ASSESSMENT OF SUSTAINABLE LAND 8YSTEME RESEARCH

IN S80UTH AMERICA

Julio A. Eerdeagu Evaristo E. de Miranda”
Grupo de Investigaciones N cleo de Monitoramento Ambizntal
Agrar ias 4 EMBRAFA
Casilla 6122 Correo 22 Av J lio Soares de Arruda, 807
Santiago. CHILE Fargue 5. Quirino

13 085 Campiras SF. BRASIL.

Faper presented at the International Workshop on Sustainable
Land Use Systems. United States Department of Agriculitwre.
Indian Council of Agricultuwral Research and Rodale Research
Center/Rodale International. New Delhi, India. February 12-
L&s 1990

SRl TN

Epe

Monitoramento por Satélite
Bibiicteca Py

b e — —————————

Suv




INTRODUCTION

The South American Region covered in this assessment
includes the following countries: Argentina, Uruguay
Faraguays. Brazil, Chiles, Bolivia, Peru. Ecuador, Colombiaa
Guyana, Venezuela and Surinam. The 19920 population is
estimated to be of 296 million peoples of which 70 million
live in rural areas (FAD, 198%9).

The characteristics of the kiophysical environment vary
widel ya as it includes from coastal deserts to perennial
rain tropical forests., The region comprises almost all of
the 103 Life Zones identified by Holdrige for the total ity

of the worlds, and PFer alone contains 84 of them (FAT.
1988) . There are over 25 spil unite of major importance.s
including Acrisol s, Ferral sol s, Lithosols, Gleysols.

luvisol s. Arenosol s. Fluvisol s Histosols and Flanosols
(FAO-UNESCO., 1971).

There is also & wide range of agricultural policies,
although all countries in the region have shared dwing thoe
1980 s & context of generalized economic crisis. Average
inflation rate was over 1000 % in 198%. and the mgan per
capita gross product is now at the same level as in 1977-78
(CEFAL. . 1989). Az  a consequence of the region’'s foreiogn
debt. Latin America transferred US$ 25 billion in 1989 to
the industrial ized countries (CEFPAL., 1989).

In the past ten yvyears, agricultural pelicies have been
marked by the structural adjustment programs dictated by
such international Financial centers as the World Bank and
the International Monetary Fund., Thus, apricualtural policies
now tend to provide for & relatively larger role for the
private sector and free market mechanisms. However. most
countries still maintain price—-control systens, as well as
several subsidized programs  (credit. marketing, technical
assistance, etca.).

It is a paradox that Latin American countries have had
to significantly expand their agricultural output and their
exports in order to maintain the same level of income. Muach
of the present problem of agricultural sustainabil ity has to
do with this fact.

HBetween 197476 and 1987, fertilizer consumption
increased 47% tractors,s 40%51 agricultural production, 25%.
livestock production, 28%: and total food productions. 274 In
the decade between 1970 and 1981, the irripated area ogrew by
4 millieon - haassfrom 10 million. Hetween the 1960°'s and the
1980 'sy cereal vields increased on the average by &6% in thso
Bouth American countries. In 1969 the region consumed 77



million tons of pesticides. while ten yvears later it used
136 million tons {(Redclift. 198%).

Despite of this impressive adoption of the tools and
tenets of the Green Revolutions the region’s food prodouction
per capita grew only 4% between 1974-7& and 198, During
this period, Bolivia., Chiles. Ecuador, Fer and Venezuela all
Had diminished per capita food production (Redoclift. 1989).

It is  important to emphasize that in several countries
(in particular, Brazil, Colombia and Chile) for—-export
agriculture has eupanded tremendousl v marking  maior
socineconomic  and  technological transformationss it is
vpected that this trend will tend to continue and involwve
new countries in the futuwre.

Traditional agriculture is still a major component of
the agrarian picture in South America. It is carried out in
more tham 16 million small-scale farms, Ffive million of
which have less than 2 ha. FPeasant agriculture controls
close to 160 million hectares (ECLAC-FAO, 1986).

