
AGROFORESTRY SYSTEPS FOR 
PCREASING WOOD AND 
AGRICULI'JRAL PRPODUCICq 
IN THE HUMID AMAZCN
 
REGION O BRAZIL 



AGPROFURLSTFY SYSTE1,3 FUR EAIQUMSNGWOOD AND 

AGRICXJL=\AI, PMWDUJCC0 TN UBE IUMED AAZON 

RE)GICN OF BRAZIL 

EAM1IjAtl PME~I. PIrATECIP DtCCNMI 

Prepared by 

TH ODUNIL FOR FESEARCH El3XFO~~(IPF 

P.O. BOX 30677, MoM.P~I, KENA 

in collaborat,.n with
 

P1~R'\IM~MKI~WL 
 TM I4IfZ rw'SN (R'Nr), 
MT~4RSA DRAUSILEIRA DE PESOtJISA -,"AC2~ K3.AA 

J3PAIL 

NOVE*F3ER, 1979 



A)GPMORESIl SYSM IS MR.'IINCREAS.Ir,; WOOD ANID AGRICULTMnAL PiODICTION 

rq TME HUMID A2AZON GINRECX 

TABLE OF CC=IS 

sUM~AR 

IN1TrDUCTIMN 

BACJ',(7UND 

Area 


Physical Factors 


Soils 


Climate, 


Vegetation 


Ecological 7Wnes 


Soil and Econcnic Factors 


JUSTIFIO TIq7 

iE 	P]'I lJXT 

Objective 

il4thodology 


Proposed Experinxents 

M IM"TATION OF PROJECT 

Brazilian Organizatimns 


ICRAY Involmeont 


Proposed Budget 


Donor Contribution 

Brazilian Contribution 

i. Proposed Budget 


If. --.. ! Fertility1


ll %- - CJarmate 


IV. Thble - ,acrcx-clogical Units 
V. 	 FJg,-Sc, u;atic Presentation of Agroforestrl

Pr :c c' vity 

V.:., Jc;c Jx-s,!:iption 

Page 31o. 

i 

1 

1 

1 

1 

2 

2 

2 

3 

3 

4 

5 

5 
6 

10 

13 

13
 

14
 

15
 

15 

15 

16
 

20 

21 

23 

23 

25 

http:IINCREAS.Ir


AG'rIORESTRY Sr'TO: ]n: INT1IAWl'IC V,&Y2D AND 2atIURLPM~DtJCTYION 

I' U'1E HU ID NAZON IT"5ION 

S124!4XRY 

The vast h~nid 7nzzon, totdling 490 million ha; typified by hiqh
 
tempeatures, r.f.all (over 2,500 
 mi) and hu Tiiit, and by high forest
 
througUou' the plaatau (Planalto) Fmd oi 
 thu fth:±o Cf th'c An2ozor, river
 
(Flauco) , has yrut Fabtntial. for sigrnificautly i1;or.::ing fwxa, and wood
 

production in Br-azil. Nn cova)ing 8t%of the aqe 
 the frest contributes 
only 10% of Brazil's industrial ron&,:od product:Lon and accounLs for only 
3%of the world's tropical harx)od trade. Becnasa of tdh-low levels of
 
amzl rornvaIs nd lack 
of :amageent, t1he forest h's a higqh prcponderanco 
of over-mature tre:, a waste of va.uatbl resour-c,-. 

Because of a rapid gra-,th of population in the area, an increasingly
 
significant proportion of the Amazon is 
 being cleased for agricultural
 
production. 1n ti-is procoess 
 there is indis criminatc cutting of the forest
 
and in rost jnstant-s 
the result has buLxn a rapid datearioratin of soil 
quality with a cooejuent reduction in productivit-y and ecosystem degradation. 

Increased fo.od and wood production in the 7;naznian eccsyste-m is considered
 
to L) technically possible 
and econcnic ally feasib.le if suitable scientific
 
managmnt systems are employed. Agroforestry systems which ccnebine
 
forest and agricultural crops, and thLs emlate the forest in terms of
 
emosystemr protection while also permitting food pro:-uction, seem to offer
 
a potertially viab].e and convenient mnthod for managing rruch of the 1-mazon.
 
Aoforestiy also appears to be wore economically ,andculturally suited
 
to the Brazilian situation.
 

he e$;3R7,PA/fIBDF Coperative Foiest Researd P-rugrai ra recogrii zes the scope 
and need for intensive investigations of agrofo.estry ystcms for improving 
the eco!ogical conditions of the degraded forest areas of the Amazon and 
for irr, r&:inn-ij evp.n-;:i tinn of t-he 1<;Lmcj alr1 hi-Apar rpq~ir c n f Area. 
Tie project propat-;ad here is the outcax.u of a joint "E.":Pi!2/IBDF/ICAF 
initiative, and the dccu.2nt has been prepared by ICAF znd IPPPPA. 

The specific - ject:ives of the propored study are: 
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(i) 	 to ascertain the campatibility of particular tree and herbaoaous
 
species;
 

(ii) 	 to detenrmine the optimum espacenents of both the forest tree and
 
agricultural species;
 

(iii) 	to establish the best arrangenent and admixture of species; 

(iv) to determine the cultural practices to be foll(x-.ed during the 
grawing periods of both the forestry and agrioultura]. species; 

(v) 	 to evolve approriate management practices for the forestry species; 
and 

(vi) 	 to assess the input requirements and the socio-ecnriaic attributes
 
oE the agroforestry systenB and to calpare these with 
sole crop 
system-. 

