooperation %%ith develou(ng countries, Tiir. din,;Ipal tasks of the GTZ 
are: 

-	 Planning and implementation, c ,ntrol and nonitoring of Technical Coop­
cration projects and programs wvith partners in de':mioping countries' 

* 	 Advising other organiations likewise engaged in d.-velopment schemes; 

* 	 Recruiting, selecting, preparing and assigning expe:.t personnel and attend­
ing to iheir ptofessional atrd personal affairs during their period of 
,.s.;tment; 

* 	 Planning the te'.ho cal details L-,th,. material and equipment for the proj­
ects; also purch~iing tthicequipnent and dispatching it to the developing 
countries. 

The DSE (German Foundation for lnternati.onal Development) is a civil rights 
foundation financed by the Federal Government and thle State Government of the 
Federal Republic of Germany, 

The DSE exists to: 

* 	 organize and imnpleme;. Atraining programs for specialists front the less 
developed countries in the RFA and tll, TIjird World; 

* 	 brief and de',rief German specialists engaged, in techni,al cooperation 
overseas: 

* 	 promote with other organizations the exchange of experience ofintcrna­
tional problems among the technicians from different countries. f , 

Through these activities the DSE contributes to development polV , of the 
Federal Republic of Germany, 
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Foreword
 

The basic aim, development and icsults of tile seminar were determined by the 
participants, which were experts from the fields of forestry, arable fanning and 
pasture farming who are working in various tropical and subtropical regions as part
of the GTZ program. The seminar took place against a background of common 
endeavour and the candid exchange of experience, with the will and the courage to 
tackle and develop new ideas. With this approach, the expectation expressed at tile 
beginning of tile seminar were, to a very large extent, fulfilled. 

The introductory lectures and the discussions that followed each established 
suitable criteria for evaluation: whether agroforestry is more suited than other
forms of land use in rural regions, and whether agroforestry holdings are superior,
equal or inferior in competition with others. These have to be examined in each 
case from the point of view of the target group (rural population), the government, 
and technical cooperation.

From the viewpoint of development policy, tile priorities for the Government 
of the Federal Republic of Germany are: development of rural regions; improve­
ment of the energy supply; and protection of natural resources. 

Efforts are concentrated in particular on combating absolute poverty and on 
the satisfaction of basic needs. 

In the course of the seminar, it was established that agroforestry is in many 
cases suitable for fulfilling these objectives because it is so varied and adaptable, and 
that it makes an indispenseble contribution to solving the priority problems in thc
rural regions with rega' to food, energy, raw materials, environment/resources, and 
work/standards of liv. 

During the excursions, ideas and information were gained that are of immediate 
importance for practical application. In particular, it was impressive to see to what 
extent and with what degree of success farmers are already practicing agroforestry
in some areas without being motivated or encouraged by aid and development 
programs. In addition to higher or more varied production, the reduction of risk is a
crucial issue in the lives of the rural population and was always a prime considera­
tion for the farmers. It became clear where and in what way forestry measures,
arable farming, and pasturing profit from one another in integrated holdings and 
where the limits of combination have to be taken into account, to avoid possible 
disadvantages.

The group work followed a prescribed pattern that has proved its value both in 
practice and in research projects. The scheme dealt with the above priority prob­
lems of rural development in the following order: situation analysis, target defini­
tion, analysis of methods and evaluation of success. In the seminar, information was
acquired which was both specific to a region and important for agroforestry in 
general. This resulted finally in suggestions and recommendations for practical
application in the future foi situating projects, preparation and planning, imple­
mentation and continued planning, evaluation of acceptance, project hand-over,
follow-up phase, and evaluation of success. 



The participants in the seminar came to the unaninious conclusion that agro­
forestry land use in the tropics and subtropics provides many opportunities to 
promote rural development and to ac hieve a lasting itlmprovelnent of production 
while maintaining the productive power of the natural resources. 

But in turthei practice, one should he careful not to arouse unjustifiably high 
expctations, since obviously, success o' Iilhre always depends oil a mtrititude of 
spccitfic conditions. In this respect, specii emphasis was put on tile importance of 
tropical and subtropical agricultural reserli and on tile duty and responsibility of 
all those involved, not only to acquire knowledge. but also to apply it with the best 
possible mitiiplier effect, with the counrage to niake decisions and to promote new 
ideas. The excellert -onlriunicaition between all the participants from varied 
disciplines aibout the common objectives Md possibilities imust be seen as an 
encouraging example in this direction. 

Definition and delineation of the term "Agroforestry" 

Over the years there have been mnrerous definitions Of agrolorestry, soIe 
assunming very specific conditions, others assuiing overipping areas. Examples are: 

1. (RAF'N:Jrobi ( I197,): "Agroforestrv has been defined as a sustainable laud 
nlanagement sx'stern which increaes the overall .ield ()f tile land. conibiries tile 
productim of' crops (includini tre cr p.iand 'Orcst plMts and'or anirnals siilil lta­
ileolsl\ or sc.quetntiafl., oll thISllle Unit of lald, and aIpplies ruanlgellient practices 

"that ire compatihlc with the clltural practices of' the lotcatl pipllaitio . 

2. von Maxdell (I )-'): Agr'ofreslly Illealls, fistlv lld very generallv, a 
cotlritiatioll ofl lorestrv ,ld :uriahle lidlg andor isto ring ileastires ol the sale 
area. Il v'iex of' the hie tdillcences between natutal and farm locationrs amid the 
socio-ecollOiiic structulres iin the vm'rious regions. lurther, more precise defillitiolS 
are nattlr:dl' cqli|id Ir0W c~usc to case. Basically. we should Oilv ref'r to agro­
f'orestr wIc i tiees aild slm bs, :aae crops arid/or lIsture aninrals are kept 
together on aiparticular plht f land in such a way thlat tilex' can be shown to 
illulence each other ecoloicallxv. The rsult is that on the one hand. tIhe plants ard 
anitmals are ill colpetition withli oat -,mother, but oil the other rand there is a 
certain ecological dependence Onl each other, or this depenldence can he created. 
arid that finallx. arimous sp-cies suppiement each other interms of iie and s1pce". 

l)urinu the discussion. the participatnt; agreed that any interdisciplinary defini­
tion claimin ltniversl \alidil would create unnecessary. scarcely so lx'ale prob­
lems for tire running of the serirrar. aid that it was nlu)re sensible and practical to 
COmmulIItnicate Ol a contuion1 hsis and iii tenis of concrete exanples. Therefore, tIre 
definition proposcd hy BII)OWSK I was accepted f'ortie work of' tIle sem ia r: 

"r' ag,ro/oi'tr'v wce mean lechniques oJ Ialad use inl which 
trees ar' comhined with crp.s or fpastlures or wiith both. ('he 
combination can be sindtaneous irterms o" (ite and space or it 
can be phased. lTre ohecti'e is the m.taied optimLzation of 
total prohuction per unit ol area 
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Introductory Paper
 

U. Vollmer 

Agroforestry, which is the subject of the seminar starting today, epitomizes the 
concept of an integrated land use that combines elements of arable and animal 
production with special forms of forest use. There are numerous and varied systems 
of agro-silvo-pastoril land use according to the climatic, topographical and edaphic 
factors, and the socio-cultural conditions. Some of these systems are rooted in 
history and tradition. Our own history of the forest economy in Germany reminds 
us that it was common practice in various regions of our country to use the forests 
for food production or for livestock and to manage th em accordingly. On the ,ther 
hand, even today in extensive areis of the tropics the normal form of land use is the 
so-called shifting cultivation, with temporary use of the forest floor for agriculture 
after clearance by fire. Shifting cultivation is practiced particularly by those 
sections of tile population living in remote regions outside the money economy. 

But the results of the rapid growth of population and of the S.ocioCconomic 
developments in recent decades automatically inftlence the forms and systems of 
land use. This applies particular'ly to countries in tile tropics. Under these condi­
tions it is necessary to think about traditional as vcll as modern forms of land use. 
Where equired, new land-use systems should be developed and introduced in 
keeping with the rising need for food, energy and raw materials, and wilth the 
eco!ogical requirements. 

What role can or should agroforestry play under these conditions of dynamic 
change'. From the point of view of the development policy pursued by the German 
Government, w. should first state that. within the general target of promoting the 
economic and social development of our partner countries, the fight against 
absolute poverty is regarded as priority. A central issue increating development 
policy is the satisfaction of basic hulman needs as sufficient food, health care, and 
suitable living and educational facilities. The priority target groups in our coopera­
tion with partner countries are those sections of the population that have not 
participated sul'ficiently in economic and social progress. This applies particularly 
to the peasant farmers and landless poor in the rural regions of the Tlhrd World. 

The task that uist be given the highest priority among the numerous problems 
of development policy awaiting solutions is time guaranteed supply of sufficient 
food. The 800 million people who suffer from hunger or malnutrition in the Third 
World demonstrate the seriousness of the existing state of affairs. Moreover, to feed 
those 2 billion people who, it is estimated, will be added to the world's population 
by the year 2000, in.-casing it to 6.5 billion, presupposes that, in addition to the 
production levels alreatdy achieved, approximately the whole of the world's food 
production of 1950 will need to be produced. With an average annuel growth rate 
of somewhat less than 3o/o, food production in the Third World, as a whole, has in 

* BMZ (Federal Ministry for Economic Cooperation) Bonn, Federal Republic of Germany. 
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the last 20 years been able to keep pace with population growth. But whereas in 
some areas, particularly Latin America and the majority of Asian countries, the per
capita supply of food has improved, it has clearly declined in a considerable number 
of A'frican countries. 

In this context it should also be ,loted that the growing population and increas­
ing requirements, together vith the better supply of food, also mean a greater need 
for energy and raw materials. Thus, when we concern ourselves with tie effects of 
the progressive exhaustion of fossil soarces of energy that affects us all, WC should 
not forget that a large majority of the rural population in the developing countries 
are dependent, today as in the past, on the availability of firewood and plant or
animal waste for cooking and heating. The Saliel countries of Africa, where 60 to
90o/o of tiletotal national energy consumption is derived front firewood and 
charcoal, are cases.certainly extreme But the data available on the structure of the
 
energy consumption in other countries 
 indicate that the situation in meary rural 
areas of' the Third World is not fundamentally different tfrom the above examples.

Covering the food and energy requirements of a rapidly expanding population is 
an extremely difficult task, especially when we take into account the situation 
regarding natural reSources and their development.


The experieice of the past decades is worrying, and a change in land use as

practiced in many regions must 
occur if a further depletion of natural resources, the
 
basis of' human existence, is to be avoided. Some figures and data will illustrate the
 
processes and development trenrds already underway.


Tle growing shortage of land reserves caused by increasing poJllatiOll pressure

is reflected inestimationis that calculate the cultivable land area 
 by the year 2000
will be below IOo/o of' tile current in the world iuiarable aind area clear contrast to
 
the assuned population growth of' 50o/o over (itesaime period. Whereas 
 Latin 
Aimerican ard soenic African couttries still lave cotnsiderable land reserves ill tile 
forr-1 of m:tural forc ts, in Asia the largest portion of cultivable land is already being
used. ULrder these conditions it can be assuMed that tire additional food production 
necessary iii the next two decades must be achieved mainly by interisifyirg lard use
ill tle existing cultivated areas, whereas extending arable lard can only be of 
secondary importance. 

On tire other hand, if' tire current destruction of the forests inthe tropics
continues (the annual rate of' loss of' tropical forests is currently estimated to be
about twice tile total forested area of'"the Federal Republic of Germany) we can 
expect this to be reduced a furtlher 40o/o by the end of our century.

Examples like Thailand, which lost 25o/o of its forest area in 10 years, or the
Philippines, reported to have lost I5o/o of' its forests inonly 5 years, illustrate tile 
speed at which forest destruction is occurring iii regions with high population 
pressu re. 

Ecological dariage caused by land-use practices incompatible with the support
capacity of soils and natural resources can be seen in the fllowing figures: about 
20o/o of cultivated land worldwide is affected by erosion leading to a considerabledecrease incrop yields. Year after year intire senii-arid and arid climatic zones, 
more than 5 million iectares of' potentially productive lands are lost through
desertification. Irrigated agricultural land, whose production capacity is badly im­
paired or threatened by salting, by becoming too alkaline, or by soil .,hifting, is
estimated to be about 50o/o of the total agricultural area. Finally, I should also 
mention that growing pressures on natural resources, as well types of landas use 
practiced inmany places, make it doubtful whether many of the natural fauna and 
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flora will survive. The Global Sttdi,2000 that U.S. ex-President Carter had done by 
an inter-disciplinary group of experts revealed that up to 20o/o of all plant and 
animal species, especially those in the tropical forest habitat, could be in danger of 
extinction by the end of the century. 

Against the backgroutnid of these facts and tendencies, the Government of the 
Federal Republic of Germany passed its IPrhiciples of Derclopment Policv in July, 
1980, in which it designated rural development, energy supply, and the protection 
of natural resources as the main areas of concentration in development cooperation 
with countries of the Third World. 

In my opinion, agroforst y can make an important contribu tion to solving the 
land-use problems mentioned above. 

Undou btedly, the fu ture food supply will depend mainly on intensive forms of 
agriculture and cattle-keeping where tire right natural conditions allow. But agro­
forestry will have to adopt an increasingly important role to underpin the supply of 
food, enecrgy, and raw materials, e pecially in regions with high population pressure 
and istable etvironmental conditions. To achieve this objective, much research 
anl experimental work will have to be done. The information ani knowledge about 
agroforestry available in varicus parts of' the tropics, moreove;, needs to be system­
atically collcct,!d, evaluated, and incorporated in transferable models. 

l:or all these reasons, the Fcderal Minmistrv for Economic Cooperation in Bonn is 
at';:btting great importance to !is seminar that will deal with the different 
technical, econotoic, and social aspects of agroforestry. The practical emphasis of 
this conference is illustrated by the fact that it iSjointly organized by the German 
Foundation for Internattonal l)evelopIent ([)SL - l)ettscle Stiftung fur Interna­
tionale Eniwicklitg), fIle German Agency for Technical Cooperation ((;TZ -
De, tsche (;Iellschlaft for Technis:he Zusammenarbeit) anil the Tropical Agricul­
tural Research and Training ('enter ((AI F ('cntro Agron6mico Tropical de 
lvestigaci6n y Fnseian,'a). at salme time. be seen in tileThe seminar should, tile 
context of, constructie cooperation as practiced in the past by ('ATIE and the 
German Institutions active ill this field anid also as envisaged for the future. 

The colplosition of" the specialist participants it the fields of plant and animal 
production :nd forestry is an indication that practical solutions to the problems to 
be discussedi here cal only be expected on the basis of an interdisciplinary examina­
tion of the system of agroforestry. 



Agroforestry inCentral America 

G. Budowski* 

General consideration 

Agroforestry implies combining trees with crops or domestic animals, either 
simultaneously or in sequence. It is one of the curiosities of tropical forestry (and 
for that matter also in the agricultural sciences) that agroforestry has been rather 
blatantly ignored even though it has existed all the time and has played a most 
important role in the lives of rural inhabitants. With the exception of tatingya 
which is now well over 100 years old, very little is known concerning most agro­
forestry systems, even if some of them appear to be extremely productive and 
rather sophisticated. and of course stable, possibly as a result of cvolution over 
decades or centuries. At presenat much of the research in various coon tries amilunts 
to the discoi'erv and description of' existing systems. It is in teresting to speculate 
why this is so, and many arguments have been advanced: the avoidance by scientists 
of agroforestry systems because of their complexity and the great diffictlty in 
setting tip all experimental design. the Present training of scientists iii certain 
specialities of fields rather than in complex land use systems (how much do tropical
foresters know about food plants and how do agronomists fare vice-versa? ), the 
past reliance on cheap direct or indirect energy sources in agriculture, able to 
replace the beneficial effects of trees on crops (fertilizing, weeding, plowinvg, pest 
control, etc.) and perhaps more than anything else, the indiscriminate transference 
to the tropics of capital and technology-intensive methods which originated in 
temperate regions. Finaly. the socio-cultural dimension of agro-forest ry, so impor­
tant in inly countries, still adds another dimension that complicates a better 
understanding of the problems, at least rom the researcher's viewpoint. 

Moreover, there are a few mental blocks that must be overcome concerning 
agroforestry. Among them is the belief that agroforestry is mostly practiced by the 
rural poor or that it is restricted to marginal lands, (see, for instance, Table I 
below). This matter has been particularly stressed in a most stimulating publication 
that in a way led to the Foundation of ( RAF, the International Council for 
Research in Agroforestry (Ben: et al, 1979) which pointed out that "...more than 
half of all land in 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 in 
fact, was placed in a box for emphasis. 

Actually, the more agroforestry is studied, tile more it becomes clear that it has 
achieved productive and stable systems on all kinds of lands, on good and poor 

CATW1 (Tropical Agricultural Research and Training Center) Turrialba, Costa Rica. 
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soils, with varying relief, climatic conditions and under different socio-economic 
conditions. Students who have taken agroforestiy courses at CATIE report that 
they are now discorerhng agroforestry systems in areas they had repeatedly visited 
without noticing them. 

A full discussion on agroforestry practiccs in Central America and elsewhere in 
Latin American can be found elsewhere (BUDOWSKI 1977. 1979 and 1980; 
CATIE, 1979; CONI BE and BUDOWSKI, 1979). The present discussion will only 
attempt to emphasize some examples with a few speculations on social implica­
tions. A good introduction to the subject would be a comparison between agr')­
forestry systems and monocultures resulting from lengthy discussions and exchange
of experiences between researchers in Mexico and CATIE. The following tablc 
shouild be considered as tentative, and manly of the statements found are clearly
subjective. They represent mainly opinions or viewpoints by different people, not 
necessarily based on proven measurements and valid comparisons, aimed, above all, 
at stimulating discussions. It should be noticed that the second part of the table 
emphasizes socio-economic implications (Table I ). 

Table 1. Coinparison of advantages and disadvantages of some agroforestry systems (presence
of trees within crop-lands or pa stures) :is compared wi Itnonocultures of these saine 
crops or pastures. 

Biological and physical aspects 

Advantages 

A better utilization of the vertical space and 
cropping period is achieved, and raiural 
ecologi, I models are siomulated is to fIrin 
and structure: so l:ar energy is Morc effciItLI-
ly captured. 
A larger hionuass returns to the s'StciiI 
totganic iatter) anid otten is of' better 
quality.
thele i [[lore efficient recycling of nutri-
ents including their pumping fron the 
deeper soil layers. 
Appropriate for mnarginal areas since there is 
likely io be ar larger resistance to rainfall 
variability: it can also be practiced on 
steeper slopes. 
The damaging action of raiinfall and sintd is 
reduced. 
Iertilizer applied gor a longer stretch sincc 
tree roots cai capture nrtrienis that tove 
beyolnd the area of crop or grass roots and 
recycle tlher. 
Iefgutninorts trees (and oie froi othIrer 
families) fix atid incorporate nitrogen. 
There is 1ore iiutlchr aird lesser w'eed 
growth. 
Tie soil struciire is imlTrOved (more stable 
aggregates) at I ,, ht rd pair is prevented. 
Diversity of species hampers inisct prolif-
eration. 

hlliere may be benefi..al influences due to 
mutualisni. 

Disadvan tages 

Trees co r pe te for light needed for crops or 
grass. 
Irees mlay comripete for nutrients. 
Trees may compete for water (espe cially 
s lhere there is ; strong dry season). 
Ihete milay Ie allelopathic influences. 

The harvesting of trees may cause darmage to 
crops. 
There Is rio rest period (vi a secondary 
forest stage) like in slriftng Cultivation. 
Mechanization is inip'ssitile or made imore 
difficult. 
The greater air nmoistire can favour diseases 
(Inrostly fuiigi). 
Rain drops forming in the crown of' trees 
can cause damage. 
A proliferationi of noxious anitals can xe 
favoured. 
There croul0d be excessive export o1 nutrients 
if trees are consistently harvested. 
The systemn is more corplex and little uin­
derstood. Any cxpe rimiental design with sta­
tistic al analysis is likely to be inmore contpli­
cated. 
In some cases yields of crops or grasses are 
smaller with less economic returns. 
In irany ongoing economic structure, it is 
considered that tIhe svsteiir is int efficient, 
because of the inherent comnplexity of oper­
ations needed to niakv it function effective­
ly. 
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Economic and social aspects 

The farmer (particularly poorer ones) sat-
isfies partly at least, his needs for firewood, 
polqs, timber food, flower for honey, medic-
inal products, etc., and does not need to 
buy these, 
Trees constitute a standing capital, an 
assurance against emergencies, when quick 
cash is needed. 
Delpendency on one single crop is avoided 
and traumas associated with irregular rain-
fall, market fluctuations, dependency on 
imported products (pesticides, fertilizers). 
outbreak of pests, are mitigated. 
There is less need to import energy and/or 
to pay for products outside the area. 

jhvestments to establish tree crops are 
reduced (such as in taringya). 
Diversity and the interdisciplinary nature 
can be considered an asset for quality of 
life. 

