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THE SAVANNAS OF SOUTH AMERICA
TOWARDS A RESEARCH AGENDA FOR CIAT!

Luis R. Samint*, Carlos O Sere®*?®, Libardo Rivas®, and
Alvaro Ramarez® 2

SUMMARY

This paper p;%ndes a framework for decision making, to facilitate the process of

prioritization 1n the ellaboration of a research agenda for the new savanna program at
CIAT

Holstic and rapid appraisals undertaken during 1990-91 in the acid savannas of Brazil,
Colombia, and Venezuela strongly support the wview that this ecosystem has great
potential for ecologically sound resource use and management Accordingly, CIAT
research involvement in savannas should address both the more intensively intervened
savanna regions, particularly of Brazil and the natural unexploited sites —

The study also suggests that, to be cost-effective and ensure impact, the research strategy
should 1dentify and incorporate existing knowledge and technologies to manage the
resources (In-reach activity) To guarantee success, field activities must be built on a
holistic understanding and close relationships with different types of partners This
implies the creation of an insututional set-up where close interactions may be possible
with private and public organizations at both local, national and international level To
gain credibility and political support in partnertship with national institutions, CIAT
should maintain a careful balance 1n terms of basic and strategic research versus adaptive
research, traimng and institutional strengthening

Setting priorities for the savanna research program at this stage must concentrate on site
selection Alternative sites selection should follow an iterative process, where key aspects
of the demand and supply of technology and logistic considerations must be taken into
consideration A joint decision with the interested partners must determune the final sites

Simultaneously CIAT should prompt several activities aimed at a) producing an
institutional inventory of environmental and resource management oriented organizations
in the Cerrados of Brazil, and b) starting a broader screening of germplasm of grasses,

legumes and rice as crucial components in the system by using more mixed cropping
systems criteria than in the past

Summary of the rapid appraisals conducted i Brazil, Colombia and Venezuela, 1990-91

* CIAT econonusts, ** Private consultant



OBJECTIVES AND METHODOLOGY

The main objective of this document 1s to provide a framework for decision making 1n
the form of an executive summary of the rapid appraisals carried out by CIAT in the
savannas of Brazil, Colombia and Venezuela during 1990 and 1991 in close collaboration
with national institutions These surveys were conducted to 1dentify global research 1ssues
in the fields of production and natural resource use and conservation of that important
ecosystem Bolivia and Guyana have not been surveyed as yet, but their savanna share
i1s small in comparison Each of the three surveys has 1ts own document (Pacheco et al ,
1990, Samint et al, 1990, and Samnt et al, 1991), where detailed aspects are discussed

Here, a crisp synthesis 1s intended to facilitate the process of prioritization of the research
agenda for the new CIAT’s savanna program

From the holistic and somewhat superficial rapid appraisals, special attention was paid
to problems, opportunities and the role of CIAT components in the various production
systems encountered, however, other components recerved increasing attention as new
information collected suggested clearly the emergence of problems and opportunities
linked to them An example of this process was the mounting evidence of several

problems related to decreasing productivity and degradation associated with continued
soybean monoculture in the savannas

The document presents some highlights of important policy issues that were hkely to
shape current events and national attitudes towards this ecosystem An overview of
natural resources 1n the savannas 1s then followed by the institutional setting that will
facilitate the development of information and of the integrative and collaborative actions
to be undertaken in research and training 1n and among nterested countries Section 5
summarizes the various savanna resource management approaches found 1n the three
countries  In Section 6, the document attempts to summanize the state of the arts in
Savanna research and its future prospects Frnally, some conclusions are drafted to
comptle the main 1ssues expressed throughout the surveys

It 1s understood that one goal of the savanna program 1s to wdentfy and/or develop
cropping alternatives for the savannas of Latin America that make possible higher levels
of productivity 1n a sustainable manner, 1 ¢, that avoid or reverse ecosystem degradation
or even enhance the resource base through sound management practices There are two
contrasting realities that call the attention In the disturbed, and often degraded savanna
sites, watershed management 1s an important consideration for the choice of vegetdation,
water, and soil conservation, as well as resource degradation brought by improper
management (chemical abuse, nutrient imbalances, etc) The natural savannas, on the
other hand, are major areas for the expansion and intensification of agriculture as they
represent obvious choices for the expansion of the land frontier and have a potential for
a wide spectrum of agricultural and grazing uses (Tiessen) An exhaustive site selection
process has to consider these contrasting options given the high complementanty and
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relevance of the knowledge generated in each case The natural savanna will be a
benchmark which will supply information useful to compare with the knowledge
generated mn degraded savannas and, conversely, the information from the latter can
provide useful guidelines to avoid costly mustakes in future frontier expansion processes

The methodology of this exercise applies the following basic guidelines

* size of the area,

perceived urgency of problems and opportunities,

the extent to which possible solutions are researchable and can be
extrapolated to other regions and countries, the 1ssue of site specificity must
be carefully considered at all steps, to avoid wrrelevant research given the

mussion and mandate of an nternational agrncultural research center
(IARC)

avallable knowledge about the region,

“in-house" expertise,

presence of potential institutional partners, and
logistical aspects such as accessimlity and security

x

*

»* L3 » »

NATURAL RESOURCE OVERVIEW OF THE SAVANNAS

Tropical savannas® embrace the greater part of the world’s underdeveloped lands with
some 23 million km? or about 20% of the earth’s land surface They clothe 63% of Africa
land, 60% of Austraha, 45% of South America, and about 10% of India and South East
Asia (Huntley and Walker, 1982)

The savannas of tropical South America extended over about 243 mullion hectares and
include the Brazilian Cerrado (180 million hectares), the Llanos of Colombia (17 mullion
hectares), Venezuela (28 million hectares) and Guyana (4 muthon hectares) and the
savanna of Bolivia (14 miliion hectares) (Cole, 1987 and Tables 1, 2, 3 and 4)

The current status of land use 1n savannas reflect the interplay of changing sets of
environmental and socioeconomic conditions 1n space and time mainly through chmate,
and soil interactions as well as diverse economic policies, as will be seen later n the
document The greatest patch of disturbed savannas 1s found in Brazil (72 million

hectares) on less acidic soils (with aluminum saturation lower than 50%) (Table S and
WRI, 1990)

