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Abstract

Land degradation is a global issue that affects millions of farmleoser the world, but also society as a
whole, threatening food security and biodiversity. Subsidised soil and water conservation (SWC)
programs have been widely used in South America to tackle these problems of land degradation, and
they have been succshll in implementing SWC measures. However, the-teng impact of such
programs is still unknown. This study aims to assess thetwngimpact of subsidised SWC programs

in promoting sustainable land management. Thpaper investigates the potential adoption of SWC
measures by farmers in two Chilean districts that were widely participating to the set of SWC activities
proposed by the Chilean government. Thirty one structured interviews were led amongssaiall
farmers inthe districts Ninhue and Portezuel@he current utilization of S@ technologies, their
economic profitabilityr Y R OKlF y3Sa Ay FlINYSNDa O2yaSNBIGAZ2Yy |
long-term effect of the programResults showed that structural teeologies such as terraces, diversion
ditches or wood dams were very common in both distrigthile conservation tillagezas mostly used in
Ninhue. An important proportion of the farmergerceivedSWC technologieas nonprofitable on the
shortterm. Congrvation tillage was seen as too risky to invest in and maintain without financial
support. Structural technologies were much more affordable, but farmers were not willing to invest in
them without incentives because shadrm benefits on yields were ndmportant enough.Finally, it
LIS NBR GKIdG vYz2ad 2F GKS FIENXYSNE ¢SNB ¢Sttt gl
could explain the different reasons underlying the phenomen@werall, it is concluded that the
adoption of SWC measuresuld not be finalfor most of the farmersThefirst recommendation is to
pursue participatory approaches SWC projects tbetter target and adapt technologies to local needs.
Practices must be evaluated in terms of productivity, sustainability andatoidity. To tackle the major
problem of rural exodusit is alsorecommended to include SWC activities in a holistic frame of rural
development ando encourage active farmers to expand and diversify their activities.

Keywords: Conservation Agriculture, SWC measures, Technolodiedijllage, Terraces, Diversion
ditches, Adoption, Lonterm, Investments, SWC programs, Incentives, Extengiohk, Andes, Chile
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1. Introduction

1.1. General introduction

1.1.1. Global concern about land degradation

Land degradation problems exist in many parts of the world, affecting soils, water, vegetation and
wildlife (Hurni, 2000). The Global Assessment of Humduced Land Degradation (GLASOD) stated
that in 1990 over 1.9 billion hectares of agricultural landevdegraded by human activities, in which
more than a half was caused by water erosion (Bridg€ddeman, 1999). Although this assessment has
been widely criticized, it remains the only complete assessment of land degradation worldwide, and it is
still animportant source of information used by policy maké€gmnneveld Dent, 2009). Recently, the
Global Assessment of Land Degradation and Improvement (GLADA) estimated that degraded areas
worldwide were supporting over 1.5 billion people in rural ar€Raiet al, 2008). Many others local
studies around the world showed that erosion of saihder cultivation was by far outpacing both rates

of soil formation and rate of geological erosidvigntgomery, 2007)In light of these observations, land
degradation likewise climate change or loss biodiversity can be considered as a global issue for
society.

When speaking about land degradatioone can speak aboutt i KS RAYAydziAzy 27
potential of the land, including its major uses, its farming systems, its ecological functions and its values
Fad 'y S02y2Yha O& Sthaderd203)SiEis imporfbt fo Zohsider that the perception of
this prablem might vary greatly between the different land users, other stakeholders and scientists
(Hurni, 2000)These differences in perceptioase due to the fact thatand degradatiorcan be an issue

at different spatial scaleslndeed erosionaffectsthe farmer at the local leveimperillingthe durability

of its exploitation, but also societgt a regional and global scale, threatening food security and
biodiversity. In order to tackle these issues, scientific investigations must be pursued to support
organizations involved in the dev@ment ofsoil and wateiconservationSWCprograms.

1.1.2 Landdegradation in Chile and conservatioexperiences

It has been shown that land degradation is a recurrent problei@hilel: OO2 NRAyYy 3 G2 9f f A S
SNRaAz2y | FFSOGa wp» 2F GKS (G201t O2dzyGiNB $of R Y2N
erosion are especially important in the central part of Chile, in theadled Secano Interior regioBoil

erodibility is high in this region, both because of natural conditions and recent agricultural history which
perpetuates the use of traditionglowing and low fertilizers inputs (Desire, 2010). Moreover, climatic
conditions are known to emphasizke susceptibility to erosiamprecipitationin this areacan bevery

intense and concentratedhitime (Desire, 2010). Water erosion is thus a majsue in this region.