Social cohesion and leam work can be pro­
moted.
 
Trees serve to mark property boundaries
 
and constitute a sateguiard device against 
land usurpation. 

Some schemes adlow to graduall change 
from destructive land use practices towards 
more stable systems, without diniinishing 
productivity. 

Ithere is more flexibility to distribute 
labour during th ycar. 

Wildlife is favoured and in sonic in­
stances can be a suitable scUrce of protein. 

There is obviously considerable scope to 
design "new" systems by associating the 
most desirable species. 

Normally more labor is required 
It is argued that some agroforestry practices 
do not stimulate farners in moving out of 
their present socio-econonic status (poverty 
or subsistence level). 
Economic recuperation may take a longer 
time for people with to%% incemnes tbecause 
of the time lag in croppw', trees). 
There may be opposition from some polit­
ical and socio.econonic structures towards 
agrotorestry systems 
or false premises. 

There is scarcity 
improve 'nd ha idle 
and install new ones. 

because of ignorance 

of trained personnel to 
agro-forestry systems 

There is lack of knowledge on the poten­
tialities of agro-forestry systems among deci­
sion makers and this results in scarcity and 
laick of funds foir research and extension 
prog ainmes. 

A few successful case studies on agroforestry 

Alder in the highlands of Costa Rica 

For at least 80 years, a local alder species (Anus acuhninata),has been success­
fully planted at elevations between 1.300 and 2.500 meters with high rainfall (2000 
- 3000 am) and good soils in the dairy region in Costa Rica. The presence of alder 
trees is said by many to increase fodder production. This is an area where mtilk 
production is high, and many farmers are rather affluent. The trees are planted at 
wide spacings within pastures that are grazed (Pennisettum clanclestnum) or cut 
(Pennisetum purptureun and Axonopus scoparius). Most alder trees found in 
pastures are regularly pruned The spacing of the alders can be any combination 
between 8 x 8 fi to 15 x 15 m. Alder fix nitrogen through large nodules(I'rankia 
sp. of the Actinomycetes). So'me initial measurements indicate a mnean annual 
diameter increment of 2-3 cm with harvesting after 15-20 years (CATIE, 1979). 
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The easily worked wood is used for multiple purposes where durabiPty is not a 
requisite. The social implications have been partly studied by Poschen (1980) 
through questionaries distributed to dairy farmers which reveal a series of beliefs 
and assumptions among farmers that deserve more carellul research. The practice of 
planting alder in pastures is presently increasing. 

Coffee or cocoa with one or *vo strata of "useful" shade trees 

Although the trees above coffee or cocoa are usually referred to 'is shade trees, 
their function and usefulness is clearly much greater than strictly for shade. Many 
of these advantages are outlined in Table 1.The system over coffee and cocoa have 
been evolving over dhe past years, and it i, now frequent in various regions, particu­
larly in coffee, to have a leguminous tree as am intermediate canopy (l'rrthrina spp. 
or Inga spp) overtopped by a tall and valuable timber tiee with a narrw crown 
(Cordia alliohora). The legum inous nitrogen-fixing trees are sev',.rely pruned back in 
the case of coffee, usually twice a year. Several plots of (o.ia alliodora, 15 to 17 
years old. showed a tmeanl annual diameter increment of' 1.8 cm, an average height 
of 22-23 meters and a mean aninua volume increment of 10-11 mYha/year (COMIE 
and C ILWALI). 1)7Q). The practice is increasing, and several Measurement show 
that coffee yields are Iiigh and compare favourably with neighbouring plots without 
( orfia alliotiora. 

Live fence posts that produce wood, food, feed, and more fence posts 

Throughout tropical America, tie practice Of raising trees from large cuttings 
that root easily, to establish fences to keep cattle out, is extremely widespread. 
Fences can be grniwn by planting cuttings closely together, often mixed with low 
bushes or, more commonly, dhey serve as supports for barbed wire. The practice has 
received very little litera ture coverage and is Currently being investigated as to its 
biological, social, and economic effects. The following summarized analysis acain 
should oily be considered as preliminary since it covers over 50 tree species in six 
Central Ametrican countries over a great diversity of conditins (Table 2). 

Taungya as part of astrategy to change land use 

Throughou t (cntrat America and the Caribbean the original forest has been 
cleared from large areas of steeply sloped land in order to establish low yielding 
pastures, many of which eventually revert to secondary bust,. At present there 
appears to be great interest in converting such slopes into forest plantations for 
firewood, pultpwood or timber, or aity possible combination. Tat ngya has a long 
history in! the ('entral American and ('aribbean region particularly in: Trinidad (as 
early as the twenties) with teak. and Caribbean pine: Belize (teak, (aribbean pine, 
(;uelhna); Surinain: and at ('ATIE. Costa Rica. the latter with ('ordia alliodora, 
Ginelina arhorea, hIwalrmpts deghpta and Terminalia irorensis (COMBE and 
GEWALI), 1979). The latter four species and Pinus cariaea have shown particu­
larly good adapta!ion in areas of high rainfall (2000 - 4000 um) at elevations up to 
1200 in. The associated crops have been maize and beans, cowpeas and string beans. 
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Table 2. Comparison between live fence posts and wooden fence posts (the latter either 
naturally durable or treated with preservatives). Both posts are being used to 
attach barbed wires and to prevent trespa.ising principally by cattle. 

Factor 

Choice of species 

Cost 

Handling of post before placing 

Placing in soil 

Placing of barbed wire 

Initial maintenance 

Survival 

Wien to place wire 

Increase of post density along 
fence 

Durability 

Organic matter production 

N fixation 

Effect on soil fertility 

Erosion control 

Competition for water 

Erosion control 

Comp' ,:ion for water and 
nut:.ents and light with nearby 
crop 

Protection of crops and/or 
animals against wind 

Live fence 

Depends of ecological con-
ditions 

Relatively low or free 

Needs careful preparation. 
transport and stormge 

Needs care, adequate soils 

Special techniques in iome 
species 

Necessary, requires protec-
tion .gailinst Some aninIls 

Losses possible 

Usually when well anchored 

Easy and cheap 

Usually very long 

Varies with species 

Possible in some st ecies 

Ik-neficial, especially when 
branches are pruned and 
sorie roots die off 
(aeration) 

Can be effectively used is 
barrier 

Does exist but varies 
according 

Can be effectively used as 
barrier 

Does exist but varies accord-
ing to system: organic ma­
tter production conipensa­
tes 

Effective but varies 
acce-ding to species height, 
density 

Wooden (dead) fence 

Many possibilities depends 

Relatively high 

No special care require 

Soil not limiting 

Some skills required 

None, in sonie cases needs 
fire protection 

100 ',o 

Inmediately 

Easy but expensive 

Variable, limited according 
to treatment and species 

None 

None 

None 

None 

None 

None 

None 

None 
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(Tabla 2. Cont.)... 

Factor 

"Horizontal" rain (fog drip) 
from moisture ladden winds 

Toxic effects 

Toxic fauna 

Beneficial fauna 

Additional economic products 

In case removal is necessary 

Labour for management 

Acceptation by farmer 

Special limitations 

Aesthetics appreciation 

A series of programmes are 

Live fence 

Possible 

Possible (allelopathy) 

Can be sheltered 

Prcvides shelter and food 
(e.g. birds, honey bees) 

Many, such as food, feed, 
medicinal products; also 
firewood, posts and more 
live fence posts 

Difficult and costly 

Periodical pruning is nece-
ssary; skills required 

Very popular among poorer 
farmers 

Disliked by fumigation 
pilots 

Depends on management 
and cultural background 

presently being visualized 
degraded lands in all of the Central American countries 

Wooden (dead) fence 

None 

None, (except when some 
preservatives are used) 

None (except termites in 
sonic cases) 

Little 

None 

Relatively easy 

Skills also required to 
place posts and wires and 
replace them 

Depends omiincome. More 
affluent farmers tend to 
avoid live fence posts 

Firebreaks must be kept
 
cleain during fire season
 

Depends on investment
 
possibilities and cultural
 
background
 

to convert large areas of 
as well as the Dominican 

Republic and Hlaiti into tree plantations. Thousands of fanlers are expected to be 
involved in the programmes which allow them to combine field crops with seedlings
of valuable trees for approximately two years and then has them participate in the 
tending and harvesting operations, therefore, changing gradually land use from 
extensive (and destructive) grazing to forestry. The rising prices of firewood, posts,
timber, and pulp and the possibilities to eventually produce large and cheap sources 
of biomass on lands that do riot compete with agricultural crops, have generated 
much interest from funding agencies. 

In Costa Rica, the introduction of Caribbean pine 20 years ago, and the ready 
acceptance of local farmers to plant small plots, has led to the establishment of 
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pines and other species, and eventual grazing of these plantations tinder controlled 
conditions is presently being studied, the latter to keep the grass down, reduce 
weeding costs and produce additional income. There is already some experience ol 
grazing pine plantations in Surinam and Jari (Brazil), and field trials are under way 
at CATIE, Costa Rica. File obvious interest ill inancing such sClemes lies in a 
combination of factors: protecting degraded slopes f'ron erosion and regulating 
run-off, providing wood for an industry that is willing to pay higher prices, for 
timber, firewood and charcoal (which are in great demand), and above all, proving 
thousands of farmers who h;.ve become impoverished from past misuse of land with a new source of income without drastically changing their way of life. Clearly, all 

these prospects need to be investigated ill the light of land tenure problems, govern­
nent incentives, Iong-terrin -. ,noilnc prospects, acceptance by tile farmers, arid 
careful plaiing of tire relatiunship between wood-ising industries and participating 
local farnie, s. There is all obvious role fol governmental authorities to play, but 
misunderstandings and failures can easily happen. 

Multiple us. 

File possibilities of' promoting nmultiple use of forest land, particularly as a 
nriediunl to improve the lives of people living near or within ttie forest, have not yet
been well investigated ini the region although this may not be so much a result of 
inslfficient case studies as of ignoring the social factors. 

\ case in point is the luquillo National Forest ini East Puerto Rico covering an 
area of lm and middle elevation 1iourntain ranges with heavy rainfiall. About forty 
years ago. the I')restcd area. most I secondary., was dedicated to silvicuIltural 
research (inanaging the natural forest and establishing plantations) as well as 
watershed protectiot but increasinly over the years, it has hecome a focus of 
attraction I'or local and f',reigi tourists with recently over one million visitors per 
sear. The effect on the local population ha!s not been well studied. but it certainly 
has produced a powerful attraction b1 the Puerto Rican tourist industry with 
various 'avourahle econriC iriplications. 

Another iriterestinge development has been the creation ill 1979, of the Rfo 
l~iit anro lispire re Reserve in N.ntheastern Iloiduras, covering 180,000 hectares of 

rainrforest I(RII.NARE ai d (ATIL. 1978). Besides the biological and archeo­
logical interest fIo: science, a pi,:'? ;nen reason for the establishment of' tire reserve 
has been the nlraiiT 'ance of tire life stleI of' tihe "Misquito" Indians with their 
peculiar agriculturat. rritirig. arid fishing practices. 

A better knowledge of the relatio;i between unltiple use and its influence on 
people livin, ill tile :rea where practiced is essential and there is a wide open field 
for research which would be of great use to planners arid decision-makers. 

Summary 

Four broad categories of forest nanagement in Central America and some 
countries of tire Caribbean. namely for protection, wood production. a combina­
tion of agriculture and forestry (agro-forestry), and multiple use, are analyzed as to 
their present and potential impact oi local populations living within or near the 
forest. Many problems resulting from past arid present massive deforestation and 
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lack of nanagenient negatively affect local populations. Illthe light of experience 
from the region, it appears that large refarcstation schemes oil land that has been 
degraded would provide interesting opportunities for stable forest collniities in 
thc light of the shortage of forest prodcts and the need to control crosion. Capital­
izing ol present widespread agroforestry practices appears to be particularly pron­
ising in soeic areas, bill a better Understainding of the biological and social cliarac­
teristics of soine of the present svstdlis is required to la.nnc snccessfl improve­
ient prograirnne:. Some examples of ninitiple uses are also described, notably. the 

use of' a national forest for recreation and the establishnent of a Biosphere Reserve 
where the rights and customs of local populalltions are safeguarded. 

Contributions from participants on the lecture 

In the defin ition, the question of opfIhmizatun is discussed. This does not 
necessarily refer only to an increase of"yield. According to the target group, other 
;aspects, e.g. optiiizing yield reliability, can be more important. 

With that definition in inind. the lower end of the scale of agroforestry is 
difficualt to pinipoinlt. ireclearence crops can. of coufse, be included as far as tree 
components are specifically used. lowever. it is not a question of imaking fire­
cleareice acceptable, but of extiacting from it any traditional, positive iiifornation 
that call be utilized. Stahbility criteria have to be considered at tilesale tilnrc. 

('onversely, it inutst no! be forgotllen that ilnthe Taungya system, for exalnple, 
or inltlre case of pasltring, there are also. destnictive elelents present. 

In Ire definition of leiis, if is imuch 1nore difficult to state tire conditions 
under which agrofoiestry takes place successfully. Aniong these are population 
density. pressure on land, land ownership conditions, 't'. 
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Criteria for planning and evaluation of 

agroforestry projects 

H.J. von Maydell* 

The development of land use in the tropics in recent decades has not often led 
to the anticipated success. The supply of agricultural products to the population 
has 	not been sufficiently improved; indeed, it has sometimes deteriorated, and the 
natural resources have been and are being destroyed to a frightening degree;
unemploynient and the drift from the land is increasing, etc. The recently in­
troduced techniques of land use with plot separation, mechanization, high inputs of 
chermicals, monocrops, sales (export) oriented production, ana similar features that 
have been mostly adopted from the industrialized countries in the temperate zone 
have only proved their worth in limited sectors of agriculture; in other sectors they
have also led to structural damage. In iny case, the probleris of rural regions in the 
Third World have not been solved by these practices.

In the search for other ways, we came across agroforestry, a many-sided bundle 
of traditional land-ust, techniques that permits a careful but consistent further 
development of practices that - we been traditionally adapted and that have grown
organically. Because of insufficient expertise, and especially because of insufficient 
appreciation of interdependent factors in this kind of agroforestry land use, 
unjustifiably high expectations were initially aroused: indeed, agroforestry was 
regarded as a panacea, especially for marginal areas. The dangers are obvious: un­
realistic hopes, disappointment, missed opporlunities.

What in fact nust be asked, bearing in mind the extensive and varied tasks of 
development policy Under the quite specific conditions and requirements of a 
concrete case, is whether agroforestry isbetter suited than other forms ofland use, 
whether agroforestry holdings are superior, equal, or inferior in competition with 
others. The people responsible for land use need to establish to what extent 
projects, holdings. or piogranis can produce or have ahCady produced benefits in 
terms of satisfying the ireeds 0it larlicular individuals or corinnunitie.:. If* the results 
of this type of investigation are positive, the reasons ought to be ascertained, and all 
the possibilities that present themselves should be consistently exploited. If, 
however, there are difficulties or disadvantages, their causes must be investigated to 
see whether they can be eliminated or modi fied or whether the projects inquestion
should be abandoned. Working criteria inust be established for the advance planning 
phase, for clhecking the success of the project as it progresses. and for tile retrospec­
tive evaluation. 

Needs (even bash Ieeds) and hcmJ'its are largely subjective concepts. Therefore, 
the evaltiation of success of inagroforestry project can only produce meariigful 

* 	 BFH (Federal Resarch Organization for Forestry and Forest Products) Hamburg, Federal 
Republic of Germany. 
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results if it is clear from what point of view the evaluation was undertaken and 
whom it should serve. 

In the search for neaningful criteria for the planning and evaluation of agro­
forestry projects, it is often difficult in practice to find reliable criteria quickly and 
at reasonable costs because: Agroforestry projects represent complex systems with 
respect to their structure and objetives; also, there are different views among the 
participants (government offices, toreign donors, project workers, farmers, and 
people or groups interested in land use) as to what the objectives should be and 
what results (positive or negative) should be evaluated and because problems arise 
:n expressing the rale in comparable units (e.g. units of currency) or in converting 
the value into these units. 

In view of the difficul ties, that can only be touched on here, to which should be 
added the problems associated with data collection, a simple scheme will be pro­
posed that has proved its worth in theory and practice and that can be extended at 
will if tie situation so requires. This scheme involves, first of all, posing the follow­
ing questions: What is the state of affairs (analysis of development and situation 
trends)? whalt is the objective (definition of target and tasks)? ; how can it be 
achieved (analysis of procedure)? , does it pay (evaluation)? 

What is the state of affairs? 

We Lanlluot go into detail here regarding the data that Joust be collected and how 
this is to be dolle. Instead, we should simply emphasize that it is essential to have 
carefully collected ilfirlnialion before the actual planning phase., if' wrong decisions,
losses and set backs are to be avoided. The initial information should comprise, 
aimniug other things, the natural location, hut equally the economic location and 
therefCorC tlie Scio-ecOllIiiiic conditiolns. 

The tactor that iiiust be decisive for a project illtie context of rural develop­
ieit is what tilepeople, who are supposed to benefit from targetthe project (tile
group). 1icedt. waiit, and can achieve. It is important to try and understand the 
causes anld connections illtraditional structures that. for an outsider, may appear
inappropriate. The farmers' and slciherds' knowledge and experience of a particu­
lar region is usually inlfiluitelv greater tIan that of the cxprt coming to advise them. 
I lis first .b. therefore, is to learni, so that lie cai, then improve and change things 
by drawing ol his expertise, his ov,.rview, his ability to evaluate, and the means at 
his disposal. This phase. t'hat is the state 0qafq1irs? . is especially significant bear­
ing in mind the often commplicated structural interrelations within agroforestry 
,ystems and betweemn them and tlieir environt oment. 

What is the objective? 

A clear deflnition and delineation oftlhe targets, a systematic ordering of those 
targets. and tle creation of allorder of priorities arising from them, should be a 
matter of'CoLrsc fr all agricuIt oral dCvelolnet projects. From these targets derive 
tle problemis to be solved by tile project. 

InI agroforcstrv projects. the targets can be very complex; they can be 
competitive to a certain extent or even exclLsivC. i pr:,ctice there is always the job 
of selecting the best opt ion. There are, illadditioi, possible (and in practice, virtual­
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ly daily) target conflicts between individua! participants or related groups. For the 
work planned for this seminar, we shall differentiate in simplified form betwecn tile 
targets of tile governments of the countries concerned, and their particular agencies; 
those of the target groups in the nral population: of the farmers, shepherds, and 
forest owners/users who are included in the project; and those of the organizations 
of technical and economic cooperation, e.g. GTZ, which make their contributions 
as partners of the government and of the personnel of these organizations. 

An important task of the project work can be to achieve compromises wherever 
there are conflicting targets.. The other tasks arise from the delineation of the 
targets in terms of time, space, and materials. 

How can it be achieved? 

When it is a question of agroforestry as such, there can be no general quidelines. 
But the versatility and adaptability of agroforestry land-use techniques to the loca­
tional and socio-econonic conditions and to the needs of the target group enable a 
frequently optimal input of resources to be made in the context of rural develop: 
ment. Just a few aspects will be mentioned here: 

e The priority should be to do what is most urgently required, not what can be 
done easily ( according to the sense of a Sanskrit saying: von should do not what 
you would like to do but what brings most benefit). This means in the case of tree 
plantations, Ior example, that the speciea to be used should not be those that grow 
with fewest problems but those whose specific production efficiency and protec­
tion value are most needed, le.g. the conflict between growing, for example, 
eucalyptus and native species). 