Typically, savannas comprise a continuum of plant commumitics varying from purc grasslands to
woodlands and shrub vegetation
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In turn, the disturbed pockets of savannas in Venezuela reach less than 2 million hectares
mostly on well drained areas On the other hand, in Colombig, the area of disturbed
savanna land 1s smaller and takes the form of extensive cattle ranching actvities,
matching the low priority given by agricultural development policies to an area of low

nutrient and high acidity soils (saturation of aluminum above 80%) (Table 5 and WRI,
1990)

Looking at the savannas in the context of multiple critena for sustainable development
(te, growth, equity and enhancement of the resource base) helps to elcit the relative

contribution of the ecosystem to each of the aspects that need to be considered n the site
selection process

1) Growth  of the three major agroecosystems where Resource Management
research at CIAT will focus, the savannas have the greatest potential to make
sigmficant contributions 1n this important aspect of sustainability  In Brazil, for
example, several crops grown in the Cerrados have experienced a growing share
of total production over the past two decades and achieved important levels
Cereals (wheat, maize and rice), soybeans, beans, cassava, sugar cane, bananas,
cotton and forestry products, along with meat and milk have been very dynamic

In Venezuela, cereal production {maize and sorghum) as well as beef and milk
output have also been important

2) Equity the most likely contribution here 1s at the consumer level (through cost
reducing technologies for staple foods) and at the regional level The latter aspect
1s quite mportant 1n a land abundant region with active colonization processes
Equity here works two-ways by attracting resources from already developed areas
into the newer savannas and by distracting the flow of resources into more fragile
environments, like the Amazonia or even certain frail pockets in the savannas

3) Enhancement of the resource base one has to clearly distinguished different
agroecological zones must be clearly distinguished according to the degree and the
characteristics of the frontier expansion process, since this distinction will be
critical to design strategies that either try to correct problems 1n land use patterns
("older" savannas, from the viewpoint of years of exploitation) or propose a clean
slate approach to savanna colonization (Colombia, Bolia, parts of Venezuela and
Brazil} The former 1s likely to be much more complex, but with a higher
problem-solving impact, while the latter 1s more oriented to rational exploitation
of opportunities and provides a contrasting dimenston for enhancement and long

term stability of the savanna, as well as guidehnes for conservation and
preservation of it

Under this scenario, the Savanna Program appears to have 1ts greatest potential for
economic and ecological impact 1n Brazil  Besides the vast and abundant wildlife
resources, the Cerrados of Brazil represent every type of savanna likely to exist with the
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greatest present and future relevance i terms of agncultural output and resource
enhancement across other countries

THE POLICY ENVIRONMENT FOR SAVANNA DEVELOPMENT

Latin America 1s characterized for being the region of the world where the agricultural
frontier continues to expand The area defined as arable land and pastures expanded at
ten times the global rate between 1970 and 1985, and large areas have been deforested
in recent years (Bertranou and Schulze, 1992)

There are clear and sharp distinctions n the approaches followed by Brazil, Colombia
and Venezuela from the 1960’s to exploit their vast savannas perhaps also refiecting their
diversity of resource endowment, GNP level and performance, debt level and structure,
etc (Tables 6 through 10) In Colombia, agnculture plays a key role in the economy,
accounting for 17% of GNP (Tables 6 through 10), however, the process of colonization
and expansion of the agricultural frontier for crop production has occurred away from the
acid savannas, into the more favorable interandean valleys and the lowlands of the
caribbean region There has not been a political will to develop the acid savannas
Those very acid souls of the Llanos are regarded as potentially good for cattle raising
activities, where the lack of infrastructure (roads, electricity, communications, etc ) 1s less
critical (Tables 11 and 12, and Gonzalez, 1989) However, colomzation processes in the
forest margimns of the Amazon (1n the south eastern portion of the country and adjacent
to the savannas) have been aggressive, placing the country among the leaders 1n
deforestation activity 1n the world, after Brazil and Indonesia (Repetto, 1988) The
Lianos can play the role of release valve ecosystem for the adjacent Amazoman forests

In Venezuela, an o1l rich country, agriculture represents less than 7% of GNP (Tables 6
through 10), yet, most of the frontier expansion has occurred towards the acid savannas,
following impressive infrastructure developments associated with the muning extraction
activities along the Orinoco river, which crosses the acid savannas from west to east, and
the energy projects implemented n the Guyana (Tables 11 and 12) The attention of the
government towards agriculture has focussed in those acid savannas as well as in the
lowlands of the northwest, around the Maracaibo lake, where better soils predominate
Currently, some 45% of cultivated areas are found 1n the venezuelan states with Lianos
ecosystem along with 429% of the cattle inventory Agriculture 1s seen as a net recipient
of government funds 1t is tax free, important nput and output subsidies have been the
norm, the state has intervened very actively in the land market, as well as 1n the
commercialization (local, importation and exportation) of foodstuffs until the mid-ei1ghties
Agricultural research activities by the state agency (FONAIAP) have focussed 1n
developing technologies for the acid savannas, within a chimate of abundant capital and
cheap nputs emphasizing the approach of changing the adverse environment (by means

of soil amendments and heavy chemical use) rather than trying to adapt germplasm to
those conditions of poor soils
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In Brazil, agriculture represents 8% of the GNP, the sector 15 a vital generator of foreign
exchange (over 40% of exported commodities are of agricultural onigin) in a country that
15 suffocated by the debt service burden (Tables 6 through 10} The frontier expansion
process 1n Brazil reached the acid savannas in the 1960’s after the capital was moved to
Brasilia (1n the mudst of the Cerrados) in 1962 Infrastructural policies, mainly road
construction, were instrumental for the change (Tables 11 and 12) Cniical inputs were
heavily subsidized, particularly ime (which 1s abundant in that region), and credit which
was amply supplied, generally at negative real interest rates Direct government
involvement 1n commercialization increased (EGF and AGF programs) Mimimum prices
were established and transport costs were subsidized A substantial investment 1n
agricultural research produced important results, such as the adaptation of the soybean
to the Cerrados conditions The import substitution policies of the 1950°s and early
1960's (following the Prebish theses) gave way to an export promotion plan, fueled by
foreign endebtment and infrastructure expansion into the Cerrados New activities took
the lead in that development process which was accompanied by the growth m
agroindustry, as the plan called for an ncrease 1n value added 1n export goods through
a series of tax exemption mechanisms that encouraged agromndustrialization nstead of
exporting raw materials (soybean o1l and cake, frozen concentrated orange juice, poultry,
cocod butter and products, freeze dried coffee, refined sugar, etc)