Many SWCmeasurest N K2 6SOSNJ | f NBI Ré 1y26y yR SELISNAYS
LINE @Sy G2 0S &dzOOS a ihe dhileah gogeknindniidévelap&diaiermeSodtacklen n nn 0
land degradation and to promotie utilization ofconservatiormeasuresSWQechnologieshave been
subsidised B the Sistema de Incentivos para la Recuperacion de Suelos Degradados {&1R&Dg

than ten years.Local extension and traininigas also been carried out by thelnstituto de Desarollo
Agropecuario (INDAP) and by thestituto de Investigaciones AgropecuariésllA), which is also

involved in many local researchggrams This set ofnational SWQprogramsencountered quite some

success in promoting the utiktion of conservation measures; the Secano Interiormany SWC
technologies are currently useih this areg and severe land degradation is less frequent in the
landscapeNevertheless, the impact of suWQprogranson thelongterm is still unknown
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1.2. The aoption of SWC measureand therole of conservation programs

1.2.1. The adoption process 8WC measures

SWCtechnologiescan refer to various management techniques, suclag®nomic measuredealing

with plant productivity, soil management methodaiming to improve soil fertility, omechanical
managementwhich modifies the structure of the field to control erosion ratésg(re ). A SWC
measure is considered to ba set of technologiesused together. indeed technologies are often
combined withina singular field (e.g. crop rotations with structural technologiésis important to take

into account that theseSWC measuresspond to particular land use systems, and that they can only
improve the sustainability of the land management in certaimaggological conditions (Hurni, 2000).

Thus, it is fundamental to pursudocal agronomic research and fieleikperimentations todetermine

suitable SWCmeasures However, the use of an appropriateeasureitself does not guarantee an
increase in the sustainability of the management. Indeed, Hurni (2000) defines sustainable land
management (SLM} & &l &aeadsSy 2F GSOKy2f23ASa FyR LXIY
principleswith socioceconomicandpb A G A OF f LINAY OA L)X S& Ay G.KBerebyl yI 35S
it is a process which involves the use afroecologically adaptedconservation measures in
combination tostrong agrarian policies and land use planning aimed to ensure participatidand

users It hasthus been arguedthat the spreading ofSLMis mostly a socieultural and economic
problemrather than a technical problem (Kessler, 2006).

Cultivated land

Soil management H Mechanical methods

Conservation | | Fertilization,
Crop tillage Manures

management I
[ | 1 [ [ |

Cc_>|r|1tour Ridging || Minimum | |1erracing WaterwaysHStructures‘
ridge tying|| no-till
[

Multiple
cropping

Crop Strip-
rotations | | cropping

Fig. 7.1 Soil conservation strategies for cultivated land (after El-Swaify et al. 1982).

Mulching‘

|
Cover
cropping

High-density
planting

Figurel: Types ofSWQechnologies for cultivated soilsadapted fromMorgan (2005)

Consequentlyit is important tomake a distinction betweethe simple utilization oSWC measures and

their adoption. The adoption of SWC measures ispitieess thatould eventually leatb SLM.It is not

a binary process (adopter or neadopter), but a continuous development of knowledge and
investmentsthat involve socieculturaldynamicsand economic considerations from the household. The
process of adoption can be divided in different stagfest characterize the gradual increase $¥WC
investments the acceptance phasehe actual adoption phasand thefinal adoption phaséde Graaff
etads HAnyovd ¢KS FOOSLIFyOS LKIFEaS NBFSNE (2 GKS
land degradtion increases, while trials are carried out on the field. The actual adoption relates to the
point where investments are made in more than a trial basis. And finally, the final adoption is reached
when investments are hold over a long period of time axganded to other fields: the termontinued

useis also used to describe this situation wheneasuresare maintained on théong-term. Investments
NEFSNI G2 GKS aFFN¥V¥SNDRa STFF2NII Ay fF062dzNJ FyR b7
(Kester, 2006). It has been shown that the factors driving investmentSWIC measureare very
diverse, and mostly dependent on theal context and the technologiesder investigationKnowler&
Bradshaw, 2007e Graafet al., 2008 Ahnstbm et al., 20089.
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1.2.2. The role ofSWC programs for the adoption of conservation measures