The project headquarters will be in Brasilia. Field work will be.based 
in Rondonia region (near Porto Velho) and Belteira region (near Santarem).
 

The project period is three years initially. The anticipated donor 
assistance to the project's budget is US $ 	788,000 or approximately 
US $ 263, p.a. 'rhisamount includes a capital budget of US $ 41,000 
and US $ 67,000 for education and training progranuens. Te Brazilian 
Governmnnt contribution for the same period is US $ 696,000 or US $ 232,000 
p.a., of which US $ 258,000 is for local staff costs. 

http:foll(x-.ed


A0P0FOTTRY SY =A-S FOR IN-ASfMING DWOD AND A ITGJLTIJAL PRODUCIONi 
IN TE HUMID A .ZON REGICN 

INTRODUCTION 

The hid Anavcn of Brazil is located in the northern part of the country.
 
At present, forests cover about 
80% of the area. However, an increasingly 
significant proportion of the area is being cleared and cmnverted to
 
agricultural use and there is evidence that this proooss is being
 
accelerated. I1 general, the areas areso cleared either subsequently
 
abandoned, 
 or are very poorly managed. The ecological consequences are
 
adverse and prouuctivity is considerably reducoed.
 

In order to minimize the hazards of defective land management and possibly 
to rvoid futher destruction and degradation of the forest areas, it is
 
inportant to develop sound land management systems. Agroforestry systems,
 
which oozbine forest and agricultural crops and thus take advantage of
 
the perennial growth habits of trees, the multi-storeyed physiognomy of
 
forests and at the same time produce food,seem to offer a potentially
 
valuable and conveient method for managing much 
 of the Amazon. 

Intensive investigation of agroforestry systems improving thein ecological
 
conditicns of the degraded forests of Amazonia region has been recognized
 
as one of the major areas of research of the EMBRAPA/IBDF cooperative
 
Forest Research Program, and such studies for improvement of land management 
systems in the lowland,high rainfall tropical forest zones of the world
 
fonm one of the major activities and founding reasons of ICRAF. The
 
pioject proposed here is the outcome of 
a joint UIBRAPA/IBDF/ACRAF initiative, 
cnd the document has been prepared by ICRAF and 1EBRAPA. 

BPCKGRUND 

The hurnid hmazon region covers the States of Acre, Para, and Amazonas, 
and the Federal Territories of Amapi, Roraima, and Rondcnia, together 
with the northern parts of the States of Matto Grosso, Goias and Maranhao. 
"%_ 'jl area -- 4.9 mdllicn 2'tely ' 

Physical Factors 

'ihe region is o7-sed of an extensive and slightly undulating plateau 

..
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(Planalto) at low elevations with no pronounced mountain ranges or peaks. 
The Amazon river system cuts through the plateau, leaving the lo.per 
strata exposed as a sloping dissected escarpment (Flanco), on both sides 
of the river. At river level, new soils are created from river sediments, 
and these are seasonally flooded as the river rises during the rainy 
seasoni (Varza). 

Soils 

The soils of the Amazon Region, though varied, are relatively uniform over 
large areas. The greatest proportion are lateritic, although they vary 
in texture and co]our from place to place. The most isconmon the yellow 
laterite soil (Latossolo P.arelo)with textures ranging from very heavy 
to light sand. These soi.L are generally deep, very acid and well drained, 
and of low fertility. The cifferent soil types and their distribution in 
the Amazon Region are given in Appendix II. 

Climate 

The climate of the humid Amazon region is typified by high tenperatures
 
and humidity and a large excess of precipitation over evapotranspiration
 
during the first half of the year followed by a deficit lasting fram 1 to
 
4 months during the secnd half. On the basis of the length and intensity 
of the dry season, the region falls within three of the climatic zones
 
defiled by Koppen:
 

Af - no distinct dry season, with precipitation greater than 58 mm in 
the driest month - 17% of the area. 

Am - a short dry season with rainfall in the driest mcnth more than 1/20th 
of the annual rainfall deficit below 2,600 m - 34% of the area. 

Aw - a distinct dry season with rainfall in the driest month less than 
1/20th of the annual rainfall deficit below 2,600 mU - 45% of the 
area.
 

A diagram of the area showing the different climatic zones is given in 
Appendix III. 

Vegetation: 

Te climax vegetation throughout the Planalto and the Flanco, with the 
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exception of a few areas of exc.-ssively drained soils, is high forest. 
The forest generally attains a height of about 40 - 45 m and is omposed 
of several hundred tree species, together with many other plants which 
inhabit ecological. niches in the plant-soil-climate systn. 

The total biomass per unit area is very high, typically around 300 toines 
per hectare, but because the majority of this bianass is ooncentrated in 
relatively few large mature trees, the net primary production tends to
 
be small.
 

Where the forest is cleared and then left, secondary forest (Capoeira)

quickly reg).xw:. and attains a height of 10 - 12 
m after 4 - 5 years. The 
species omposition of the Ca12ira is different from that of the high
 
forest and only a 
few species have any ccmrercial value and reach a
 
merchantable sizr.
 

