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1. Introduction

Agriculture is much more than simply the productaireconomically important goods. As a
source of food for human beings and animals, fibeterials for construction and for crafts,
oil and fuel, agriculture is vital for the culturead communities that produce them and plays
a critical role for the goals of sustainable depetent and reducing poverty and inequality.
Recently special emphasis has also been placecherrole of agriculture in providing
environmental services such as mitigation of tHeog$ of climate change, regulation of the
water cycle, erosion control, maintenance of habitmr wildlife and preservation of
landscapes and places of religious importancehibidense, agriculture is a multifunctional
activity (Chaparro, 2000; Cahill, 2001; Dobbs andtfy, 2004; Brunstad et al., 2005). This
doesn’'t mean that agriculture can simultaneoushsfyaall these functions, since that
depends on specific contextual characteristics. ellmiess, these multiple functions of
agriculture should be taken into considerationeesly in the context of development and
sustainability goals. In the last 50 years agrigelthas contributed only 10 to 12% of GDP; it
has been secondary to other productive activitiemetheless, agriculture still represents a
key sector of the Latin American economy, as itbaots for a large part (30 to 40%) of the
economically active population.

In those countries that lack minerals and oil, agdture represents the main source of exports
and foreign exchange. Agriculture is a relativelgrenimportant part of the economy in the
Central American countries than it is for Latin Amca generally. While agriculture only
contributed 8% of GDP in 1998 in Latin America alérDixon et al., 2001), in Central
America in 2000 agriculture contributed from a loWw7% of GDP (in Panama) to a high of
36% (in Nicaragua). The importance of agricultuseaagenerator of foreign exchange is even
more significant. In 2000, agricultural exportsgad from a low of 30.8% of total exports of
goods in Costa Rica, to a high in Belize of 69.4f4abal exports (Harvey et al., 2005).
Finally, in most Latin American countries, agricul represents a subsistence way of life for
millions of people, including indigenous commurstigPCC, 1996).

Recent research has shown exhaustively that agniallactivities are diminishing in rural
areas from the standpoint of the number of peaplelved and the income generated, while
non-agricultural activities are on the rise, in talar those linked to the provision of
services. For these reasons, the families thatihivareas defined as rural are increasingly
abandoning exclusively agricultural activities &k out other opportunities (Da Silva, 2004,
Dirven, 2004). These phenomena are responsibleam for the migrations from the
countryside to the cities, but are not the solesealThe expansion of the large transgenic
monocultures in the countries of the Southern Cieneansforming the agrarian structure,
increasing the concentration of land and the migmabf peasants (Fearnside, 200lab;
Pengue, 2005). In addition, violence due to tematointerests is causing massive forced
displacement, as in Colombia and Ecuador.
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Parallel to this difficult context, fishing is alsteveloping; it continues to be one of the key
components of certain local economies in many glacd.atin America and the Caribbean
(LAC), especially the Amazon region, both in terofishe value of production and in terms of
employment. Bernal and Agudelo (2006) cite figuresn the FAO according to which there
are more than 38 million people directly engagefisining and fish farming on a full- or part-
time basis; and the developing countries now p®Vid% of the fish for human consumption.
Marine fishing is also an important economic atyivh LAC, generating employment and
incomes; most of the fish offloaded is accountedifpthe Southern Cone countries.
The current status of agriculture in LAC, in terafigroduction and productivity of goods and
services in relation to expectations for attaining millennium goals, is not uniform across
the region. The heterogeneity in levels of agrimalt knowledge is due in part to the effect of
the structural reforms carried out in the regionthe last 25 years most of the countries of the
region began or intensified their processes ofsidjant and structural reforms, as a result of
which they experienced major changes in their #irec of production, productivity,
competitiveness and in the profitability of varicagtivities, including agriculture (David et
al., 2001).
It should be noted that it is practically impossiltb establish typologies of development
models by country, as one finds the coexistenaeenf different and more complex situations
than in the rest of the economy, given the majfesinces between and within the countries.
The differentiation of the growth model has occdrvéthin the countries, with repercussions
both on the specially located dynamic poles anthertype of activities and actors.
1.1.Characteristics of the production in Latin Ameiica and the Caribbean

1.1.1. Available resources

* Natural resources.Agriculture produces unprocessed agrifood produsis®g natural
resources (land, water, biodiversity) as one offt#twors of production and the process
may involve “cultivation” (planting, aquaculturetoskraising, forestry) or “gathering”
(hunting, fishing, forestry) (Dirven, 2004). Thegpées of LAC live in a territory with
abundant resources in terms of land, water andusegity (OSAL, 2005). The water and
soil, key elements in agricultural production, n@ymay not be considered renewable
resources, depending on their degrees of culturahagement. In any event, they
constitute the main limitations and potential fgriaulture at this level (Leon, 2007).

* Land. Latin America and the Caribbean is the region wli# largest reserves of arable
lands in the world. It is estimated that 30% of teeritory in LAC has agricultural
potential (Gomez and Gallopin, 1995). The region A&0 million ha of land under
annual and perennial crops in 1999 and anothem@0i®n ha dedicated to grazing and
pasture (Dixon et al., 2001). Nonetheless, dud¢omismanagement of the soils and to
the use of marginal areas for agriculture, theardias approximately 300 million ha of
degraded agricultural area (FAO, 1998), while aeot®0 million ha of arid lands are
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threatened with desertification due to overgrazmgerexploitation of the vegetation for
domestic uses, deforestation and the use of inpppte irrigation methods. This
represents more than 50% of the total agricultare& (including grazing areas) affected
by degradation. Erosion, acidification, loss of awg matter, compaction,
impoverishment of nutrients, salinization and sodntamination are a result of the
intensification of agriculture through the interesiuse of agrochemicals, fertilizers, and
pesticides, as well as the use of inappropriatgaition technologies and agricultural
machinery (UNEP, 2006).

Erosion is the main cause of land degradation i€ lahd affects 14% of the territory in
South America and 26% in Mesoamerica (UNEP, 1999)s problem is especially
serious in steep areas such as the Andean regemrdt and northern), as well as the
maize and bean zone of Mesoamerica. In these areafon is causing low levels of
production and is affecting the migration of snsalkle producers to the cities or the
agricultural frontier in forested areas, contribgtito soil degradation there (FAO, 1998).
This process is also taking place in other steepsasuch as the Chiapas highlands in
Mexico (Richter, 2000).

Nutrient attrition is another very serious problémat results from the intensification of
agriculture and synthetic fertilizers. In South Ama nutrient attrition affects at least 68
million ha (Scherr and Yadav, 1997). Nutrient &tin may also be a consequence of
deforestation in moist tropical zones. The conwersif forest to cropland in these areas
has brought about the loss of organic matter asdabeelerated erosion and the increase
in the sediment load in rivers and lakes (FAO, 998

Chemical contamination of the soil and water, wratsdo derives from the technologies of
intensive agriculture, has been increasing in disé 30 years. Nitrification of the soil and
water is directly related to the use of chemicdilieers (UNEP, 2006); in LAC the use of
fertilizers increased from less than one millionrtes in 1961 to more than 13 million
tonnes in 2003 (FAOSTAT, 2005).