Given the significant variations in socioeconomic and
biophysical determinantsa it is to be expected that there
are many different Ffarming system types throughout the
regions and even in each country in particular. These
include highly modernized, capital—-intensive enterprises
many of them dedicated to for-export agriculture (for
gramples temperate-zone fruits in Chile, coffee and flowers
in Colombia, sovbeans in Brazil, sugarcane and cotton in
Faraguay and a very wide variety of tropical and semi-
tropical products in the coastal plaing of Fer anii
FEcuador)i extensive capitalist enterprises (for exdample,
wheat and meat production in the Argentinean humid and dry
pampas) i mixed crop/livestock farms in newly colonized
tropical aAreas (for examples in the Amazonian areas of
Brazil and Faraguay)i and mixed crop/livestock systems in
most areas dominated by traditional peasant agriculture of
all countries, which include tromical, semi—-tropical.
temperate and dryland conditionss spme  of which have a
history of many centuwries (such as Andean agriculture in the
highlands o+ FPer » Bolivia, Ecuador and Colombia).

The predominant land use systems in South America
Aare: :




(a) Apdean.agciculiurel

Andean agriculture s organized around very comple:x
farming systems. where the elements or spatial organization
(ecological niches along a gradient pof altitude) and socio-
cultural traditions play a very significant role. This land
wse system is characteristic of the agriculture that is
practiced in  the Andean mountain range in the Northwestern
countries of South America (Fer » Bolivias Colombia, Ecuador
and Northern Chile).

It is present between 2000 and 4800 masl. Mean annual

temperatures range from 5 Gl o R 23 mean  mirmimum
temperatures range  from -1l Cto -6 Cs andi mean madx imum
temperatuwres vary betwsen 12 Gw arg. 25 B There is a

mecgative correlation between altitude and temperature. Mean
annual rainfall is of approximately 400 to &0C @mm in thoe
lower areas and of Y00 to 1000 mm in the hiogh punai however,
rainfall is highly irregular and annual precipitation can
vary 200 to 400¥  from vear to year. this being a greater
problem at the lowsr altitudes.

Natural resowce characteristics véry to such an extent
that +five ecological niches have been recognized by
Holdridoe (19467). In the most benign of these (dry mountain
trapical forests. or Sierral’, an intensive, diversified form
of agriculture is practicedy, while in  the High Puna {(wet
alpine tropical tundra)l only pastoral activities are
present.

Farming systems in this land use system include: (&)
community-based, subsistence traditional agriculture, that
combines a diversity of crop and livestock enterprises. some
of which have prehispanic origins. (b) Relatively well-to-do
peasant farming systems that operate less diverse small-
farms and that do not hire labor on & permanent basis.
typically found in  the lower inter—-andean valleys, where
environmental conditions are much more benign than those
found at higher altitudes. Many of these valleys are at
least partially irrigated. Vegetables. Maizes improved
pastuwres, fruit tresgs and milk are common activities in
these farms. (c) A third type of fafFming system in the
Andean land use system is that of fully commercial, capital
intensive agricultwre in the inter-andean valleys. Irrigeted
fundos tend to be continuous. while those holdings that are
rainfed usually are composed of plots of land which are

B e T

I. Breslou and Ney (19B6); Mayer (19B1)3 Mann {196&); Pecora (1969); Posada (1969); Pons (1946%);
Rossi (1969)3 G6ligo (1986)3 HAoreda et.al. C19BB); Quijandr a et.al. (1990); Feige (1989); Larrea
(1988); Carrizosa (19B7)y Felipe-Morales (198713 Masson (1987},
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dispersed throughout the areas swrounding the majior local
towns. Fertilizers, pest icides, improved varieties,
agricultural machinery and hired labor are key components of
these farms, to such an extent that traditional crops
(characteristic of the peasant comunidades) such as potatoes
can be produced with a profit.

(3)  Agriculiuvce_cof the Paopas2

The Pampas {(an indian word meaning flatland) comprise a
vast area of over 700,000 km . located. in Eastern Argentina.
While showing within-system bheterogeneity, the agriculture
ofF the Pampas is & distinct entity that can be treated as &
land use system. Similar formations can be found in Uruguay
and Southern BRBrazil (Rio Grande do Sul). The area is
inhabited by 1% million people (5S04 of the country’'s
population). The region was colonized through the La Flatsa
FUVEr . with the incoming population settl ing the
communication routes between the La Flata river and the rich
Spanish colony of Fer . The native indian populations did
not practice agriculture.