* Cropping anrd management techniques have to be adapted to the aims of the 
holding even when these aims appear unusutal from the point of view of traditional 
agriculture and forestry. Thus. fodder trees or shrubs for goats and other grazing 
animals have to be treated differently from firewood and industrial timber planta­
tions (e.g. arid hilly regions), stands for litter harvesting have to be treated differ­
ently from protective Iom st (e.g.: People's Republic of china). etc. This often 
requires rethinking and in rerdisciplinary zunderstandig. 

e Agroforestry land-use techniques often ; re suited also io marginai locations, 
but by no means just to these, as many examples of mo,lti-storey anl mixed in ten­
sive crops in the best locations (e.g. oases) proc. Particularly with respect to 
agroforestry in the small scale farming sector, in general no attempt should be made 
to operate on extensive land areas; instead it is preferable to start from small 
centers of need and the best conditions and to radiate outwards stt:) by step. 
FExamples are the domestic gardens in S.E. Asia. the oasis principle that has been 
developed for the agroforestry projects of GTZ in Senegal and Upper \'oilta. and 
last but riot least, the general realization that, widt limited resoturces, areas of 
special emphasis have to be created. 

* The creation and maintenamce of a particular optinial t,!nsion is a prerequisite 
for food performance, but too much tension can lead to bi-.aking and collapse (as 
with a bow and arrow). This means, for the input of plants and animals in agio­
forestry, that the goal should be riot a climax condition (thd would be unproduc­
tive) but a sub-climax situation with optimal production. In saying this, we are 
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toucling on that extremely problematic area between necessary production and 
maintenance of the natural resources. 

* We have to warn against assuming that agroforestry is a land-use form that 
enables maxinul outputs to be achieved with minimal inputs. There is no such 
form of land use, unless resources are nthlessly exploited. Agroforestry indeed 
requires especially high inputs because it is, or can be, a question of intensive land 
use. But if taken to its limits, it can result in a substitution of plentiful and available 
investment goods for those in short supply, locally available goods for goods that 
have to be imported. etc. Examples: the input of human and animal power instead 
of machines, the use of existing energy sources instead of imported oil, the use of 
soil-improving plants and animal manure instead of artificial fertilizers. 

Does it pay? 

As we can see from the above, an evaluation of success is far from simple. Again 
we have to ask from whose viewpoint the success is to be measured. Input/output
analyses. with all the usual reservations. are relatively simple. They become com­
plicated because of tki, variety within the agroforestry systems and tihe necessity to 
make not only quantitative but also qualitative evaluations (e.g. not only whether 
more or less coffee was produced, but also whether its quality changed). 

There are other important areas that cannot easily. if at all, be qulntified in 
units of measurement. e.g. the change in ecological conditions, social structures (tile
nriu1ber of nomads who have been settled can he ascertained, but the significance
for development policy can hardly be quantified ), the gain or loss of cultural values. 
Criteria like the reduction of' drift f'rom the land, humanizing the work place,
reducing the risk to people's existence ill the project area, have their own, often 
overriding importance. In any evalation, they and the experience gained in the 
course of a (perhaps at first loss-niaking) project have to be represented as entities 
in their own right and weighed, and then given due consideration in the overall 
evaluation. 

Conclusions 

Interdisciplinary agroforestry projects, that can be very differently structured 
because of tile particular conditions and targets. require a very high degree of 
expertise and appreciation of development policy both at the planning and imple­
mentation stage and during progress control and at the final evaluation. The vital 
criteria for planning and progress control can be ascertained from the concrete 
examples of different cases. Agroforestry projects usually require an interdiscipli­
nary team, but in all cases close and frank cooperat'on with the faimers concerned, 
the forestry people/forest owners and the shepherds, and with all the responsible
levels of government. These produce the relevant or decisive criteria that enable a 
determination of whether agroforestry is better ,uiled than other forms of land use 
to solve the problems of an actual area. Because of its versatility and adaptability, 
agroforestry offers a very good possibility of achieving this cooperation. 
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Contributions from participants on the lecture 

Regarding the developing countries, previous development policy (including 
forestry) has been overseas-oriented. The indigenous rural population was thereby 
neglected and subsistence agriculture criticized. In situations like these, agroforestry 
can offer alternative forms of land use. 

Questions of land use are becoming increasingly the central problems in devel­
opment policy. Due to growing (population) pressure. the conflicts are becoming 
more and more apparent, and the targets need to be more and more realistically and 
precisely designed at a time when the choice of possible solutions has decreased. 

Several precisely formulated targets produce conflicts. A few flexible targets 
permit concentration on essentials, and the current development can be better 
incorporated into a project. In all cases a hierarchy of targets can be seen to emerge. 
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The soil science basis of agroforestry 
production systems 

G. De las Salas and H.W. Fassbende, 

Agroforestry is presented as a series of land-use procedures in which the comibi­
nLiOl of trees, arable crops, and pastures are interrelated in terms of time and 
space in order to ensure a lasting increase and optimization of production. Thus,
agroforestry wakes Nery high, integrating demands on 	many sciences such as for­
es.vy, agriculture, soil 	 science, ecology, sociology, and economics, necessitating
n1.t ti-disciplinary research to profound agroforestry production systems, to organ­
ize and steer them. 

In agroforestry production systems, the soil plays an important role because it
is crucial as the supplier of'water, nutrieitis, air, aid rootspace for tree and arable 
crop growth. The effect of the climate on agroforestry production systems is direct
(temperature, ligh, relative humtidity, wind, etc.) indirect,or via the soil. The
demands of combined agroforestry production systems on the soil are high: the
large number of crops arranged according to space or time require large amounts of
nutrients and valei. The interrelations between plants, climate, and 	soil are espe­
cially numerous in agroforestry pioduction systems compared with monocrops, and 
in this comparison, they have a large number of advantages, such as: 

9 	 Vertical banding and gradations of temperature; 
o 	 lumidity and wind conditions whereby various growth space optima can be 

created: 
* 	 Increase in organic material (leaf' litter);
* 	 Improvement in soil structure and water absorption capacity of the soil,

especially by Jeep rooted legumes;
* 	 Separate use of nutrients and water at different soil depths by plants with 

different root systems;
 
e Improvement of erosion protection and weed control;
 
* 	 Increase in desease resistance; 
* 	 Regulation of the life of tileplantations and improvement in product 

quality. 

However, the use of trees in combined production systems can also have nega­
tive effects: 

* Competition for light, energy, nutrients, and water;

* 
 Damage to crops when thinning and harvesting the trees;
* 	 Mechanization of work prtesses being made more difficult. 

CATIE fTropical Agricultural Research and Training Center) Turrialba, Costa Rica.
 
University of Gbttingen, Federal Republic of Germany.
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A recent publication by ICRAF (International Council for Research in Agro­
forestry) deals with various aspects of soil science in agroforestry (9). PRATT and 
LUNDGREN have dealt with details of soil science research projects and strategies 
in agroforestry. Attention is simply drawn to t!hzse works. This paper is an attempt 
to transfer eco-pedological points of view in the description of forest eco-systems to 
those of agroforestry production systems. 

The cycle of water and nutrients in forest eco-systems 

In describing the water and nutrient cycle in natural forest eco-systems, a 
principle of eco-system research has increasingly established itself in recent years. 
To record the cycle of water and nutrients, it is essential to record the various com­
ponents of the eco-systen and to investigate the transport and exchange processes
of water and nutrients between the components. In addition to the many results 
front temperate areas, the results of surveys in Latin America by ODUM (11),
GOLLEY et al (4), FOELSTER and FASSBIFNDER (3) and FASSBENDER and 
GRIMM (2) should be noted. Figure I shows the forest eco-system subdivided into 
various components, so that an inventory can be made, e.g. vegetation, layer of 
humus and mineral soil, or individual ingredients of these components. To record 
the organic substance in the vegetation, selective samples are taken by clearing plots 
or harvesting trees in selected areas. 

Selective samples are subjected to chemical analysis to determine the nutrients. 
From the stock of nutricnts and concentration; in these samples, the contents in 
the components can be calculated. To establish the organic substance in the humus 
layer, repeated samples are taken and weighed. The organic substance in mineral 
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Figure 1: Cycle of organic matter in the forest eco-system of San Eusebio, Venezuela (stocks 
t/ha, transport t/ha per year). 
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soil is determined by the usual laboratory methods. By determining the content and 
soil weight, tiletotal almlount of organic material and nutrients are calculated. 

To establisl the dynani ic processes, partial transport processes are investigated.
The decomposition and release of' nt rienis inl the can;.oil be determined from the 
plant remains in the leaf litter. With the help of clemicil analyses of water samples
from rainfall, rri-ofT from trunks, surface nin-off, percolati O , an d groundwater 
discharge, the transport rates in water are worked out. 

Figures I and 2 show the models and results of the carbon and nitrogen cycle in 
a forest eco-system in the northeast Cordillieren of the Andes in Venezuela (2).
This attempt enables us to show the reserve of organic material and nitrients in the 
various components of ine eco-systems. Additionally, tile areas between the compo­
nents can be interpieted and the stabilitv of the eco-syslemns described. Also \ve can 
deduce information about the interrelations of the individual components from the 
transport processes by water and in the leaf litter. The initial models achieve partic­
ular importance by allowing the simulation of the results and a time projection by 
which long-term changes in the eco-systems can be observed. 
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Iigure 2: Cycle of N in the forest coo-system of San Eusebio, Venezuela (stocks kg/ha, trans­
port kg/ha jer year). 
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Cycle of organic material and nutrients 

Figure 3 illustrates the basic ideas about recording and describing the cycle of 
organic materil and nutrients in agrofotestry production systems. In recording the 
stocks, the system is divided into the known components: vegetation, humus layer, 
and miner-l soil, with the vegetation vertically subdivid, d into stoleys. Figure 3 
considers an agroforestry system consisting of (Coffea sp.), por6 (Ervthrilasp.) and 
laurel (CordiN sp.). These subcomponents of the vegetation are firther divided 
according to wood-producing and litter-producing components (leaves, twigs, 
blossoms, fnits). 

To establish the transport processes through the litter. the different compo­
nents of the production system have to be regarded separately. The structure of the 
transport processes by water is very difficult to ascertain. Ihe change in nutrient 
stocks can liable the up-take of nitilrients to be established For this the export of 
nutrients tlough the harvesting and cutting back of the coffee bushes, the pruning 
of the poro and the exploited laurel have to be considered in special investigations. 
In the model it should be noted that nutrients are added by fertilizing (up to 500 
kg N-P-K pei ha per year). As a speial process in the N-circulation, the fixing by 
die nodule bacteria of the legumes (poro) in the production system should be inves­
tigated. 

All agrolOrestry productioln systems can be examined and described according 
to this framework. Tile decisive factors are the establishmetnt of the stocks in the 
various storeys of the v'egetation and the conversion processes within the compo­
nents. 

In the literature there are scarce results from this attempt to describe agro­
forestry production systems. Results on stocks in the soils and in the vegetation of 
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Figure 3: Basic representation of the cycle of organic matter and nutrients in agroforestry pro­
duction sysiems. 
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a location are as yet unknown. With a coffee production of 2000 kg (freshweight
coffee per ha), MALAVOLTA (8) gives a nutrient up-take of 30 kg/ha, 5 kg P
205/ha and 50 kg K 20/ha. As another example, according to HARDY /6), the
annual production of 560 kg cacao fruit corresponds to 14 kg N, 7 kg 1 205 and II 
kg K 20 per ha. 

Table I shows the production of organic material through litter in four agro­
forestry production systems in Coatepec, Mexico, according to the data of JIME-
NEZ and MARTINEZ (7), with the annual amount of litter fluctuating between 6.0and 10.2 t/ha. According to CHOKANNA (I), the annual litter rate of shade trees 
over coffee in India is 134 kg N/ha, 78 kg P 205 and 22 kg K 20. GRANADOS (5)gives an annual litter production of between 5.2 and 8.8 t/ha per year for an 
agroforestry production system of cacao with poro in Costa Rica. 

Table 1. Annual litter production in various agroforestrv production systems in
Coatepec, Mexico (Kg/ha per year, according to Jim6nez and Martinez,
!979). 

1 2 3 4 

Ground flora 1 143 2600 3963 
Coffea arabiga 1104 1380 1527 2079 

Inga spec. 4918 

Inga unicuil 6857 

Inga leptoloba 8348 

Musa spec. 

TOTAL 10249 8380 9475 6042 

Table 2 illustrates the production of agroforestry systems with coconut palms
and different crops in Kasaragot, India (10). We can clearly see that different crop
mixtures and subcrops can achieve different yields depending on coconut palm
production, shade conditions, use of water, and microclimatic conditions. 

Soil science investigations 

Future soil science projects in agroforestry production systems should have the 
following targets­

o Description of the soil science basis;

* 
 Selection and testing of experimental and working methods in short, 

medium, and long-term experiments; 
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Table 2. 	 Yield from agroforestry production systems under coconut palms
 
(t/ha) (Nair, 1977).
 

Production 
coconut undercrop 

Giant yam Amorphophallus companulatus 13.46 16.82 

Manioc Manihot utilisima 14.82 16.78 

Sweet potatoes Ipomea batata 8.38 11.96 

Large yam Dioscorea olata 13.61 11.01 

Yam Discorea esculenta 9.26 11.57 

Chinese potatoes Coleus barbatus 7.32 11.26 

Ginger Zingiber officinarium 8.61 13.25 

Large pumpkin Curcuma longa 10.94 14.84 

e Examination of nlicro-climatic and soil-science (water and nutrients) inter­
relations between the components; 

e Development of methods to determine the production systems' nutrient 
requirements when agrofore stry measures are introduced; 

* 	 Establishing and evaluating the traditional soil-management measures in 
smallscale agroforestry farming systems for developing new tt',:hnologies in 
light of socio-economic and infrastructural conditions. 

Contributions from participants on the lecture 

Nutrients are derived primarily from the soil and are simply stored in the 
vegetation. According to the development history of the soil, there are in the 
tropics. therefore, locations where either the vegetation or the soil is extremely rich 
in nutrients. Tile example San l'uscbio is typical of a soil rich in nutrients. This 
kind of inventory of nIUtrients is imethodologically very interesting as an indication 
of whether a syvstem is stable or not. 

Among other things (shade, wind protection, etc.), trees and shnbs play an 
important role in the nutrient cycle of pastures and crops. Nitrogen fixation and 
release of minerals can occur even in poor soils. Where there is intensive agri­
cultural use, the biological oil activity, for example, can be improved by a legume 
intercrop, and deep-rooted plants can still make optimal use of nutrients from 
lower soil levels. 

The benefit of tree componrents is perhaps lost only under semi-arid conditions 
and with a very rapid crop rotation with different seasonal crops. Fertilizing (and 
irrigation) is then essential. 

32 



Before experimenting with largescale agroforestry, the intensive garden crops of
the tropics should be closely studied. This includes the compost system, which is 
being examined by the University of Bayreuth.

Soil science analyses seem to be of fi.ndamental importance for all decisions onland use and especially when preparing a project. 	But current analyses, like all, tile
results of very specialized sciences have to be treated v,,ith caution. 
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Problems of agricultural production 
inthe humid tropical lowlands 

J. Lagemann* 

The humid tropics are part of the most productive regions of the world. The 
gross production of biomass in the tropical rainforest is about 30 t/ha per year 
compared with about 10 t/ha per year in temperate zones (9). The high production 
potential results mainly from the very abundant supply of water and solar energy. 
In temperate climatic zones, each cm2 receives between 80 and 120 Kcal of solar 
energy, whereas in the tropics the figures are 130-220 Kcal (8). 

The figures for food production are in stark contrast to the high production 
potential. DUCKIIAM, JONES, and ROBERTS (1) have estimated that the food 
production per cultivated hectare in the tropics is only half as great as the potential. 

Can we conclude from this that the humid, tropical lowlands are under­
exploited by the agricultural population, or are the cropping methods and the 
resulting production based on special limiting factors in this tropical zone'? 

I would like to pursue these questions with the help of three examples: first, an 
example of shifting cultivation in southeast Mexico, and then, two cases in East 
Nigeria of bush-field rotation and a permanent cropping system. 

Shifting cultivation in southeast Mexico 

General conditions 

The regon under investigation is located in the southern part of the Chiapas 
State on the border with Guatemala. Roughly half of the region is flat and crossed 
by many rivers. The sedimentary soils of the plains consist predominantly of loamy 
sand. The western and northern regions are dominated by mountain formations 
whose slopes are subject to severe erosion after fire clearance. The annual rainfall 
varies between 2000 and 4000 mm. 

The region of Selva Lacandone w's originally covered by uninterrupted rain­
forests (about 90o/o of the area). In the recent past shifting cultivation was intro­
duced and intensified by immigration to the 'cgion. The result has been destruction 
of vegetation over a large area. 

The fact that the question of land ownership has not been solved has also 
increased the destruction of the forest. The forests are regarded by the local popula­
tion as common property and are accordingly laid claim to. 

* CATIE (Tropical Agricultural Research and Training Center), Turrialba, Costa Rica. 
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Form of land use: Tile forest is currently being transformed to arable cropping 
by 	tile use of fire clearance. After clearance, maize, beans, and occasionally manioc 
for 	household consumpttion and paprika as a cash .rop (('psicutn frntescens) are 
cultivated. lIre cropping land is then usually taken over by cattlekeepers who 
sometimes sow the land and sometimes ts( it as natural pasture. The arable lands 
penetrate further into the forest, and the process begins again. Tie speed at which 
the forest is being destroyed is great, because with cattlekeepers waiting to move in,
the arable farmers can cultivate each area of land only once (for two years). 

Effects: In the tropical rainforest, most nutrients are held in the vegetative 
biomass, whereas the soil has a very low ,mtrient content (5). Shifting cultivation 
destroys the vegetation and affects soil fertility and its production: 

e 	 Almost all nitrogen and sulphur escape into tire atmosphere when the forest 
is burned­

* 	 Phosphorus, potassium, calcium, and magnesium are added to the soil via 
ash. 

Although the nutrient ctntent of the soil is higher after fertilization by the ash, 
the soil fertility and the yields decline so rapidly that after two or three harvests, 
tie fa rmers have to move on to fresh land. The reasons arre as follows (3): 

" 	 Because of the high terupelatures and iuntidity. the physical and chemical 
processes in the soil take place muchImore rapidly than in temperate zones 
therefore reducing soil pioductivity; 

" The soil is left u,ncovcred for a period of time, resulting in erosion and 
nutrient loss by leaching: 

" Weeds grow quickly in the rainy season, whereas inthe forest they are kept 
down because of the lack of light. 

Annual crops, not having extensive root growth, are not able to replace the 
leached nutrients from tle lower levels of the soil. This appears to be true also in 
,lie case of pastures. They are degraded, increasing leaching and soil erosion, and 
only very extensive land use beconies possible. 

Bush-field rotation and permanent cropping in Nigeria 

General conditions 

The area tinder investigation lies in the humid, tropical lowlands of East Nigeria. 
Time average rainfall is 2000 rm, with a bimodal dis~ribution. Tile cropping season 
begins in March and ends in November. As in large areas of the hurmid tropics in 
West Africa, acid, sandy soils predominate (ultisols). The frndamental factor differ­
ing with other regions of the humid, tropical lowland zones is the population 
density, which varies from 100 to 1000 persons per Kn12 and is, therefore, the 
highest inAfrica south of time Sahara. 
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Bush-field rotation 

Form of land use. Shifting cultivation disappeared some decades ago because of 
the 	 intense population pressure. The people are sedentary and rotate fields and 
bush fallow within clearly defined borders. The length of the fallow is dependent 
on 	 the population density and varies in East Nigeria between one and six years. 
During the dry season the bush is slashed and burned. 

The soil is then tilled with a hoe, and the main crops grown are manioc, yams, 
maize, groundnuts, and melons. 

As the length of the fallow decreases, the following changes occur: 

* 	 The number of crops and the plant density increase; 
" 	 The number of trees on the fields, mainly oilpalns, raffia palms, cola nut, 

and coconut, increases. 

In this way the farmers try to adapt to the changing condit'ons. The vegetation 
density is increased by the smaller distance between plants, and the soil, which 
because of its structure could easily be eroded, is therefore covered more quickly 
and effectively. 

Effects: As the fallow period decreases, soil fertility declines rapidly. The 
average soil fertility parameters confirm results from other locations (5) showing 
that the organic material, nitrogen, phosphorus, and the cation exchange capacity 
decline. The soils, on the whole, are very acidic, and the average potassium values 
are low (Table I ). 