Water. In terms of water, the region has relatively fabbeaendowments compared to
other areas in the developing world. It has alnhadft of the world’s total renewable water
resources and some 90% of the land area fallseirhtimid or sub-humid zones. While
overall the region is relatively wet, there areesal’ areas where drylands predominate,
principally in northern and central Mexico and tt@astal and inland valleys of Peru,
Chile and Western Argentina, Northeast Brazil dmgl Yucatan Peninsula and the Gran
Chaco area of Paraguay, Bolivia and Argentinaotalt drylands comprise some 15% of
the region (FAO, 1998). Natural grasslands or saahs, many of which are relatively
dry, are found in much of Argentina, as well axantral, western and southern Brazil,
Uruguay and parts of Colombia, Venezuela and Guy&raps occupy around 160
million ha of the region, while another 600 milliba are dedicated to pasture and grazing
land (Dixon et al., 2001).



evropsky

socialni MINI STFRST Vo SKOLSTVI, OP Vzdélavani
fondv CR EVROPSKA UNIE \ A TELOVYCHO pro konkurenceschopnost

INVESTICE DO ROZVOJE VZDELAVANI

***

4

Hydrobiological resources represent another commtooieSouth America’s biodiversity,
with approximately 3,000 fish species. Nonethelgssy little is known of the biological
cycle of the fish species dependent on the watele@nd even less of the zooplankton
and phytoplankton of the continental and marineevga{Bernal and Agudelo, 2006).
Agrobiodiversity. Mesoamerica and the Andes are two major center®rigin of
domesticated plants, many of which are now of dlabb@ortance. Maize and beans are
the most prominent of these, but the list alsoudek potatoes, sweet potatoes, tomatoes,
cassava, chili peppers, gourds, squashes, avocatton and peanuts. Wild ancestors
have been discovered for some of these crops, asighaize. There is also significant
genetic diversity across the region that has beseldped since the introduction of non-
native crops such as banana and sugar cane. Witgwaexceptions, the region’s
agrobiodiversity is not well studied. Maiz&ga maypis one of the most significant crops
that originated in the Americas; it is now the masglely grown crop in the world. Due to
its ability to grow under highly varied climatic mditions, it is grown in at least 164
countries worldwide (Global Crop Diversity TrusQ@”).

Mexico is the center of origin and the center ofedsity for maize, with more than 60
landraces and numerous local varieties, as welthaswild relatives of maize, the
teosintes. Mexico provides one of the earliest gptamof deliberate conservation of wild
crop relativedn situ; the existence of teosinte was the primary redspthe creation of
the Sierra de Manantlan Man and the Biosphere Restere in 1988 (lltis, 1994;
Meilleur and Hodgkin, 2004). The common be&hgseolus vulgarjsappears to have
been domesticated separately in Mesoamerica atigk iAndean region. Wild gene pools
are also concentrated in these areas. Mesoameaitiivars dominate global production;
some 60% of beans produced throughout the worldfakesoamerican origin. Common
beans are the world’s most important legume foagh @nd are particularly important for
human nutrition because of the high protein contehich is roughly double that of most
cereals (Beebe et al., 2000). Potéolanum tuberosunwas domesticated 7,000 years
ago around Lake Titicaca in the Andes (Spoonet. €2@05). Potato is the most important
crop for the cultures in the Andes, where over d&ieties can be found growing within a
single valley (Brush, 1992).

Relatively few animals were domesticated in the meovld; only one, the turkey, has
spread significantly beyond its native habitatd/limsoamerica and the present-day United
States. The llama and alpaca, domesticated in tie# still play an important role in
Andean society, as does the guinea pig, domedlidatefood. The Muscovy duck was
also domesticated in South America. Wild relatigésome of these animals, particularly
the wild turkey and the vicuia, which is relatedlamas and alpacas, are still to be found
in the areas where they were domesticated (Hel@90). The agricultural genetic
resources of the Latin American region are enormAsgsone of only a few places where
agriculture was independently invented and theereat origin of many of the world’s
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major food crops, the area retains numerous lardraacal varieties and wild relatives of
great importance to the future development of aditice worldwide.

2. Latin American and Caribbean Agricultural Producti on Systems

Recognizing the structural heterogeneity and ditsersf actors, cultures and knowledge of

Latin American agriculture both regionally and sgonally, it was decided to consider three

agricultural systems for the purposes of this eatabn:
a) Traditional/indigenous (includes peasant)
b) Conventional/productivist
c) Agroecological

The importance of each of these systems varie®migtamong subregions, but also within

each subregion and even within each country. Thieqmeance and impacts of three principal

agricultural systems are presented in Table 1.
Table 1:Main characteristics of agricultural systems calesied in the assessment (Ahumada et al.,

2009)

Indigenous/ traditional | Indigenous/ traditional Indigenous/ traditional
Indigenous communities, Agribusiness, small, Small, medium and large-scale
Main actors Afro descendants and medium and large producers, professionals.
peasants. producers.
Low external input, local Chemical inputs, Low dependency on external inputs.
Inputs (type Technology. technological machinery| Biological inpgts produced frqm within
Nl and tools, externally the system. High technology integratgd
and origin) bought fossil fuel. to endogenous, natural, physical ang
energetic processes.
Local/ancestral knowledge. Academic/ technological| Academic/ technological knowledge and
Strongly rooted to the Knowledge. knowhow with emphasis on
Knowledge : o
. territory. local/ancestral knowledge. Scientific
and skills knowledge strongly based on ecologiqal
science.
Diversification Multi-crops; high Great scale monocultures Multi-crops, with spatial and temporal
of biological diversity. with spatial and tempora integration.
. rotations.
production
Little or no linking with Strong articulation with Little articulation with production
Links to the input/output markets. production chains and | chains, but strong linking with markets
market Production largely oriented  links to national and of differentiated products.
to family consumption. international markets.
Family and communal | Dominated by hired labor, Family and hired labor.
Labor labor using different forms
of labor exchanges.
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2.1. Traditional/indigenous

The traditional/indigenousystem is a family agricultural system, primarityaelving family
consumption, under which one can distinguish tiaietsystems constituted by indigenous
and Afro-descendant communities linked to the tignyiand the peasant systems. It is based
on local/ ancestral knowledge and is not very vadiiculated to the market for inputs and
products, though today many peasants market paineofproduction. In general, this system
is high in agrobiodiversity, outside inputs aredise a limited extent, if at all and labor is
drawn from the family (Altieri, 1999; Toledo, 2005The cosmovision of indigenous
communities assumes a relationship with naturadwe®s that goes beyond an economic-
extractive activity: it implies an ecological-culélrspiritual vision linked to the territory. (For
the example of the Andean world view, see FiguyéAhumada et al. 2009).

This system stands out for sustainability with extpto the environment and energetic
balance, with variable levels of production (Baar&assols and Toledo, 2005). In several
regions traditional/indigenous agriculture is disy@d to marginal lands and much of the
knowledge that undergirds it is being lost (David a&, 2001; Deere, 2005). In these
conditions one finds low yields. In most countriek the region, governmental and/or
institutional support has not fostered the streagitig of this system.

2.2. Conventional and/or productivist

At the other end of the spectrum one finds the eatienal and/or productivist systeaiso
called the “industrial system.” This system is cuaerized by a high degree of
mechanization, monocultures and the use of extenpals, such as synthetic fertilizers and
pesticides, as well as contract labor. It is basedechnological knowledge and is highly
articulated to the market and integrated to pradeaathains. This system has been supported
by development models and it has benefited frompsupsystems such as credit and
technological capital. Its prominence in the natloand international markets makes the
conventional and/or productivist system stands fout high levels of productivity and
competitiveness. Nonetheless, it gives rise toifsogmt negative externalities in terms of
environmental, social and cultural cogtdumada et al., 2009).