Several approachesan beidentified to tackle problems of land degradatioithe greading of SWC
measures from locaf | NJYiStliesis arelativelyfrequent dynamic in many partsf the world, and

it has been recognized to ben @fficient approachto improve the sustainability of land management
(WOCAT 2007. But the implementationof SWC measures most frequently linked taconservation
programsplanned byb Dh Qa 2 NJ 3 Phgss NyjectS yai iciude differetyipes of activities

First, bcal extension work and training is a fundamental component o$épeograms(WOCAT, 2097

Local support to farmers isvidely considered to beessentialto implement SWQnnovations and
participatory approacles have been the focus of manyecent SWC program Pannellet al., 2006;
Knowler& Bradshaw, 2007 Secondly, @search i®ften involved in the planning and in the monitoring

of SWCprojects Field eperimentations are usedo determine suitable SWC technologidsnally,
incentives both governmental and nogovernmental,are often an importantcomponent of SWC
programs.Incentivescan be defined & & y& Ay RdzOS ¥ xiernal fgentyiesdnt thl NI 2
both allow or mdivate the local population, be it collectively or on an individual basis,dmpanew
techniquest A YSR G AYLINRZAyYy3 yI (HdeNib& Schvder, 2008)0kentivesy | 3 S
might be direct when they include cash payments for labour, grantssidigls or loans, and indirect

when they include fiscal and legislative measuyfegure 3.

Incentives

Direct incentives (commonly | Indirect incentives ‘
used in SWC programmes) l

*Cash payments for labour, | |
grants, subsidies and loans

+In kind payments such as | Variable incentives | Enabling incentives
the provision of food aid, _
agricultural implements, *Land security
livestock, trees and seeds etc *Market development

*Devolution of
natural resource
management
*[Decentralisation of
decision-making
*Credit lacilities

Sectoral incentives Macro-economic incentives
sInput and output prices *Exchange rates
*Taxes *Taxes
*Tariffs sInterest rates
*Fiscal monetary measures

Figure2: Types of incentives, adapted from Hellin & Schrader (2003)

SWC programs usingcentives have been widely uséd South Americdo tackle problems of land
degradation, and they have been successful in implementing conservation technologies &lellin
Schrader, 2003). Indeesybventionsare often a must in the beginning ofSWW(program as farmers are

not able to afford investmenti technologies (Hellig. Schrader, 2003). However, it has been argued
that investments supported by incentives programs may decrease quickly with time, due to several
sociccultural and ecoomic factors governing decisionaking at the farm levellhe ladk of perception

of erosion poblems andimited beliefin the effectiveness and profitability of conservation practiaes

the most frequently mentioned factor&le Graaffet al, 2008). Hellirg Schrader (2003nd Posthumus
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et al (2010) confirmed thatwhilst direct incentives havesuccessfullyled to the shortterm
establishment of technologies, farmers have tended to abandonbasuresonce the incentives were
withdrawn. Several studies suggested that farm households might only be interested imdéetive
itself, e.g. cash or agricultural equipment (Posthuratial., 2010).

1.2.3. Assessinghe long-term adoption ofSWC measures

Thereby, many experiencésmve shown that subsidised SW@rograms, such as the oadevelopedby

the Chilean governmenare not always an efficient tool to implement conservation technologies in the
long-term. As theseprogramsare still very common in South America, there is a need to assess the
impact of such prects an the longterm adoption of SWCmeasuresand in the promotion of
sustainable land management.

Literature suggested that two elements are crucial to go beyond dhert-term utilization of SWC
measures and to promote a durable change in the management of the Idficst,as enhanced bpe
Graaffetad® 6Hnnyo0v a2yS 02YY2y FyR AYLRNIIFYyd FFEOG2N ¥
{2/ YSIadaNBa ¥F2N {ndedd, mdfithiity &f 2aiseSdi@dchinélagies is often
regarded as a necessary condition for their adoption (E. Berg2at); Knowler& Bradshaw, 2007
Although farmers might be concerned by mt@m effects of erosion or by the social costs of land
degradation, their decisiorto invest or not in SWractices is still dominated by economic
considerations: they first of laneed to meet their basic needs in a competitive environment (E.
Bergsma, 2000). Secondly, it has been shown that participatory approachesuake more likely to
support longterm adoption of SWCtechnologies (Hurni2000 Pannellet al., 2006; Knowler &
Bradshaw, 200Posthumuset al., 2010). Indeed, by promoting collective actions, using local knowledge
YR NBO23yAlAy3d flyRK2f RSNDa 3I2+fax OKIyOSa 27
much more important (Panne#t al, 2006; Postamus et al, 2010).Farmers should develop as-co
managers of their own natural resourcd®ecent reviews dknowler& Bradshaw (2007) andlhnstidm

et al. (2008)SY LK &AT SR G(KS AYLRNIFYyOS 27F I LIWNRI OKSa
knowledgeand atitudesto meet the longterm adoption ofSWC measures