As 	 we would assume from the results of soil analyses, the yields also sink 
rapidly as the fallow period is shortened. Figure 1 illustrates the relation between 
length of fallow and yield, expressed in kg dry-weight per ha. 

The relation is best explained by a quadratic function. This shows that changes 
in length of fallow of I to 6 years cause marginal returns to increase. For example, 
the additional yieid from a change of fallowing from I to 2 years is 240 kg, 
dryweight per ha, whereas it is 1680 kg when the fallow is increased from 5 to 6 
years. It must be assumed that if the fallow is further increased, the curve is 
reversed, and sinking marginal returns occur. The empirical examination of about 
250 fields shows that under the present location conditions, about 4 to 5 years of 
fallow are necessary before any visible regeneration effect of the fallow isapparent. 

Permanent cropping 

Form of land use. Because of the rapid decline in yields in the bush-field 
rotation system, the farmers developed a permanent cropping system on small plots 
in the immediate vicinity of the houses. 

The cropping principle is that of storey agriculture, i.e. annual crops and trees 
of varying heights are cropped together on one plot. The species in the individual 
storeys are mainly the following: 

Type of tree height (in meters)
 
oilpaln, coconut palin 20-25
 

breadfruit, raffia paln 	 12-20 
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Table 1. 	Analysis of 242 soil samples (A-horizon) at 3 locations in East 
Nigeria, 1975. 

Population density and fallow period in years 

low average high 

5-6 3-4 1-2 

Org. C. (o/o) 	 2.36 2.09 1.17 

pH 
 4.53 4.71 4.42 

N (o/o) 0.174 0.159 0.088 

P (ppm, Bray) 17.62 9.10 9.81 

K (roval/100) 0.09 0.06 0.10 

Ca + Mg 	 (mval/100) 1.28 1.73 1.18 

(.E.C.* (mval/100) 	 4.10 3.91 2.86 

• C.F.C. 	 Cation exchange capacity; the analysis is derived from 68 soil samples 
of the sanme kind.
 

Source: Soil samples under 
 direction of F. MOORMANN, Soil Scientist at 
IIrA. The chemical analysis was carried out in the laboratory of 
IITA (Ibadan, Nigeria). 
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Figure 1: Relation between yield and fallow period in the tropical lowland of East Nigeria.
Source: LAG IMAN, J.:Traditional African I'arming Systems in Eastern Nigeria, (4). 
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cola nut, mango 	 8-15 
citrus, papaya 	 5-10 

banana, 	cooking banana 3-7 

At the lowest level, in the shade of the tiees, mainly cocoyam (Xanthosoma), 
yams (Dioscorea), Malagetta pepper (Aframomin meleguzeta). okra (Ilibiscus escu­
lennis) and telferia (TelJairia occidentalis) are cropped. Maize and ,naniL..: are also 
grown at the edges of the fields where light conditions are better. 

The vegetation densi!y increases the nearer it is to the soil and therefore reduces 
soil erosion, reduces soil temperature. conserves moisture in the soil, and provides
mulch that enriches the organic matter and finally returns nutrients to the soil. The 
variety of species (an average of over 40 pci field) with tleir high density i. similar 
to the conditions of the rainforest which represents a stable eco-system (6).

Permanent cropping is based on an intensive manuring system1 as well as on the 
above-mentioned combination of tree and arable crops. The export of nutrients is 
restricted to the edible parts of the crops. Large amounts of organic matter are 
added to the soil in the form of household waste, mulch roni more distant fields, 
and the stall manure of goats. 

Etiiects. The resuIt of this cropping method is a considerable improvement of 
soil fertility even with tpermanent cropping: The figures for organic matter and 
nitrogen do not show any significant differences from the "ields in the bushIfield 
rotation system: on the other hand. the p1lvalue rises to an average of 5.00; the 
figures for Ca and lg are doubled; the potassiuI m content rises to 0.16 mei 100 g 
and the phosphorus figures rise to 2 to 3 times as high (Table 2).

The yields, again calculated in Kg dryweight per ha. average 4.800 Kg. and ill 
one location as high as 6.000 Kg. 

Table 2. 	 Analysis of 88 soil samples (A-horizon) at tvo locations 
in Eastern Nigeria, 1975. 

Population density 
Average high 

Org. C (0/0) 	 2.06 1.06 

pHt 	 5.06 5.06 

N (o/o) 	 0.16q 0.085 

P (ppm, 	 Bray) 36.18 19.18 

K (nival/100) 	 0.14 0.17 

Ca +Mg 	 (roval/100) 3.50 2.77 

Source: 	 Soil samples taken under the direction of F. MOORMANN, 
Soil Scientist at IITA. The clienical analysis was 
carried out in the Laboratory of JITA Obadan, Nigeria). 
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This is more than double the yields produced at the same location in the 
bush-field rotation system with an average two-three year's fallow. With this crop­
ping method, six yea. 3 fallow are needed to produce 4.800 Kg dry weight of 
foodstuffs. 

If the yields are converted to production per unit of area and year, it can be 
concluded that permanent cropping produces seven times as much as the fallow 
system. 

Conclusions 

The humid, tropical lowland zones are characterized by especially limiting 
factors regarding the production of arable crops. These factors are the result of the 
combination of easily erodable soils, paucity of nutrients, the impact energy of 
heavy rainfall' ), and a high level of insolation. 

The bush-field rotation system represents good adaptation to the ecological
conditions of the humid tropics, but with increasing population density, it leads to 
impoverishment. 

It appears that high food production from permanent cropping is only possible
if agroforestry cropping forms are used, and this entails a high degree of complex­
ity. This form of cropping has to be supplemented by intensive fertilizing. 

Contributions from participants on the lecture 

Crops with bush fallowing react to rising population pressure with declining
yields. But with multi-store' v egetation, tile reserve is true; as an intensifying 
measure more fruit trees are planted, at least on a part of the plot, for subsidiary 
income or as cash crops. Less intensively cultivated plots can, however, have declin­
ing yields. 

The forms of land use referred to in the paper exist where there is a rainfall of 
1800 - 2800 mm per year, and they can certainly be found side by side. 

No mineral fertilization is carried out in either the bush fallow or the 
multi-storey vegetation, but the increasing weed infestation in the bush fallow (the
decisive factor for the rotation of crops) does not occur in permanent cropping.
Instead, a large amount of mulch is produced that contributes to soil improvement. 
A land-use system with forest plants allows the whole production of biomass of a 
location to be permanently raised and utilized more efficiently.

Other things being equal, the fallow system requires less laboi input. In the 
example discussed in the paper, the yields after a fallow period of 5-6 years were 
approximately those of permanent cropping. 
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Adventages and limitations of pasture 

management with agroforestry systems 

J.Combe* 

Which came first: the cattle or the forest'? This thought-provoking question 
immediately occur,, when we look more closely at agroforestry farming methods 
with cattle production. 

The background to this issue in terms of development policy is well known: the 
food production of the world has to be raised by 3-5o/o per annuln if worldwide 
famine is to be avoided. Sinct all ;igricultural production must ultimately strive to 
achieve tilemaximtnm possible utilization of sunlight, there seem to be many 
possibilities still open to the catie economy to raise its production. 

More than half, in some case.- more than two-thirds, of the total cattle stock of 
the world isalready concentrted in the developing countries ('Fable 1). 

'[he developing countries have only a little more than hall' of all pasture land in 
the world, but they ,dso have two-thirds of the still tinutilizcd and/or unproductive 
land reserves. 

Similarly, abotL two-thirds of all forest areas in the world are found in the 
developing countries where 50o/o, hoWever, consist of open stands. 

Finally, only I I o/o of tropical soils are flat enough to be used permanently for 
cropping. Cattle and forestry systems, if possible at all, are therefore the only 
sensible land-use alternatives on vast land areas. 

But do the right conditions exist to increase cattle production in the tropics'? 
In reality the identified land reserves can scarcely be used as pasture in the longer 
term without the e,-ological equilibrium being destroyed over large areas. Thus, pro 
duction increases must necessarily be achieved by intensification. Three procedures 
can be considered when trying to achieve this objective: increasing pure fodder pro­
duction pei unit of ,rea; iiicreasing the total production of the pastures by diversifi­
cation; ensuring permanent pasture production by improving certain location fac­
tors. 
bases for the cattle economy where the righi long-term potential exists on already 
deforested land. It is not a question of clearing existing forest for the cattle 
econonly. 

In other words: he cattle came first; the forest should be introduced into tile 
pasture systfm, as forest conipont.nts improve benefits. 

Silvo-pastoril combinatioz 

Functions of the forestry component direct (material) and indirect functions of 
the forestry component are to be expected from silvo-pastoril systems as is the case 

* Forest Service, Switzerland. 
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Table I. 	 Distribution of animal stock and land 	 in the world. 

Animal stock World total o/o Developed o/o Developing o/o
in millions countries countries 

llo;ses, donkeys, 
mules 1!5.7 100 25.1 22 90.6 78 

(',ttle, buffaloes 1345.5 	 433.0 32 912.4 68 

Sheep, goats 1491.0 	 530.5 36 960.5 64 

Pigs 731.8 	 313.9 43 417.9 57 

Fowl 6691.2 	 2975.4 44 	 3715.8 56 

Land in millions of hectares 

Cultivated land 1462 100 671 46 791 54 

Natural pastures 3058 	 1272 42 1786 58 

Unproductive and 
unutilizcd land 4477 	 1708 38 	 2769 62 

Forests 4077 	 1834 45 	 2243 55 

Source: 	 FAO Production Yearbook, 1978.
 
Developed countries: mainly North America, Europe, USSR and Oceania.
 

IDeveloping countries: mainly Africa, Latin America, Asia (in. China).
 

for all other agro-forestry combination lorms. Forage trees represent an unusual 
situation since they fulfill tie same function as the pasture they grow on. 

Table 2 presents the most important Functions. It is assumed, with one excep­
tion, that pasture management is the predominant and nost important land use 
form. This exception is the so called Forest Farmingor Forest Grazing system,
where priorities are investigated: the long term utilization form is the forest (as
secondary forest or plantation) and grazing only occurs during a certain develop­
ment stage of the forest. 

The understanding of agro-forestry systems in their totality requires either an 
interdisciplinary knowledge or the collaboration of several specialists. It is very 
difficult 	 to quantify the mutual influences between single components. However, it 
is relatively simple to obtain economic values or dendronomic data by field meas­
urements or from literature. 

Some examples are given in the following section, on investigations carried out 
at CATIE during the last three years, mainly by John Beer. 

1. Acacia albida (fodder tree). This interesting species of acacia keeps its leaves 
for thie whole dry season, but stays bare in the rainy season. Since both the leaves 
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Table 2. 	 Functions of forestry components in silvo-pastoril systems
 
(selected examples).
 

E'xample
Function 	 Performance Tree species No. 

Production function Fodder production for Acacia albida 
(material benefit) raising animals Bromisum alicastrum 

Diospyros conazotti, D. rosei, 
D. sonorae, etc.
 

Leucaena leucocephala
 
Parkia africana, P. biglandulosa,
 
P. filicoidea,
 
Pithecolobium saman, P. jiringa,
 
P. lobatum, etc.
 
Prosopis juliflora, P. chilensis,
 

P. tamarugo
 
Psidiun? guajava 2
 

Food production 	 Cocos nucifera 

Firewood and Cordia alliodora, Cedrela odorara 3 
construiction timber Alnus acuninata 
production on Eucalyptus deglupi 
pastures 	 Pinus caribaea 

Psidium gualava 	 2 

Iledges (pastlres Gliricidia sepium 
and paddock Erythrina poeppigiana 
limits) 

l-orest gra/ing 	 Pinus radiata, P. caribaea, 6 
P. oocarpa 

Protcction I'Lin.- Iminprovemn iit of' soil Alnus acuminata 4 
tion (indirect fert ;ity, natural Erythrina poeppigiana 5 
benefit) fertiliiing Gliricidia sepium 

Leucaena leucocephala 

Shade suppliers 	 Pithecolobium saman 
Alnus acuminata 

and the pods are eaten by cattle, it serves in many regions as an indispensable fodder 
reserve at the end of the dry season. The high nutrient valtic of the fodder is also 
retained when it is dry. The seeds contain t p to 27o/o starch and are prepared, 
together with maize and grottdnttts, for human consUIlptioll (4). 

2. Psidium guajava (fruit true, supply of firewood). Otl several pcasaltt holdings 
ill the vicintity of TUrrialba, guava bushes are tolerated on pastures because they are 
beneficial to the small farmers it several ways at once. They produce Irit for men 
and animals, and also firewood will a relatively high heat vale. 

The guava fruit is used cspecially for fattening pigs, which explains the high 
density of trees per hectare which has been measured (in smuallscale holdi~igs up to 
300 trees/ha attd more) (I ). 
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3. Cedrela odorata and Cordia alliodora (valuable wood). Both freTeildy occur 
as natural reforestation on the pastures of tire Atlantic zone in Costa Rica. Both 
species are highly valued as timber and are correspondingly promoted by the 
farmers- but both are subject to certain linuitations: 

Cedrela odorata is very prone to infestation by the shoot-boring insect 
Ilypsipj'la grandella, and it cannot therefore be grown artificially in ptre stands. 
lowever, together with other secondary forest species, this species thrives on 
pastures and achieves a higl, .mlercial value. 

Cordia alliodora achic -!s the lowest growth rate in combination with pastures: 
far less than with sugrcanc or coffee or cacao. It appears that this species, with its 
very shallow root systti, reacts negatively to the compacting of soils that occurs 
with pasturing. Measurements have shown that this type of timber on pastures in 
lowland areas can produce a mean aiiual increment, at the age of approximately 
30, of 13.7 1113 /gr. with a stand density of' 150-190 trees/ha. In the region around 
Turrialba with less dense stands (67-114 trees/ia), the periodic increment of 15-20 
year old Cordia alliodora is only 1.8 aid 2.5 m 3 per year (6.1 ). 

4. Alnus acuminata (timber and improvement of soils). As Table 2 illustrates, 
tile alder on pastures produces two positive results: production of' firewood and 
building timber: also improvenent of soil fertility by nitrogen fixation and regula­
tion of the water economy. 

Only the value of tile first lunction lias so far been recorded, and the following 
data are based only on individual farns taken f'rorrr the 54 farms examined. The 
growth ne:lr,urelents taken on eight different pasture-tree stands with Alnus 
ac;minata mean aiil al increments showed between 4.75 anid 1.5.0 inl' per ye-,r. 
Since tile alder illpure stands and onl good soil can raCCh a meiall a1nnlual illcrelent 
of' 27 inliha per year in 25 years growths of 10 ni /ha per year are certainly 
possible on tilemajority of pas!dres. In rrolletary vaikle this is the equivalent of 
' 3.120 or USS240/ha per yea' The net proceeds of' a typical dairy f'arri in the 

region can theref'ore be increased by u1p to 20o/o. 
Of tire 54 farirus investigated. 38 (70o/o) practiced alder cultivation on 

pastureland, but 0nV 17 f'arins (32o/o) considered time regular pursuit of the 
method necessary. This applies particularly to sinallscale holdings that have to aim 
tfor as wide a dive isi ficat ion of their prodi clion as possible (5). 

5. Erythrina poeppigiana (Goil improvement). One single f'arrn in Santa Cruz of 
"'urrialba (('osta Rica) has been planting tire I'ettisetrm clanestinum pasture with 
t'ri'thrinapoeppigiana since I1Q30. This indigenous legume had no production value 
hitherto, not even as firewood. A way of utilizing if f'or cellulose has existed only 
since last year. I loweveir. tIe species has proved its worth in shading coffee planta­
tions. The nitrogen fixartion in the roots ald tl,eiitrogen content in tie leaves (4.2 
to 4.6o/o N) have induced the farmers, even withLou t such benefits being measur­
abie, to exploit these advantages 'or the pastureland also. lowever. it was estab­
lished that the cattle like eating the bark and leaves of I:'rrthrinapoeppigiana and 
theret'ore, in addition, fodder production is possible (2). 
6. Forest grazing. To ensure tile supplly of timber, large areas of pastureland in 

New Zealand and Australia have been reforested with hInus radiata, but they 

1) lIxchange rate of February, 1981. 
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continue to be used for cattle production. According to the nature of tile land and 
the soil quality, 800 to 1200 trees are planted (e.g. at distances of 1.8 in in rows at 
7 m). For two years after planting the grass is harvested, after which the reforested 
land is grazed. The trees are pruned, a-rd the stands periodically thinned out. In 
rotation times of 25 years, the timber production amounts to 637 m3 /ia. The 
recommended aninal density of the stocked pasturts is 12-25 sheep/ha. It has been 
established that the silvo-pastoril combination produced a significantly higher net 
return, especially on largescale farms with extensive cultivation. Smillscale farms 
with consequently intensive cattle-keeping were not able to profit from the coibi­
nation (3.7). 

At CATIE, about 7 Ila spread over several plots have so far been set up on an 
experimental basis for grazing by horses, with 8-10 year trials involving pine (Pinus 
caribaea of various varieties, I'inus oocarpa). 

The predominant Cainea grass (l'aicum mavimwnn ) proved to be of low quality 
under the dense shade of the pine, so that the animal density (in horses per ha) had 
to be reduced from an initial 0.83 to 0.33. Even without calculating the return 
precisely, this is a promising result when one considers that, from the point oi view 
of forestry, the fodder would be regarded as weeds, but manual weed control 
remains a necessity at least once yearly. 

Comparative evaluation 

To find out the total value of silvo-pastoril fomis of farming, the positive and 
negative effects of the tree stand on the pasture economy have to be added to the 
production value of the forestry components. This presupposes that the relations 
between the cattle and the pasture. with or without trees, remain the same. This is 
probably not true in fact. The behaviour Patterns of the animals do not just depend 
on the fodder but on the pasture as a total systern. Thus, much more complex inter­
actions ought to be taken into account than is the case in Table 3, which is intented 
to show the contrasting nature of the various hypotheses that relate to the protec­
tive role of the forestry components. 

Interrelations which are especially informative are explained in the following. 
The specific problems of fore! t grazing or of grazing woodland as a whole is not dis­
cussed in this paper. 

Production functions of forestry components 

Compared with the indirect benefits of the forestry components, it seems 
simpler to estimate the production functions. As illustrated in Table 2, it is a 
question of: food production; fodder production; production of firewood ad 
constnrction timber; and pure wood production (tree plantation). 

The only objective is to establish the quality and value of these benefits. Never­
theless, a reduction in the value of the wood has to be frequently accepted, particu­
larly in combination with pastures, because the tree-animal interactions can be to 
the trees' disadvantage; for example: shallow-rooting trees suffer from compacted 
soil and damages; the nutrient-rich bark of certain tree species is often stripped off, 
especially from young saplings, and the value of the exposed wood becomes re­
duced by insect or fungus infestation. 
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Table 3. Protection function of forest components: opposite effects of tree stands on the 
pasture economy (not a definitive list). 

Factor influenced
 
by the tree stand Positive effect Negative effect
 

Light better quality fodder with light loss of yield of fodder;
 
shade; shade for the animals concentration of animals
 

under the trees
 

Temperature 	 prevention of extremely high low soil temperatures 
soil temperatures reduce biological activity 

Wind reduction of wind speed 	 increased irritation of 
animals by insects 

Water balancing of the water economy 	 competition during the dry 
season; waterlogging during 
the rainy season; run-off 

Soil 	 better infiltration; erosion soil compacting under the 
Protection; improvement of trees; therefore less 
soil fertility infiltration; excessive local 

nitrogen fertilizing; slow 
leaf decomposition 

Vegetation 	 more species thanks to different introduction of useless 
micro-locations weeds 

Conchijsions and predictions 

The overall evaluation of silvo-pastoril systems must be based on a scheme that 
takes into account all the functions of the fo'estry components. The production 
functions ar- the simplest to assess (because they can be factually recorded). The 
non-material effects of the trees are, however, difficult to evaluate as to '.vantages 
or disadvantages. 

It is not permissible to convert partial results into farming recommendations. 
Conclusions based on practical experience can only be drawn when the stocked 
pasture has been subjected to an overall evaluation that analyzes the system. 

The evaluation always refers to a particular environment, and the crit*eria can 
therefore change with the passage of time. It is, for example, obvions that the 
natural nitrogen enrichment through stocking with legumes on extensively farmed 
pastures can have a positive effect, but on intensively fertilized plots no further 
useful effect can be achieved. 