The climate of the pampas ranges from temperate warm to
subtropical. The typical climatic regime of this region has
been compared to the steppes of North America and the USSR,
Annual temperature variation is limited and the winter is
mild. Rainfall increases from West to East, going from S0C0mm
to  1400mm. The natuwral vegetation is that of permanent
arasses, the dominant genera being 8tipa and FPoa. The
"logss" (Chernosen) =olls are highly fertile. The carrying
capacity of these pastures is more than 10 heads of
cattle/ha.

The western portion of the pampas is much drier (300 to
H5QOmm annual rainfall). Qiving origin to stepparian open
forests of Frosopia spp. Animal breeding (cattle and sheep)
predominates in the farming systems of this sector. Moving
ME « rainfall increases (to  &50mm) and climatic variation
decreases, and mixed crop/cattle farming aystems
predominate. which are characterized by the very low costs
of production given the favouwrable climatic and vegetational
conditions. Stall further East, rainfall hecomes more
abundant (700-900mm) and soils tend to be heavier and richer
in organic matters o that cereal and oilseed crops become
the most important components of the farming systems.

For many decades the pampa has been one the prime
agricultural areas of the world. It is heavily oriented

2. Viglizzo and Roberto (1889); Viglizzo (1986, 1983); Muscolo, 194%; FAO-UNESCO (1971)
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towards the world markets of cereals and wheat, while also
providing abundant food for the national population.

(c) Extensive._sheep_breediog_in.the Patagoenial

The Patagonia is a very large arid steppe in BE
Argentina. Rainfall ranges from 100 to 200 mm/years. while
mean temperatures steadily decrease from North to South.
Btrong winds (specially during Spring) are a characteristic
of the Patagonia.

The wvegetation is highly uniform and is formed by
stepparian spiny shrubs (Larrea spp.) and grasses (SBtipa and
Festuca)l.

Extensive sheep production characterizes the farming
systems of the Fatagonia and most of the product (wool and
meat) is destined to overseas markets. Crops are grown under
irrigation in a few small valleys. Flans are underway to
increase oil production in this area.

A similar land use system, also with sheep breeding
farming systems, can be found North of the Patagonia.

(d) QCaationga.of Brazil4d

This well~-defined area in NE Brazil hag a semiarid
tropical climate. Annual precipitation is in  the range of
SO0 to BOQOmm and mean annual  temperatuwes vary between 20
ane- .24 'C. The predominant Fforms of veogetation are cacti
(landmarks of the area are Cereus jamacaru and e
SOUAMOSUS) and spiny shrubs (Caesalpinia, Cavanillesias
Mimosas Acacia, etc). e

Extensive goat breeding is combined with honey-bee
cultuwre and such crops as cotton and manioc (Manihot
esculenta). However, the agricultural landscape of this area
is changing rapidly. due to the expansion of irrigated. for-
export fruitcul ture (Qrapes., manoo and guUAava) and
horticultuwre (tomatoes, ONions. DERpPerS. melons and
asparagus! in such places as the San Francisco river valley.

A nearby agrricultural formation. which for some
purposes could be treated as part of the same land uso
system, is the Agreste. It is much more humid (BOO-1200mm of

3. FAD-UNESCOD, 19713 Muscoln, 194%; Bigas, 1969.

4.  FAD-UNESCD, 1971.
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annual rainfall) than the caatinga. It is a narrow strip
between the caatinga and the seasonal forest areas of
eastern RBrazil. Small-scale mixed Ffarming systems aro
predominant, dedicated to such crops as pineapples tobacco
and vegetables and to extensive animal breeding.

(@) QCapital-intensive..sorbheao. preoductioon_do the Brazilian
Campos. Lerrados

This vast savanna of Central Brazil covers a series of
flat plateauws that reach maximum heights of 1000 to 1800 m.
The warm tropical climate is characterized by rainy summers
and diry. windy winters. The typical vegetation is & mixturs
of high @ grasses (Paspalum, Panicum and others) with short
(4-8 m)y twisted trees (Kielmeyvera, Salvertia, Caryocar and
others). intermingled with dwarf palmtrees with subterranean
shots (Diplothemium littorale). The soils presaent
unfavorable chemical properties and are old and depleted.