At the same time, an ambitious energy replacement program for renewable resources
(alcohol) and an import substitution program for wheat also meant added resources for
the Cerrado expansion process Crop insurance programs, along with abundant
agricultural credit and inflation, accelerated the colonization of the agricultural fronteer,
reaching the Amazon by the late seventies and placing Brazil as the leader 1n the opening
of tropical forests in the world Cattle activities have been at the forefront of the
expansion, and currently 1t 1s easy to find pockets of degraded pastures where a few years
ago there were recently colonized areas After the debt crisis of the early eighties, the
country entered an era of reduced subsidies {mainly in credit) and a call for greater
efficiency 1n the already colonized areas Research focus 15 shifing towards better
adapted germplasm and more efficient and sustainable systems, rather than frontier
expansion and heavy mput use for soil amendments, plant protection, etc The frontier
expansion process 1s shifting to a slower but more rational explottation of the natural
resource base m the Cerrados and the Amazon basin

Future prospects, as the Latin American countries go through a process of opening their
economues, point towards higher efficiency 1n agniculture with intensification of the
exploitations Attention will increasingly focus on the deterioration of the resource base,
as second generation problems of the earlier technologies become more evident
Ecological and environmental concerns will coexist with the urgency to continue to
acknowledge the growing demand on agriculture to supply food, feed and fibers, as well
as energy The savanna ecosystem will increasingly be perceved as a key region for
enhancement and conservation of the resource base It can act as major source of
production for the region, thereby releasing market pressures for increased deforestation
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Within the savannas, important degradation processes in the most exploited regions need
to receive attention, while explottation of currently unused ones has to be rationalized to
protect the important stock of flora and fauna

INSTITUTIONAL SETTING

National agricultural research and development institutions working in the savannas are
quite numerous and heterogenous 1n terms of aim, coverage and resource endowment,
both within and among South American countries

The most remarkable instituttonal setting 1s found 1n Brazil, a fact highly correlated with
the overall importance that the Cerrado plays in 1ts economy (a more detailed listing of
institutions working 1n the savanna ecosystems 1s included in Table 13) Government
programs like CONDEPE, PCI, PRONAP, SUDECO and POLOCENTRO are leaders
in the area Coexisting with a strong public extension (EMBRATER) and research
systems (EMBRAPA with specific centers Jocated 1n the Cerrados like CPAC, CNPAF,
CNPMS and others like NMA not located 1n the region but with an interest in 1t), a
number of non-governmental orgamzations and producer associations have been working
in germplasm development and crop management aspects for the past three decades
Agroecological studies are more recent and limited to the participation of EMBRAPA
and a few universities 1n the region (USP, UFV)

In Venezuela, the institutional presence 1s less than that of Brazil it number and in
resources but relatively abundant given the area of the exploited savannas in that country
(about 4 million has) The emphasis i1s more on quantification and preservation of the
resource base than 1n its exploitation (CVG, UNELLEZ, UCV, UDO, USB, IVIC) The
national research institution (FONAIAP) has a deficient integration and coordination with

other research organizations, mainly the private ones, and among the different regions of
the country

In Colombua, the low priority of the Llanos region 1s reflected 1n a reduced institutional
presence in that region of ICA and of a few producers’ associations, particularly when
compared to the levels of activity observed in the Brazithan and Venezuelan savannas

In terms of research partners for CIAT and for a potential network of savanna research,
the brazilian institutions appear to be the most qualified 1n their operating capacity and
the resource endowment of the system as a whole (private, public, NGO’s, umversities)
These partners will be most interested n applied research 1ssues such as pasture
renovation, crop management with rotations, soil preparation, fertlity, etc

Venezuela seems to be the best prepared partner in the area of natural resources, where

an important research base exist 1 IVIC, CVG, and several umversities (UNELLEZ,
Central, Simon Bolivar, Onente) UNELLEZ, for example, has graduate programs in
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natural resources and wild fauna An important portion of the traiming component of the
network can be decentralized easily n this country

In Colombia, besides the traditional involvement of cattle growers associations in savanna
research activities, the recent interest of FEDEARROZ, in the acid tolerant rice lines
constitutes an opportunity to share responsibilities with the private sector, beyond the
traditional work with ICA Where they exist, producer associatrons in Colombia are
generally strong and rehable research partners Other international centers in the
country, like CIMMYT and INTSORMIL , constitute also 1deal CIAT partners for
component research for the savanna environment

The new winds of change towards more open economies in the region imply o change of
attitude towards private and NGO's research institutions  International centers need to
reposition themselves as actors that have specific advantages in catalyzing efforts and 1n
disseminating regional knowledge through research and training but their place is not at
the top of a hierarchical organization, rather, they have to interact at the same level
They should identify rent seeking activities for the research consortia that thev can foster
(Biggs 1990} This implies stronger links with the private sector and with the end users

of the technologies The monopoly for research activity devolves from the hands of the
public sector

PROCITROPICOS (an IICA mmitiative) deserves special consideration due to the clear

complementarities with CIAT in their South American imtiative, which considers savanna
research as one of 1ts main action thrusts

The mapping of land use, resource endowment, etc of the Venezuelan savannas 1s fairly
well developed by MARNR and CVG A collection of the wealth of information already
existing but disseminated 1n the hands of many institutions can be efficiently compiled by
a local researcher Knowledge of the resource endowment will be instrumental to
understanding the technologies developed and to better targeting of collaboration with

local institut ons of appropriate regions CIAT can contract this work for the Land Use
Program

A similar effort should be undertaken for the Bolivian and Guyana savanna regions This
mformation would be useful to assess the extent to which the Brazilian site can be
selected to increase the probability of spill over effects for Bohvia  This would contribute
to a better international distribution of the benefits of the proposed strategy