2.3. Agroecological.

As the environmental and human costs of conventignaduction have increased, the
agroecological system is becoming more importahtisl based on the knowledge of
agroecology stemming from the interaction betwemeangific and traditional knowledge and
aimed at reducing the negative impacts of the aotwmeal systems through productive
diversification and the use of ecologically-friepdéchnologies. This system is characterized
by the search for sustainability in social, ecormneultural and environmental terms; scant
articulation in productive chains; and a strondk lin the market for differentiated products,
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especially organic products. The systems descrdredexpressed in the subregions with
differentiated nuances and through mixed forms atiqular combinationgAhumada et al.,
2009)

Figure 1: Andean cosmovision (Gonzales, 1999; Gonzales,€t%9)
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3. Agriculture and Future Climate in Latin America and the Caribbean

Agriculture plays a key role in the economy and sbeial fabric of Latin America and the

Caribbean (LAC). The sector contributed 5% of thgion’s gross domestic product (GDP) in
2012. It also accounted for 19% of male and 9%eofidle employment during 2008-2011
(World Bank 2013). In addition, exports from Lafhmerica represent a growing contribution
to global agriculture trade from 8% in the mid-1990 about 13% in 2011 (World Bank

2012) and now account for about 23% of the regienjsorts. Therefore, the region’s ability

to produce and export agricultural commoditiesxgegted to play an increasingly important
role in global food security. At the same time, estimated 49 million people are under-
nourished in LAC (OECD-FAO 2012) and the agricudtuishare of total household income is
more than 50% among poor rural households in soatie [American countries (Vergara et

al., 2014).

Agrifood trade in Latin America and the Caribbeassvhit hard by the global financial crisis

in 2009, when it suffered a significant contractemmd a reversal of its decade-long growth
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trend. Indeed, during 2009 the region saw a shacpire in agricultural exports and imports,
which fell by more than 9% and 19%, respectivelyt bubsequently recovered in 2010,
achieving growth rates of 16% and 15%, respecti{@de Figure 2).

Figure 2: Annual variation in agricultural trade of LAC (20€2010) (FAO, 2013)
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The agricultural sector’s share of total exports hemained relatively stable during the last
decade accounting for 20% of total exports in 20b@orts of agricultural commodities
represented 8% of total imported goods. This réflacpositive trade balance, which reached
a figure of approximately us $107.1 billion (FAM13A).

Within this context, climate changes anticipatedirdy this century may exert additional
pressure on environmental conditions under whialicalgure activity has developed, and if
not properly addressed may ultimately result imsigant economic and social impacts.
Physical changes anticipated by commonly used dutlimate scenarios, of relevance for
agricultural activity, include: increases in airdarsoil temperatures, changes in £O
concentrations in the atmosphere, sea level risenges in the hydrological cycle and in
water quality and availability, intensification amtrease in frequency of extreme weather
events, including droughts and floods, changeshe dltitudinal level of dew points, and
others. Some of these changes are gradual andagtidnal, that is, they will show over time
at a rate still uncertain but with a known direnti@hat is the case of increased temperatures,
levels of CQ in the atmosphere and sea level rise. This doctifoenses on the implications
for agriculture of those changes; other changesreme uncertain and variable (e.g. weather
and rainfall patterns) and more research is stfuired to ascertain —with a higher degree of
accuracy— their systemic implications on agric@tulfhe objective of this report is to
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highlight the need to better understand future ateximplications for, and to plan for climate
change adaptation actions in, the LAC agricultseadtor. For this purpose, an overview of the
sector’s climate challenge is presented, includivegconsequences of projected impacts and
possible responses (Vergara et al., 2014).

3.1. Latin America and the Caribbean’s agriculturesector

While, as of lately, there has been a great deasesttor diversification in the region,

agriculture production remains a back bone of epsvoaamctivity. The sector accounted for
5% of LAC's GDP in 2012, but contributed to morearth10% of total GDP in several

countries (World Bank, 2013). LAC’s aggregate otitptiagriculture is estimated to have
surpassed US$300 billion in 2012, driven in largé py increases in the value of agricultural
commodities (see figure 3 and 4), but also gaingroductivity and area under production.
The region is also the main source of sugar, soyead coffee, supplying over 50% of
worldwide exports for these commodities (FAO, 2014)

Figure 3: Index of Agricultural Commodity Prices for Key Bxs from Latin America (OECD-FAO
2012)

Corn Rice Wheat



o ..
* X % o®
* * .
- * * L]
evropsky P

socialni . MINISTERSTVO SKOLSTVI, OP Vzdélavani
fondvCR EVROPSKA UNIE MLADEZE A TELOVYCHOVY pro konkurenceschopnost

INVESTICE DO ROZVOJE VZDELAVANI

Figure 4: Variation in agricultural exports of LAC (%, 20@010) (FAO, 2013)
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In terms of area under agriculture, the region fneguently been characterized as able to
enter more of its land into production and, in facplaced an additional 31 million ha into
agriculture between 2001 and 2011 (FAOSTAT, 20&E8).example, an overall 43% increase
in cultivated land was observed in Argentina, Bi@lj\Chile, Paraguay and Uruguay between
the cropping cycles 2000/01 and 2010/11 (FONTAGRO;B013). In addition, single-
cropping decreased 66% for winter crops while a 3®€tease in land planted with summer
crops was registered (figure 5). This movement hef agricultural frontier came at the
expense of a reduction of natural and cultivatedtypas as well as an increase in
deforestation. Similarly, an area slightly largean Costa Rica (54,000 Kjnwas converted to
soybean cultivation in the agricultural-based stateGoias, Mato Grosso and Mato Grosso
do Sul in Brazil (Chomitz et al. 2007). Intact agidturbed forests were the main source of
new agricultural land between 1980 and 2000 infLAtnerica (Gibbs et al. 2010).

However, and while there remains a considerableerpiaii for further expansion of
agricultural land in the region, both in terms obtgntial arable land and freshwater
availability, further increases of this magnitudexyncollide with land conservation and
avoided deforestation efforts unless these concarascarefully addressed or expansion of
agricultural activity is directed to restore alrgatkgraded lands.
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The region has experienced continuing long termesses in yields, resulting from improved
practices, better seeds and increased use ofZersiland pesticides. Although yields may be
already reaching a plateau in developed countoesniany of the agricultural commodities

(Grassini et al., 2013), productivity gaps stilhve some room for yield gains in the region
(Alston et. al., 2010). There is potential for friguproductivity gains among small and

medium producers where significant efficiencieghia production system can be achieved.
This requires enhanced management as well as sextéavestment in agricultural research,
technical assistance and plant genetics.

Figure 5: Movement of the Agricultural Frontier, SelecteditBfoAmerican Countries (FONTAGRO-
BID, 2013)

A. Annual crops: distribution B.  Summer crops: density

2000/01 2010/11 2000/01 2010/11

Irrigation is an important channel to increment agricultumabductivity and crop
diversification (FAO, 2000; Mollinga and Boldingd@4). Today, almost 90% of farmed land
in LAC is rain-fed (Wani et al., 2009). Other regs like the Asia-Pacific region have a
much higher rate of irrigated area in agricultuE€LAC et al., 2012). Expanding the use of
irrigation can thus increase LAC’s food productitg it will require substantial additional
infrastructure and capital.

From asocial perspectivethe economic impact of agriculture is small nekatto other
sectors, but farming activities employ a significahare of unskilled labor —a segment which
ranges from 48% of total labor in Argentina to 9it¥Nicaragua (Bambrilla et al., 2010) and
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are a dominant livelihood strategy among subsistéagners, accounting along with the rural
nonfarm economy, 70% of total income of poor hootdh(World Bank, 2007).

Producers in the region are highly heterogene@msging from subsistence farmers, who use
few or no external inputs, to commercial farmersowmake more intensive use of
agrochemicals and are closely linked to internaiomade (Altieri and Toledo, 2011).
Smallholder farms are highly relevant for food sé@guurposes. Across the region there are
15 million family farms, covering almost 400 milticha (Berdegué and Fuentealba, 2011).
These units practice traditional or subsistencecaljure and produce 51% of the maize, 77%
of the beans, and 61% of the potatoes consumebldeinegion (Altieri and Toledo, 2011,
Altieri, 1999). In Mexico, for instance, family faers account for 70% and 60% of the total
land devoted to maize and beans respectively (Alaad Toledo, 2011; Altieri, 1999);
whereas in Colombia —where coffee represents alrB@%b of agricultural GDP- coffee
plantations of five hectares or less represent 6%l producers and 62.2% of the total area
(Fonseca, 2003).