Thus the potential longterm adoption of SWCmeasureswill be assessedn this study by considering

the economicprofitability 2 F G KS (SOKy2ft23ASa&a AYLX SYSYdSR IyR
conservation attitudes.

1.3. Obijectives and research guestion

1.3.1. Objectives of the research

Thi study aims tassesghe longterm impact ofsubsidisedSWCprogramsin promoting sustainable

land managementThe paperinvestigatesthe potential adoption ofSWCmeasuresby farmersin two
Chilean districtghat were widely participatingo the set of SWQctivities proposed by the Chilean
government Thus, the longerm impact of the governmental SWC programs will be predicted by
looking at the process of adtipn of SWC measure3.he current uilization of SWC measureshe
economic profitability of theechnologiesmplemented Yy R OK I y3Sa A WwilFserddda$ N a
a basis toanticipate the potential adoption of the technologiesin the longterm. This study will,
hopefully, help to create a better understanding of the potential succe&/@rograms forthe long-

term adoption of technologies, and further the knowledge etonomic and soctoultural factors
involved in thedevelopmentof sustainabldand managemenprojects
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1.3.2. Research questions
[Main question]

To what extent longterm adoption of SWC measures can be expected in areas of the Secano Interior
that participated to the governmental SW@ctivities?

[Subquestions]

A. What are the SWCtechnologiesestablished, maintained or abandoned in farmsteads cultivated
by farmers in theChileandistricts Ninhue and Portezuelo?

B. Are SWQechnologiesprofitable for farmers in theChileandistricts Ninhue and Portezuelo?

C. Was there an evoluton2 ¥  FI N SNDRa O2 yia Se@hileaniigtritts NirhdeAadiddzR S a
Portezuelo since the beginning of tH8WCactivities?
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2. Methodology

2.1. Study area and its context

2.1.1. Regional biephysical characteristics

The study took place in theBioBio
Region (8 Region), in central Chile, anc
more precisely in the districts-s2
Portezueloand Ninhue (Figure 3) The
region is endowed within a comple>
landscape. The western part i
composed of a coastal Cordillera c
granitic and metamorphic hills, ranging
from 400 to 800 meters high, with steef
convex slopes (Mathiewet al., 2007).
The main soils in this areaeaAlfisols,
which have a mediocre natural fertility,
often lost with the washing out of the -4 -
topsoil that concentrates the organic
matter and the nutritive elements
(Mathieu et al., 2007). The central part
is a huge depression, fulfilled witt
sediments erodd from the Quaternary
glaciations and more recently by loes
deposits (Desire, 2010). These soils ha
a clay texture, and are less prone t
erosion thanks to the gentle
topography. In the East, the Ande:
Cordillera rises, with steep slope:
reaching sumnts higher than 3000m
high. This area is less suitable fc
agriculture. Most of the soils in the
BioBio region are acid, especially whe
they have been heavily cultivated, ant
deficiencies in organic matter anc
nutritive elements are chronic due to
decadesof water erosion (Riquelmet
al., 2004).

ARGENTINIEN

Figure 3: Localization of the study area

The coastal cordillera, known as the Secano Interior (i.e. interior dryland) together with the western part

of the 8", 7" and 9" regions, is a raified area. The climate is defined as Mediterranean, with annual
precipitations ranging from 300mm in the north to 1000nmthe southern part. Rainfall is distributed
unevenly through the year, with a concentration of rain in winter from May to Septemipersaveral

months of drought (November to March) (Desire, 2010he landscapés occupied by traditional
agricultural systems that combine cereal production and livestock activities. Natural vegetation has been
NBEY2@SR I ONRaa f I NBS sdrvBBr idtenst M@idGltural ka&ivityy thainly @éreal (i
production and firewood supply (Mathieet ald> HAnTO® ¢ KA & 2GSNI SELX 2A 01
led to the destruction of the natural vegetation and a loss of the fertile topsoil, and ndwvada & G K S
nutritional depletion and low productivity of Secano soils are perpetuated by low fertilization, small
FINY dzyAidaz FyAYFf GNXOGA2yEZ YR | @FINASGE 27F 2
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traditional tillage has been criticized toause poor soil structures and to increase compaction,
contributing to the high erodibility of these soils (Ellies, 2000).