SAVANNA RESOURCE MANAGEMENT

The phvsical resources of the savannas have been described above Land use has clearly
been dominated by extensive grazing of natural pastures mainly using Zebu and Zebu
crossbred cattle for beef production  Among the technically viable options, this 1s the one
best suited to the factor proportions of the region These are characterized by
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- ample availability ot land and natural pastures of low carrying capacity and
quality,

- marked seasonal fluctuations of feed supply both 1n terms of quantity and
qualty,

- low product prices due to high transport cost to larger urban markets

- limited access to capital for on farm investments,

- relatively scarce supply of labor, parucularly skilted labor

The basic characteristics of savanna farming systems across the Amencan tropics have
been modified to a varying degree by policies of individual governments This reflects
each country’s overdll resource endowment, the relative mmportince of the savanna

resources versus other ecosystemns, and specific development policies (see section on
policies and tables)

Table 14 presents selected indicators of the savanna farming systems of the Savannas ot
Brazil, Colombia and Venezuela This information was produced 1n the early 1980’s by
a joint project undertaken by CIAT, the Techmcal Umversity of Berlin and national
agricultural research institutes of the involved countries with the objecuve of
characterizing the predomunant farming svstems and 1dentifying bottlenecks for system
intensification The data come from a small, purposively selected sample The Brazihan
systems were clearly the more intensive ones, with an important crop component and with
heavy subsidies leading to the highest rates of return At the other extreme Colombran
Llanos farms were the most extensive ones with the lowest technical efficiency and low
returns High transport costs due to poor road infrastructure and distance to markets
make 1nput-output price ratos particularly unfavourable, leading to very extensive,
specialized ranch operations, which are highly vulnerable to the booms and busts of the
beef industry Interms of rates of return, the Venezuelan cases presented the lowest level,
largely related to heavy machinery investments, which had been done at subsidized

exchange rates, but which were not being used because pohcies made crop production
unattractive at the time the study was undertaken

The lumpiness of many of the investments needed to operate a beef ranch in an
environment with very poor infrastructure and the lack of crop options represent 4 serious
constraint to the viability of small farms and settlement schemes Land ownership 1s
more geared to capturing potential capital gains, should production conditions umprove,
than to generate a continuous flow of income This gives particular advantages to
absentee owners, who do not need continuous income from the ranch operations, since
these owners generate their cash flow 1n other sectors of the economy

Colombia has an ample supply of higher potential land, closer to the major urban
concentrations in the Andean region which 1s still underdeveloped

In the recent past, the prospects for the Colombian llanos, and particularly the region
closer to the Andean piedmont, have improved Research has led to the development
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of crop and pasture cultivars mghly adapted to the low fertility soil conditiens, particularly
upland rice, tropical grasses and forage legumes Roads have been improved, oil has
been found 1n the regton  New entrepreneurs are attracted to the region due to the novel
options being made available

Brazihian systems have become much more intensive than the Colombian ones This has
been induced by both the natural resources and the Brazihan polictes The Cerrados
have immense pockets of soils with substantially lower alumtnum saturation than those
typrcally found around the research station of Carimagua (ICA-CIAT, in Colombia), for
example, making crop production feasitble Brazilian policies have clearly fostered the
development of the Cerrados The incentives have made 1t attractive for immigrants,
particularly of the South to move to the Cerrados The systems that have evolved under
these conditions have a heavy crop component, mainly corn, rice and soybeans Sown
pastures, particularly Brachiana species are an important source of animal feed, crop by-
products are to some extent used as ammal feed during the long dry season Ammals are
frequently fimshed in feed lots during the drv season to benefit from the higher prices
during that part of the year Perennial crops are gradually being incorporated nto the
system, such as sugar cane, coffee, oranges, and recently rubber trees Large scale
afforestation mainly with eucalyptus was undertaken with heavy specific subsidies

Brazil's macroeconomic difficulties, (foreign debt, public spending level, inflation) led to
the drastic reduction 1n the 1980°s of these subsidies to Cerrados agriculture The central
issue for the future of Cerrados systems is how they will adapt to a sigmficantly
deteriorated external environment This should lead to more mput efficient systems,
more complex systems involving crop pasture rotations, which will require more and new

managenal skills Clearly not all Cerrado farmers of today will manage to survive these
changes as viable operations

Venezuela has 1n the past had access to ample foreign exchange due to 01l and mineral
exports and has therefore relied heavily on imported food The country nevertheless had
a number of polictes to favor agncultural development, particularly input subsidies,
favorable exchange rates to import agricultural machinery, subsidized credut, etc

These distortions 1n relative prices led to systems making heavy use of inputs, particularly
fertilizers to establish crops and pastures based on non-adapted germplasm High labor
costs and subsidized machinery prices led to over mechamzation For a time, policies
promoted food import substitution  The high prices led to a substantial expansion of crop
areas mn the Venezuelan savannas Surpiuses developed rapidly in the interior of the

country while the agroindustrial sector had its infrastructure located close to the ports to
process imported raw materials

Policies have now shifted to be more aligned with international prices and subsidies have
been reduced substantially (Table 15) This has led to a situation similar to the one of
Brazil, where the production capacity and intensity level are beyond what 1s feasible at
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international prices Land cropped 1 the recent past 1s now left over to weeds and has
a productivity lower than the one of the initial savanna vegetation, large investments in
agricultural machinery and infrastructure are idle  Clearly this situation mahes the search
for appropriate intensive production technology very relevant m the present
MJCTOECONOMIC context

STATE OF THE AR1 AND FUTURE PROSPECTS OF SAVANNA RESEARCH

The strategic plan of CIAT (1990) draws the main objectives of the savunna program,
which are

a) Idenufy key agricultural sustamability problems and development opportunities in
the acid-sotl savannas

b) Design technological interventions tailored to savannd environments to 1neredse
productivity, while preventing or reversing resource degradation

c) Understard the biophysical aspects of savanna production svstems and their
management for sustainable production

d) Strengthen national capacities for designing and monitoring savanna producuon
systems