Ecological zones 

A number of ecological zones can be distinguished. Despite the very large 
extent of Amazonia, the total ri-nber of the zones is limited, due to the
 
relative unifoz:mity of soils and climate 
over large areas. Forests are
 
clearly the dominant vegetation type. Appendix IV gives 
the distribution 
of different ecological zones. 

Social and Economic Factors 

The population of the Brazilian Amazon Region is approximately 10 million. 

About 90% of the land in Amazonia is vested in the State, but Government 
ranpower resources are insufficient to regulate the movement of mll 
farmers and settlers, who appear to clear tracts of forest where and when 
they wish. Tie indiscriminate cutting of the forest without regard to 
soil and climatic conditions has resulted in an Lanecessarily large P-ount 
of forest being cleared, and consequently abandoned after only a fa, years. 
Yoreover, the system of agriculture t,.at is practised does not make full 
use of the land and is wasteful, Lnd cn-fanm attention to crop tsrec rzm 
is less than desirable. The sole reliance that is placed upon the temporary
fertility that is available in-rneiately after the forest is meanscleared, 
that each family uses an enormeun tract of forest over a 20 year period. 

... 
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The l-Ia yields obtained. have meant thatfood production in the region has 
not been able to keep pace with population grmth, and increasing amounts 
of food must be imported into the region at high cost. She excessive 
forest clearance has also brought about a shortage of tilrber within 
econonic transportation distance of the main population centles, so that 
wood products are also highly priced. The ocbined effect of all these 
developments necessitates the urgent impovement of land manageret systenm, 
which will restore the fertility of both the cut over high forest and 
the abandoned agricultural land, and at the same time produce timber and 
food crops. It is also essential that the system be ompatible with the 
needs of the small farmer who requires a regular income and cannot wait 
for a timber crop to mature. The system must therefore oarbine the 
production of food for their awn consumption with early maturing crops 
producing cash incane, ad longer term forest tree crops for timber and 
general soil improrement. 

JUSTIFICATION 

Despite the vast potential of its forests, Amazonia contributes only 
about 10 per cent of Brazil's industrial roundwood production and 
has a small share of only 3 per cent of the world's tropical hardwood 
trade. The forests are therefore not being utilized at present for the 
benefit of the people of the country. Nor are the forests managed. A 
major consequence of this lack of management, combined with the ow levels 
of removals that are made, is that there is a high preponderance of over­
mature trees in Amazonia, of which no econaiic use is made. _his is, of 
course, a waste of a valuable resource. 

Moreover, Brazil suffers from an overall balance of payments deficit, and 
has also a balance of trade deficit with respect to wood and wood products. 
The Food and Agriculture Organisation of the U.N. has forecast that this 
deficit will increase in the future (for demand will rise) unless nre 
wood is produced in Brazil, mainly from the Amazon. 

A recent (1978) FAO team to Brazil made an appraisal of the forests in 
order to ascertain the feasibility of establishing a permanent forest in 
industry. Ihe report of the team concluded that 'it is technically possible, 
environmentally sound, and eonanically viable to manage ?,razmnian forests 

A1
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for their industrial utilization. CaTpared witl the prevailing general
 
practice of mzon occunation which results in the dissipation of the 
nation's forest wealth and the often irreversible destruction of ecosystems, 
the developnental bnefits and environmental advantages of forest manage­
irent are enormous. 

"With quite conservative estimates of benefits and Liberal estimates of
 
costs, an integrated forestxy and forest industries enterprise would yield 
a rate of return of 20 per cent. 11his includes adequate provision for 
ensuring rational ecological care, safe silvicltural practices and scientific 
management of the forests. At the sare time an appreciable nunber of 
permanent jobs (would be) area,created in a logging regional development 
accelerated, wood and wood products made available for other sectors of
 
the econcmy, and foreign exchange earned through emports." 

Ba that as it may, is would be naive to ignore the possible deleterious 
effects of farning in scnie of the areas which could be opened up for 
forest nanagement. There is already evidence in Brazil that where there 
is forest ex>ploitation, "spontaneous colonisers" follyw the forest roads 
and clear large areas for food production and animal husbandry. Unfortunately, 
the evidence also exists that many sites quickly deteriorate, productiviLy 
drops, lateritic soils develop, erosion occurs, and the ecosystem in general
 

deteriorates.
 

Given, therefore,the necessity for and advantages of forest industries
 
developjnent in the area, and given also the possible harmful effects of 
the farming that is associated with forestry development, it seems advisable 
to udertake research in agroforestry, in order to ascertain whether the 
systim could conserve the ecosystem in the Amazon and still satisfy the 

farmers' demand for food. 

MHE PROJD= 

CBJDrT=VE
 

...e.ner.al cjec i e of the project will be to develop ermcinicaJJy viable 
and sound land management systems using combinations of forest and agri­
cult m:al species. In orxer to attain this general cbjective, a number of 
exr rima.nts, ead with specific objectives, will be conducted. 1he specific 

http:e.ner.al
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objectives of ead of these experiLnts will be stated separately. 

M OILOGY
 

Areas of Researd and Treatrent Variables
 

Information is urgently needed on the follaring aspects of agrofozestry
 
systems; if the project's bjectives are to be net:­

(a) o~mpatibili ty of forestry and agricultural species; 

(b) the optimm espacenmnts of both the tree ;,nd agricultural species; 

(c) the arrangement and admixture of species; 

(d) the methods of establishing agroforestry systerrs in recently 
cleared forest areas, or on forest land in various successional
 

stages;
 

(e)the arrangement and admixture of the agricultural and forestry
 

species; and
 

(f)the cultural practices to be followed during the gestation period
 
of both the agricultural and forestry species.
 