¢Kdzas GKS O2Yo0AylidAzy 2F KAIKE& SNRAADBS LINBOALRK
practices has led to sex erosion in this regiofFigure 4y al a | NBadzZ G 2F GKS
systems, about two thirds of Secano Interior soils are badly eroded and soil organic matter and microbial
OA2YI &aa IINBE @GSNE 26 Ay YIye LliificadtSsdié impadsSoa hdB > H
productivity of the land in theshort-term (yields), and also in the long run affecting the fertility and the
stability of the soil (Ellies, 2000). Moreover, many-giffe impacts have been reported, such as
sediment damage tooads, floods, and siltation of rivers and ports (Desire, 2010).

Figure 4: Evidencof land degradation in the Secano Interior

2.1.2. Thedistricts Ninhue and Portezuelo

Ninhue and Portezuelo are two neighbouring districts representative of the Secano interior. They are
located on the northern part of the BioBio region, over the dry coastal cordillera. They present a similar
undulating landscapewith slopes ranging from5Lto 30%. Precipitation iabout 650mmper year
mostlyconcentrated during winter months (Takig.
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Tablel: Basic characteristics of the two districts

Ninhue Portezuelo
Area (kn) 401 282
Altitude range (m) 60- 750 60-470
Topography Undulating Undulating
Annual rainfall (mm) 650 650
Population 5738 5470
Type of agriculture Subsidence and mixed| Subsidence and mixed
Land tenure Ownership Ownership

Both districts are rural areasyhere subsistence agriculture is the main activi@.F NJY' S N &

TASE

situated all over the districtsfrom next to the villageto very remote placesMost of the farms are
located atabout 100 to 200 meters above sea level. Buerage size of the farmsasite small: within
the group of farmers interviewed, thtal area of the farm was about 5 to 15 hectares, while #nea

B Ninhue

® Portezuelo

Area (ha)

| Ih‘u

Wheat Oat

Total area Vineyard Pea

cultivated

Figure5: Surface cultivated with perennial crops in both districts

Table2: Percentage of selconsumption(weighted per production)

Ninhue | Portezuelo| Total
Overall sebconsumption (%)| 29 41 35
1 0,
Overal_l seHconsumption (_/o) 88 93 91
excluding grapes production

Despite these selling activities, average incomes are

cultivated was about 4 to 5 hectares,
mainly with wheat, oat, pea and
vineyard (Figure 6 Grapes are the most
common and often theonly source of
income for farmers: as shown orafle

2, percentages of setfonsumption
without grape production are very high
However, livestock is also another
frequent source of income, and about
half of the farmers were involved in this
type of activiy. Many farms use one or
two horses to worlon their fields, while
selling activities were focused on sheep
and cattle raising (Figui®.

still very low in both areas (Table3). Moreover

education facilities are often lacking:mang the

farmers interviewed, 1#id not complete their basic
level of education, 12 went to the @rof the first cycle,
and only 2went further. Thus agriculture is not seen a
a really attractive activityn the districts and migration
to urban areas is a recurrent phenomenon wgsvard

social mobility is veryare in this type of rural areas.
Young people often leavefor cities, and population
becomes older (Figure7). On average, 3 persons were
living at the farm within the group of farmers
interviewed, and the biggest family encountered we

Number of heads

8 M Portezuelo

m Ninhue

Horse Sheep Cattle

of 5 people.

Figure 6: Average number of heaflsr farmers
involved in livestock activities
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m Ninhue
[70-71]

M Portezuelo

Table3: Average income from farmingctivities (cf: teo-701
exchange rate on the'7 of February 2011; 1$ = 479, 15 CH§ [50-60[
Average income | Average income <
from agriculture from agriculture [40-50[
(CHS$ per year) (% per year)
Ninhue 1,704,267 3,656.9 (35-40(
Portezuelo 1,833,203 3,825.9 0 5 . 6 g 0 0