Agriculture is also relevant from eimate perspectiven account of its share of regional
greenhouse gas (GHG) emissions. Agriculture, lasel-dand-use change and forestry
accounted for nearly two-thirds of LAC’s emissidns2005 (WRI, 2012). This is almost a
mirror image of the world’s emissions profile domiied by energy use. About one third of
the land-use change emissions are linked to netei&htion.

There is now hope that this contribution can beckjyireduced as avoided deforestation
programs continue to succeed in the region andragnagjto recover degraded land take hold.
The footprint from agriculture activities per se the other hand, is linked to practices and
technologies representing long-held traditions amght be more difficult to address. Even
under aggressive carbon emission reduction scenagiculture will continue to contribute
to the regional carbon signal in a significant egrgara et al., 2013). The sector is therefore
key for any mitigation efforts. Furthermore, intentions in this area have the potential to
simultaneously assist towards the achievementlofvacarbon, climate-resilient sustainable
development.

3.2. Impacts on agriculture caused by warming, redction of soil moisture, and
changes in rainfall patterns

Overall, the impacts of climate change on agriceltmust be seen in the contexts of
increasing demand for food and agricultural prosiy@awson and Spannagle 2009) and
exports to the global market. Specifically, impamtsagriculture are expected to reduce food
supply and increase food prices, with potentialbgative impacts on income, food security,
poverty, and nutrition (Ahmed et al. 2009; Nelsbale2009).

As temperature, moisture, and rainfall patternsigkaso will crop yields and the distribution
of agricultural production (Dawson and Spannagl®920 Shifts in climate variability (the
intensity/frequency of floods, rainfall, droughtacastorms) are expected to reduce yields.
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More difficult to assess is the long term increas¢éhe temperature of the top layer of soil,
which may eventually surpass the genetic abilitynediny crops to adjust to different
environmental conditions. In the short run, yietdertain crops may increase or decrease in
different areas, according to projected rainfainperature, and weather variations. Over the
longer term, LAC’s agricultural output is expectiedfall because of combined changes in
rainfall patterns and soil conditions (ECLAC 20Iybiello et al. 2008; Mendelsohn and
Dinar 2009).

Figure 6: Projected Impact of Climate Change on Kegp Yield Losses (in %) by 2020 and 2050
under the A1B scenario (Fernandes et al. (2012)
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A recent study concludes that the negative impaictdimate change on key crops could be
significant for LAC and are expected to play a maple in the global food supply chain



N\ ..
* X % o®
* * o
- * * [ J
* *
evropsky JREHIN
Sociin MINISTERSTVO $KOLSTVI, OP Vzdélavani

fondv CR EVROPSKA UNIE  MLADEZE A TELOVYCHOVY  pro konkurenceschopnost

INVESTICE DO ROZVOJE VZDELAVANI

4

(Fernandes et al. 2012). The analysis also suggigstificant impacts over much shorter time
frames than those previously reported (see fighr&inulated responses to the use of simple
adaptation alternatives (improved varieties, chaoigsowing dates, and modest irrigation)
suggest that these strategies are not sufficienvéoscome the projected impacts of climate
change but could dampen the yield shocks to a de{iee report also estimates that these
impacts will reduce the value of annual agricult@eports in the region by $32 billion—-$54
billion by 2050. Impacts of this magnitude, partasly in the context of a tight global food
supply-demand balance, may also trigger other cuesees, including food market
speculation and threats to food security (Vergaed.e2013)

4. Impacts of climate on agriculture Latin America

Projected impact of climate change on agricultural yields

" A key culprit in climate change
- carbon emissions - can also help
agriculture by enhancing
photosynthesis in many important {...)
crops such as wheat, rice, and

soybeans. The science, J’/ -
howerver;:s famr;.e ;ﬁm_m W Change in agricultural productivity v )
ol ‘ - between 2003 and the 2080s o
This map represents the case of 0.
carbon frsaion I ImEEEm W

X . . +25 +10 +5 0 -5 -15 -25% No data
Source: Cline W., 2007, Global Warming and Agriculture.

The impacts of climate change in Latin America efean increasing concern; particularly,
those impacts that involve the agricultural, liweest and forestry areas, due to their high
dependence on climatic conditions. This leads tositation of economic, social,
environmental and political vulnerability, puttiag risk food safety, human security and the
basic conditions necessary to reduce poverty.

The agricultural, livestock and forestry areas havgreat relevance for the countries of our
region, because of their contribution to Gross DstmeProduct, to the employment
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generation and to exports (Ryan, 2012), as wethas key role in food production for the
whole word, among other things. Thus, the climatpacts affect the contribution of these
areas to the national and regional economic groketiycing in turn the capacity of the State
to support sustainable development policies. Magegowlimate impacts may bring
inflationary consequences in the food markets,ueriting negatively the human security
standards in the region and in the world.

The regional, national and sub-national policiesa to the climate issue have been rarely
effective in reverting the present situation anel discouraging projected scenarios. Although
improvements have been carried out in policy-makpagticularly in those policies regarding
the creation and development of a specific ingohal framework in the area, there is still a
strong deficit in achieving the effective implemaindn of those policies.

The vulnerability analyses regarding climate chamgehe region indicates, among other
things, that i) the periods of droughts and floads exacerbating; ii) disaster phenomena are
and will be not only be more extreme but also mierirring; iii) the loss of glacier surface is
reducing the availability of water for human, agtiaral and livestock consumption and for
the generation of energy; iv) soils are in a sustiprocess of erosion and degradation in
parallel with an alteration of the process of pmynaroduction; and v) it will impact on
different environmental services, among other ingac

Moreover, the available information indicates thatin American and Caribbean countries
are particularly vulnerable to climate change impaespecially the agricultural, livestock
and forestry sectors. For example, the case of wayigvhere the 2009 drought caused a loss
equivalent to 1.5% of the Gross Domestic Producthe case of Colombia, where in 2012 La
Nifia phenomenon caused extraordinary levels ofathiand floods that affected more than
2.27 millions of people in 775 different districtsf the country (National Planning
Department of Colombia, 2010 in Sarmiento, RamakA®enas Wightman, 2012), resulting
in substantial material damage. The case of Payagalso paradigmatic: the climate
performance in the last years, mainly the extergledights, has put rural producers into a
situation of severe food insecurity forcing the Exteve Power to declare food emergency for
the indigenous familiar agriculture in 2012. Otkbase is Ecuador, where the droughts (2002-
2007) caused the loss of 45% of transitory cropsl® of permanent crops (Ministry of the
Environment of Ecuador, 2011 in Alban and Procéll2). The list can be extended to all
Latin America showing that specific measures shdddaken urgently in order to maintain
the benefits that these areas provide to socieayvasole.

Two thirds of the greenhouse gas emissions in Latmerican are produced by changes in
land uses, and forestry and pastoral activities/ stnategy in this direction requires specific
policies in the agricultural, livestock and forgssectors. Gradually, the countries of the
region are increasing their commitment to reduce agaissions as it is evidenced in national
communications and climate policies both at locad aational level. Particularly in the last
decade, it has been possible to observe the dewelttpof a specific institutional framework
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in relation to climate change. Only some countsislack the necessary tools and policies to
face this issue. In those countries which have nessgd on the issue, it is possible to observe
some common patterns and characteristics (Ryar2)201
From the moment of design, some limitations areeokesd. Mainly, there is a strong
weakness in the integration and articulation ofnelie policies with other sectorial or
macroeconomic policies. The lack of articulationnist only perceived in the absence of
operational coordination but also in the contradicbetween the purposes and the objectives
of each of the policies. This situation threatdres fulfillment of both policies, often sending
confusing signals to the society and to the markedl wasting, therefore, opportunities and
synergies. Particularly, the lack of articulatiogtween forestry protection policies and those
of promotion of the agricultural and livestock aitif generates deficiencies in the design and
implementation of the policies. This situation épeated in various countries of the region.
The lack of coordination needs to be tackled byirenmental land use planning schemes
which is a key integrating tool in order to achighe objectives of the proposed climate
policy.