The variables that are involved in these experiments are many. The most 

inportant are: 

(a) the species (forest crops, perennial agricultural crops, annual and 
biennual agricultural crcps etc.);
 

(b)the spatial distribution of the plants (rectangular, quincunx, in
 

rows etc.);
 

(c) admixture of species (sole crop stands, mixtures by rows, mixtures 
in strips, sequential arrangements, rotation etc.); and
 

(d)cultural nnthods (site preparation, planting methods, pruning, thinning
 
staggered harvesting of forest species, etc.).
 

It will be evide'nt that itwill be difficult to incorporate all these
varial. sin.oa_..ol R,,-" not,1 ,=it fl 4 

.1- 4- V. tjr= 

to ccnduct mnn, e-arinernts and to study all these aspects simultaneously. 
Therefore it scczrs ncessary to establish criteria in the choice of 

treabrents. 

. ./7 
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Cisiderations in the dicice of treatrents 

(a) 	Research priority should be for developing land use systems
 
consisting of tinber species and perennial agricultural species
 
which will minmize the indiscriminate destruction of forests.
 
The agricultural crops (perennial as well as annuals) that are 
chosen should provide an induemnt to farmers to take up te system. 

(b) 	 Such information that is available and based on the experienca of
 
the farmars of the locality should be made use of while planning the
 

experiment.
 

(c) 	 The results of experiments are already in progress at different research 
stations, e.g. CPAIU I and CPATU II at Capitao Poco; crop ccubinations 
with rubber at CNP Seringueira, Manaus., etc.) should be noted, and 
cane taken to avoid duplicating the treatments, but to conplement 
the information available fron thie existing trials. 

(d) 	The treatrnts selected should be practicable and feasible and in
 
accordance with the general practice of the faniers 
of the locality, 

and governmental pr-Ucies. 

The Strategy 

In 	 view of these considerations, it seems desirable to have simple 
experirents with a few treatments, to gather information on specific 
points in as short a time as possible, rather than to aim at rcmplex 
experiments with many treatrents. The simple experiments conducted at 
different locations within a broad project framework could be analysed 
together by the technique of analysis of a group of eCXerimints. Based 
on these trials, detailed information on any aspect could be gathered 
by future experiments designed specifically for that purpose. Experimnts 
aimted at deriving nultifactor interactions do not seem desircble at this 
stage. However, the project should be able to conpare the agrofomestry 

systems in relation to pure agricultural and forestry systems. 

The strategy to be adopted in the project will, therefore, be the adoption 
of a model experimental design whidi will be used to study a limited number 
of inportant interactions. 1he same design will be repeated in di'fferent 

•.../8
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ecological. zones, with different combinations of factors, so that 
groups of experinants may be analyzed together, to measure other treatrent 
effeccs. 

The basic experimenntal design to be used is the Split Plot with the
 
forest tree 
crop generally couposing the Main plots, and the Sub-Plots
 
being used to measure the agricultural crop's response. There will
 
normally be 4 main plots and 4 ­ 6 sub- plots with 3 Lo 4 replications.
 
This should cnable significant differences to be detecLed in most
 
cases. 
 Plots of sole crop stands of the co ponent species will also
 
be included as 'ontrol' plots for cxxparative purposes.
 

Priorities 

It has alinaqy been explained that the main components of the agroforestry 
system nich will be investigated are: the species, their espacenents, the 
pattern of adixture and the cultural and management techniques to be
 
employed.
 

Information, based on the experience of the farmers and on trials which
 
have been conducted in Brazil, is already available on the species which
 
may be employed in agroforestry systems. Moreover, the experiments CP-TU 
I and CPATU II, which have been conducted at Capitao Poco by CPTATU 

(agricultural research station for the humid trcpics), aim at screening 
some p-' "ntial coubination system. Therefore, these species will merely 
be tested, and the tp priority of the proposed ICRAF/E1BRAPA/IBDF project 
will be to find out the pcpulation density (spacing) of the tree and
 
agricultural species. 
 Second priority will be tie evolution of optimu
 
admixtures, and the third will be the study of 
cultural techniques and 
management (such as land preparation, planting methods, pruning, thinning 

method and time of final harvest) of the perennial carpanent. 

Suitable species 

The folloing species havc been identified for the project: 

Forest (Tiber) species 

Freijd' (Cordia gceldiana) 

Brazil nut (Ben.tholetia excelsa) 

Inga (Inga alba) 

Quaruba (Vociysia maxima) 

... /9 
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Bacuri (Platonia insic~qnis) 

(Gmelina arborea)
 

Marupa (Simaruba amara)
 
Para para (Jacaranda cmaia)
 

leucaena (Ieucaena leuo-xx-elala)
 

Andiroba (Cara guianensis)
 

Perennial agricultural species 

Cacao (Theobroma cacao)
 
Cupuacu (Thecbroma qrandiflora)
 

Coffee (Coffee arabica, C. robusta)
 

Guarani(Paul-ii a cunana)
 

Blad pepper (Piparum
 
PPUpaIha (Guillie]Ima gasipaes)
 

Bananas (Musa spp)
 

Rubber (Hevea brasiliensis)
 

Annual aqricultural species 

Upland rice (Orvza sativa)
 

Maize (Zea mays)
 
Cassava (Manihot esculenta)
 
cip-e.a (Via unguiculata)
 

SoyabeOan (Glycine max)
 

OCnsidering a) that the number of species included in the study has to be
 
1irLited 
to a minimum because of experimental convenience and b) that other
 
e-pcrimants 
 are in progress, the following forest species will be the main 
cnes in the proposed experimnt: Cordia goeldiana, I alba, Iaucaena
 

leuco2e2~hala, and Jacaranda 22?aia.
 