In order to involve lon?,-term principles for the pasture economy in the tropics, 
it becomes iicessary to look for utilization models that in~itate the original natural 
vegetation in its structure and function. 

Accordingly, the following should be examined for possible application: 
Appropriate selection of species of fodder grass, pasture trees and cattle breeds 
which complement each other as much as possible in a closed system. The combina­
tion of species used thus far has been largely random. 

Use of suitable plant spacing that takes into account the differences in location 
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within a pasture; several small areas of pure reforestation on pastureland can be 
more effective than extremely varied combinations over large areas. 

Removal of land front the forest-pasture economy should be undertaken on a 
large scale in order to ensure the most practical long-term exploitation of the 
production potential of the marginal pasture soils. 

Contributions from participants on the lecture 

The hind-use conflict between forest and cattle economy is acute in many 
places: it is caused mostly by land shortages or a seasonal water problem. Under
these conditions encroachment of forests is inevitable. 

This leads, anong other things. to the grazing of existing forests, a form of land 
use mentioned in the lecture. tForest grazing in pine reforestations seems to be still 
relatively easy to control. But it is difficult to find reliable data on the grazing of 
natural forest, bec, use the forest vegetation is usually degraded very rapidly: Forest 
grazing as preparatio fin-or Jinalact !k'i)refire clearance. 

In this context, grazing of dry forests by goats occupies a special position. To 
control this form of land use. deterrent measures against goats are being experi­
mented with. 

Bibliography 

1. IEER, J. W. ei al. A case study of traditional agro-forestry practices in a wet 
tropical zone: The "La Suiza" project. Turrialba, Costa Rica, CATIE, 1979. 
28 + 7 p. 

2. 	 BEER, J. W. I:'rvthrina pcppigiana con pasto. Turrialba, Costa Rica, CATIE, 
1980. 4 p. (printed). 

3. KNOWLES, R. L. Trees and Grass. New Zealand Forest Service. Reprint No. 
869. 1976. pp. 63-74. 

4. 	 NATIONAL ACADEMY 01: SCIENCES. Underexploited tropical plants with 
promising economic value. Washing!on, D. C., NAS, 1975. 188 p. 

5. 	 POSHEN, P1.11 jafilcon pasto: Anzatze eines silvo-pastorilen Systems auf 
Viehweiden der submoartanen Stufe in Costa Rica. Diplomarbeit. Freiburg, 
Univ. Freiburg i. Br., 1980. 139 p. 

6. 	 ROSERO, P., GEWALD, N. J. Growth of Laurel (Cordia alliodora; in coffee 
and cacao plantations and pastures in the Atlantic Region c' Cosia Rica. In 
Workshop Agroforestry Systems in Latin America, Turrialba, Costa Rica. 
1979. Proceedings. Edited by G. de las Salas. Turrialba, Costa Rica, CATIE, 
1979. pp. 202-204. 

7. TUSTIN, J. l,.et al. Agro-for-stry: a multiple land-use production system in 
New Zealand. In IUIru W( rid Congress, 16th, Norway, 1976. Proceeding. 
Norway, IUFRO, 1976. Div. 1. pp. 406-424. 

47 



Agroforestry from the forestry point of wiev 

H.J. von Maydell 

It was not long ago in forestry studies in Germany that it was taught that theconnection between forestry and agriculture was, in the majority of cases, an 
operational ope and usually unsatisfactory. 

In the context of this seminar and the present increasing understanding ofinterdisciplinary cooperation in the question of land use, isthis a provocative
statement. Nevertheless, we have to consider whether it applies, when, and where,
and if this is indeed the case, why it is so'? At this point only an outline of
important issues gives that question further explanation: 

* 	 Dominance of agriculture in decisions of agraria policy: farmers are strongly
represented in decision-making of government;levels 	 forestry is under­
represented, and therefore, is at a disadvantage in many cncial areas.* ,Lgricultural holdings with small forest areas mostly do not have the neces­
sary technical knowledge for well-regulated and successful forestry. Forest 
and pasture tree stands suffer accordingly.

* 	 Forest often serves the holdings primariiy as a money reserve (stopgap) for
the agricultural sector. It is used irregularly; sometimes excessively and 
destructively.

* 	 In extreme cases the forest is regarded as a cheap land reserve, or is even 
seen vs a limitation to cropping from the point of view of arable land.

* 	 The simultaneous use of land and forest on a given plot can have the effect 
of reducing efficiency (in all the sectors involved). 

Much could be added to these outlines; they are intentionally presented as
one-sided and incomplete in order to stimulate discussion later.

In a similar fashion a number of statements can be made as starting points for 
discussion. 

1. 	 The connection between agriclture and forestr, exists 
in a vast number of cases regardhks of whether the term 
agroforestry is used. This connection usually results in
both advantages and disadvantages. The crucial factor 
is that mutual advantages should predominate. Such 
connections, are, for example: 

0 Cattle grazing or arable farming in forests in the most varied forms of combi­
nation.
 
0 Use and care of wild (forest) 
 trees and bushes on arable land, pasture, mead­
ows, and in the vicinity of farming settlements. 
* Administrative concentration of agriculture and forestry, e.g. in the same min­
istries. Joint (basic) training in many countries. 
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0 Agriculture, pasturing, and forestry all serve to satisfy human needs. They arc 
practiced with man and society in mind. 
* Through land use in all three sectors, man influences his environment, which 
for him means living space. 

2. 	Any combination of agric dture, cattle econon',, and 
forestry has to solve 5 priority problems in the process 
of ruraldevelopment in the Third World. 

* Guaranteeing and improving the food supply for humans. In many develop­
ruent projects in regions with little forest, the gist of what we are asked is: "When 
can we eat your trees'? ". Those who know the conditions know how serious and 
justified this question is. 1I agroforestry, trees and bushes contribute to the food 
supply in so far as parts of them are actually eaten (leaves, fruits, buds, shoots, 
blossoms). The quantitative and qualitative importance of this direct source of food 
(the tree) is in most cases, still inadequately known, and its potential even in world 
economic terms is inadequately exploited. Tile few tropical species that have 
hitherto supplied food and luxuries for the market could be supplemented by 
species trials and breeding selection and by specific cultivation on a significant 
scale. Attention should be drawn especially to the greater protection against risk of 
this type of production compared with annual crops (Figure I). 

ECONOMY e.. fodder 	 ECONOMY 

9MAN
 

FOREST
 

ECONOMY
 

Figure 1: Agroforestry model. 
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Trees and bushes contribute indirectly to improvenment of the food situation by
supplying cattle fodder. For example, in the Sahel, according to Le IIOUFROU (0), 
more than 20o/o of the fodder requirenent is covered by frees and hushes, rising 
even as high as 45o/o towards the end of the dry season. ('attie-keeping would 
therefore not be possible without this fodder base. InI other regions tile dependence 
on trees and bushes ;aries, but in tIle dry mount:tiu reLioiB. it is e'lpc..'ally pro­
nounced. 

It should be mentioned that trees and bushes can contribute to raising and 
improving food production ill arable and garden cultivation by virtue of creating
vind and erosion protection, shade, and nutrientt enrichment ill tle tipper soil 

layers. I lnvever, this contribution cannot vet be meaningfully quantified. But we 
must examine in tile context of these positive achiovennents whether the forest also 

has negative effects ol food production, and if so. wh' this should be and to what 
extent in occurs. ltis shou,ld be investigated ill tile way shown by IlU)DOWSKI (see 
above).
• Guaranteeing the energy supply. le ittipou:ace of the energy supply for 
rural regions is generally recognized and undisputed. lhe most important supplier 
of energy is, iii most cases, timber, either ill its sittiplest forit1 as firCwood or as 
charcoal or wood gas. if firewood is ill short supply, which is ihe case in nany 
legions, the result calt be extreme ittconvenience for tile population, either in the 
torm of labor input (e.g. by wottten and children who have to fetcht wood by
carrying it tip to 15 Kill every day), lottey (up to onre thtird of tite incom., of a 
household tilist sometimes be spent oin etiergy), or by consumptito with negative
effects, for example fle vegetiition is destroyed by excessive vood Cit ting or tlie 
yields are reduced by Iisin cattle dung as fuel. 

Quick-growing tree species onl and iround the farmer's pastures and arable plots
contribute decisively to iniprovitg the ettergy supply, indepeidently o tihe often 
limited production possibilities of the forest aditninistrations on closed forest. it 
particular, examples frotu south-east Asia and parts of ('entral -\merican show that
itt agroforestry holdings, deriving their energy stpply from their own Ifirewood has 
long been just as tuncI a natural part of subsistence agriculture as tile supply of 
food. It should be noted in passing that the energy problem ilust not only be 
solved by nmore production but in various other ways. These include savings and 
rationalization methods that create lower cOtstiultption by avoiding untiecessary
losses (e.g. cheap herd program, Upper Volta) and replacing dwindling energy
supplies by new supplies that are available in abundance (biogas. solar and wind 
energy, etc.). 

But tile importance of energy in agrofoestty projects goes tar beyond cooking
and heating and involves transport, the labor input for cultivation, care and harvest­
ing of land, and the utilization of fertilizers, building material, etc., for whose 
production very different amounts and qualities of energy have to be employed. 

Agroforestry offers maty starting points for making peasant holdings more 
independent of outside energy supplies. 
0 Supply of raw materials. Fronm the point of view of forestry, the main 
commodity is timber in its role as a versatile taw material and construction mate­
rial. In most cases we can see without detailed studies the extent of the require­
ments and how difficult tile supply is. Considerable quantities are needed as con­
structiorn material, for household and agricultural implements, fences and transport, 
etc. As in the case of firewood, agrofoiestry holdings call cover a part or, in favor­
able cases, even tite whole of their needs from their own production and can also 
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profit from the sale of timber if market conditions are favorable. Fhis makes raising 
timber in peasant holdings an attractive proposition (example: (ordia alliodora in 
the coffee plantations and on pastureland in Costa Rica). 

Trees and bushes can supply many other products in addition to wood. These 
products are partly for direct consumption, partly for selling and even fo" export. 
The, include tanning agents and dyes, fiber, latex resins, gum arabic, insecticides, 
poisons, medicaments for human and veterinary medicine, types of bark (e.g. cork), 
salts, saponine, etc. They all supplement the supply of vegetable raw materials from 
the agricultural sector in a varied and effective way, and above all, they can help 
create cash income. Not least they have economic significance, especially as they 
help the country to become less dependent on many kinds of import. The diversifi­
cation effect for the agricultural production of raw materials should be emphasized. 
• Positive effect on the environment. The positive effect of trees and shrubs on 
the stabilization of agricultural eco-systenis is obvious. Terms such as desertifica­
tion, destruction of the rainforest's ecosystems (e.g. the Amazon region), and loss 
of land in mountain regions point to iegional problems that can only be solved by 
the close and frank cooperation between agriculture and forestry. The same applies 
at the level of the single holding and individual projeci. In addition to the numerous 
protection fnunctions (erosion, wind, excessive insulation), the improvement of the 
soil on arable and pastureland by leaf litter (nutrient puump), nitrogen enrichment 
(legumes), and root penetration (structural improvement) all play ilmportant roles. 

Important tasks arise in the con text of integrated land use ranging from spatial 
organization (itroil) the live fi'vie to the i'Cfnt of tr'cs), via landscape formation to 
the maintenance of species and cultural values. Finally. we should nlot forget tile 
desire of' many countr dwellers to grow decorative species of tree and shrub. 
* Improvement of' the socio-eCcomomic coniditions. Fle four aspects mentioned 
above help to imiprove living comiditions in rural areas. It would be going too far to 
treat the role of ti te ill peas:ant 0,f0oIt\ mltdilgs Il detail ol tlis Occasion.e'T :lgrl 
Its role ranges from provision of' shade for the laboter exhausted by work in tile 
fields, a communication (unction (meeting place. or a clmp of trices in a market 
place, parks ill the middle of settlemients), the implrovemenit of hygienic conditions 
and iedical provisionl rem..'dies Iromi trees and shrubs to ile improvement of 
donestic supplies and the creation of additional jobs (multiplier effect) and 
additional in:ome. especially ina seasonal cycle. I lowever. the function of trees and 
shrubs is of exceptional impolrtance as regards reducing the risks of' agricultural 
production (especially in so-called stress areas) as well as its balancing and sarig
haun! /ineonfor a peasant holding when. for examuple, reserves have to be tapped 
oil account of evei. ill the famil\, harvest failure, of the exceptional need to 
invest. Without thie foresti, conmponents. such reserves would otherwise not be 
available, and would result ii f'requtent loss of' property, debts, etc. We should draw 
attention to d! tuhtiral importance of tree plantations and their significance in 
terms of' the pattern if'ownership: with tree plantations come property rights, and 
a fairly long-term co mitnient to the plot occurs, and often only then is there 
finally a transition from exploitation to investment and therefore to land use with 
the future in miiid. 

3. ()ne-sheddness invol'es the danger ofv 'rong erahlation. 

0 Time danger of a narrow viewpoint regarding nural development is becoming 
increasingly clear in nearly all parts of the tropics and subtropics. Programs and 
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campaigns that are implemented from the viewpoint of a particular sector can bring
about serious damage. Examples are: the establishment of wells without supportive 
measures in dry regions, the construction of dams and roads without considering
the locality, irrigation crops without considering the ecological and economic con­
ditions, reforestation that leads to lowering of the watertable, etc. Rural develop­
ment, indeed every project and every holding, has to be understood as a 
multi-dimensional system with many internal and external interrelations and inter­
actions, which when looked at from a single viewpoint, must be less precise than 
when viewed from many angles, as can be insured by thc proper cooperation of 
agriculture, cattle economy, and forestry. 

4. 	 Cthannelling all the mailable forces in one direction 
increases the effect. 

* With generally limited resources, it is a question of employing them to best 
advantage, distributing them optimally (resource allocation), and directing them 
towairds the comnmon goals. This can often be better achieved in agroforestry hold­
ings than in monocropping. Two adjacent projects in the Sahel serve as an example:
in one, the forestry project, grass impeded the tree crops so that the grass had to be 
destroyed at relatively high cost: in the other project, involving pasture, trees 
impeded the growth of grass, so that they to be felled burned.had and With 
cooperation, it was possible to achieve the organized use of grass for "eeding pasture
cattle in the forest area and the liotection function an(, timber production from 
the trees on the pastureland. Thus, the overall production in the catchnient area 
rose, and supplies to the population were improved. 

5. 	 - combination of plants and antimals on the same land 
at the same time, overlapping or immediately after 
each other, has mutual effects both ecologicalli and 
economically. P7ieV can be stwnunarized as competi­
tion, supplementation, and dependence. 

* Competition. Trees and shrubs, agricultural plants, and animals compete with 
one another for light, water, nutrients, space, labei input, land area, capital, etc.
Even if no direct competition can be seen, it can become effective indirectly by, for 
example, certain plants being intermediate hosts for parasites of other plants, trees 
serving as nesting places for birds that decimate the grain harvest, etc. Desirable 
competition can, for example, reduce weed growth through the shade effect, etc. 
Much basic research is still needed in this area in the interest of extending agro­
forestry. 
, Supplementation. This can be in terms of time, space, quality, etc. In terms of 
time, this can be accomplished by seasonal rotation or (in !:y regions) the availabil­
ity of foliage and fruit as cattle fodder during seasonal grass shortages (classic
examples: Acacia albida in Africa). Spatial suoplementatian is achieved through a 
better exploitation of the cattle biotop, with production in two or several storeys at 
the same time. Qualitative supplementation derives from products of a different 
kind being provided, e.g. vegetable and animal protein. 
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0 Dependence. This subject still needs a great deal of investigation. Many
examples are known. Some fungi only grow under certain trees in pastures which 
are used by certain animals. In the case of the wild animal species in Africa. It is
known that the system collapses without a balanced ratio of s',iort -and long-grass
eaters, und the short-grass eaters especially cannot get at their food, despite its
being present in sufficient quantities. With the given complexity of agroforestry
holdings, often what remains to be elucidated is: What really needs what, why, 
when, and how much? 

6. The majority of farmers and shepherds in the tropics
and subtropics have alwvavs practised agrojorestri'.
The' are far more JIiniiarwith this from of land use 
than evperts from technical aid organizations or gor­
ernmental agencies bor agriculture, cattle-keeping and 
forestry. 

This applies at least to !and use. In most cases, however, there is a lack of 
opportunity, and often of the understanding to establish and manage systems
combining trees, shrubs, agricultural plants and animals. In this area lie the main 
tasks of the Extension and Aid Services. 

Conclusions 

From the point of view of forestry, the integration of arable farming,
cattle-keeping, and forestry in agroforestry systems can entail both advantages and
disadvantages. These have to be carefully weighed against each other, whereby a
balanced view, taking everytone's viewpoint into account, is the best guarantee of
optimal solutions in the sense of the overall rural development that will evolve.
From the forestry point of view, there exists already, especially in the tropics, a 
close and necessary integration of the three areas, with each one both giving and
taking. Forestry has always borne in mind its service functions. Forestry is, in gen­
eral, prepared to increase cooperation with arahi? and pasture farming, an attitude
which has been expressed not least by the fact that the first impetus to develop

agrojorestrv came from forestry.
 

Contributions from participants on the lecture 

Many discoveries and the results of research from projects are set out in the 
publications of GTZ and 13MZ (descriptions of wood types, the fodder value of
forestl plants, alternative energy, forest raw materials for industry, etc.). In this 
respect project-related research plays , vital role. 

In the reforestation projects around well sites in the Sahel, referred to in the
lecture, it is not a matter of producing an absolute increase but of better utilizing
the available resources. Since the project includes about 50-100 families around a
well (with a total of six centers), it does not cover a large area, but it is long-term.
The problem is the fossil water reserves, which will last for, as yet, an unknown
limited number of years. By the time it runs out, all forms of land use in the Sahel 
must be self-sustaining. 
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1 EXCURSIONS 

Central experiment at CATIE, Turrialba,
 
Costa Rica: Comparison of several mixed crops
 

J. Combe 

Many regions in the humid tropics do not pernmit the continual production of 
seasonal crops. On tile other hand, they are relatively suited to perennial plants like 
pasture and fodder grass, cacao, coffee, trees, etc. In this experiment, the most common mixed crops in the region are compaied with each other over an eight year
observation period. l'he investigation began with all plants at the time insame 
August 1977, with certain seasonal crops being added during the first year, which 
were not later renewed. 

Aims of the experiment 

To compare several local crop systems that initially were mixed with seasonal 
crops. 

To examnine each individual system during the experimental period to establish 
its development and effects. 

Species employed 

I. Garden Bean (Phascohsrtulgaris), type Turrialba-4 
2. Eye bean cowpea ( I'igna unguiculata),type V-5-Moh 
3. Pigeon pea ((ajanus cajan), local variety 
4. Maize (Zea mays), type Tuxpeno 
5. Sweet potato (Ipoinocabatatas), type ('-15 
6. Manioc (Manihot esculenta), type Valencia 
7. Banana (Ahisa sp.). type Ielipira,cooking banana 
8. Cacao (Theobromna cacao), three different hybrids 
9. Coffee (('offi'a arabica1,typo IHibrido de Timor 

10. Laurel ((Ioriaalliodora)tree species of the local secondary forest 
11. Por6 giganie (Er'vthrinapoeppigiana),local tree species 
12. FPasto Estrella ((',nodon ple'tostachrts),fodder grass 
13. Sugarcane (Sachanunofficinanim), type Pindar. 

The first seven plant species represent the typical food base of the rural popula­
tion in the region. Cacao and coffee are the traditional cash crops for the majority 
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of the small farmers. The two local species of trees are used primarily to shade 
cacao, coffee, and the plots of foddet grass. In the case of laurel, the production of 
timber is also measured; with por6, a legune, the nitrogen cycle and the stock of 
nutrients in the soil are examined. 

Layout of the expe! iment 

A total of 18 different combinations were planted (Table 1 - Figure 1), each 
with four repetitions. The size of the experimental plots varies between 8 x 10 m 
(annual crops) and 18 x 18 in (perennial crops). 
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Source: 
Combe, J. y Gewold, N. eds. Gub de campo de [os ensaos torestales 
del CATIE en Turrialbo, Casio Rica. 1979. 378 p 

Figure 1: Central experiment at CATIE. Comparison of several mixed crops. Layout of the ex­
periment. 
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Table 1. Originally layout with annual crops, 1977. 