The focus of savanna research at CIAT for the past two decades has been to develop new
germplasm, well adapted to low fertility conditions and to respond with short term
solutions to decliming yields/higher unit costs mainly related to problems of resource
degradation as they appear in the most disturbed savannas pasture degradation,
monoculture, soil erosion, water contamination, fertility loss, etec  Little had been done
to understand the basic mechanisms accompanying the applied production oriented
recipes for soil preparation rotations and agropastoral systems management This 1s
where CIAT's advantage at the strategic level, with 1ts new resource management
research mitiatives, will reside (1) in soil/ water/plant/ammal relationships, specifically
providing guidelines for ecosystem development and stability, based on the understanding
of those interactions and on the importance of organic matter and nutrient

transformations resulting from them (Ticssen) and (11) their relation to selected tarmer
behavioral patterns

CIAT's comparative advantage at the outset hes in the accumulated research with key
components (pastures, rice, sorghum, cassava maize) and relevant knowledge of farmers’
behavioral patterns The new savanna program will have to build from that expenence
and start phasing 1n activities of strategic research as the portfolio of components changes
and the cnucal watersheds are identified The estaolishment of research priorities on
combinations of problems/processes should, to a large extent, be based on the congruency
with the economic mmportance of the items, as well as on the characteristic of the
research involved In other words, 1t has to consult both, the demadnd side for the
technology which includes topics like expected net social value of impact, numbers of
people and farms affected, interest by potential beneficiaries) and its supply side (1 e, the
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tvpes of intervention envisaged the probability of success, lags to adoption, comparative
ddvantages, resources necded, etc)

The stock of knowledge 1n the three countries covered 1 this report with respect to
sdvanng research 15 highlv correlated with the economic importance assigned by each one
to the ecosystem, as can be imferred by the crop areas modest i Colombia (around
100,000 has per year), intermediate tn Venezuela (close to 1 million has per year) and
abundant in Brazil (over 10 million has per year) By specific items, pasture research is
considerable in all countries, with Colombia having an edge 1n legumes Animal research
Is mainly found 1n Brazil  Crops for this environment have little attention in Colombia,
more 1in Venezuela, where the private sector has vested interests, and much more 1n
Brazitl A similar situation can be found for forestry research  In the area of natural
resources, there 15 some research in Venezuela and Brazil, with the main emphasis on
chdaractenzation rather than management, and somewhat less in Colombia

The demand for forages that are more aggressive at the establishment and that respond
efficientlv to moderate fert.izer applications has grown as a result of the increasing
attention that crop pastures systems are geti'ng  The Tropical Forages Program at CIAT
should quickly adapt selection criteria for grasses and legumes to better fit the demands
for the new pastures systems for the savannas of Latin America

The holistic approach required to do research in natural resources demands a more
integrated approach of public and private 1nterests that has to go beyond the national
boundaries  The role of catalyzer, as played by international centers, 1s critical to
efficiently accomplish compatible environmental effects in common watersheds

In terms of methodology this tvpe of research can be evaluated ex ante, 1n a similar way
4s done with conventional research, but with some modifications Dimensions beyond
yteld increases, particularly environmental costs, need to be incorporated in the
¢viluabon  Within the savannas the major cost seems to be erosion, for which some
stock of methodologies exist It has been proposed, as a first approach to concentrate
efforts on the soil dimension both due to its \mportance n relation to other problems
and the avatability of 1n house expertise to work with 1t

A further methodological i1ssue 1s the defimtion of the umit of analysis This choice 15
related to the magnitude and way to measure externalies If CIAT 1s looking for the
development of methodologies to deal with savanna resource enhancement issues, then
results should be very extrapolable If this 1s so, then the regional importance of the
specific problem should be a better criterion than the selection by watershed benefit

Taken 1o the extreme, this criterion would imply that the choice of specific watershed 1s
almost irrelevant

Once the broad selection of problems to tackle in the field has been ranked according
to the respective social rates of return (e g, erosion in annual crops in the light textured
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Cerrados, poor persistence of grass pastures, lack of perennial crops for the savannas with
more than 60% aluminum saturation, etc ) then, the more operational aspects have to be
detined mainly by the appropriate biological scientist

The next 1ssue 15 the division of labor between CIAT and 1ts partners 1t seems that local
partners will tend to favor the more applied research with a shorter term pay off, than
CIAT and other international donors Among the latter, CIAT have a comparative
advantage in production-related aspects and will seek partners to tackle the more

environmental 1ssues At this stage, solid specialist research on specific components will
be the main output

Within the systems perspective, once these outputs start being produced, a phase of
synthesis 1s needed This may mnvolve both hard and soft systems modehng, policy
analvsis, etc  The interaction with CIAT's Land Use Program will be key at this stage
After a number of iterations, 4an assessiment will be needed of the cost-effectiveness of the

approach and, if acceptable, a strategy for 1ts broader use by the society will need to be
defined

This will have to be hinked with on-the-job training, combined with more formal training
on natural resource management at umversities CIAT should probably focus on very
specific aspects, mainly those related directly to production, where it can develop a
comparative advantage due to the existence of strong commodity programs

SUMMARY AND CONCLUSIONS

1 The savanna ecosystem has to be viewed as an ecosystem with a potential for
ecologically sound production versus the option of merely preserving it This 15
due to the fact that the environmental risks of its use seem manageable by
comparison to other ecologies of the continent There 1s considerable potential
for sustainable growth The land has clear ownership nights and the present

owners are already using 1t Thus preservation 18 a realistic option only for the
parts owned by the government

-~

The savanna reglons vary in the degree to which they have been ntervened both
in terms of the time span and the miensity of intervention Given the fact that
very extensive ranching seems to be quite appropriate in terms of resource
conservation although not very productive, 1t 1s stated that the study of more
intensively used savanna regions will be more productive 1n terms of

- Identifying sustainability issues of concern to stakeholders, particularly

farmers
Attracting the interest of potential partners for collaborative research
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The macroeconomic scenarto of imited public funds for infrastructural investments
further support the argument of concentrating efforts m sites of "older” savanna
use (those that have been more intensively used) However, the contrasting nature
with the natural sites offers complementary and relevant information for the
degraded savannas as well as for a proper development of the land frontier If this
reasoning 1s accepted, research at, at least two contrasting sites will be required