Mhe annual agricultural crops will be maize and o.>%ea (grown together) 
in accordanm with the general practice of the locality. Cacao, coffee 

Z- --- - r- '~ agr- a . zccicz 

he strategy of the experimer-t and the model experimental framwork permit 
any u ete of species to be included in separate experinnts, depending ITicn 
the facili.ties, rWUurrents and resources for researd. 

..• /10 
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Title: OptimnLr spac.ing for t.e forest species and perennial agricultural 

crops in canbination culture. 

Objectives:
 

(i) To find 	out a suitpble spacing for the selected forest species whvn 
they are grcon as overstorey crops in coubination systems.
 

(ii) To evaluate the peformince of growth of perenial agricultural species 
when grown in ccrbin-ition with the selected forest species. 

(iii) 'Ibassess the prodchction potential of, and econniic returns from, the 

ocbination 	systcms. 

(iv) To study 'teeffect of ccrbination systems on soil fertility. 

(v) To colipare the agroforestry systens of land use with sole crop systems 
of agricultural and forestry species.
 

DesicE: Split - Plot Design with spacings of forest species in main (uhole) 
plots and spacings for agricultural crops in sub-plots. 

Treatments:
 

Wole plots - 4 spa-ings for each forestry spec"es (each species to be
 
examined separately).
 

3.5 x 3.0 m
 

3.5 x 4.5 in 

3.5 x 6.0 in 

3.5 x 7.5 m
 

Sub-plots - 6 treatnmnts
 

3 perennial agricultural species; each at two spacings
 

Cacao: 	 a) 3.5 x 2.25 m
 

b) 3.5 x 3.00 m
 

Coffee: 	 a) 3.5 x 3.0 m 

b) 3.5 x 4.0 m 

Black pepper: 

a) 2.0 x 2.5 m 
b) 2.5 x 2.5 m 
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The erx.perjmnt will be repeated using each of the four selected tre
 
species adoptilg the sane e-perinental design. If two forest species
 
are included in te ;cme experiment, there rill be 8 treatrents in the 
whole plots, and thie number of replications will be reduced to 3. 

There will be replicated plots of the selected forest species, and
 
selected agricultural perennial and annual species, 
 grszrn as sole crops. 
Thu minLmum nun'r of replications for each species will be four. 

Time of Plantlnci 

The annual agricultural crops and the forest tree species will be planted
ini the first year (i.e. the year of felling the priexy and/or secondary
 
forests); tfe perennial agricultural 
crops will. be plantfed in the follrwing 
year. 

Uniform txeatuents 

All the basic cultural operations (e.g. weeding and clearing) will be
 
conducted in a uniform manner in all the plots.
 

Thinningc and Pruning 

In order to ascertain how long agricultural crops may be continued to be
 
produced frcm the land in ccxbinaticn with forest tree crops, 
 a series of
 
thinning 
and pruning trials will be undertaken. At the time of t:he closing 
of the canopy of the tree crops a mechanioal, systematic thimning will be 
carried out. Alternate r7a.s of trees, will be removed in half of each of a 
nunmb-,r of plots in the experiment, the reiraining half plot being considered 
as controls. These thinnings will be repeatei, again in a systematic 
mec- Ical manner, as and when the canopies again close. 

in other plots, again on a half-plot basis, pruning trials will be performad. 
These pruning intensities, (i.e. removals of 4, 1 and R of crn lcngth) 
will be tried. 

It is phasiZa that th..-- .se. ......
ing and... i Lri... ae. 
observation exercises. The treatments may therefore be nrdified f;c:= tine 
to tizme. More inqortant, the results of the observations may be u-ze4 aE 
a basis for the c=nducting of more so-nisticatakd research progrannr.; cn 
thinning and pruning regimes at a later date. 
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Location of the e) exriments 

Because a number of trials using different ta-ee species, though all within 
a coaTon experi.mental fran-ework, are conteniplated, the experiments aic
 
proposed to be locrated at different places. Fran the 
po-it of view; of
 
carrying out the experiment efficiently, it is .noportant 
 that the expq)eriLents 
be located at suitable and easily accessible places where laboratory and 
other facilities exist. It is also inportznt that the localities chonsn
 
for such field trials be representative 
of fie atreas for which tle lPerrrimar.t 
is ultimately intended. 

It is proposed that the project be imp.emntcd in two regions, one in the
 
Pondonia region 
 (near Porto Velho) and the other in tle Belterra region
 
(Wear SanL4 rern). These regions 
have similar ecological and socio-econcnic
 

conditions.
 