In the last several yvears thizs area has eaperienced a
major transformation due to the introduction and notable
expansion of the soybean crops, in capital-intensive, highly
mechanized farming systems that have made of Brazil a major
grporter of this legume. Livestock production is also
important in this area.

Moving west, the Cerrados ogive way to the Pantanal
{area of marshes)., where rice production is predominant.

(f) Shifting.ageiculivuce_ in.the  _savapnas.of _ Lhe Amazonian
basins

This form of agriculture takes place in "islands" of
Campos Cerrados that are located within the Amazonian basinag
in Northern Brazil (Mato Grossos Roraima). The climatic and
vegetational characteristice of these islands are very
similar to those found in the typical Campos Cerrados
descr ibed above. However, the low topography of these areas
causes significant drainage problems duwing the rainy
SEeason.

Mixed crop/livestock farming systems are found in this
area. Land is cleared by means of fire. In those sectors
controlled by small farmers that practice subsistence
agriculture, the system appears to be highly stable.

b o biaes bonrn beren e o S o o bynbe oot Wt s WAL Roth ad s by e

5.  FAD-UNESCD, 1971,
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(=) Reforestation-hased . __aocicwlivce __in_ the  Erasiliac
Amazand

The ol imate of this enoroous recgion is webt semical id.
Annual rainfall 1g above 2900mm and there is no dey season.
The perennial wet tropical forest of this area are formed by
numerous woody species.

Iin the area of the states of Acre., Rondonia and Faras
of Northern Brazil, these forests grow in marshy flatland.

Two basic forms of farming systems are found within
this land s system b b e tappers (2utractive
agriculture) and settlers (livestock farming on deforested
lands) . Tappers base their living on rubber extraction.
callection of Brazil-nuts and Ffishdng. Low—-soil fertility
and poor  water managemant lead to very rapid degradation of
clear lands in the settlers’ system.

(h) Elapntafions _and fruwitculivce io_ Southeastecn Brasil”

This is another area of Brazil <hat in  the past few
vears has experienced great changes, leading to new land use
systems. This is also one of the most densel y-popul ated
parts of the country and demographic pressuwre on the land is
high.

The climate ranages from tropical upland to subtropical s
annual rainfall ia  Bo0 to 1000Gmms and mearn annual
temperatures vary between 18 and 22 C.

Thaere are several different types of farming systems in
this area.s althouwgh they all tend to be of the plantation
type and highly mechanized and capital-intensive, O of
these farming system types is the sugarcane plantations for
the manufactw ing of alcohol as  a  gasoline replacement.
Citrus  farming is also highly dimportant, a&as the region
produces 704 of the world’'s output of thes fruite, Coffee
plantations are a third major type of farming system.

6.  FAD-UNESCO, 1971,

7.  FAD-UNESCO, 1971.
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(i) Eutensive_livestock_ and_mived_ croplivesiock farming.in
the_ Gran. Chaoot

This large system is located in the center of the South
American continent. Although it is very bheterogensous within
itself, it is widely recognized as a peculiar form of
agriculture in  South America. It covers parts of Northern
Argentinas. Western FParaguay and parts of Southern Bolivia.

The climate is wearm semitropical. ranging from semiarid
in  the central part of the Gran Chaco to dry and humid
tmonsoon—-type) both to the West and to the East. The
semiarid portion has an  annuad rainfall of S40mm  and
avapotranspiration of Z140Omms with no humid months. The dery
and  humid part has an  annual rainfall of 1300mm and
svapotranspiration of 1E20mma with a wet season between
October and Julyi large tracts of land become flooded daring
the rainy sSeason.

There is a ogreat diversity of farming systems within
this large expansion of lamnd. In Northern Argentina it is
possible to find forestry-based systems, (wood and charcoal).
Agroftorestry systems are important in Northcentral Faraguay.