The savanna systems are exposed to varying degrees of pressure to adjust to a
changed macroeconomic environment (e g, how to adapt the system to higher
input prices and ltower product prices, how to operate with capital costs at market
rates, etc ) It 1s posited that these dynamic situations of change should be actively
sought because they create particular windows of opportunity for new technology
design and 1ts adoption There 1s, therefore, a clear role for social sciences to
contribute to the process of site selection

Farmers and institutions 1n several of the countries involved 1n savanna
management have been actively searching for alternative commodities and
technologies to manage the resources It will be critical for the efficiency of the
proposed strategy that this knowledge be actively researched and incorporated into
the design of alternatives ("in-reach” activity) It is most probable that the
components for the future systems are already 1n place and the contnibution of the
research process will be to identify their more efficient combination, the reasons
for that efficiency, and to add flexibility and more alternattves to the stock of
knowledge accessible by savanna farmers In this context, we should remind
ourselves of the past adoption experience farmers seldom adopt packages or
complete solutions, but single components or approaches (Biggs, 1990) The
research thrust should be focused accordingly It should aim at generating
knowledge that factlitates adoption of concepts of land use by farmers (from
isolated practices, to integrated management, to sustainabilty) This naturally

implies that adoption and impact will be difficult to measure because 1t will not
be linked directly to specific commodities

The study has shown the very peculiar nature of resource degradation m
Venezuela It 1s more hinked to exploitation of non-renewable resources than to
agriculture  Venezuela fits into a "developed" country resource management
scenario and not to the typical agriculturally driven resource depletion to be found
tn poorer countries It 1s therefore appropriate not to select the country for one
of the key work sites Nevertheless, 1t seems very attractive to actively seek
Venezuela’s participation due to vast experience in utilizing savannas to grow a
range of crops and trees and because of the existence of a strong interest 1n
understanding the ecology and resource management of the savannas

Brazil should be the focus of the main thrust of the savanna program This 1s
based on considerations of potential impact, congruence across both countries, and
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strength of potential partners ['he logistical aspects of locatng the major part of
the team close to the farming svstem it 18 trymng to understand and influence
posses a challenge for CIAT The holistic understanding and close relationship
with different types of partners requires very intense interaction

The research strategy wiil require o careful balance 1n terms of division of labor
with the national partners and in terms ot the ume horizon of the projects tackled
In general terms, the partners wiil be more 1nterested 1n the adapuve research
focusing production probiems winle CIAT wall, 1n collaboration with other IARCs,
be more interested n strategic research with a sustamabihity perspective It is
suggested that CIAT should focus around the commodities in which it has
eaperience and should atiract external expertise 1f other commodities are of
importance  To gain credibility, the savanna program should 1nttiatly involve
several team members in collaborative work with national partners on applied
topies reiated to 1ts commodities It i1s important that the research portfolio has
not only long term projects, put also some short term ones to insure political
support from the producers tor the main objectives

Institutional strengtnening and trasrng will be key to the new strategy of resource
management research  Given the limited expertise at CIAT, the peculianities of
the four agroecosystems programs and the synergism between these activities and
the research to be undertaken, 1t 15 key that the main responsibility for these
activities rests with the individual programs

The site selection process can be seen in a werative fashion where larger sets are
subsequently reduced into smaller subsets that meet certain criteria  Starting with
the savannas as a whole, specif areas 1n the Cerrados of Brazil and the Llanos of
Colombta will continue to be the tocal points for the integranion of research
(CIAT, 1992) Then .he subset of 'older' savannas (from the viewpoint of years of
intervention) calis the attention Relevant areas are the next level of
discnimnation 1 this sense, technology demand aspects need to be examuned
(congruency, net return of research, number of farms and area of impact etc)
Logistic considerations such as the political feasibility of the sites as well as
daccess, infrastructare, security, etc further constraint the subset At this stage, the
mstitutional setting becomes relevant an inventory of mstitutions working 1n the
ared of the subset needs to be elaborated Then, the supply aspects of tne
technology, such as technical teasibility, probability and yedrs to success in
generating the new technology, adoption lag, magmiude of tesources needed
representativeness versus site «pecificity, etc, determine the last subset trom which
to make a final decision of prioritary research areas and activities jointly with the
interested partners already identified a few steps earhier

The follow up of this report should be to imitiate the following activites
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b)

Produce an instuitutional inventory of the narrowed-down Braziltan
Cerrados, particularly paying attention to institutions 1nterested in
environmental and resource management 1ssues  The agriciltural
production side 15 somewhat better known to CIAT This msutuuonal
inventory starts with a catalog of institutions, researchers, protessionals,
activitles, databases, bibliography, etc  Subsequently, CIAT should select
prime partners to (1) foster integrative imitiatives among them, (11) toster
definition and adoption of standard research methodologies, protocols and

prionity setting criterta, and (i) promote traiming and communications
dctivities in the savannas

The Brazihan Cerrados are considered the major short term impact area
of the savanna program, and legumes are considered a major 1nnovation to
be ncorporated into the systems {o make them more sustamable, yet, at
present the forage program of CIAT has very limited germplasm to offer
The new set of criteria for screeming includes selecting for more aggressive
establishment, reduced emphasis on high palatability and persistence,
abundant mitrogen fixation, cheap seed production feasibility, possibility of

selecting annual plants, etc  This process of selection criteria will have to
be interactive with the new resource management programs

Observational yield trials for the new savanna rice hnes need to be
aggressively expanded to cover representative watersheds 1n the ecosystem,
both, national rice programs together with CIAT’s rice program, have to
coordinate with the new savanna program these nitiatives to quicklv screen
successful rice lines, given that this 1s a crucial component 1n the system
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Table 1 Land area and land use in countries with savanna ecosystems (million
hectares)
Annual
TOTAL CROPLAND PASTURES FOREST deforestation
(multon (mallion (msllion (million OTHERS 1980/90
Country has) hectares) hectares) hectares) (000 ha) ()
Brail 8456 | 767 @27 1670 (64) | 5604 («2) 9050 18
Colombia 1039 53 (32) 398 (73) 515 (55) 890 17
Venezuela 882 38 (60) 175 (34) 313 (85) 245 07
Guyana 197 05 (213) 12 (170) 164 (77 3 oo
Bolwa 108 4 34 (30) 238 (12) 558 {13) 117 02
( ) The figures enclosed in parenthesis are annual rates of change for 1975-1987

a/ Rate of forest lost annually
Source  WRI (1990-91)
Table 2 Livestock 1n savannas regions in Latin Amenca (’000 heads)
Brazil Coloma Venezuela
(1987) (1985) (1986)
Total (%) Total (%) Total (%)
Beef cattle 79620 4 587 37500 160 48413 392
Pigs 6679 9 206 26 4 10%/ 884 6 294
Chicken 50002 0 152 2000 05 10479 3 186
Sheeps 465 3 23 na na na na
Goats 2974 28 na na na na
a/ Estimated
Source  Brazil (IBGE, 1989), Colombia (Anas et al, 1990), Venezuela (MAC, 1990)
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Table 3 Agricultural production n savanna regions of Latin America ('000 MT)