4.1. Systemic climate impacts in agriculture in LAC
Systemic impacts, those affecting the agricultesa at large and over time, are linked to
the projected unidirectional changes in:

a) Atmospheric and soil temperatures

b) Decreases in top soil moisture

c) Sea level rise, and

d) CO; fertilization.

There are also other changes such as modificatioainfall patterns, changes in pests and

disease distribution and intensity, and changesdather variability (incidence of droughts

and floods), about which there is less consensut@®magnitude of the impacts and their

evolution over time, but that are likely to exagrsficant pressure on the agriculture sector.
4.1.1. Atmospheric and soil temperatures

The anticipated changes in atmospheric and soipéeatures are a concern for agricultural
yields. The major problem is that key crops might he able to maintain photosynthesis
activity as temperatures continue to rise. Whilghlbr temperatures could generally promote
growth, photosynthesis activity is known to dropidly once its optimum is reached. As the
temperature rises above 35°C, photosynthesis sldrepping to zero when it reaches 40°C
(Brown 2004). For example, higher than normal ajhesic temperatures were the main
factor for a significant drop in yields —18% forrncand about 10% for soybeans— in the U.S.
during the summer of 2012 (Wescott and Jewison 2013

The average temperature anomaly for this centuryois projected in the range of 2-6°C.

However, warmer summer temperatures in agricultarahs particularly those in tropical

latitudes may reach these thresholds with moreufreqy and earlier in the coming decades.
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Also, for some crops —such as grains—, faster draetluces the amount of time that seeds
have to mature, thus reducing their yields (USGCRB9). Moreover, climate change is
inducing long term changes in the hydrology andagpo of ecosystems that could in turn
affect agricultural production. Warmer temperaturase affecting evaporation and
evapotranspiration rates, as well as water storagekes and reservoirs. They are also
changing the altitude of dew points, therefore ciifgy water balances in mountainous areas
(Vergara et al. 2011).
4.1.2. Decreases in top soil moisture

For most LAC, extended periods of drought and lomeisture levels have been anticipated
as a consequence of climate change. A projectiohdtn America, made in the context of
an assessment of climate temperatures in tropmasfs estimates a lengthening of dry
periods in most of the region, and a significardrdase in top soil moisture.
However, some of the major reductions were founbetdorecasted for major food producing
areas, such as the south eastern area of the Antaom in Brazil, the delta of the River
Plate and coastal plains in northern South Amekiater for agriculture already accounts for
about 67% of total withdrawals in LAC (FAO 2013). édonsiderable reduction in land
suitable for rain-fed agriculture could be the feetia decrease in top soil moisture and could
be exacerbated by extended periods of droughgalidn requirements would then escalate
placing pressure on existing infrastructure forewaupply and increasing production costs.
In addition, reductions in top-soil moisture anekkd to an increase in soil aridity. This is
particularly relevant in LAC given its heavy rel@non rain-fed production systems, and
small-scale agriculture in marginal areas.

4.1.3. Sea levelrise

Agriculture in coastal areas and deltas is sudolepto the impact of sea level rise (SLR)
through inundation of land, erosion, salinizatidmwells and land, and loss of ecosystems.
Increases in sea water intrusion may affect coaspaifers, making them unsuitable for use in
agriculture and promote gradual salinization ofstalbstrips. SLR is of significant economic
relevance as a number of productive areas areckbcegar the coastline in the region. There is
however no comprehensive assessment of the sysiepact that sea level rise would have
in agricultural areas in costal zones and deltas.

Low lying areas in the region, where intensive @agdture is practiced, include the northern
coastal plains of Colombia and Venezuela; the GuMexico and coastal areas in the Sea of
Cortez, in Mexico; as well as the deltas of thedRiRlate in Argentina, the Magdalena River
in Colombia and the state of Maranhao in Brazily&a exemplifies the impacts of sea level
rise due to climate change in countries with highaentration of economic activity in their
coastal plains. About 25% of the coastal plainit@ny (142,500 ha) in this country would be
affected by sea level rise, including the integsifion of storm surges, of which 59% are
dedicated to agriculture (Government of Guyana 2012
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4.1.4. CO; fertilization

CO, concentrations have increased from about 280 peford the industrial revolution to
about 400 ppm today and are anticipated to continurecrease under most climate scenarios.
The consensus of many studies is that the @@ilization effect on plants is real: crop
photosynthetic rates respond to increased leve@®®funtil about 700 ppm, depending upon
species and other variables (Allen et al. 1996)s €ffect begins with enhanced gfixation.
Reproductive as well as vegetative biomass grosvtisually increased by elevated L0he
net result of CQ fertilization is expected to be an increase innfass production and
therefore yields. In climate change scenarios, wewdemperatures are predicted to increase
following CO, increases. Temperature increases in a highes W@ld could increase
vegetative growth; but, the interaction of these tariables may result in opposite effects on
yields, if temperature thresholds are reached. thatdil analysis is required to ascertain the
net impacts on yields in a warmer world with higagnospheric concentrations of €O

4.1.5. Other impacts

Cumulative climate change impacts will affect th&tribution of plants and animals,

phenology, and ecological interactions.

« Distribution of plants and animalsAlteration in the distribution of plants and anima
includes the shift of tropical species and moven@naltitude boundaries (Parmesan
2006, Laderach et al. 2009) as temperatures iner€xdfee may undergo a geographical
redistribution in Brazil with an overall decrease suitable land. Haggar and Schepp
(2012) estimate that up to 33% of the current eéfeea in Sao Paulo and Minas Gerais in
Brazil (two main coffee producer states) may be Vasile suitable area in Parana, Santa
Caterina and Rio Grande do Sul may increase. Similsuitable land for coffee
production in Nicaragua may be reduced as the aptinaltitude for coffee production
rises from 1200 masl to 1400 masl and 1600 mask@30 and 2050 respectively
(Laderach et al. 2009).11 This trend towards motenise cultivation at higher elevations
is leading in some instances to land use changaepper water-sheds, displacing critical
areas for the conservation of water regulation.

The diversity of the genetic resource pool is belmgatened by climate change. Endemic
varieties are less capable of moving and survivasgthe agro-ecological conditions

change. Around 20% of crop wild relatives of threejor crops (peanuts, cowpea, and
potato) could be threatened by extinctions by 208dvis et al. 2008). Seven out of the 25
most critical places with high endemic species eatrations are in Latin America and

these areas are undergoing habitat loss (Janat @011). There is a need not only to
conserve genetic resources but to undertake réseareed at identifying genetic traits

which are key for adaptation (CGRFA 2011).

» Phenology This aspect includes inter alia, acceleration awgh, flowering and fruit
ripening due to warmer temperatures (Root et &320enzel 2005, Cleland et al. 2007,
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Sherry et al. 2011), and alterations in seed gatioin (Walck et al. 2011). Evidence
indicates that spring has been advancing globallgesthe 1960s (Walther et al. 2002) at
a rate between 2.3-5.1 days earlier per decaden@an and Yohe 2003, Root et al.
2003), with observed changes in the timing of sealsactivities of animals and plants
(Walther et al. 2002). This may affect productiorsouthern areas of the continent.

e Ecological interactions Warmer temperatures may also result in changeshea
geographical range of pests, alterations in pojulagrowth rates, extension of the
development season, and increased risk of invdsyamigrant pests (Porter et al. 1991).
As an example, an increase in pests and diseagesodtlimate change is reported in
Colombia for bananas, plantain, coffee, potato,acaenaize and cassava (Lau et al.
2013). However, management of the impacts of cknaat beneficial insects and pests
requires further research. Topics that have beeggested include the influence of
climatic variables on beneficial and pests inseltsg-term monitoring of population
levels and possible implications of climate chanfgesnsect management strategies.