Number of farmers

Figure7: Average ageofil KS K2 dzaSK2f RQa

2.1.3. SWC approach in the area

The Chilean government is aware of the precariousness of thas¢areas, andregional organisms
such as the INIA and the INDA&e been mandated to facilitate the economic and social development
of these zones.The INIA centre Quilamapu is notably involved in many conservatamtivities and
especially on technology transfer topi¢gigure 8) For instance, many field daymd trairing are
organized to involve farmers and to demonstrate the beneficial effedftconservation technologies.
The INDAP is also involved in extension work locAlyther important dynamic in this area is the
presence of a hotspot from the DESIRE projEeis internationatesearchproject seeks to develop new
appropriate technologies fathe sustainable management éfgile soils around the worldhus,many
studies havebeen going on in the Secano Interior to develop suitable crop rotatioatablywith the
incorporation ofconservation tillagecultivation systemgFigure 8) However,conservationdynamics
haveevenbeenmore important in Ninhue, as this district was the host of an intensegearchproject.

¢ K Sonservacion del Medio Ambiente y Desarrollo RiRaiticipativo en el Secano Mediterraneo de
/| KAt Sé prdjectv@sta callaboration between the Japanesel the Chileagovernment which
aimed to improve life quality of small land holders by promotosunservation technologies in the
district (Figure 8) The project was running for seven years (22007), and both the INIA and the
International Cooperation Agency of Japan (JICA) have been very adilirthire working extensively
and individually wi farmers.

National dynamics International dynamics

SAG
I [

(_Incentives )

Macro
Level

>

|N|A «—Research —>! DESIRE

Meso
Level

Research

Extens»on ) CA D E PA

Micro
level

’INDAP

Incentnves

Extens:on ) “Extension )

Bn) ,,A,v,

Figure8: Overview of thevarious actors involved in SWC activities
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The Chilean governmeri$ subsidisingall these SWCactivities The SIRSD programwas developed in
1999 to mprove the productivity of Chilean soil®necentral part of this progranwas focused on the
restoration of degradedoils that cannot be used anymore in a sustainable and productive way, due to
lack of phosphorous, strong acidity, high level of physical erosion or degradation of the vegetal cove
(SAG, 2010). The prograwas running from1999 to 2010,and was hold by théServicio Agricola
Ganaderg@ (SAG) which recently developed a newcentive program. In the SIRSD programash
paymentswere awarded through an invitation to tender, and coedrabout 50 to 80% of the total costs

of restoration, including agricultural inputs, labour and technical material. Ppagments were
supervised either directly by the SAG, or more frequently by INBAPfor smaliscale farmers. Six
different subprogramsinvolving various manageent techniques were availablgSAG, 2010)These
programs can be categorizédto different types ofpractices OO2 NRAyYy 3d (2 a2NHI yQ&
SWCtechnologies Table 4. This distinction between the sytrograms might be useful later on as
Hellin& Schrader (2003) shad that agronomic measures are less prone to withdrawing at the end of
incentive projects than structural technologies. The authors argue that farmers are mdined to
adopt technologies that focus on soil quality and productivity rather than on control of soil loss. Indeed
I 002 NRAY 3 (-dopeiVE tictuie® dbRraiain soil and water, but they do little to improve
soil quality in the interowsl NB | ¢ &d&thdef, 2093).

Table4: Programs of management of the SAG classifigdype of SWQechnologies adapted fromMorgan (2005)

Subprograms of the SIRSD, as defined by the SAG

Main SWGstrategies

Regeneration of a permanent vegetalver (Program 3)

Crop rotation (Program 6)

Agronomic measuregjsing the protective effect of plant
coves to reduce erosion

Phosphorous fertilization (Program 1)

Liming (Program 2)

Conservatiortillage, manure spreading (Program 4)

Land rehabilitation (Program 5)

Soil managementpreparing the soil to promote soil fertility
and improve its structure

Physical structures (Program 4)

Mechanical managementontrolling the movement of wate
over the soil surface

2.2. Methodological framework

Thisresearch is based on empirical insights

collected indistricts Ninhue and éttezuelo, which are

located in BioBioegion, central Chile. The methodological fraai¢he studyis presented in Figure 9
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31 structured interviews

15 in Ninhue
16 in Portezuelo
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— .\\
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<
DISCUSSION

Figure9: Methodological frame of the research
2.2.1. Questionnaire andnterviews

The questionnairédAnnex 1has been built to answer each sghestion separately. First, the extent of

all the SWQneasures used or been used in the farmstead was assessed. Secondly, costs and benefits of
a couple of specifiSWQechnologies were evaluated with the farmer. The aspects of implementation
and maintenance were assessed separaté&lye anount of incentives perceed for each technology

gl a faz2 3 GKSNB Ratitudes/aBoutTahdydedrafiadion aril lancSnbEEvatioeres

also evaluated, pointing out tlreevolution and the future prospects of the household. Basic socio
culturaldata of the householdand physical characteristics of the farmstead were also colleeted are
onlyused to give inputs for the discussifable5).