Brazil¥/ Colombia™ Venezuela®
Crop (1987) . (1988) f(l986)
Cereals
Rice 3806 4 (36 5) 4415 (247 3199 (995)
Maize 77476 (28 9) 126 (14) 856 1 (729)
Sorghum 678 (15 4) 254 (37) 6723 (889)
Wheat 5179 (8 6)
Others
O1l seeds
Sovbean 6605 5 (38 9) 225 (27 1)
Sesame 576 (99 8)
Cotton 801 (95 9)
Peanut 94 (100 0)
Beans 418 8 (82)
Caraotd 128 (432)
Fruit trees
Sugar cane 37760 3 (14 6) na
Cassava 97 07) 4 (516)
Planted forest 21343 91
Others B

()  The figures in parenthesis correspond to the percentage of national production
a/ Includes Minas Gerais, Mato Grosso, Mato Grosso do Sul, Goias and Federal
District

b/ Only Meta Department

c/ Includes Anzoategui, Apure, Barinas, Bolavar, Cojedes, Guarico, Monagas and
Portuguesa

Source IBGE (1989), MAC (1987), URPA (1990)
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[able 4

Area of principal crops 1n savanna regions of Latin America ('000 hectares)

Braz.l*/ Colombia® Venezuela®
€ rop land (1987) (1988) (1986)
Ceredls
Rice 28051 {46 9) 1030 (27 6) 1237 (99 7)
Maize 33186 (24 6) 70 (11) 4833 (743)
Sorghum 407 (17 6) 106 39 3401 (89 3)
Wheat 434 2 (12 9)
Others
(nl seeds
Sovybean 32529 (35 6) 150 (27 1)
Sesame 1109 (99 7)
Cotton 43 (17) 46 6 (95 4)
Peanut 46 (1000)
Beans 8750 (16 8) 07 (06)
Caraota 16 8 (274)
fruit trees
Sugdr cane 5311 (12 3)
Cssava 165 4 (84) 13 (0 8) 6 (513)
Plunted forest
_Lgthcrs

{) The figures in parenthesis correspond to the percentage of national production

1/ Includes Minas Gerais, Mato Grosso, Mato Grosso do Sul, Goias and Federal
District

i/ Only Meta Department

</ [ncludes Anzoategur Apure, Barinas, Bolivar, Cojedes Guarico, Monagas and
Portuguesa

Source  IBGE (1989), MAC (1987), URPA (1990)
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Table § Some generahized chimatic, soil and topographic parameters of the savannas
in Latin American countries

:—.l e —— = —————
T Parameters Unus Braal W Guyana Colomba | Venezucla
CLIMATIC
Mean rawnfall mm/year | 1000 1800 | 1300 1800 800 1500 1500 3800 900 2200
Length of wet season months 68 68 6 10 510 610
Mean annual
temperature celsius 213256 2526 24 26 265275 24 28
Altutude masl 200 1000 200 600 200 600 100 400 100 800
Solar radiation hrs/day 710 S8 78 810 810
Relative humiduy (%) | 5085 5580 65 90 5176 55 89
SOILS
Order Oxsols % area 45 30 65 75 15
Ulusols % area 35 40 25 10 25
Others % area 20 30 10 15 60
Chemical constraints
ph level <53 % area 75 18 43 100 30
Al saturahion >70% % area 22 12 15 82 8
High P fixation % ared 17 9 S 57 3
Physicil constraints
Low maoisture holding
capacily % area 39 71 35 48 31
Sandy topsouls %, arca L 47 39 28
TOPOGRAPHIC
CLASS
< 8% “p area 47 7 26 21 23
8 30% % areq 26 10 20 28 24
>30% % area 15 5 10 21 17
Flat poorly drained 96 area | 32 78 |45 30 36
Source Cochrane et al (1985), CIAT (1982), World Resources Institute (1990),

Vera and Sere (19853)
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Table 6 Basic economic indicators for Latin American countries with savannd ecosystem

Annual rate Distribution of GNP (%) N
of growth by agriculture and other economic
GNP of GNP sectors
per capita per capita
Agri- Manu-
Count 1
ountry 989 (1981/89) culture Mining facture
Brazil 2280 01 79 18 282
Colombia 1432 13 171 66 208
Venezuela 3035 26 64 121 199
Guyana 568 32 228 77 103
Bolhivia 763 -35 247 122 146
Source  BID (1990)
Table 7 Rate of growth of GNP in Latin American countries with savanna
ecosystem
——
GNP total Agriculture Industry Manufacture Scrvices
Country 1965/ | 1980/ | 1965/ | 1980/ | 1965/ | 1980/ | 1965/ | 1980/ | 1965/ | 1980/
80 90 80 90 80 A 80 ) 80 90
Brazil a0 30 38 30 101 27 98 22 95 32
Colombia 57 35 45 26 57 50 64 31 64 28
Venezuela 37 10 39 34 15 14 58 49 63 g4
Guyana oa na na na na na na na na na
Bolwvia 44 09 38 19 37 38 54 33 56 05

Source  Banco Mundial (1991)
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Trade balance and international reserves in Latin American countries with