5. Agriculture in South America

Agriculture constitutes a large sector of South Ag@és economy in both its tropical and its
temperate regions. Livestock production also ocesifarge parts of rural South Americe (see
figure 7), especially cattle ranching. Most of tmnmercial livestock production, especially
for the export sector, occurs on huiggtanciagestates) that have been the source of economic
and social dominance for their owners for many gaiens.

Only about one-eighth of South America’s land igadle for permanent cropping or grazing.
It is broadly agreed that agricultural land usetighout the continent is less efficient than it
might be. Farm and ranch productivity could be @&cgkd by measures such as providing
adequate agricultural credit, improving marketistprage, and transportation systems, and
expanding the educational system in rural areash Slhhanges would benefit the large number
of small farm-holdingsrinifundiog three-fourths of South America’s farmers own ld&m

25 acres (10 hectares) making it possible for tHaseers to improve their living standards
and contribute to national development. The chamges would help to alleviate the
widespread under and unemployment prevalent in sderesely populated rural areas.
Unemployment is a problem in such areas, even thdegs than one-third of South
America’s working population is employed in theiaglttural sector, as compared with nearly
one-half of the population for the world as a whole
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Figure 7: Milk production in rural zone Cayambe - Ecuadoméittude 3200 amsl.

(http://www.btcctb.org/en/news/2000-productoreditogran-mejorar-su-producci%C3%B3n-en-cayambe-
video)

The agricultural sector is affected negatively aallvby the unfavorable terms of trade
between agricultural commodities and manufactukeatlg that have existed in general since
World War Il. The rise in the cost of farming hastsiripped the rise in the prices paid for
agricultural commodities, and this imbalance sutig#y lowers the investment potential in
the agricultural sector ( Encyclopedia BritanniGaiffin, 2014).

6. Agriculture in Ecuador

Ecuador is predominantly agricultural (Ecuador, PQ@espite oil having become its main
source of revenue and industry having expandedtantimly. The per capita gross national
product ranged between USD 1 200 and USD 1 60Ganldst decade. Ecuador's human
development index was 0.726 in 1999 (UNDP, 2001griculture employs 32% of the
workforce and provides 13-17% of the gross natipnadluct. Animal production contributes
approximately a third of this amount (SICA/ MAG,). Agricultural imports over 1999 -
2001 ranged between USD 199 and 267 million FOBeredis exports amounted to USD
1462 - 1968 million FOB (SICA/MAG, 2002). Half de agricultural exports are bananas
and plantains; shrimps, coffee, cocoa, cut flovead fish make up the rest.
6.1. Livestock and poultry
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Livestock raising represents an important part gficaltural output and has grown
significantly in the last 20 years. Livestock waeguced primarily for domestic consumption
and was one of the few agricultural products fotimdughout the country. Although animal
husbandry was widespread, it was generally prattsesmall plots of land.
Ecuador produced a total of 2 M and 2.5 M tonnesitk in 2000 and 2004 respectively
(FAO, 2006) and 170 620 and 212 000 tonnes of hedfveal. Both products grew in the
1900s at rates of 4.1% and 4.5% per year respgctiwbereas the stock of cattle grew at
only 2.97% per year. On the other hand, the stdcgoats has remained nearly stagnant,
while that of sheep grew 2.9% over the same perMditk equivalent imports are still
substantial with 5 042 Mt in 2000 and 6 243 Mt D02, although these have fallen from 11
650 in 1995 and a high of 53 158 in 1998 (presugneddlecting the earthquake of 1997).
The Costa and Oriente regions produce mainly beefdaal purpose cattle with dairy cattle
found mostly in the Sierra. Cattle graze on Caostal lotherwise unsuited for agriculture, such
as the hilly terrain in Manabi Province, seasonfiigded river plains or semi-arid parts of
the far south. Dairying in the Sierra is carried tgpically in fertile valleys, particularly
between Riobamba and the Colombian border. Bedeaate relatively new to the Oriente,
although large areas of land are suitable for ggazlhe beef industry in the Oriente suffered
a serious setback in 1987 when an earthquake dahragels used to transport the beef.
Ecuador had about 3 700 000 beef cattle in 1986pbp» 2005 the number had increased to
almost 5.0 M (4 951 390 according to FAOSTAT).
The 1980s saw an improvement in stock with theoduction of European and Asian breeds.
The native Creole breed represented about halfllofadtle, with the rest being crosses
between Creole and Holstein, Brown Swiss, or Jefseydairy, and Creole and Santa
Gertrudis or Charolais for beef. The absence oénmdrians and medicines remained a
problem, however, and diseases and parasites plagaery herds.
Besides cattle, livestock include pigs, sheep,saomde goats. For pigs, FAO data indicates 1.4
M in 2001, whereas the latest country survey (2008jords 1.53 M; the greatest
concentration was in coastal areas. The FAOSTAréidor 2004 was 1.77 M pigs and 1.95
M in 2005.
In early 2001, the stock of South American camehds estimated (White, 2001) to include 1
700 vicunas Vicugna vicugng) 10 000 llamasL@ma glama and 4 600 alpacad.dma
pacog. The last two are domesticated. Camelids areebargrazed on high altitude commons,
including national parks and reserves.
6.2. Typ of Soils in Ecuador
The extremely variable topography of the countryassociated with a complex mosaic of
soils.
e The coastal littoral located between the Pacific Ocean and the westedes, possesses
an abundance of hydromorphic soils particularlytha well-watered parts, which have
moderate to low drainage and moderate fertilitgoltitains soils derived from deposits of
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diverse origins influenced by volcanic activitytbe Andes, aeolian transport of volcanic
ashes and alluvial deposits, all subjected to seemeathering.

In_the temperate Andean _ecozor(eee below under ecozones), soils vary somewhat
depending upon rainfall. It should be noted thassification of Andean soils is
notoriously complex; details and equivalencies leenv systems of classification are
available (Quantin, 1986; FAO, 2001; FAO-CSIC, 200khe portion of the temperate
area frequently classified as a low montane spimife steppe, with rainfall of less than
500 mm, includes the following soils (Ledén-Vela@® 1zquierdo, 1993): (a) Durandept,
sandy loams, with a calcareous layer located abawgripan placed at a depth of 70 cm —
these are soils that if irrigated support a vargdtgnnual crops, lucerne, oats and Kikuyu
grass; (b) Durustoll, generally located on slopager fine ashes and also with an
underlying duripan; (c) Eutrandept, loamy soilshmitery fine ash, low water retention,
pH 7; and lastly (d) Torripsamment, very sandyssoiith less than 1% organic matter
and pH 8. Farms surveyed in this area by Ranéted (1996) had soils with pH 5.2 to
6.7, acidity increasing with altitude, generallyvlon organic matter (OM), and always
very low P (< 4 ppm). When rainfall increases t®@5D 000 mm, the zone is classified as
low montane dry forest, and includes very variaddds, most frequently derived from
volcanic ashes. These are clayey loams, black $wmdls support productive stands of
lucerne if irrigated. The low montane humid foreehe is encountered in areas with 1
000 to 2 000 mm, and has similar soils to the nevione.

The cold temperate ecozorieee below) is found at high altitudes. Withintlite Paramo
(or cold high steppe) is the typical landscapeegirgeg 250-500 mm rainfall. In general
terms, Paramo soils are of volcanic origin; theselude soils derived from recent
volcanic ashes, and those derived from metamorphiat igneous rocks (Medina and
Mena, 2001). Those of the northern and centralrRasaare generally Andisols, young,
undifferentiated, high in organic matter, with higtater retention capacity, highly
permeable and resistant to erosion. Nevertheleg® they lose these physical properties
as consequence of compaction, they begin to reprwSoils of the southern Paramos
are generally Inceptisols, derived from metamorpbitks, older than the previous one,
less fertile but have less capacity than the form@mmobilize P.