Human pressure on land is rather high in the Pondonia region, where about
 
5,000 fandlies are being settled every month. 
 They plant perennial species

such as coffee, cacao, and rubber. .he area is under the direct acdinis­
trative control of the Federal Government. tbreover, J11DAPA has an
 
experimental station in 
 the area, and it is proposed that one part of the
 
project be attached to that station.
 

Belterra is also a settlement region, where settlement takes place along 
the Santare - Cuiaba road. aThere is field research unit of the 
Ministry of Agriculture in the region, which would be the nucleus for 
the proposed experiment. 

Ancillary Studies 

- The initial fertility status of the soil: pH, organic carbon, C/N

ratio, N, P, K, Ca, b4g 
 status of representative soil samples to be
 
recorded before the camenca-ment of the experiment. 
 The analysis
 
to be repeated at least once 
 in a year after the annual agricultural
 
crop is harvested.
 

- Physical properties of sol! stich as bulk density, infiltration rate,
 
noisture characteristics, etc., 
 also to be stu6ied before the cannence­
nent of exTriment &n! at n?nuz.J intervals.
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- Nutrient changes and cycling in the soil-plant system. 
A systematic and continuous monitoring of the changes in nutrient 
content, and the input, output and turn over (litter fall, root 
decaposition) of nutrients in the soil-plant system for determining 
the fertilizer requiremeants end ensuring nutrient econcmy. 

- Root distribution pattern of the timber species and of the agricultural
 
(perennial) species under the different planting densities.
 

- Light distribution and radiant energy profile within the plant canopies
 
for assessing the competition and interaction for light under different
 
plant densities and the effect on lower storey crops.
 

- icr biological irivesLigaticns to study effect of planting syst-ns on
 
rhizosphere and root surface mocroflora.
 

- Economic considerations of land equivalent ratio, incme equivalent ratio,
 
cost/benefit analysis, etc., of different planting patterns.
 

IMPLUEMNTTION OF PRO=Jw 

Brazilian Organizations 

The research will be carried out by the Brazilian Agricultural Research 
Enterprise (E.presa Brasiliera de Pesquisa Agropecuaria (DMBRAPA). EhMBRAPA, 
which was established by law in 1972, began operating in 1973, and is 
responsible in Brazil for the xordination and advancement of agricultural 

research. 

With the establishment of EMBIWPA a new institutional and operational 
fesearch model was created. The basic idea behind the model is that of 
cooperation and integration between the states, universities, technical 
advisoxy agencies and the private sector. Direct research is undertaken 
by BRAPA through the National Centres whicl are principally concerned 
with the development of crops, natural resouroes and agricultural production 
systems for the humid, semi-arid and cerrado areas; through anciliary 
services; and through the State and/or Territory Research Units. i'BRAA, 
therefore, by its very structure and modus operandi is able to draw upon 
scientists and facilities throuchout Brazil. 

.../14
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EYMBTRAPA is PZquately staffed, and the project will therefore re.T:ixe
 
only a minimum of external professional staff inputs.
 

Only one exteinally recruited scientist will be ilnvolved in this project. 
The job description i given in Al.pendix VI. He will perform the duties 
of oco-manaqcr of the project, and will provide the essential link betwmen 
thie project and ICGW-. 

Local Staff 

The local staff, both support and professional, their salaries and other 
benefits will be paid by the Government of Brazil. A detailed list of 
staff and costs is presnted in Appemndix I. 

The Government of Brazil will provide the co-manager with secxetarial 
and support services. 'Jhe tyApe of secretarial and support services will
 
be included in the protocol to be signed betw.een 
 ICRAF and the Government
 
of Brazil.
 

The custoay of project funds released by ICRAF for disbursemnt in Brazil
 
will be vested in the Ji ,31fwiA Chief Accountant. EMBRAPA will designate
 
an Assistant Accountant!Account Assistant whio will be clirectly resposible
 
for the project funds under the Chief Accountant. 

The estimated local staff costs for three years are US $ 258,000. 

Recruitment 

The recruitnrnt of the co-manager and the consultants indicated in Ahppendix I 
will be carried out by ICRAF in consultation with EMBRAPA. ICRAF will 
also be respo'sible for paying their salaries, relocation costs, and 
alla;ances. 

Project .enitnrine 

ICRA's core staff, located in Nairobi will provide technical and scientific 
advice ax-d su:.,,or,- to -:U tl.e field staff. Visits of ICRPFI core staff will 
be made eric~az, d Ls occasion warrants, to the field sites. In 
addition roL-"nilrix:.. ' arj cvaluaticn exercises will be undertaken by ICRAF, 

.. /15 
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in collaboration with EiMBRAPA, at sib monthly intervals in the first 18 
months of the project. T1eeafter, evaluation and monitoring will be under­
taken at yearly intervals, in conjunction with project planning exercises. 

Proposals for Project Revision and Forward Planning 

ICRAF will orgmize teams to examine project progress at one-yearly
 
interv-als. 
 These teams will advise on the future of the project, and on
 
the necessity or desirability of modifying or extending it.
 

Education and Training 

ICTAF will arrange the holding of seminars and workshops in order to train 
project staff and other Brazilian and Latin American scientists in agro­
forestry project methodology, and in order to disseminate the results
 
obtained in the project. Tw1o are planned: one in the first year, vhich
 
will be concerned mainly with the methods and techniques to be employed
 
in agroforestry research; the other, to be held in the third year, will
 
concentrate or the dissemination of research results.
 