Further east in Argentina and in  the Eastern and
Riverine regions of FParaguay. there are both commercial and
highly diversified small-scale peasant farms (tobacco. tea,
mate tea. cotton and maize). Commercial. capital-intensive.
monoculture farming systems have expanded in the Santa Cruz
area of Heolivia and in the eastern bhills of Paraguay. There
are rainfed and irrigated forms of crop farming.

Livestock production. combined or not with ocrops. is
important throughout the Chaco. based on low quality
oraszslands and native and Zebu breeds. Over &0% of the
Bolivian territory (the Llanos and the Oriente regions) is
under this  type of farming systems. Extensive 1ivestocok
production is  the predominant type of farming system in the
Chaco, and iz also responsible for most of the negative
environmental impact.

8.  FRO-UNESCD, 19715 Muscolp, 19693 Pccora, 1969 Gigas, 196%; Horello and Hortt (19B7).
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(i) Comoercisal_ _plantations. __io__the Coastal_ _lDessris  _of
Nocthwestern. South_ _foerica?

A very narrow (75 to 150 km) and  long (over 2000 bkm)
astrip of land marks the Facitic OCcean coast of Fer . The
cl imate is classified asg cold tropical desert. Annual
rainfall iz of less than Z0mmy while evapotranspiration
approaches 1000mm. It is very common to have zero rainfall
years., Howevers the Humboldt currents that brings water from
the Antarctic to the Ecuator . AL S mean annual
temperatuwres to be very low (1S to 20 C).

. .

Larges capital-intensive commercial plantations produce
cotton, rice, SWIArcans, orain crops,. potatoes and legumes,
in a form of pasis-agriculture. s

The for-export plantations of the Coastal provinces of
Guayas and Manab » in Ecuador. can be said to belong to this
major land use system. although the climatic regime
{equatorial wet semicalid) is much more humid (200-400mm of
anrnual rainfall) than that found in the coast of Fer .

(k) Ecuwit. production_in_ Central _Chileld

The area presents a Mediterranean ol imates, with a bMNorth
Lo South decrease in  temperature (20 to 12 C mean annual
temperature) and increase in rainfall (400 to 2000 mm annual
precipitationy. Winters are rainy and summers are dry.

At the northern and central portions of this ol imatic
zones a new land use system has originated in the last 25

yearsy based on for—-ouport fruits (table orapes. apples.
peaches, pears and others). The commercial farming systems
are highly capital—intensive. Small ~scale peasant

agricultuwre coexists producing bhasic food staples.

EXISTING RESEARCH STRATEGIES FOR
IMFROVING LAND USE SUSTAINARILITY

For this Workshopa. the organizers reguested that the
assessmnent be oriented to T identify institutions that
are doing systems-focused research that gyplicitly looks for

9.  FAD-UNESCO, 19715 Pons (1969); Rossi (1969).

10, FAD-UNESCO, 1971; Baraona and 5sa (1969); Echenique and 6 mez (1988); BIA (19B4)
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strategies to ephance._ _the. . susiainability of a particular
land use (agricultuwral) systems."11

Table 1 summar izes the basic findings of this search.

FRESENT RESEARCH EMFHASES AND
FUTURE PRIOKITIES

(a) DRefiniticon.of sustainabilite

The core of the definition of sustainability used in
this paper is taken from Conway » and Barbier (1988): “the
ability to maintain productivity in the face of stress o
shock. " '

Mowevers a second dimension is sugoested by the fact
thats many times, this stress or shock e induced not by an
sxternal supra-systems but by the structure and function of
the land use system itself. That it pragsent land use
systems cause or facilitate the accumulation of ecological.,
social e cul tuwral and/or eoonomical imbal ances that
eventually can lead to decreasing productivity. In tacts 1%t
appears that many of the major sustainabil ity problems
confronting present land use systems, have originated in the
structuwre and/or functioming of the system itseld. and not
only in the relationship between the system and & higher
hierarchy.

Thereforea, it seems  appropriate to modify Conway and
Barbier s definition as follows: land use sustainability is
the ability of a syztem to maintain itse productivity in the
face of stress or shook and in the absence of additional
inpute of enargy.

This definition places this assessment closer to the
proposition of Hart and Sands (1990) "to begin  to develop
Land wuse systems that are both economically viable in the
short-run yet not environmentally degrading in the long run.
In short, the essence of sustainability is the maintenance
of natuwral resouwrce productivity."