Soils in farms surveyed by Ramiretzal (1996) in the Paramos had pH 5.8—-6.2, high OM
(6—15%), high K and trace amounts of available &lsSn the interandean regions are
highly eroded (de Noni, Viennot and Trujillo, 1988} and it has been estimated that
48% of the national territory has some degree agien (Ecuador, 2001, see below).

Soils of the Amazon piedmont, on the eastern stdgbe Andes, are mostly Inceptisols
of low to medium fertility (Hickset al., 1990). Thus, farms surveyed by Ramietzal
(1996) had soils with pH 5-5.8, frequently high @5%) particularly if associated with
poor drainage, P < 3 ppm and moderate to low Khénlowland plains three main types
of soils are recognized (Estradhal., 1988): (a) alluvial sandy soils in the flatterfons
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along the rivers, seasonally cultivated with a etgriof crops; (b) black, fertile volcanic
soils, in the plains located N of the Napo Rivendgc) red ultisols in broken hills,
characteristically acid and of low fertility

6.3. The pastures resource

According to census data (SICA/MAG, 2002) the agtizal land of Ecuador in 1999-2000
amounted to 12 400 000 ha, 27% of which was undemspastures, 9.1% under native
grasslands, 4.9 covered by Paramos and 3% falfoail 6f these are considered as grazing
resources, nearly half of the usable land was aviailfor grazing. Although the data reveal
that there is trend for larger farms to have mdréhe land covered by the above resources,
even farms under 5 ha dedicate 32% of the landraaing and 24% to sown and native
pastures. In farms over 200 ha, these percentagesase to 48% and 33% respectively. The
Sierra and Costa have 51 and 36% of Ecuador'scsttick respectively, with the reminder in
the Oriente. Cattle are evenly distributed acrassifsizes, oscillating very little between 12%
of the stock in farms of 100-200 ha to 19% in faoh20-50 ha; farms of less than 5 ha own
17% of the cattle stock. The previous data showettteeme importance of livestock raising
in Ecuador across regions and farm sizes.
The area of sown, native and naturalized pasturéscoador has been variously estimated
between the 5 510 000 ha reported in SICA/MAG (20081 FAO databases and the 6 500
000 ha reported by some analysts (Hervas, 198®sd hre distributed as follows: 3 070 000
ha in the coastal area (48%), 180 000 ha (3%)enrAmazon basin, 1 865 460 ha in the high
Paramos (29%), 883 400 ha of naturalized pastuhesefennisetum clandestinu(kikuyu
grass) is a very important contributor (14%), atase to 400 000 ha of sown pastures,
including lucerneNledicago sativpand other temperate forages.

6.3.1. Coastal pastures

Pasture development along the tropical, wet, cbastarelies on sown tropical grasses, and
to a much lesser degree legume species, some ohwlave become endemic. Where soil
fertility allows, grazed pastures are based ongtass Cynodon nlemfuengisPangola grass
(Digitaria decumbens or Guinea grass Pa@nicum maximu while elephant grass
(Pennisetum purpuredmis used for cut-and-carry systems, particularydual purpose
systems. Legumes such &entrosema pubescens, Stylosantbpp, Desmodiumspp,
Dolichos lablab, Neonotonia wightiand numerous others have been tried but their
contribution to sward composition is generally uportant. Following the trend observed
across all of tropical Latin America, the last 18ays have witnessed the expansion of
Brachiaria-based pastureBréchiaria decumbens, B. humidicola, B. brizantirathe area.
Extremely limited information regarding the animaloduction potential of all of these
pastures is available for Ecuador, but it can derfily be estimated that their potential is
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similar to that observed in neighbouring countrieganing that carrying capacities for
directly grazed pastures will range between 1 -Uha, whereas elephant grass can supply
forage for 7 - 12 AU/ha over limited periods of &mA potentially important niche for one of
the newest legumegyrachis pintoj is as a cover crop under plantains, cocoa anee0as
shown in numerous other tropical countries of grggan.
Ramirezet al. (1996) describe a recent survey of pastures irbeegion of the coastal area,
located at 150 - 260 m, latitudes between 0 1In6®28’ S, mean temperature of 25 °C and
rainfall of 1 560 to 2 000 mm. The area surveyeduitbed 55 000 ha of sown pastures, 95%
of which was Rnicum maximunand 5%Cynodon nlemfuensi@ith a token presence of
native Desmodiunsp. and some broadleaf weeds suclsids acutaand others. Across 11
on-farm experimental sites, aboveground yields ayedl over three years were estimated at
15 400 kg DM/ha.year, with two-thirds being proddickuring the wet season. This annual
yield was nearly 50% less than that obtained undatrolled, well managed conditions in a
nearby experimental research station. Clippingenaéit 60-day intervals during the wet
season and 78 days in the dry season showed 1d.4.266 crude protein, and 55 and 52.8%
IVDMD, respectively.
Milk yields were recorded in a subsample of twanfarthat had dual-purpose systems. As is
typical of these systems elsewhere, milk yieldsrayed 3 kg/milking/cow/day/year using
stocking rates of 1.5 - 1.8 cows/ha. The authormssider that stocking rates could be
significantly increased if provision for summer da®y was available, as farmers stock their
pastures based on the predicted carrying capagriggithe dry season. Weight gains in beef
production systems of seven farms averaged 0.38day/ day, also highly typical values for
tropical systems in the lowlands of Latin Ameri€amilar comments regarding efficiency of
utilization of pastures apply as for dual-purpogstems.
The potential of these pastures under optimal ¢mmdi has been determined in controlled,
experiment station-run, grazing experiments. Ramée al. (1996) report that carrying
capacities onPanicum maximumalone, or with a mixture of legumes (most notably,
Centrosema pubescensontributing 40% of the botanical composition)erey 4 and 2.5
steers/ha for the rainy season and 3.5 and 2 he&at/the rainy season, respectively.
Andean pastures are complex, their composition mipg upon the altitude and climate of
the site considered, and they have been modifiedhbipnan interventions. A recent
classification of these pastures recognizes twartygies of ecozones, the temperate and the
cold temperate zones, respectively (Ledn-Velardd Emguierdo, 1993), each of which
includes a number of subtypes described below.

6.3.2. The Andean temperate ecozone

The first subtype corresponds to native and naag@lgrasslands and shrublands located in
dry interandean plateaus and valleys, estimatecbver 0.45% of Ecuador’s surface area.
They are between 2 000 and 3 000 m, with mean tefyes of 12-18 °C and 250-500 mm
annual rainfall, including a dry period of 3-5 msit extending from May to September. If



evropsky

socialni MINI STFRST Vo SKOLSTVI, OP Vzdélavani
fondv CR EVROPSKA UNIE \ A TELOVYCHO pro konkurenceschopnost