No. of plots First planting Second planting (Nov.) 

1, 2, 3, 4 maize maize garden beans 
5, 6, 7, 8 maize garden beans sweet potatoes 
9, 10, 11, 12 maize sweet potatoes garden beans sweet potatoes 
13, 14, 15, 16 cooking banana (manioc-maize) garden beans sweet potatoes 
17, 18, 19, 20 sugar cane sugarcane maize 
21, 22, 23, 24 fodder grass laurel 
25, 26, 27, 28 fodder grass .r 6 

29, 30, 31, 32 fodder grass 
33, 34, 35, 36 coffee laurel cooking 

banan a (garden beans) 
37, 38, 39, 40 coffee por 6 garden beans 
41, 42, 43, 44 cacao laurel cooking 

banana (pigeon pea maize) 
45, 46, 47, 48 cacao pot6 cooking banana 

(pigeon pea maize) 
49, 50, 51, 52 manioc manioc maize 
53, 54, 55, 56 laurel maize garden beans 
57, 58, 59, 60 maize varinus maize 
61, 62, 63, 64 maize ,oil treatment maize 
65, 66, 67, 68 natural vegetation 
69, 70, 71, 72 maize maize (soil cover with mulch) 
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Taungya reforestation at CATIE, 
Turrialba, Costa Rica: Terminalia ivorensis 
with annual crops and perennial crops 

J. Combe 

The Taungya System is a method of reforestation that combines forestry and 
agricultural production in the first few years. Under certain preconditions, Taungya 
reforestation develops better than pure reforestation because there is intermediate 
use of the land for agriculture where normally weeds would proliferate. Since 1868, 
significant areas in Asia and Africa have been reforested with the Taungya method. 
Wider application of this method has been indered more by socio-economic 
problems than by technical difficulties. 

Aims of the experiment 

Comparison of rooting successes and the growth performance of the tree species
with va'rious Taungya combinations. 

Economic evaluation of the Taungya cobinations on the basis of the yields of 
the agricultural intermediate crops. 

Investigation of certain location factors. 

Species employed 

Experiment period June 1978 - June 1979: 

Terminalia iorensis
 
Zea mays (maize)
 
Vigna unguicula,'7(cowpea, eye bean)
 
Phaseolus rulgaris(garden bean)
 

Experiment period September 1979 -September 1980: 

Terminaliaivorensis
 
Coffea arabica (coffee)
 
Theobroma cacao (cacao)
 
Citrussinensis (orange)
 
Phasec!us vulgaris (garden bean)
 
Phaseolus vulgarisvar. Harvester
 
Vigna radiata (mung bean)
 
Vigna unguiculata (eye bean, cowpea)
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Entr'oda B Ioques 

bb2 111 1iv v 

b2 b2 bI b I
A .--- A3.---- A---- A2----. 
bl bl b2 b2 

b2 bi bi bi b2 bi Container plant 
A2---- A4----. A3-.... At - b2 Plants with bare roots 

b2 b2 b2 b2 bl 

bi , b2 b2 b2 
A4 ---. A; - - -- A2- - -. A4 .... 

b2 bl b; bI 

Ganoder~a bi blb2 bl 
A--- .--- --- ...A2 A4 A3 


b, b2 b; b2
 
SI--18m ,-J
 

Legend: At T ivorensis pure forest plontation 

A2 T ivorensis 6 months with maize, then 6months with beans 
A3 T.ivorensis 6 months with eye beans, then 6months with maize 
A 4 T.ivorensis 6 months with maize and eye haons, then 6 months with moize and 

beans 

:igure 1:Taungya experiment %kithiTerminalia ivorensis with annual crops. 
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Figure 2: "'aungyi; experiment with Terminalia ivorensis with perennial crops. 
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Layout of the experiment 

In the first period of the experiment, four Taungya combinations were com­
pared with one another, with the young forest plants being planted either in pots
(which enabled these two planting techniques to be compared). No fertilizing was 
carried out. In the second period of the experiment, four Taungya combinations 
were again compared with each other as well as with perennial plants. In addition, 
annual crops were planted, but they were not replaced at the end of the period of 
examination. The perennial plants were fertilized. At the moment, therefore, there 
are only 2 2/3 year old trees and 1 1/2 year old perennial plants on the experimen­
tal plot. 

Results 

First experiment period: the Taungya combinations with annual crops showed 
that: 

* 	 The nursery plants produced better rooting success (95o/o) than the plants 
in containers (57o/o);

• 	 The height growth of Terminalia ivorensis in the first year with the Taungya 
system was up to 25o/o higher than the pure forest plantation;

* 	 The planting costs were as much as 73o/6 ower than for pure forest plant­
ing, because of the yields from intennediate agricultura! use; 

e 	 On the other hand, a Taungya combination with two crops (maize 
cowpea) produced lower yields on this location. 

Second period of the experiment: Taungya c bination with perennial crops 
showed that: 

e 	 The increase in height and diameter of Terminalia ivorensis in the Taungya
plots was greater than in the purely forest plantations.

* 	 The biggest increase in size of trees in combination occurred with cacao and 
orange trees. 

* 	 On the other land, the perennial plants achieved less growth than as 
monocrops. 

e 	 The yields of annual crops in the Taungya combinations were lower than 
the regional average, but they did produce a level of income at covered 
the cost of planting and achieved a net return (treatment A3bl). 
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The farm"FATIMA": Example of
 
an agro-silvo-pastoril agricultural holding
 

J. Combe 

Location 

Florencia near Turrialba, Province of Cartago, Costa Rica. 

Population density: 

15 persons/Ki 
2 

Agricultural structure: 

* 	 Medium farm size in the canton: 31 ha 
* 	 band use in the canton: pasture (62o/o); arable land (9o/o) and permanent 

crops (29o/o).
* 	 Accessibility: very favorable; only 3 Km from Turrialba, but on a road 

requiring a four-wheel drive vehicle. 
e Marketing: all agricultural products are sold in Turrialba. 
a Size of the farm visited: 54 ha in 2 separate plots of 27 ha each: more than 

80o/o of the land in used for dairying. 

Height above sea level: 

650 meters. 

Climate and vegetation zone: 

Average annual temperature: 22.20C.
 
Annual rainfall: 2700 mm (data taken from the CATIE climatic station).

Vegetation zone according to HOLDRIDGE: premontane wetforest.
 

Soils 

Latoscl, deep and derived from volcanic material. The soils are very permeable
but badly leached and have a low nutrient content; without fertilizers they have 
little agricultural potential. 
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Agroforestry forms of cultivation 

.Thre- basic forms can be differentiated: 

Trees in the coffee plantation: Cordia alliodora in the upper layer, 
Erthrina poeppigiana and Mlusaceae as shade trees above the coffee; 
Eucall,pts deglupta planted in 1970 in the upper layer, citrus trees and 
Mhusaceae as shade trees. 

" 	 Trees in ti,.pastures. partly in groups: Isidium guajava, Eucaly'ptus
(leglupta, Cordia alliodora, I'nus caribaea, Anihocephahs cadamba in 
pastures that consist rainly of star grass (Ci'nodon nlcmefiiensis, Pasto 
Estrella). 

" 	 Hedges with Gliricidia sepiutm; there are about 3 Km of them on the farm. 
6o/o of the land of the farm Fdtima is stocked with forest, of which a part 
is secondary forest. 

Treatment of the crops 

The thinning of'the 10 year old l-'ucal'vptusdeghpta, accounted for the harvest­
ing of about one-fouth of all the trees. Apart from this, tending the stand is limited 
to the elimination of poorly shaped trees and regulating the light intensity in the 
coffee stands by regular pruning of the por6 (I"'rythrinapoeppigiana). 

Results 

3The thinned out material of more than 25 m hucal'ptisdeglupta was sold 
locally (11 1i 

3 timber, 16 m3 for fence posts). The harvesting costs were 27o/o of 
the selling price. 

The following activities were not. however, quantifiable in monetary terms: 

" Low maintenance costs for fences because of hedges of (;liricidiasepium 
" Use of I'sidiumguajara fruit for fattening pigs;
* 	 High growth of the exotic tree species that were indirectly fertilized as 

freestanding trees in the coffee plantation; 
* 	 Sufficient supply of firewood for the whole farm. 

Problems 

The slow decomposition of the pine needles seems to be a disadvantage on the 
pastures and the coffee plantation. The cows avoid, in particular the places where 
the needles are plentiful. 

Re marks 

The following data from the farm shows how extensively the forest sector on 
the farm can be cultivated: 
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Farm sector 	 o/o of farm land o/o of labor input 

Dairing 89o/o 6).Oo/o
 

Pig breeding 0o/o 9.8o/o
 

Crops (annual and perennial) 2o/o 19.2o/o
 

Forest 6o/o 2.0o/o
 

Various 3o/o 4.0o/o
 

Sources 

1. 	 AVILA, M., RUIZ, M., PEZO, D., RUIZ, A. La iniportancia del componente 
forestal en pequefias fincas ganaderas de Costa Rica. ACTAS, Taller 
Sistemas Agroforestales en Am6rica Latina. CATIE, Turrialba, marzo, 1979. 

2. 	 ROCKENBACH, O.C. Analisis biosocioecon6mico del componente forestal en 
una explotaci6n agrosilvopastoril en el irea de Turrialba, Costa Rica. 
CATIE, Turrialba, 1980. 

3. 	 . ArAilisis dindmico de dos sistemas de fincas predominantes en el 
Cantbn dt. lurrialba, Costa Rica. Tesis Mag. Sc. CATIE, Turrialba, 1981. (in 
press). 
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Coffee plantation with alders:
 
Coffea arabica-Alnus acuminata
 

J. Combe, L. Espinoza, R. Kastl and R. Vetter 

San Antonio de Coronado, Costa Rica 

Population density 

47 persons/Kin2 

Agricultural structure 

e Average farm size in the region: 32 ha. 
* Land use: pasture land 95o/o; arable land 3o/o; and permanent crops 2o/o. 
e Size of the farm visited: 3.5 ha. 
o Accessibility: the whole region is well developed. 
* Marketing: all product,. ire sold in San Jose. 

Height above sea level 

1300 m 

Climate and vegetation zone 

Pronunced dry season from November to May, with strong winds and fine 
drizzle mainly between December and February. Average annual rainfall is 2100 ­
2550 am. Average annual temperature is 190C. The vegetation zone is premontane 
moist forest. 

Soils 

Deep, fertile soils of volcanic origin, mainly sandy and moderately drained 
(type: dystrandepts of the range tieredia Ondulados). 

Agroforestry forms of cultivation 

Old coffee plantation consisting of a mixture of the types Typica andBourbon 
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with Caturra planted later. Shade is provided by Musaceae and Inga spp. The fruit 
and part of the trunk of the Musaceae are solds as cattle fodder in the dry season. 
In May 1974, 100 alders were planted along the rows of coffee at 4 m distances. 
The young trees were produced at the nursery of the Ministerio de Agricultura y 
GanaderrA (Ministry of Agriculture and Livestock). 

Treatment of the crops 

The trees and coffee bushes were always tended at the same time and in the 
same way (weed control, plant protection, and fertilizing). During 1975 and 1977 
the alders were also heavily pruned. 

Results 

Growth results (alder), (Tables I and 2). November 1980. 

" Average DBII: 	 24.86 cm (14.33-31.37 cm)
* Average tree height: 16.56 m (May 1980)
 
" Annual height increase: 2.76 in
 

Table 1. Increase in diameter over 6 years. 

Year 	 DBII Current annual increase (cm) 

1975 4.89 5.01
 

1976 9.20
 

1977 14.32 4.42
 

1978 19.56 5.24
 

1979 23.70 4.14
 

1980 25.81 2.11
 

Table 2. 	Increase in diameter in 2 samples of 10 trees each with and without
 
pruning.
 

Year DBIt (cm) with pruning DBI" (cm) without pruning 

1975 	 4.34 4.67 

1979 23.36 25.56
 

1980 24.86 31.36
 

The growth rate of the alder is very high compared to 19 exotic coniferous 
species in the same region (Table I). 
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The pruned trees showed, in 1980, an average diameter increase of 1.5 cm; the 
non-pruned trees, however, showed an increase of 4.8 cm. The average height of the 
pruned trees was 16.9 in; that of tile non-pruned trees 14.4 m (Table 2). 

Remarks 

Different trunk and treetop shapes and different increase in height and diameter 
underline the need for seed selection with the aim of making better use of the 
genetic potential of the species. 

Sources 

1. FOURNIER 0., L.A. Sistemas Agroforestales del Caf6 y Jatl. Seminar docu­
mentation: "Curso sobre T~cnicas Agroforestales para el Tr6pico Htfmedo". 
Turrialba, December, 1980. 

2. 	 . El cultivo del jaiil (Alnus jorullensis) en fincas de Caf6 en CostA 
Rica. ACTAS, Taller Sistemas Agroforestales en Am6rica Latin,, CATIE, 
Turrialba, March, 1979. 
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Alder on cattle pastures:
 
Silvo-pastoril form of farming of the
 
submontane level inCosta Rica
 

J. Combe 

Location 

Las Nubes de Coronado, Cant6n Coronado, Costa Rica (Figure 1). 

Population density 

Canton Coronado: 47 persons/Km 2 .
 
District of San Rafael: 
 138 persons/Kin2 . 

Agricultural structure 

e Average farm size in the Canton Coronado: 32 ha*
* 	 Land use in Canton Coronado (agricultural holdings): Pastureland 95o/o,

arable land 3o/o; permanent crops 2o/o. 
e 	 Land use in tile region (according to aerial phctographs): Pastureland 

55o/o; arable land 9o/o and forest 36o/o.
* 	 Accessibility: Extremely Eood (valley transport of products). Practically all 

roads are paved.
* 	 Marketing: all products are sold in the region around San Jose; the milk 

produced is fetched daily by lorry. 

Height above sea level 

1450 to 1700 m. 

Climate and vegetation zone 

Warm, temperature climate without any 	very pronounced dry season; rainfall
spread over the whole year. Average annual temperature 12-180C, according to
height above the sea. Absolute maximum: 18-24 0 C. Absolute minimum: 8-13 0 C. 

• 	 Surveys have shown that dairy farms of less than 20 ha are now no longer profitable of 
increasing production costs. 
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Annual rainfall: 	 2000 mm on western slopes 
3500 nun on eastern slopes 

Frequent fog; permanent very high humidity The famis visited are in the 
vegetation zone lower montane wet forest (HOLDRIDGE). 
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Figure Pfotential distrbution o lu cmnr ntenrhr n otenrgoso1: Source-: 
Peterson A. Regiones agr~colos de Costa Rico. Turriolbo, 
Costa Rico. 196.5 

Gonzli1ez, R. Reiocidn entre el peso especifico y olgunns 
propiedodes mecdnicas de Alnus lorullensis H.B.K..Tesis 
Moq. Sc.. Turrdbo, Costa Rico I IICA, 1970 

Figure 1: Potential distribution of Alnus acuminata in the northern and southern regions of 
Costa Rica. Estimated area: 60.000 has. Elevation: 1200 - 2400 m.s.n.m. 
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Soils 

Predominantly andosols (together with coarse soils, regosols), derived from 
volcanic ash and alluvial material. Generally flat, stony ground, sometimes sandy, 
very prone to erosion when the vegetation cover is destroyed. Nitrogen fertilizing is 
generally essential. 

Agroforestr ' form of cultivation 

For decades alders have been combined with cattle pasturing. The species used 
in combination are: alder (Alnus acuminata), pastures and grass for cutting 
(Pennisetuntclandestinum, Pennisetunmpurpurc-um, Axonopus scoparious,e.g.). 

Dairy cows (80o/o Holstein, 12o/o Jersey in the region). 
The stand density in the cattle pastures ,,aries between 625 trees/ha (4x4 m) 

and 35 trees/ha (I 7x 17 m). Although a plant combination area of I 10x10m seems a 
good compromise between timber and grass production, on most farms less than 
100 trees/ha are acceptable. The majority of farmers consider a plant combination 
area of 16x16 in and above essential to keep down yield losses of grass. The tree 
stand then develops, however, to the detriment of increased height. 

Treatment of the crops 

The shortest production period is 15 years. On the average, however, it is 20 
years or more in this region: the final use is according to the needs of the holding 
(firewood) and is not deternined, as a rule, by a target diameter or the lessening of 
the current growth increase. All trees are pruned to prevent too much shading of 
the grass rather than to improve the quality of the stem wood. All pastures are 
fertilized equally whether they are stocked or not. The amounts of fertilizer vary 
greatly between farms and are difficult to check. Example: farm Yonisty: 190 
kg/ha urea fertilizer (33o/o N) twice a year. 

Results 

The increase in growth of alders on cattle pastures is, on a average, between 5 
3and 10 m per year for stands with more or less 100 trees/ha and a rotation period

of over 20 years. The farmers take their firewood primarily from the alder stands. 
85o/o of all holdings depend on this energy source, and the annual consumption of 

3alder as firewood in the region is estimated at 100.000 1 per year. The alder is 
also .ommonly used fc.r construction timber, as it sells more cheaply than cypress 
froi-- the same region. ,ii- potential of alder for production & construction wood 
has been cai-ulated at 160.000 m3 /year for this region, which equals 13-14o/o of 
the annual wood demand of Costa Rica (Table 1). 

Wiii volume.; increases of this magnitude, the combination of alder and pasture 
(on dairy farms) creates an improvement in net returns of 20o/o or more. The 
following cannot be quantified, however: 

e Enrichment of the soil with easily decomposed organic material. 
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Table 1. Data from the farms visited. 

Farm Yorusty Farm Don Rasgo N6fiiez 
(1.700 m) (1.450 m) 

Age 	 (years) 13-16 

Number of trees/ha (1980) 	 (9x13 m) 159 (7x9 m) 

Average height (m) 1979 22.1 10 (estimate) 
1980 22.9 12.4 

Diameter (cm) 	 1979 44.6 17.0
 
1980 45.4 20.5
 

Increase in basal area (m 2 /ha/year) 

1979 - '1980 	 0.28 1.81 

Stein volume (m2/ha) 	 69 

Increase in stem volume 

March 1979 Nov. 1980 (m2/ha) 3.22 (form factor for timber: 0.403) 

* 	 The regulation of soil moisture on extremely permeable locations, which 
insures fodder production, especially in the months with little rainfall. 

* 	 Soil stabilization on locations prone to erosion. 

Problems 

Lower fodder production is certainly to !-z expected under the alders, among 
other things, because of the following: 

" The shade. 
" The competition of the very extensive shallow root system just below the 

surface of the soil. 
* 	 The low-hanging branches. 
* 	 The compacting of the soil and overfertilization due to cattle resting under 

the trees. 
* 	 Leaf litter from the trees. 

Many interactions in this system remain to be explained if an optimal use of 
this silvo-pastoril form of cultivation is to be achieved. 

Remarks 

Because of the symbiosis of the roots with Frankiaalni, an actinomycete (syn. 
Actinomyces alni), nitrogen is fixed just below the surface of the soil. Young alder 
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plants contain in fact 355 times more nitrogen ;n their cell structure with symbiosis
than without. The nitrogen content of Alnus acuminata leaves is 2 .40-3.66o/o 
without fertilizers. 

Sources 

1. BEER, J. Alnus acuminatacon pasto. CATIE, Turrialba, 1980. 

2. 	 POSCHEN, P. El jaCI1 con pasto: Anzatze eines sylvo-pastorilen systems auf 
Viehweiden der submontanen Stufe in Costa Rica. Thesis, University of 
Freiburg, Federal Republic of Germany, 1980. 
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Silvo-pastoril land use inthe highlands 
of the Central Valley of Costa Rica, 
the farm "Las Esmeraldas" 

J. Ccmbe, L. Espinoza, R. Kastl, R. Vetter 

Location 

The farm "Las Esmeraldas" is in the district of San Jos6 de ]a Montafla in 
Canton Barba of the Province of Heredia, 20 Km north-east of San Josd. 