Howevers in the case of the major South American land
use systems. 1% is possible to find two essentially
different cases of long run  environmental degradation
(Gallopin et &l.s 1989 . O the one hands there are those
problems  associated to  the pradominant productive and
technological patterns of economic ogrowths in the areas of

11. M. Sands, personal comsunication, 23 oct 89. Underiining by the authors.



11

rpansion of capital~-intensive agriculture (SE Brazil. coast
of Fer and Ecuador . central Chilea ancd  others) §
colonization of new agricultural frontiers (in  the Gran
Chaco, in the Brazilian Cerrados and in the amazonian basin)
constitute a special case of this general situwation.

Un the other hand, there are problems of environmental
degradation associated with poverty.s in  the areas where
peasant agriculture is still predominant (Andean
agricultures Amazonian basine,  NE  Brazils Gran Chaco of
Faraguay. Argentina and RBolivia, and others).

It is almpst self-evident that these two cases demand
different approaches and reguire particular answers., It is
well documented (Sancholuz et al.. 1985 that actions that
under one condition would promote ogreater sustainability,
are responsible for accelerating or being ineffectual under
the other set of circumstances.

This confronts wus with the problem of specifying the
condition of short-term economic viability, so  that it is
compatible with the sOCioeconamic arel cultural
characteristics of the human population that manages the
land use system.

(b)) Qooclusicos.ef  _cuwececeot _sitwatico. _of laod wuse_ sysien
sustainabiliLy

There are four main conclusions of this assessment:

i Most of the agricultural systems swveyed i this
assessment face important sustainabil ity problems. In some
cases (for example, community—-based aogricultuwre in  the
Andean highlands, livestock in  the Amazonian basin. the
mived crop/livestock systems under semiarid. semitropical
and tropical conditions) the problem is an wgent one, as it
is now affecting the natuwral resowce base to such an extent
that agriculture may not be feasible within a few decades.

> o 1 Very few of the institutions identifigéd in Table 1 are
engaged in systems—-focused research whose explicit objective
is to enhance the sustainability of a land use system. Theroe
are no institutions that have accumulated experience with
long—term, multi-hierarchy studies, of the kind that would
bhe indispensable to design sustainable land use systems.

iii. There is & lack of contact and sohange between
research programs that deal with different levels of a land
use systems within and between institutions. The

characteristic organization of the National Research Systems
(NRS) separates research according to specific commodities

s
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restawration of present-day agroecosystems and in the desian
of land use systems that avoid past and present mistakes in
such areas of agricultural colonization as the amazonian
masin (4 million km of uwuncultivated land) or the South
Amer ican savannas (1.5 million km uwuncultivated).

e From the point of view of their economic logic. the
land use systems described above can be divided into Ffour-
CIFOUpRs.

Group A Land__uwse__systeons_ _deominated by capital-intensive
agr-iculiure

In this group., it is possible to include the following:

- Flantations in interandean temperate vallevs (Fer .
Focuadora. Colombia)l.

- Flantations in coastal deserts of Fer and coast of
Eowador (Guayvas and Manab ).

= Fruwiteal tuwre 10 Central Chile. .

= Fruitculture and horticulture in irrigated valleys of
the Brazilian Caatinga and in the Southeast.

- Rainfed coffes, citrus, sugarcane and soybean farms
in BE Brazil.

Group B: Land . wse. .. systeos. . dooinated by _exiensives
mmooercial _anciculiuce

In this group, it is possible to include the following:

- Extensive animal breeding in the South American Gran
Chaco, the Brazilian Cerrados and Pantanal.

- Extensive cereal and livestock tfarming in  the
Argent inean Fampas.

- Extensive sheep breeding in the Fatajponia.

- Extensive livestock farming in the Colombian and
Venezuelan Llanos.

Broup &3 leang_ wse syslems A0 argas. . of  _eupansion..-of _ Lthe
amciculivecal frontiec

These land use systems shars some characiteristics with
those in groups A, B or D. However, they are specific enowib
to merit separate consideratbions




14

- Deforestation-based wtensive laivestock farminog in
the Gran Chaco and the amazonian tropical forests.