PROPOSED BUDGET 

Donor Cont-ibution 

The external funding needed for the project is US $ 788,700 or an average 
of US $ 263,000 annnually over a three year period. This anount includes
 
a standard service charge for ICRAF of 14 per cent.
 

External personnel costs amount to US $ 240,000 for the period. The 
capital budget is US $ 41,400. Provision amounting to US $ 67,000 alsois 
made in the budget for a donor contribution towards the education and 
traiing progra-m-m. 

nrazilian Contribution 

In addition to contributing in kind (office space, land, etc.), the Goverrarent 
of Brazil will, inter alia: provide all but one of the professional ed 
scientific staff etc. at a cost of US $ 258,000 over the three year periodl; 
will construct such buildings as are necessary for the project at a cost 
of LS $ 35,000; and will cover all irternal travel costs amounting to 
US $ 133,000. 

%ie total Brazilian contribution will be US $ 696,000 or US $ 232,000 annually 
over three years. 
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PROPOSED BUDGET 

ICRAF CONTRJIBUTION 

OPERATIONAL BUDGE 

YEAR1 YEAR2 YEAR3 70TAL 

Salaries, Relocation Al]oqances US $ US $ US $ US $ 

- 1 Project co-m-nager 75,000 80,000 85,000 240,000 

- 3 x 2 nonths consultancies 
for project ad-ice, follow-up, 
review etc. 63,000 68,000 75,000 206,000 

138,000 148,000 160,000 446,000 

Researd Expenses 

Cultural practices (cultivation, 
planting out, harvesting etc.) 8,500 9,400 10,400 28,300 

Vehicle maintenance 2,500 2,800 3,100 8,400 

31,000 12,200 13,500 36,700 

Transport and Travel 

International (visits to 
projects, meetings etc.) 13,000 14,000 15,000 42,000 

Training (including travel) 

- 2 x 2 vwtek semir-s 
for local and otl.er Latin America 
researchers 28,000 - 28,000 56,000 

- 2 Publications - 5,000 6,000 11,000 

28,000 5,000 34,000 67,000 

190,000 179,200 222,500 59I,700 
Contingencies (10%) 19,000 17,900 22,200 59,100 

Total Qrrational Budget 209,000 197,100 244,700 650,800 

.. /17 
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CAPITAL BUDGI.T 

YEAR 1 YEAR 2 YEAR 3 TMOTAL 

us $ Us $ us $ us $ 

Field Equipment 8,000 5,000 3,000 16,000 

Vehicles (1tractor and 
1 wooden wagon) 12,000 - - 12,000 

Lab. equiprent 7,000 4,000 2,000 13,000 

T"btal Capital Budget 27,000 9,000 5,000 41,000 

ICRAF BUDGET SUMWW 

Operational 209,000 197,100 244,700 650,800 

Capital 27,000 9,000 5,000 41,000 

236,000 206,100 249,700 691,800 

ICRAF servicing charge (14%) 33,000 28,900 35,000 96,900 

269,000 235,000 284,700 788,700 
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PROPOSED BUDGET 

E4BRAPA COTqrIBUrICN 

OPERATIONAL BUDGET 

Salaries and Allowances 

1 Aronaist (50% time) 

1 Forester ( 50% tire) 
1 Accountant (25% time) 

1 Accts. Asst. (50% time) 
2 Technicians, Agr. 

2 Tedinicians, Fr. 

1 Senior Technician 

2 Secretaries/Tlypis ts 
2 Clerks/11ypists 

2 Messengers/Cleaners 

YEAR1 
US $ 

10,000 

10,000 

4,500 

2,500 

12,000 

12,000 

9,000 

12,000 

8,000 

6,000 

YEAR2 
US $ 

10,000 

10,000 

4,500 

2,500 

12,000 

12,000 

9,000 

12,000 

8,000 

6,000 

YEAR3 
US $ 

10,000 

10,000 

4,500 

2,500 

12,000 

12,000 

9,000 

12,000 

8,000 

6,000 

TOM. 
US $ 

30,000 

30,000 

13,500 

7,500 

36,000 

36,000 

27,000 

36,000 

24,000 

18,000 

86,000 86,000 86,000 258,000 

Research Expenses 

Survey and mapping 

Nursery costs 
Cultural practicrs 

Office supplies 

75,000 

I0,000 
8,500 

15,000 

60,000 

6,000 
9,500 

10,000 

-

3,000 

10,000 

2,000 

135,000 

19,000 
28,000 

27,000 

108,500 85,500 15,000 209,000 

Trasport and Travel 

Internal travel 
personnel 

for project 
40,000 44,000 49,000 133,000 

Publiction 

Peports etc. 1,500 2,500 4,000 8,000 

Total Oerationai Budget 236,000 218,000 154,000 608,000 

•... _9 
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CAPITAL BUDGET 

YEAR 1 YEAR 2 YEAR 3 TOTAL 

W$ us us uss$ 

Field Equipment 9,000 6,000 4,000 19,000 

Construction (shed, office, 
laboratory) 35,000 - - 35,000 

Lab. Equipment 10,000 7,000 3,000 20,000 

Office Equipment.& furniture 8,000 4,000 2,000 14,000 

Total Capital Budget 62,000 17,000 9,000 88,000 

EMBRAPA BUDGET SUMMRY 

Operational 236,000 218,000 154,000 608,000 

Capital 62,000 17,000 9,000 88,000 

298,000 235,000 163,000 696,000 
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Figure 2 ­ l-VIWvNR OF SOIL FER'T-LI,OF THE UPLAND AND LOW¢LAND IN 7 
THE -;CAZON REGION. 
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Tab1a I - FREQUENCY AND AREA OF T:HE MACROECOLOGICAL UNITIES OF LEGAL AMAZON REGION 