Population density 

Of the San J6se district: 63 persons/Kn 2 

Structure of agriculture 

" 	 Average farm size in Canton Barba: 9.5 ha. 
* 	 Land use in the Canton Barba: pastureland 61o/o; arable land 6o/o; and 

permanent crops 33o/o. 
* 	 Size of the farn visited: 270 ha. 
" 	 Land us-. in the farm visited: pastureland, 207 ha = 77o/o; wind protection 

strip, 31 ha = 16o/o; reforestation, 16.5 ha = 6o/o; and infrastructure, 3.5 
ha = Io/o. 

" Accessibility: good (all transport along the valley).
 
" Marketing: in the vicinity of the capital San Jose.
 

Height above sea level 

2000 in 

Climate and vegetation zone (according to HOLDRIDGE) 

Data from the meteriological station Barba (7 Km away), annual mean tempera­
ture: 180C; rainfall: 2460 mm with a dry season from February to April (rainfall) 
less than 50 ram/month). 

The region is subject to strong winds for practically the entire year. The farms is 
in the vegetation zone lower montane wet forest. 
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Soils 

The deep, well-drained soils of the region (1.5-.!) have developed from volcanic
ash. The pH value is 6.0. The relief is variable, with slopes of 5-50o/o and more. 

Agroforestry forms of cultivation 

From 1920 to 1930 the farm cor entrated on dairy and arable farming
(especially maize), but the yields decreased over time. Therefore, the subsequent
owners established wind protection with lines of various trees: Eutcalyptus spp.,
Cedrela sp., Fraxinus sp., 0ipressus hisitanica,Alnus /onlensis.

Of these species Clipressus and Alnus were best suited as wind breaks. But
because the cattle were fond of the alders, no more of these were planted. The wind
break consisted of eight rows of trees that were laid according to the instructions of 
the Swedish Forestry Engineer Alfredo Anderson. 

Treatment of the plantations 

Until 1945, pruning was the only forestry technique used. From 1950 to 1974,no planting or pruning took place, so that the cypresses developed without any
tending. Natural regeneration by the cypresses occurred on the neighboring open
land. After 1 74, plantations of alders and cypresses were crcated and the other 
trees thinned. At the time of tending the wind breaks, the nearby, formerly natu­
rally regenerated plots were cleared (average age: 30 years; diameter in some cases 
more than 60 cm). 

Results 

At present the forestry sector produces one-third of the farm's income. 

Problems 

Root rot in some localized areas. 

Remarks 

Annual total increments of 38 m3/ha were calculated in 20 years old stands of 
Gapressus lusitanica. 

Sources 

1. 	 GONZALEZ, M., MARTINEZ, H. and GEWALD, N. "El uso de Pricticas Sil­
vopastoriles en las Partes Altas del Valle Central de Costa Rica; Finca Las 
Esmeraldas". ACTAS, Taller Sistemas Agroforestales en tm6rica Latina, 
CATIE, Marc:, 1979. 
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Characteristics of the region of 
Acosta-Puriscal, Costa Rica 

J. Beer, L. Espinoza and J. Heuveldop 

Geographical situation 

North of Pacifico Central about 60 Km from San Jos6. 

Climate 

Rainfall 2200 mm with bimodal distribution, rainy season from May to De­
cember; relative humidity 82o/o, average temperature 210C. 

Soils 

Ferralitic (mainly ultisols and oxisols), pH 5-6; overall pronounced phosphorus 
deficiency; simularly pronounced sulphur deficiency in the sub-region Acosta; soils 
well provided with Ca and Mg. 

Topography 

Altitude varies between 500 and 1200 m, steep slopes. 

Population density 

90-100 persons/Km 2 ; 900/0 rural population. 

Land use 

About 80 to 90o/o of the land is used for agriculture (the average in Costa Rica 
is 40o/o). The forest has disappeared almost entirely; reforestation occurs sporadic­
ally, carried out in recent times by private owners and on land under public 
ownership (Table 1). 

* 	Compiled from informatio.. given by J. Lagemann, CATIE and M.Oviedo, Ministry of Agri­

culture, Forestry Division, San Josi, Costa Rica. 
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Table 1. Land use in the Sub-Regions. 

Farm size (in ha) 

Arabic crops (maize, beans, tobacco)* 

Sugarcane 

Coffee, bananas, citrus 

Pasture 

Other land 

* 	 Tobacco only in the sub-region of Puriscal. 

Table 2. Family structure, labor force and capital. 

Persons per family 

Family labor foce 

Capital 

a) 	Vehicles equipment 
Jeep or pick-up 
Hand spraying equipment 
Sugar mill 

Power saws 


b) Animals 
Cattle 
Horses 
Pigs 
liens 

Cash crops 

Acosta 	 Puriscal 

7.2 	 13.3 

1.3 	 1.6 

0.2 	 0.2 

1.6 	 062 

3.8 	 10.2 

0.3 	 0.1 

Acosta 	 Puriscal 

7.3 7.0 

2-2.5 2-2.5 

14o/o 16o/o 
43o/o 57o/o 
1lo/o 	 11o/o 
7o/o 	 6o/o 

5 	 7.5 
I I
 
I I
 

19 	 31 

e 	 Coffee, citrus fruit and tobacco (Puriscal). 
e 	 Maize and ')eans only in small quantities (between 20 and 30o/o of produc­

tion). 
* 	 Eggs, especially in Puriscal from a few largescale producers. 
• 	 Similarly cattle, mainly in Puriscal. 
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Problems 

9 	 Erosion is becoming much worse as the density of the vegetation reduced 
and as dairying becomes more extensive in the direction of Puriscal. 

* 	 Very limited use of improved seeds (maize, beans) ard plants (coffee, 
citrus). 

* 	 Cultivation techniques inadequate especially in the case of coffee. 
* 	 Low productivity of the natural pasture grasses. 
* 	 Increasing costs of inputs, especially fertilizer and transport. 
* Rising costs of labor (especially for the coffee harvest). 
9 Currently low prices for coffee and oranges ( 10/100), with the litter 

subject to pronounced fluctuation. 
9 	 Because of the small amounts produced by each farmer for the market, 

there is no chance of influencing the prices. 
* 	 High cost of credit (between 18 and 24o/o per year). Special credit at 8o/o 

for small farmers is available to a very limited extent. 
a Banks are unwilling to give credit to small fanners because of the risk factor 

involved. 
e 	 Extension services are inadequate because of insufficient personnel, 

vehicles, and money for petrol. 

Characteristics and utilization of some tree species used for reforestation 

The information presented here illustrates the utilization and characteristics of 
some tree species: (Table 3). 

Pelotia macrantha: no data. 
Bombacopsis quinatum: occurs in natural forest, very often in the dry Pacific 

region; can reach heights of 35 m; widely spreading top; stiong branches. The trunk 
is irregular, covered with thorns; has tube-like roots. The wood is soft and easy to 
work, but difficult to dry (cannot be completely dried in humid, tropical climate 
zones). Does not warp when drying, is very durable, but prutective treatment is 
recommended if in use for a long time. Is used as a live fence because of its quick 
growth. Used for cigar boxes, furniture, skirting boards, etc., in ship bulding. 

Cupressus lusitamica: also develops on poor, eroded soils with 1000 - 4000 mm 
rainfall. Reaches a height of 40 m and a diameter of 100 cm, with up to 2 m height 
increment per year. Must be pruned. Has to be planted with bare roots for 
economic reasons. The wood is yellow-red with an orange grain. Has aromatic 
characteristics. Very durable when treated. The tree is used for: decorative 
purposes, wind protection, protective forest with dairy cattle, Christmas trees, live 
fences. 
trees, live fences. 

The wood can be used for house building, veneers, parquet floors, kitchen 
equipment, packaging, railway sleepers, masts. 

Cybistax donnell-smithii: grows on chalky soils, volcanic ash, and well drained 
alluvial soils, in humid-to-dry tropical climates, can reach a height of 33 m and a 
diameter of 100 cm in 35 years. Shows no serious disease problems. 

The wood is yellowish to shiny yellow with a light grain in older wood. Is used 
exclusively for interior decorating and furniture. 
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Table 3. Utilization and characteristics of some tree species. 

Age (months) (mm) x 
Diameter S x 

H (din) 
x S x G(m2/ha) 

Taking 
root 
oo 

N/unit 
area m 

of Growth 
m/year 

Growth 
m/year 

Pelktia macrantha 

Bombacopsis quinatum 

Qipressus lusitanica 

Cupressus lusitanica 

Cybistax donnell-smithii 

Diphysa robinoides 

Diphysa robinoides 

Eucalyptus deglupta 

Eucalyptus maculata 

Eugenia jambos 

Juglans olanchana 

Leucaena leucocephala 

Montana dumicola 

Pinus caribaea 

Psedolmedia spuria 

54 

66 

54 

90 

66 

109 

53 

97 

97 

78 

104 

3 

6 

77 

41 

115.02 

9.83 

72.75 

105.40 

184.19 

46.55 

30.40 

217.13 

124.56 

42.96 

152.95 

5.68 

15.59 

122.81 

9.98 

38.19 

11.27 

23.36 

32.85 

29.85 

16.66 

8.11 

64.94 

37.16 

14.53 

66.04 

1.71 

5.24 

38.92 

3.66 

96.26 

14.11 

66.13 

100.94 

167.00 

41.64 

36.33 

201.63 

128.85 

42.12 

95.89 

1.81 

9.73 

67.52 

4.66 

32.29 

5.30 

32.33 

26.71 

21.80 

12.72 

8.52 

32.62 

35.75 

11.97 

19.66 

.99 

3.50 

20.58 

1.87 

22.07 

.36 

8.91 

20.68 

10.52 

3.32 

1.90 

32.23 

21.30 

3.64 

12.90 

.06 

.49 

27.76 

1.75 

77 

81 

78 

86 

32 

69 

98 

67 

64 

90 

50 

93 

93 

85 

79 

62 

66 

63 

70 

26 

56 

79 

54 

52 

73 

40 

75 

75 

69 

64 

.026 

.014 

.016 

.011 

.030 

.005 

.070 

.027 

.015 

.020 

.018 

.023 

.031 

.019 

.003 

2.14 

.19 

.43 

1.07 

3.04 

.46 

.82 

2.49 

1.59 

.65 

1.13 

.72 

1.95 

1.09 

.14 
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Diphysa robinoides: grows on soils with low nutrient content. Has to be 
pruned, especially in early years. Reaches a height of 16 m and a diameter of 40-45 
cm. 

Tile wood is light yellow, getting darker from the centre. Used in vehicle body­
work, field and garden equipment, as ornamental and for fence posts. 

Eucal,pfio deghpta: grows ol damp, well drained soils with a high content of 
nktrients. In tropical regions a diameter of 80 cm is reached in 30-40 years, 2-3 cm 
,ieryear growth increase in young trees. Easily worked wood. Slow drying' without 
defects. Underbark wood easy to preserve. Used for furniture, packaging, fi-ewood, 
paper and cardboard, posts and masts. 

Eucal,'ptzis maculata: found all over the country and most producti\e at 
attitudes over 1000 in.Wood has medium density, used for plywood, co.)structh~n, 
railway sleepers, posts and masts, sawn timber and charcoal. 

Eugenia jamhos: grows in the lowlands ipto 1200 i,also on poor soils and 
steep slopes. It reaches a diameter of 20-25 cm, early growth is slow, prestmibly 
because of lack of light and nutrient elements. The wood is hard and heavy, beige 
coloured, and is used for posts and firewwod. The tree is used for decorative 
purposes, fruit productiOn, protective forest and living fences. 

Juglans olanchana: grows on deep well drained soils, reaches a height of 30 in 
and a diameter of 00 cm ini 25 years, with a growth rate up to 3 in per year inthe 
early years. Wood is various tones of grey. l-asy to work. Used as posts and in 
carpentry. 

Leucaena leucocepliala: found on alkaline. well dhained soils inlowlands, dry to 
iumid climate. Rapid growth and has wood that isdenser and heavier than that of 
other rapidly growing species. Used for constructiotn, furnitutre, panels, paper, 
charcoal, small posts, shade, and soil improvement with coiTec and cocoa crops. 

Alontanoanotunhola: no data. 
Pinus carihaca: grows oin red laterite soils, not on chalky soils or deep loams, 

has specific nVcorrhi:a, rapid growth (2 cm in diameter and I in increment in 
height per year). Good, light-coloured wood, used for flooring, CoOstruction wood. 
for pit props and railway sleepers when treated. Appears usable for pulp, produces 
high quality resin. 

IPseudohiwdia sptria: reaches a height o01) to 32 inand 00 cm in diameter: 
straight trmks, occurs from sea level to 800 m. Wood is reddish-brown to pink, 
dense, strong, and heavy but not very durable in a humid climate. Used generally in 
construction and carpentry. 
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Growth of laurel incocoa plantations and 

inpastures inthe Atlantic zone of Costa Rica 

J. Combe, L. Espinoza, R. Kastl, and R. Vetter 

Location: 

Madre de Dios and Cahuita, Limon Province, Costa Rica. 

Population density: 

Madre de Dios (Bataan District): 26 persons/Km 2 

Cahuita (Cahuita District): 10 persons/Km 2 

Agricultural structure Madre de Dios Cahuita 

(Cant6n Matina) (Talamanca) 
* Average farm size in the canton 30 ha 26 ha 

e Land use in the canton 
pastureland 34o/o 21o/o 
arable land 2!o/o 27o/o 
permanent crops 45o/o 52o/o 

0 Accessibility: all cacao plantations are accessible, but only by dirt roads 
that are impassable in the rainy season. Transport (for large regions) in the Atlantic 
zone is by railway. The infrastructure is deficient and rail transport is, therefore, 
extremely unrealiable. 

* Marketing: all agricultural products from the zone are marketed via Limon 
and/or Siquirres, also partly via agricultural cooperatives. Wood is sold directly to 
sawmills or their lorry drives. 
Siquirres, also partly via agricultural cooperatives. Wood is sold directly to sawmills 
or their lorry drivers. 

Height above sea level 

Madre de Dios 100 m
 
Cahuita 10 m.
 

Climate and vegetation zone 

Tropical rainy climate with high temperatures and high rainfall: average annual 
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temperature 250C and above, minimum never below 180C; annual rainfall 3000 
Ulm. 

Vegetation zone: premontane wet and premontane moist forest 
(HOLDRIDGE). 

Soils 

Madre de Dios: acidic alluvial soils with high loam content, therefore, frequent
waterlogging and flooding for part of the year. Otherwise, generally high agricul­
tural potential.


Calwita: poorly drained, cley 
 soils, in parts mixed with sterile sands in the
vicinity of the coast, flooded periodically. Difficult to work because either wet or 
very compacted. 

Agroforestry form of cultivation 

In the lowlands on the Atlantic zone, natural regeneration of laurel is frequent­
ly tended and encouraged both in the cocoa plantations and on the pastures. One of
the reasons for the combined cultivation systems being widespread is that that the
maximum growth of this wood-producing species of tree is obviously achieved in
well drained locations, which are to be found on the coastal plains with their 
regular humidity (height above sea level: 0 - 300 i). These plains are also preferred
for cropping . cacao. 

Teatment of the crops 

Work in the stands is rectricted to removing unwanted trees and bushes once a 
year. The larger trees, whose growth is slowing, are usually harvested in combina­
tion vith the pruning or complete reestablishment of the cocoa plantation. In this 
way damage to the cocoa plants isavoided. 

Results 

See Tables I and 2. 

Problems 

Many farmers are of die opinion that Cordiaalliodora is not the miost suitable
shade tree for cocoa production because the root system is in competition with the 
crops grown in combination. But they, nevertheless, prefer Cordiaalliodora because
of the value of itr wood, even though pure stands of this species are rare in 
77teobronta cacao plantations: a mixture of various shade trees witli the predomi­
nance of Jordia alliodora is regarded as much more useful. Therefore, it is difficult 
to carry out an examination of the effect of Cordiaalliodora on the yields of crops 
grown below it and to include other comparative parameters. 
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Table 1. Growth of Cordia alliodora in association Theobroma cacao and pasture. 

Density Diameter Heights "h" 
(trees/ha) breast height (W) 

19773 1979 1980 19773 19792 19802 19773 19792 19803
 

Madre de Dios 180 167 160 34.5 36.0 36.6 35.64 35.9 35.8 
(cacao)
 

Patino 	 76 39.6 32.0 
(cacao) 

Home Creek 3 5 120 100 41.1 43.1 34.0 35.2 16.0 
(cacao) 

Cahuita Plot I 150 150 30.4 31.3 26.6 26.5 
(pasture)
 

Cahuita Plot 2 208 208 36.7 37.5 33.0 33.8 
(pasture) 

IBasal area Commercial
 
(in2 /haG) Volume V (m 3/ha) (m2/ha/yr) (in 3/ia/yr)
 

19773 1979 1980 19773 1979 1980 1979-80 1979-80 

Madre de Dios 17.6 17.8 17.7 160 168.5 168.7 0.6 5.8 
(cacao) 

Patino 	 9.9 85.0 
(cacao)
 

Home Creek 3 5 16.0 14.6 141 134 
(cacao)
 

Cahuita Plot 1 11.4 12.1 81.9 86.1 0.65 4.23 
(pasture)
 

Cahuita Plot 2 22.5 23.5 195.6 206.4 0.94 10.8 
(pasture) 

1. 	 Values affected by exploitation and natural mortality. 
2. 	 Calculations bvsed only on measurements of trees still standing in 1980. 
3. 	 ROSERO, P. y GEWALD, N. Growth of Laurel (Cordia alliodora) in coffee and cacao plan­

tations, and pastures, in the Atlantic region of Costa Rica. In De las Salas, G., ed. Proceed­
ing of the Workshop Agro-forestry Systems in Latin America. Turrialba, Costa Rica, 
CATIE. 1979. pp. 205-208. 

4. 	 Based on a diameter-hcight regression curve obtained from the 1979 measurements. 
5. 	 Remeasurements not taken as, after exploitation, only 6 C. alliodora remain in 1980. 

Source: J. Beer. Cordia alliodora with Thoobroma cacao: A traditional Agroforestry Combina­
tion in the Humid Tropics CATIE, Turrialba, 1981. 
P. Rosero and N. Gewald: Crecimiento de Laurel (Cordia alliodora) en Cafetales, Cacaotales y 
Potreros en la Zona Atlintica de Costa Rica, ACTAS, Taller Sistemas agroforestales en Am6rica 
Latina CATIE, Turrialba, March 1979. 
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Table 2. 	 Harvest and regeneration study of Cordia all/odora in Theobroma cacao plantations.
Data from the farms of Srs. Mora y Buchanan, Cahuita'. 

A. Average 
a) 

b) 
c)
d) 

from range of the dimensions of tile felled trees. 
Utilized undebark volume2 7.27 (315 - 1697) pugadas ticas (p.t.) 

2.64 (1.12 - 6.06) m
Roadside value2 ( p.t. =C 1.1) -C800 (347 - 1867) 
Age 3 (assuming growth rings are annual) - 25 (16-26) years.D.B.H. (Breast height diameter but above buttresses when necessary) 

- 58 (42-84) cm 

e) 
f) 

g) 
h 

Total height 2 (ha) - 36 (25-43) cm 
Rates of growth 3 (assuming growth rings are annual) 

- 2.2 cm/yr 
1.3 m/yr 
0.09 m 3 /tree/yr

Commercial volume form factor' - 0.255 
Commercial volume 2 (p.t.) = 55.48 d.a.p. 2 (cm2 ) x I 
0.891 

() - 16.61 (r2 
= 

B. 	 Average and range of dimensions of tile logs
a) Log lengths - 3, 4, 5 or 6 varas (v) equivalent to 2.5, 3.3, 4.2 or 5 meters 

(m) t76o/o are 4v)

b) Small end diameter - 47.34 (28.5 - 80) cm
 
c) Utilized stem 
 length - 13.9 (4.1 - 20.6) m (equivalent to 40o/o of total 

height)
d) Stump height (includes where appropriate a disc which was rejected from 

the first log) - 1.4 (0.25 - 2.2) m 
e) Nose cones- 0.061 m3 (8o/d of commercial volume) 

C. 	 Regeneration of Cordiaalliodora
 
a) Stumps which coppice - 84o/o (Average height at 4 months is 1.25 m)
b) 	 Natural regeneration and inimature trees in the cut over plots (0.75 ha;

April 1980) 

Source: 	 1) BEER, J.WV.and ESCALANTE, F. Unpublished data. 2) For 46 trees. 3) Derived 
from a study of 14 discs. 4) For 180 logs. 