- Loybeans and rice farms in the Cerrados of Brazil.
- Cotton production in the South American Gran Chaco.

—- Small-scale settler farming systems in the Smazonian
perannial tropical forests.

Group DI  Land. use. syslems dopioated by peazaont_acciculivees
Imn this group it is possiblesto include the following:
= Lommunity-based agriculture in the Andean highlands.

= Small-scale Ffarming in  the interandean highlands.,
including agroforestry systems.

- Mixed crop/livestock farms  in  Central and Central-—
SGouthern Chile, including Mapuche agriculture.

- Extractive agricultuwre in the Amazonian perennial
tropical forests.

- Mixed crop/livestock Ffarms in  Souwthern FParaguay, NE
Arogentina and Central-Socouth Bolivias in the Brazil ian
semiarid tropics and South and Southeast regions, and
in-the warm tropical savannas.

() Becoooeondations. foc. . futuce rceseacch_ _princities Lo
gnhaoce. the _sustainability_of land use syslens.

Recommendat ions for  futwe research priorities can be
ordered according to the five-step process sugoested by Hart
Ancd Sands, 19900

- Description:

* Rasic research of agricultural scolooy and ecoloay
o Aavt - rul tivated LSRR BRI RE & B Lol Tl U E L R S
fropical rasn roreats A wavaliiae.

¥  Identify and describe the different acroecological
ERvironments, o potential, restrictions and
oppartunities for development.

~- Analysis:

¥  Introduce dynamic systems analysis at a whole-
farmsy microregional and regional levels.

i



- Design?

*

Stimul ate ogreater interdisciplinarity and inter-
level Hohange in research P oorams and
institutions.

For capital-intensive land use systems. research
shouwld be supported that a&ims at reducing costs.
enfiancing  ogual ity of products and strengthening
the link with agroindustry. as compared with more
traditional research  that emphasizes on yield
increments.

For land wse systems in areas of agricultural
frontier. research should be supported that
enhances soil~crop-livestoghk interactions and the
relationships between diversity. =tabil ity anc
produgtivity.

Consol idated land use systems  based on extensive
livestock farming do not contront maj or
sustainabil ity problems. with the exception of
increasing  competition for space with capital-
intensive crop farming.

l.and use systems dominated by small-scals
traditiconal Farming e ire the design of
appropriate  and  improved technologies and  the
shrong support of their national societies to open
up space and toime opportunities for  those
alternatives to take hold.

Evaluation:

*

Development of methodologies for ex ante and ex
post evaluation of the efficiency of each land use
syatem and of the impact of new components within
A given system.  Such methods= must consider
socioeconomic and agroecologlic criteria.

Monitor ing  (of present 1land use systems and
spatial /temporal changes and assessment of the
environmental impact of aogriculture. Areas of
agricultural frontier and of rapid technological
change should be given priority. Incorporation of
Femote Sensings Beographic Information Systems and
gcological impact modell ing would ogreatly increase
the efficiency of these research programs.

Disseminat ion:
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#  Definition of biophysic and SO LR Oromio
parameters  that permit the early detection of
environmental distwbances caused by errors in the
preceding steps, by the effect of scale. or by
unpredictable or new factors, in order to allow
the fine-tunning or reorientation of land use
systems before problems reach a critical staoe.

#  The very old and resilient problem of the 1ink
hetween resgarch and exdtensican. should continue to
e & very critical priority.

Research related to Group A land use svetem should
prioritize work that is conducive to replacing high
enviranmental —impact technologies with new options that show
a potential to be accommodated within the profit-motive of
commercial. capital—-intensive agriculture. Cost-saving and
pual ity-enhancing research should be given a greater
emphasiss, as compared to yvield-increasing research.

Research is also important to support the enhancement
ot what ane author (GE1 i, 1288) has called the
"infrastructural complexity factor'". b = the adequate
availability of infrastructuwre for the circulation of energy
and information into and out Ffrom the land use systems.
Such factor should reduce the fluctuation of these fluxes
and the internal variability of the agroecosystems.