INVESTICE DO ROZVOJE VZDELAVANI

***

4

irrigation is available, these areas can grow derdaiits and vegetables, as well as lucerne,
forage oats and Kikuyu grass. The steeper slogess&d for grazing goats and forestry.
At similar altitudes, but with rainfall ranging fmo 500 to 1 000 mm, the region includes a
large number of valleys that, although representimdy 3% of the country’s area, are
extremely important from the point of view of poatibn density, and agricultural and
livestock activities. Here the main forage resousckicerne wherever irrigation is available,
followed by Kikuyu grass and lupind.(pinus spp.) in a variable land-use mosaic that
includes wheat, barley, beans, green beans anougasther vegetables.
In numerous other valleys of similar altitudes buith rainfall of over 1 000 mm, milk
production is based on Kikuyu grass, ryegraéslinis minutifloraand Panicum coloratum,
frequently located in mixed production systems timefude potatoes, maize, and wheat.
Ramirezet al.(1996) described farm surveys carried out in aa asgresponding to the drier
part of the temperate ecozone, with a 6—8 monthsdason. The study area covered 87 000
ha at latitudes 3 59’ to 4 26’ S, and between lags 79 18’ to 79 37" W. Farms averaged
53 ha each, with 31% of this area under pasturdsb@fo in fallows used for grazing and
dominated byPaspalum humboldteanuamd Kikuyu grass under a sparse coveAcdciasp.
andMimosasp. trees. Further detailed characterization ofai®s located at 1 600 to 2 400
m within this area, and with slopes ranging betw&@mand 65%, was carried out. Five of the
13 farms had irrigation available. Native or nalized pastures were composed of grasses
(88%, eitherP. humboldteanunand/or Kikuyu), legumes (6%) and broadleaf weeds)(6
Pastures were used to graze dual-purpose cattieridated pastures yielded on average 2
548 kg /hal/year (range 500 - 7 000), and yieldsewsversely related to slope (r=-0.62,
P<0.05). Trampling by cattle in the wet seasonpafthes of bare soil, the size of which was
positively related to slope (r=0.65, P<0.05). lated king grassPennisetum purpureum x P.
typhoide$ used to provide cut-and-carry forage yielded 1B tonnes DM/ha/year, whereas
if unirrigated yields fell to 6 - 8 tonnes.
Fifteen farms averaging 26 ha each, located datudés of 3 000 to 3 500 m, and with slopes
ranging from O to 55%, had 71% of their area unpdestures. One half of the pasture area was
under naturalized and sowBDactylis glomerata- Lolium multiflorum-Trifolium pens
associations, and 37% under KikuyHplcus lanatusand Paspalum pigmaeunmative
populations. In this case, aboveground yields rdrigen 4 tonnes DM/ha/year ipaspalum
pigmaeunpastures to 15 tonnes in well managed lucerne stdrtese results coincide well
with a study conducted across 17 sites by PaladindsJacome (1999), who measured dry
matter production under exclosures placed in a&taof pastures in the extreme north of the
Andes (Carchi). Pasture components included althef above-named species in various
proportions. The authors found that 93% of theatam in yield (ranging between 3 and 18
tonnes DM/ha) was explained by just two variablesirs of irrigation applied per month, and
soil apparent density, which had a negative effecyields.

6.3.3. The Andean cold temperate ecozone
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The ecozone is located at 3 000 to 4 000 m, anarieas temperatures of 6 to 12 °C. Three
subtypes can also be identified based on rainfalllability, although grassland species are
fairly common to all. Common species include (HervE985; Ledn-Velarde and lzquierdo,
1993):Agrostis perennang\grostis tolucensis, Agrostis alba, Calamagrosiisinarum, Poa
pratensis, Holcus lanatus, Bromus catharticus, &tiphu, Stipa obtusa, Muhlenbergia
emesrleyi, Lupinus alopecuroidasd numerous others. Naturalized Kikuyu grassdqchtced
from Colombia in 1947), frequently associated withite clover, is common in the better
soils below 3 200 m.
The first of the subtypes is dry steppes, with € &@m rainfall distributed over 10 months.
The dry months are July and August. The area has estimated to cover 0.4% of Ecuador.
Extensive sheep production systems make use oé thessslands, which are based on a
variety of species oFestuca, Agrostis, Poa, Bromus, Calamagrostis,aS{ipost notably
Stipa ichu)andLupinus
The second, humi, subtype receives 500 - 1 000 ainfatl and constitutes close to 4% of
Ecuador’'s surface area. Rainfall is distributedryeand, and evapotranspiration at these
altitudes is very low. Grasslands here are domihbiespecies o$tipa, Calamagrostiand
Festuca and constitute the main land use. Cattle, bo#f bed dairy, are the mainstay of the
economy of these regions.
Ramirezet al. (1996) reported studies aimed at characteriziny@agrasslands above 3 500
m, receiving 500-1 000 mm rainfall and on slopeE2% where mean temperatures ranged
between 3 and 12 °CCalamagrostissp. dominated pastures (> 35% of the botanical
composition) located at higher altitudes within tiegion, whereas lower-lying areas were
characterized by mixtures dromus sp., Holcus lanatus, Poap., Stipa ichu, Festuca
pratensisand others.
Areas with rainfall in excess of 1 000 mm (over 4%dEcuador) are extremely humid, and
wetlands abound. The better drained areas, asawdlie slopes, are dominated by the same
species listed in the previous case, but the lbodsindustry here is marginal.

6.4. Introduced pastures in the Andes

Artificial pastures in the well-watered high AndesEcuador vary between the naturalized
Kikuyu stands and sown pastures of species suticame,Dactylis glomerataand Lolium
spp., frequently associated with naturaliZedolium repens. Lolium multiflorurstands are
very common. The potential of these pastures inbés parts of the Ecuadorian Andes is
extremely high if well managed. Experimental yielols20-30 tonnes DM/ha have been
obtained, which could potentially yield 10 000ddrmilk/ha/ year (Estrada et al., 1997).

6.5. Pastures of the eastern region

The Amazon basin of Ecuador, to the east of thee8rathains, includes the piedmont region,
and the less populated lowlands. The latter aea@lsnuch less importance from the point of
view of ruminant production than the piedmont. Mbingted studies have been carried out in
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this ecozone than in the previous two. Ramétal. (1996) summarized the results of farm
surveys carried out over 213 000 ha of piedmonit wainfall in excess of 3 700 mm. The
average area of 185 farms surveyed in the regiecni#2 ha (range 50-186 ha), and 75% of
this area had been cleared of forest, with 90% cdmverted to pasture8xonopus scoparius
was the main (83% of the cases) species, followednball percentages undBrachiaria
decumbens, Echinochloa polystaclaiad others. Legumes contributed no more than 1% of
the botanical composition. Average yields of theastures were 13 tonnes DM/hal/year.
Pastures in the lowlands are far less common. dsétaal. (1988) surveyed farms located in
the area at 450 m, averaging in excess of 3 000rainfall, and with the driest month
averaging 140 mm. Farms had a mean of 46 ha eacluding 4-11 ha under pastures.
Elephant grass anBrachiaria decumbensgvere the two main species, althouBrachiaria
humidicolawas expanding at the expense of the latter. Sgav€itattle probably explained
why average stocking rates were 0.93 head/ha, wdilgerimental results suggest that
Brachiaria humidicolashould be able to support 2 head/ha.

7. How the Migration effected on Agriculture Highland of Ecuador

As the scale and pace of international migratiomehacreased in the past two decades
(Castles and Miller, 1998), so has concern forethects of this migration on agriculture and
agrarian landscapes. Agriculture in less develameohtries (LDCs) has long been influenced
by extra-local processes (de Janvry, 1981; Grossi@88; Turner, 1989), but today, more so
than ever, smallholder agriculturalists (hereon|Brhllers) are becoming integrated into the
global economy by emigrating to more developed ties(MDCs) where even low-paying
jobs in New York or Paris exceed what can be eamm&tuador or Morocco.

Some of these rural emigrants lead transnatioved,| dividing their time and labor between
home community and host country; others remain gilsnin the host country, sometimes
for decades. Most emigrants, however, return adgtesiream of remittances to their
household of origin, and many return permanentlyhr home country at the end of their
labor experience. The medium to long-term lossabibt and infusion of funds homeward
carries significant implications for rural landseamand agricultural change.

Two opposing conditions are typically postulated tloe early phases of migration: (i) the
removal of labor threatens the capacity of housthtd respond to labor demands, leading to
a decline in cultivation and agricultural producti@and (ii) remittances overcome labor
shortfalls and provide capital inputs to make agtical improvements. A majority of studies
support the former, concluding that migration undees agricultural systems; labor loss
deprives households of necessary labor, and remoétaare seldom invested in landesque
capital or other improvements needed to maintachiarprove the agricultural sector (Black,
1993; Mines and de Janvry, 1982).
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