Remarks 

It has to be accepted that in a cacao plantation of 400 trees/ha (5 x 5 m), eight
cacao bushes will be destroyed as an average when a laurel tree isfelled.

The recent occurrence of the fruit disease Monilia rorerii renders all future 
research into cocoa difficult in the Atlantic coastal region of Costa Rica.

Effective, economically feasible control techniques have still to be discovered.
As the disease spread at a time when the cocoa prices had dropped almost by half,
many farmers gave up their plantations, and the lack of income forced many to 
clear any trees that could be sold. 
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This sequence of events is a classic example of the importance of agricultural 
diversification and of the importance of agroforestry combinations in which wood 
ready-to-be-harvested represents an additional financial reserv,. 

The widespread clearance cf Cordia alliodora in the stated regions has enabled 
the current timber yields and the gross income from timber to be established. 

Sources 

1. 	 BEER, J. Cordia alliodora with Theobroma cacao: A traditional agroforestry. 
Combination in the Humid Tropics. CATIE, Turrialba, 1981. 

2. 	 AOSERO, P., and GEWALD, N. Crecimiento de Laurel (Cordia alliodora)en 
cafetales, Cacaotales y Potreros en la Zona Atlhntica de Costa Rica, ACTAS, 
Taller Sistemas Agroforestales en America Latina, CATIE, Turrialba, marto, 
1979. 
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La "Suiza": Traditional agroforestry
 
forms of land use
 

J. Combe 

Location: 

La Suiza, 10 Km southeast of Turrialba, Costa Rica. In this case study, the
catchment area of two s;nall streams isinvestigated (the watershed "Lanta" and the
watershed "La Lona") with a total area of 830 ha north of the village of La Suiza,
where the streams flow into the River Tuis. 

Population density: 

2 
9 persons/Km11

Agricultural structure: 

* Average farm size in the catchment area: about 16 ha.
 
9 Land use in the catchment area:
 

(o/o) (o/o)
 
La Danta La Leona


Settlement 4.64 ­
&!condary forest 3.83 30.75 
CoFfee 38.47 6.88 
Sugar,.ne 36.04 9.74
Pastureland 6.66 24.36
Bush vegetation 10.36 28.27 

* Accessibility: the whole catchment area is crossed by only one dirt road.
The land under cultivation in the catchment area isgenerally easily reached.* Marketing: mainly through the cooperative Coopesuiza in La Suiza. 

Height above sea levc,: 

600 m (La Suiza village) to 1200 m. 

Climate and vegetation zone 

Largely corresponds to the conditions at CATIE: annual rainfall 2489 mm in La
Suiza (average of last 6 years). Average annual temperature 22.30C. Vegetation
zone: predominantly tropicalpremontane wet forest, with the higher past becom­
in,, tropicalpremontane rainforest(Holdridge). 
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Soils 

Of alluvial origin at the foot of slopes, partly with volcanic material. On the 
slope. litosols, not very deep, stony, little agricultural potential. 

Agroforestry forms of cultivation 

The region around La Suiza was selected for examination because a variety of 
traditional agroforestry combinations could be observed in a concentrated area: 

Cojfea arabica varie ty catu rra/l',rthrintqpoeppigiana 
Cordia alliodora (*) 
Paspadutm S)l)1/'shilIhm guajara( ) 
Sacchanun ofjicinanm/Cordiaalliodlora (*) 
Coffea arabica/(tMis spp./Coriaallicdora 
Paspahmin spp./(orclia allhidora (*) 
Paspahtm spp./tr'rthrinapoeppigiana 

The land-use forms all arose spontaneously through the initiative of the farmers 
and were present when the investigations started in 1979. Since then, reforestation 
experiments have been undertaken with Pinus oocarpa,P. caribacaand (Oipresius
hsitanicaon two degraded pastures. In the combinations marked with (*), measure­
ments of yields of trees and -t, rs have been made. 

Treatment of the crops 

Various 

Results 

Since the measurements have only been made for 2 years, no generally 
applicable conclusions can yet be drawn. The following provisional data show the 
wide distribution of measured yields for coffee in one farn (freshweight): 

Coffee Erythrina poeppigiana 

1979 
1980 
total 

Coffee Erythrina poeppigiana 
Cordia alliodora 

1979 
1980 
total 

Ilarves/ 
plant (g) 

2478 
2895 

3648 
2268 

Density 
coffee 
hushes/ha 

4101 
4101 

3643 
3643 

Harvest Gross 
kg/ha income

(//ha 

10 162 34 957.00 
II 872 40 839.00 
22 034 75 796.01 

13 291 45 717.00 
8 262 28 421.00 

21 552 74 128.00 
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Sources 

1. 	 BEER, 1. W., CLARKIN, K., DE LAS SALAS, G., and GLOVER, N. A case 
study of traditional agro-forestry practices in a wet tropical zone; the "La 
Suiza" project. In: Simposio Internacional sobre las Ciencias Forestales y su 
Contribuci6n al Desarrollo de la Am6rica Tropical. Ed. Manuel Chavarrfa, 
San Josd, Costa Rica, 1981, p. 191-209. 

2. BEER, j. W. CATIE-UNU Annual Report, 1980. Unpublished. 
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Evaluation of results and 
discussions of the group work, 
with regard to important statements 

Situation analysis 

* 	 There is frequently no suitable land-use/settlement policy, or it is difficult to 
implement. It is a precundition of rural development. 

* 	 There is a low level of wealth and little inclination on the part of small farmers 
and shepherds for long-term investment. Harvesting and exploitation are often 
primary objectives. 

* 	 Agroforestry is a particularly versatile and flexible form of land use; therefore it 
is adaptable. 

* 	 U.Jerstanding the system and thinking in terms of the system are essential for 
agroforestry. In agroforestry, plants, and animals are in competition; they 
supplement each other in terms of' space and time and are to a certain extent 
dependent on each other. 

* 	 There are widespreid conflicts between forestry, arable cultivation and pastur­
ing. Special probl'.m zone.,: in the humid tropical lowlands, the front along 
which the countryside is being opened up; in the tropical mountain regions; 
forest pasture in dry zones and arable cropping/protective forest in the humid 
region; in tropical dry areas; transition zones between nomadic pasture econo­
my and settled aiable cropping. Agroforestry can help to remove these con­
flicts. 

o 	 As pro perity increases and the danger to existence decreases: trend to crop 
separation, to specialization. As the pressure of population increases: threat to 
existence increases, trend to diversification and agroforestry forms of land use. 

* 	 Danger to eco-systems/natural resources through excessive and/or false, ulti­
mately destructive land use Agroforestry is able, in most cases, to reduce the 
risk, avert the problem of damage, and prevent it by special measures. 
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Definition of objectives 

e 	 Possible conflicts of objectives between target group (rural population), 
government, and technical aid. 

* 	 Prevention of absolute poverty, satisfying basic needs. 

* 	 Long-term safeguarding of n,tural resources through optimal land use. 

* 	 Reduciag risk by diversification, improvement to the infrastructure. 

* 	 Increased experience. 

e 	 Development of seti-aid potential and greater independence from national and 
international ;I programs. 

* 	 Improving and ensuring the food supply. 

* 	 Ensuring the energy supply. 

* 	 Ensuring raw materials, self-sufficiency. 

* Creation of stable/secure ownership conditions for the smallscale farm sector. 

* Conflict and/or supplement: subsistence agriculture and selling (export) econo­
my.
 

" Job creation, creation 
 of income, improving the qua!it, of the workplace, 
prevention of rural depopulation. 

" 	 Savings bank effect by means of forestry components, liquidity, current 
supplies from arable and pasture agriculture. 

Implementation/initial solutions 

9 	 Necessity of adaptation to the prerequisities of the natural and economic loca­
tion, to the traditional systems and the development constraints. 

* 	 Concentration on particular areas (oasis principle) from which to work 

outwards with decreasi;g intensity. 

* 	 Often the compulsion to succeed rapidly. 

* 	 The target group must often first be motivated to see the necessity of stable 
eco-systems. 

* 	 Teamwork is important; interdepartmental cooperation by GTZ should be 
aimed for in the countries through cooperation of the services/organizations 
that are to participate. 
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9 Priority solution to problems on marginal locations, where there is pressure of 
settlement, etc., special opportunities in favorable locations. 

* 	 Agroforestry can help to avoid a build-up of negativefactors. 

* 	 Shortage of species in dr regions requires multiple-use species. 

* 	 Possible conflict: retention of labor mechanization. 

Success evaluation 

e 	 Difficulty of evaluation of the complex total agroforestry system with the 
long-term economic and ecological aim. 

* 	 A socio-economic evaluation of success is not completely possible, e.g. because 

of the difficulty arising from the long-term nature of the forestry components. 

* 	 Follow-up phase and subsequent costs crucial for success. 

* 	 Advance, current, and retrospective evaluation of success are essential. 

* 	 The time factor is often decisive: periodicity in dry regions, instant aid in 
emergency areas, dependence of development stages on one another. 

* 	 Urgent need for applied research in the field of success evaluation, so that 
practical guidelines can be developed. 
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The results of the seminar from lectures, d:cussions, excursions and group 
work were discussed again in three study groups under the following headings: 
project location; preparation and planning phase; implementation and planning 
continuation phase; acceptance; handover of the project; follow-up phase; and 
evaluation of success. 

The evaluation and discussion by all participants produced the following recom­
mendations: 

Project location 

* 	 A study group should be given tile task of identifying the problems and tile 
projects arising from them. 

* 	 Main task in area of regional development in those regions where past land 
use has failed or will probably fail in view of changing conditions. Priority 
should be given to those problem locations under ecological and economic 
stress.
 

* 	 Detailed discussions are necessary with the various sponsoring organizations 
and departments responsible and with already existing projects. 

" 	 People must be made more aware of agroforestry and encouraged to un­
derstand it better. This usually means that agroforestry is in fact discovered 
for the first time. 

" 	 As early as the initial phase of project location, work must be done to 
harmonize the objectives, to settle conflicting objectives. 

" Carefully avoid arousing too high expectations. 

Preparation and planning phase 

o 	 Establishing basic data and its analysis require an interdisciplinary approach, 
best achieved by teamwork. 

* 	 The target group(s) should be involved to a significant extent right from the 
start. At can early stage it has to be established whether there are any 
research tasks and if so, what they are. Zero plots should be established as 
control plots to check changes occurring as a result of the later project. 

* 	 Backstopping provided by research institutes. Best of all would be partici­
pation by project-linked research. 

* 	 The technical preparation for agroforestry projects requires special care. 
The foreign partners should, as a rule, be trained on the job in the project or 
at least in the partner country. 
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e 	 In the planning, including the time-scale, annual rhythm has to be taken 
into account (especially rainy and dry seasons). Preliminary projects to 
provide seed, to raise plant material, to erect building, etc., can be effective. 

* 	 Agroforestry projects that dim at optimizing land use in tlu long term 
usually require long-tern involvement and long-term financing. 

Implementation and planning continuation phase 

* It may be appropriate to include the planners in the actual implementation. 
" Importance of pilot projects.
* 	 Rejection of maximizing production in fact of what is practicable on a 

low-input level. 
" Evaluation throughout the project of the effects of agroforestry measures 

on ecological and socio-cultural changes.
 
" Involvement of the target group.

" Short-contract experts and project-linked 
 research are especially important

in so far as they can help to ensure the interdisciplinary character of the 
project without having a ;arge team (permanently) operating. 

Acceptance 

" It is essential that there be no disparity between the short, medium and 
long-term objectives.

" Adapted technology: that can also be used later by the target group without 
help. Agroforestry enables farmers to have early and continuing returns 
compared with other, often longer (and less flexible) commitment of 
capital, land and diverse resources. 

" Importance of humanizing working conditions. This applies especially in the 
case of women and children. 

* 	 Agroforestry provides the starting point for solving the conflict between the 
objectives of mechanization and the creation of more (acceptable) jobs.

" To evaluate acceptance, there must be constant survey and observation of 
the target group, the counterparts and the responsible government depart­
ments. 

* 	 Short-term, demostrablc success can be important for the introduction of 
agroforestry land use. Therefore, at the beginning, risky sectors of operation 
should be avoided. 

" The creation of landownership or ensuring long-term land-use rights are 
preconditions for the acceptance of agroforestry by the population. 

Handover of the project 

* The general criteria in the context of technical aid apply at this stage: close 
connection with follow-up phase.

* 	 Special consideration has to be given to the subsequent costs both to the 
government and the rural population itself. 
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* 	 The institutional integration can present difficulties (arable cultivation, 
forestry, pasturing). Higher institutional or governmental levels should be 
included. 

Follow-up phase 

" 	 Ensuring continuation by national extension services that may have to be 
built up or extended.
 

" lmplem,.ntadon of refresher and continuation 
courses. 
" 	 Flanking measures by means of projects linked to the current project or 

measures taken from other continuing projects, e.g. plant protection 
marketing. 

Evaluation of success 

e Inl agroforestry projects there is the necessity (and therefore the problem) 
of taking a long-tern view. 

e Problems of data collection because of the varied components in agrofor­
estry land use (character of the system).

* 	 Measuring overall success b) socio-cultural, economic, and ecological 
ciiteria. 

Parameters make optimiization mcasures necessary. Further research is neces­
sary in this field to provide guidelines for practical application. 

Suplementary recommendations 

e 	 From the viewpoint of the participants in the seminar, it would be desirable to 
create a superregional collaboration project to prepare and support the imple­
mentation arid follow-up phase of agroforestry projects or partial projects. 

* 	 Support for international (e.g. ICRAF), regional (e.g. CATIFl) or national insti­
tutes and organizations in developing countries should be intensified (reference 
to ISNAR). 

e 	 The development of further training progranis Ior agroforestry should be 
encouraged. The tea( ing of agroforestry in developed and in tile developing
countries should be -xtended. 

e 	 There should be more publicity about agroforestry. Use should be made of the 
mass media. Educational filns should be produced. 

* 	 A DSE/(;TZ seminar in the near future on dry mountain regions and ivolving
the participation of experts on ar:ible farming, forestry and pasturing would be 
extremely desirable. Further counterpart seminars should be planned. 
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Forward view* 

Tile seminar has provided the opportunity to extend and deepen our apprecia­
tion and consciousness of the potential and the limits of agroforestry; it has 
awakened the awareness of the participants. From this awareness grows the obliga­
tion to develop our knowledge further and to pass it on the others, especially 7n 
partner countries. 

Apart from the many topic areas that have been dealt with in detail during the 
seminar, there are others that deserve special attention, for example: 

Tile development of tile organization and administration in the different 
countries as a basic prerequisite for policies of land use arid a precondition for any 
activity in agroforestry. The agrarian reforms can play a special role in this. 

A thorough knowledge of and appreciation of the relationship between people
and trees in rural regions. The cultural importance of trees should be given special
consideration, and care must be taken to prevent cultural values being destroyed by
the ineasurtL. required for technical progress. Anthropological studies should be 
carried out. 

Agroforestry should benefit the city dweller as well as the rural population. The 
city population is particularly influential with regard to decision-making in most 
developing countries. Agroforestry in the catchient area of central (urban) settle­
nments has all imiportant function in inany countries from ;i.arecon otnic and social 
point of view. It leads to what isknown as urban forestry.

With regard to acceptance, it is important to exert early and sufficient influence 
on the training of those people who will later be the decisioti-niakers in their 
countries. These people too Must be a target group for agroforestry development.
Also, it is often easier to learn froni the target group of the rural population (farm­
ors, shepherds, forest owners), than to introduce soniething acceptable to themr. 
Agroforestry requires, in this sense, much patience and t special continuity of ef­
fort. This is particularly necessary because pe"/erty is often closely correlated with 
educational deficiency, and the poorest sector of the population is, the least recep­
tive. A further factor is that it is more difficult to develop strategies for stress re­
gions and to put them into practice than for niore endowed regions. 

In view of the general development, we can expect the tasks and problems in 
rural regions to increase in the future. It will be the job of research to work out 
possible solutions in time and to inake them available for practical application. This 
requires close international cooperation and the continuous exchange of experi­
ence. Everyone with the knowledge and opportunity to promote rural development
in the context of agroforestry has art obligation to apply his knowledge and 
expertise to serve mankind by creating a balance between the necessity of supplying 
resources to the population and the long-teri exploitation of rCsoui,:es. Tile best 
prospects of success arise froin the combined efforts of all participants which the 
structure of agroforestry demands. 

In this sene, l)r. Lampe appealed to the mtembers of GTZ to pursue their 
involvement and activity with courage: the courage to take risks, the courage to ask 
more questions, the courage to be unpopular, to be patient. to have a dialogue (over 
the whole subject range), the coutage to look ahead to the nex! century, and the 
courage to take responsibility. 

Sutmmnary ot the papvr, prew'nted hy (G.IBudow'ki, K. Lampe and iI.J. Von Maydell at tile 
end of the inminar. 
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APPENDIX IV: AGROFORESTRY DOCUMENTATION IN CATIE 

As a service within the Forestry Department, the agroforestry documentation 
of CATIE is looked after and extended by INFORAT (Informaci6n y Documenta­
ci6n frestal para Amdrica Tropical). 

In summary, what started with a document collection, developed into a 
bibliography and finally became a Document:tion Center on Tropical Agroforestry, 
with the objective of making the documents available to all who require them. 

Between 1977 and 1979 Mr. Jean Combe, a Swiss forestry expert assigned to 
CATIE by the Swiss Program of Cooperation for Development, DDA, b:gan to 
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collect and classify approximately 380 bibliographical references, and most of the 
respective supporting documents, on tropical agroforestry 

The collection of documents was initiated in July, 1977, and served as the basis 
for studies on classification and investigation ca agroforestry techniques. Later, the 
collection was mliented toward tL. study of particular techniques, reports on 
successful applications, and a few reports on ongoing research. file acquired in­
formation permitted the design of various field exprimn nts allowing the quantifica­
tion of the most interesting teLhuiques both on CA 1 grounds and on st1all farms 
in the Turrialba region. 

Publication on researci, methods on specific asiects were later introduced. 
Among these publications speci:. notice should be mau of lvpert Conidtationon 
Soils Research in Agrcorestrr, CRAF. 

Mr. Combe returned to Switzerland in March. '980. Ilis documnlltation work 
was continued by Mr. Humberto Jim]t6nCz Saa, NI.S., a prolcssiomni forester, in 
collaboration with Miss Claudia Monge. B.S., Nls Gerardina Araya, and Mr. 
Gilberto Gamboa, employeers of INFORAT, a project promoting forest infor­
mation and documentation, sponsored by DDA. 

The original collection continued growing: bibliographical reference., ,,,ere 
composed, missing documents were obtained, key words were assignied to each of 
tiledocuments, a Uniterm card sy',tet wits introdiiced and tileinformation was 
partially stored on di.,s to be processed by the coii pu ter center at CATIE. In 1981 
a bibliography onl Tropical Agroforestry was published comprising 680 references 
of technical dccuments. In regard to geographical distribution, emphasis was on 
Tropical America, but references on Africa, Asia, Atistralia and New /ealand are 
also included. There isno pretense to cover everything that has been published in 
the field of Agrbforestry; ol the contrary, in some cascs only representative works 
have been includd, with the hope that they will facilitate a detailed complementa­
ry search. 

Tie pi ",itservices of INFORA'I cover four basic ;ictivities:
 

1.Locating technical and scifentijic inforntation: INFORAT gives information 
about already existing sources, especially inthe case of bibliographical journals, 
information about their publication, subscription conditions, synopses, etc. 

INFORAT sends certain documents directly to interested parties ifthey have 
difficulty in contacting foreign sources of information. All publications available at 
CA'IE are available at publication cost. 

2. lliblisihing research resmlts and distributiot ofjpublications: INFORAT is 
responsible fo" he publication and distribution of the results of work carried out 
by the Forestry Department at CATIE. INFORAT supports and advises those insti­
tutions that want to build Up their own publication service, especially with respect 
to tile and the costs.staff required, the equipmenl 

3. Training: While performing the services for CATIL, INFORAT can also train 
staff for fairly short periods. This applies especially to the staff of new documenta­
tion centers and publication services. 

4. Work documents and data banks. It is intended to extend the future range of 
activities of INFORAT and to investigate rie most appropriate method of storing 
documents at CATIE. 

Mai parts taken from Presentation by G. Budowski in Bibliography 'on Tropical Agro­
forestry, CATIF, 1981. 
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