Group B land use syetems probably present the least
sustainabil ity problems, as compared with the other two
SO S . More sustainable agricultural syvstems could be
des iomned 16 more research was conduced related to the
following questions. diversification af agricul tural
artivities, and, in particular,. crop/livestock interactionss
systems analysis of the relationship between productivity
and sustainabil itys genetic improvement of pastures. crop
varieties and breeds, from the point of view of their
tolerance to stress environments (sal inity. drought and
water-lodging) i soil~forage-animal interactions.

It is important to point out that & systems perspective
is lacking in most research being conducted for this land
LEe systems.

Finallys a number of policy-related research issues
need to be given attention, since this land uze system bhas
autffered a relative technological atagnat ion over the past
decadesi several authors have argued in favow of technical
and economic changes, in  the face of the new realities of
the world cereal and meat markets. Since these potential
changes  will inevitably have an impact on  the natwal
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resources. it seems that research should be supported that
deals with policy analysis and regsouwrce economics.

Group C land use systems contain the most pressing
agricul tuwral sustainabil ity problems. and they demand a
major commitment of research resouwrces. There is & basic
lack of knowledge on the ecology and economics of the major
colonization ecosystems. which is reflected on the many
blunders that characterize many of the colonization
Proc ams . Aorof orestery is  an  area that should receive
consideration. In addition, more resouwrces should be devolted
to wnderstanding  the basic elements of the extractive
agriculture that has been practiced for many vears without
significant environmental impact. Water-systems equil ibrium
s a fundamental problem in @ watersheds of such oreat
magnitude as those of the Amazons, | the Orinoco and the La
Plata rivers, Momitoring of the colonization projects need
to be expanded, both on a regional level as well as through
indepth case studies. In =short. unless more solid basic
scientific knowledge is ogathered, it "seems difficult to
identify those technological components and farming system
designs that are best fit to the particular conditions of
the three main colonization areas: the Amazon, the Gran
Chaco and the Brazil ian Cerrados.

Group D land use systems face many pressing
sustainabil ity problems. Most of them originate in a vicious
cycle of impoverishment of the agricultural societies that
inhabit them and of overexploitation of the natural resouwrce
base to try to meet the most fundamental household needs.
Research that is aimed at preventing increased damage to the
enyv ironment and impoverishment of the societies iz required,
as compared to curative efforts that today are most
prominent.

Althowgh & systems approach is present in many ongoing
research projects in  Group D land use systems. there is
still a need to 1ink component technology efforts  such as
variety improvement to & whole-farm and whole-microregion
(watershed, communities) perspect ive, civen the great
complexity of the present forms of agriculture that
precludes isolated breakthroughs (61 igols 1986) .

Sa il and water conservation and  management  will
continue to be major research questions in Group D land use
systems. Another area that requires support has to do with
the development of new concepts and the design of new
methods for the dissemination of techrnological improvements
into the farming systems of the Andean land use system.
particularly in the commuan ity -based systemns of the
Highlands. Development of more sustainable land use and
farming systems compornents should be combined with efforts
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to open up space and time opportunities for those components
to take hold and cause their expected effects.

Finally, there are three areas of research that need to
be supported throughout the whole South American recgiond

First, there is a need for projects aimed at generatiog

and disseminating  high qual ity scientific information
concerning the development of sustainable land use systems
among policy—-makera, I EEsEAr e s, extension agents and

organizations of producers. Thig aspect appears to be
necessary in order to stimalate new attitudes in those
sectors concerning the enwironmental = dimension of
agricultural development, and its relation to the guestions
of productivity, efficiency, short-term economic goals and
s0C ial equity. There are strong biases that make T
difficult to obtain national support for the proposition of
sustainable agriculture, including support for research.

Second. effective monitoring capabilities are lacking
in most countries, even in those that have more than encough
laws and regulations that would preclude (if enforced) at
least the most harmful elements of some of the present
agrricultural systems.

Third, it is necessary to support research efforts
aimed at developing new concepts, methods and tools that
allow the scientific community to operational ize the notion
of developing more sustainable land use systems. Ewven
traditional amnalysis methods designed for fixed-structure
and steady—-state systems need to be revised in order to meest
our new challenges (Gallopin et.als 198923 Nicolis and
Frioogine, 19277% Holling. 1986).
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