CLIMATE VEGE'TATION SOIL .FREQUENCY AREA _ % iN R-LAMION 

DISTROPHIC UPLAND 3 707 991,19 11,05
FORESTiC 
 LOWLAND 
 5 93 726.96 11,86

DISTROPHIC LO.WLAND
AfiDISTROPHIC 6 36" 281,40 0,72
UPLAND 
 4 5 542,99 0,11
 

SAVANNA EUTROPHIC LOWLAND 
 3 ( 2 015,63 0,04
DISTROP'HIC LOWLAND 
 503,91 0,01
 

GRASSLAND EUTROPHIC LOWLAND 
 1 30 234,50 0,60
 

EUTROPHIC UPLAND 
 7 127 992,72 2,54

FOREST DISTROPinC UPLAND 
 5 1 237 598,81 24,56
EUTROPHIC LOWLAND 
 6 92 215,23 1, 3
DISTROPIIIC LOWLAND 
 .11 62 484,64 1,24
 

Ami 
 DISTROP-iIC UPLAND 
 16 93 726,95 1.
 
SAVANNA U I W 1 4 535,17 0,09

EUTROPHIC LOWLAND 
 3. 13 101,62 0,26
I ~ 
GRASSLAND EUTROPHIC LOW';LAND 2 65 004,18 1,29DISTROP:;IC. LOWLAND 
 3 15 117,25 0,300 

EUT2OPHIC LOWLAND 
 10 76 090,16 1,51
 
FOREST DISTROPHIC UPLAND 
 14 1 322 255,41 26,24
EUTPOPHIC LOWLAND 
 1 1 007,82 0,02
AwiISOrIIC 
 LOWLAND 14 
 120 434,07 2,39
 

EUT?.OPHIC LOWLAND 
 14 74 578,44 1,48
SAVANNA DISTROPHIC UPLAND { 34 
 34 7171 069, 3 -4,25o ,,_ 4 2
DISTROPHIC LOLAND 
 15 ""138 574,7q 2,75 

0 T A L 039 083.20 100,00
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.TOTAL PRODUCTIVITY
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SCHEMATIC PRESENTATION OF TOTAL PRODUCTIVITY FROM A 
PROPOSED AGRO7ORESTRY SYSTEM FOR LOWLAND HUM1ID TROPICS 
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JOB DESCRIPTION
 

Pr-CXELT C-MAYGR 

Duties and Feonsi.bilitic3 

The Project. Co-1'nnarger, working under tie general direction of the Director-

General of ICi:zi' a.d the Director-Gueral of T'2RPA, will assist in the 

inplenrntation of the copc.erative agroforestiy research programmre of the 

Governimrt of Brazil and ICYFL-. His responsibili'ies will inter alia 

include the folloAk,'.g; 

(i) administration of the project, including the overall coordination of 

the planling ari6 itiieijentation activities of th projecL; 

(ii) prccurem-mt of materials, equiir~mt and supplies for the project
 

under dcnor contribution funds;
 

(iii) accountability for all matters pertaining to fund disburseTent, 

the custody of the funds haqever being with the JWBRkPA or ICRAF managment, 

as appropriate;
 

(iv) preparation of ltaild progranmes of uork and budget, wiv.-hin 

budgetary limits Jn the project agreement, and clearing the plans ith 

ICRAF and EMPAPA prior to implemntation; 

(v) proparation and sunission of quarterly and annual scientific progress 

reports on the project;
 

(vi) co-ordinat:.on of the on-the-job training prcgranmres for*Ecazilian 

cooperating scientists and support technical staff so that these effectively 

impart the coo pts, principles end practices of agroforestry and the 

research methodology appropriate to the different fields of work; 

(vii) advis ing the Gover.-nent of Brazil (through FMBPAPA) and ICRAF on 

all matters pertaining to the project; 

9

(viii) advising on reviws for the project and on the need for consultancies 

for the project; and
 

(ix) participating in the rasearc-h activities of the project in the area 

of his profezsional m-oxinnce. 

.../25
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Qualifications 

Ube Project Co-Menager should hame at leas a Ph.D. in agriculture, 
forestry, horticuttnre or aniial production. 

He should have at least 10 years of professional experience in the 
develcpmrnt, ccnduct. and aficrUi s ration of research work at research 
institute or university level. A signific;nt proportion of his research 
e)1xerience should have been gained in the tropics or subtropics and should 
have involved nmiiliple cropping systems, with or without the integration 
of a woody species oxponent. 

The Project Co-Manager should have the ability to write clear and ccncise 

analytical reports. 

He should have full working kncxqledge of aiglish (UN level 6) and Portuguese 

(UN level 4). 

He should also have the ability to establish and maintain effective 
working relationships with persons of different national and cultural 

backgma nd. 

Duty Station 

Brasilia, Brazil. 

Assignen t Period 

3 years. 