Table 8
savanna ecosystem (US$ muilions)
Net balance of :( Internationai
goods and services Eross reserves
Country (1990) (1989)
Brazil 10500 10505
Colombia 1725 3862
Venezuela 9770 8702
Guyana na na
Bolivia 25 563
Sources  CEPAL (1990), Banco Mundal (1991)
Table 9 External debt indicators for Latin American countries with savanna
ecosystem (US$ millions)
Debt interest as
Total Per capita a percentage of
Country (1990) (US$) exports (%)
Brazil 121000 804 333
Colombia 17200 521 195
Venezuela 31000 1571 180
Guyana 2570 3228 na
Bolwia 3700 506 263

Sources CEPAL (1990)
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Table 10 Size and growth rate of population and labor force 1n Latin Amernican
countries with savanna ecosystem®

Rate of Urban Percentage
Total growth of population of labor force
population population as percentage 1n agriculture
1990 1985/90 of total (%) (%)
| Country (mill'ons) (%) (1990) (1990)
Brazil 150 4 207 769 310
Colombid 318 205 703 340
Venezuela 197 261 90§ 160
Guvana 10 174 346 270
LEJIWM | 73 276 | 514 46 0
e/ Estimated
Source  WRI (1990)
Table 11 Road nfrastructure 1n savanna regions of Brazil, Colombta and Venezuela
Paved Roads
Region (km/’000 km? )
Venezuelan Llanos 509
Brazithan Cerrados i16
Colombian Llanos 01

Source  Vira and Sere (1985), IBGE (1990)
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Table 12

Brazil road infrastructure in the Cerrados region, 1988

Paved Road (hm) Road paved Unpaved l Toral Total road
Area density roads roads density
State Federal | Statal lotal { 000 hm?) (hm/ 000 m?) (hm) (km) (km/ 000 m?)
Minas Gerais 8569 5498 14467 582 249 9945 24412 419
Mato Grosso do Suj 2502 1128 3630 351 103 9142 12772 364
Mato Grosso 2612 97 3583 881 41 15450 19033 216
Goias 2695 3594 6289 642 98 9916 165 252
Dustrita Federal 165 382 547 6 912 859 1406 2343
Cerrados 16943 11573 28516 2462 116 45312 73828 300
Branl 49479 60865 42565 8512 50 N 105123 147688 174
Source IBGE (1990)
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Table 13

Brazil, Colomhia and Venezuela

oo

Mugjor institutions and programs working 1n the savanna ecosystem of

Acronym Institution

Principat Working Areas

ar Program Name Country 1 2 3 4 5
AGF Program Programa de Adquisicoes do Governo Tederal Braal
CIAL Centro Internacional de Agnicultura 1 ropical Colombia
CIMMYT Centro Internacional de Mejoramiento de Maiz y T'ngo Mexico
CNPAF Centro Nacional de Pesquisa do Arroz ¢ Feyjao Brazid
CNPMS Centro Nacional de Pesquisa de Miho e Sorgo Brazil
( ONDEPE Conselho Nacional de Desenvalvimento da Pecuara Brazl
CPAC Centro de Pesquisa Agropecuaria dos Cerrados
CRLCED Centro Regional de Capacnacion Extension v Pifusion Colombia
de Teenologia
(vG Corporacion Venezolana de Guyana Venczuela
LGT Program Programa de Cmprestimo do Governo Tederal Brazl
LMBRAPA T mpresa Brazieira de Pesquisa Agropecuana Braz:
EMBRATER P mp Brasileira de Assistencia T'ecnica e Extensac Rural Braznil
FEDEARROZ Federacion Nacional de Arroceros Colombia
FONAIAP Fondo Nacional de Investigaciones Agropecuanas Venezuela
IARCs International Agriculiuval Research Centers
ICA Instituto Colombrano Agropecuarnio Colombna
Ica Ins Interamericano de Coaperacion para la Agncultura Costa Rica
INTSORMIL International Sorghum and Millet Program
IVIC Insututo Venezolano de Investigaciones Cientificas Venezuela
MARMR Ministerio del Ambiente y de fos Recursos Naturales Venezuela
Renovables
NGO Non Government Organizations
ANA Nucleo de Momitoramento Ambienial Brazil
PCI Programa de Credito Integrado Brazl
FOLOCLNIRO Programa de Desenvolvimento dos Cerrados Brazl
PROCITROPICOS | pPrograma Cooperativo de Investigacion y Transferencia Costa Ruca
de Tecnologia para los Tropicos Suramerncanos
SUDLCO Supenntendencia do Desenvolvimento do Centro Qeste Brazil
ucvy Universidad Central de Venezucla Venczuela
uno Universidad de Oriente Venezuela
urv Universidad Federal de Vicosa Brazit
UNFLLEZ Universidad de los 1 lanos Czequiel Zamora Venezuela
UsB Universidad Simon Bolivar Veunezucla
Usp Universidad de Sao Paulo Brazil __‘

Principal Working Arcas
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Table 14 Selected indicators of savanna farming systems of Braal, Colombia and

Venezuela
Brazii Colombta | VenezuelaT
1
Total farm assets (000 US$) 587 210 906
- Land (as %) 48 39 36
Cattle (us %) 22 43 27
Herd size
Head of cattle (no) 538 526 684
- cows (as %) 40 41 38
- 1 year + old steers (as %) 7 16 15
Technical efficiency indicators
- Stocking rate A{J/ha 023 017 032
- “;;e at first conception (months) 40 35 38
- Weaning rate (%) 57 45 52 ]
Annual weight gain (kg) per AU 65 58 T 50
- per hd 12 12 32
Economic performance indicators
- gross returns/ha (USS) 650 66 402
- gross returns/AU (USS$) 2000 380 1000
- gross returns/man equivalent (USS) 14257 5344 15040
- return to total farm assets (%) 7 | 4 2
Source Vera and Sere (1983)
Table 15 Selected nput and output prices n savanna regions of Latin Amernica
(producer level), US$ 1991
Brazil*/ Colombia™ | Venezuela®
Beef (liveweight) (kg) 0 81 089 105
Milk (It) 023 014 033
Rice paddy (kg) 015 022 025
Maize (kg) 016 017 018
Sorghum (kg) 014 017 015
Triple superphosphate (kg) 025 029 016
Urea (kg) 027 025 010
| Gasoline (It) 051 016 007

a/ Brasiha D F, September
b/ Villavicencio, August
¢/ San Fernando, Apure, October
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