Data collected for SuQuestion A

1. Type, number and exterdf SWGneasureghat have been established, maintained or abanddne
2. Date of implementation (and abandonment) of theeasures
3. Qualitative visual assessmentrobasur® & Y I A y (v8ligatey DRIY 8RN A a0 F 6 SYSy i ac

Data collected for SuiQuestion B

1. Costs oSWGQechnologies, either in capital or labour:
1 Implementationcosts
1 Maintenance costs
2. Benefits ofSWQechnologies:
1 Quantitative assessment of changes in yields
1 Qualitative assessment of others benefits
3. Incentives perceived:
Type, quantity and date of incentives perceived
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Data collected for SuiQuestion C

SWC masureseventually used before the start of the program

CINXY¥SNDa LISNOSLIiA2y 2F fFyR RSINIRIFIGA2YY SFTSO
CFNXYSNRa LISNDOSLIIAZ2Y 2F O2yaSNBIFGAZ2Yy (SOKyz2ft23A
Evolution of these perceptions since the start of B\&/C activities

Future prospects of the household

L
(

l.:.l
S

arLODOE

Table 5 Basics characteristics of the farmstead and the household

Basic physical characteristics of the Basic socio culturaharacteristicof the household
farmstead
Size exploitation Sex of the head of the household
Surface cultivated Age of the head of the household
Types otrops cultivated Educational level of the head of the household
Yields Family size
Proportion of seiconsumption Futureprospects and expectations of the family
Distance to the field Institutional factors (participation to conservation projects)
Average slope Off farm income
Visible signs of erosion Income from Agriculture
Others activities and type
Acess to land
Acess to labour
Acess to tools and equipment

Thirty-one structured interviewhave beerdone with the help of the technicians from the regional INIA
centre QuilamapuAnnex 2) Fifteen were done in Ninhue, and sixteen in Portezuelo. Farmers were
selected randomly in the districts. Field observations with fdwrmer followedthe interviews in most of

the cases to complete the interviewiasights andto validate the outcomes of the meetingData
collected during the interviews have been gathered in Excel sladttisvards

2.2.2. Handling basic learacteristics othe household

Basiodata of the household, aproportion of selfconsumptionkelling, education level, dgncome have
been categorized to facilitate thanalysis proces®ercentages of setfionsumption and selling have
been rounded up during the intemivs as farmers did not have precise registers of their selling. Thus
the following scale was used to determine the percentage of Food crop and Cash a@indg6).

Table6: Percentage of Food Crepash Crop, estimated esite by farmersfor each crop
Cr produced for food Mixed production Crop produced for cas
100% 7030 % | 50-50 % | 3070 % 100 %

9RdzOF GA2y aeadsSYy Ay [ KAES A& &dzo EAseharRsS Basicanys (0 K
Ay G SNI SR AEhséifanzd MediSif = oldy R dzyo BigcadiidESuperdod @ € 9GKS SR dzOI G
has been categorizebhto five classes Table 7) according to the distributio? ¥ F I N¥Y SND&a SRd
level (i.e. nost of the farmers had epped school at the basic level).

Table7: Subdivision of education el into groups
éPrimero Basica | §eBundb Basiéa

C N2 Tercero Basida @@&intodBasica

éSixto Basical: Y Beptima Basica

oBasica Completa

49y asS3l yi ly Rdu@sby | £ dzLJS N

QPR WINF
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Finally, income appeared to be one of the maicate data to collect, as farmers do not have a
register of their selling, and as they are often reluctant to reveal this type of information. Thus data
collected during the interviews hadseen checked with basic calculations, which include estimations of

the income obtained from the main crops, from livestock activities, frtegumes grown in
greenhouss, and from other activities when applicable. Individual yields, percentages of cags, cro

and average selling prices have been used to do these calculations. Estimations showed a slightly higher
AyO2YS GKIFYy FFENXYSNRa adGlFiSySydaz odzi ¢SNB It 2061
were determined (Table 8) according to the disk 6 dzi A2y 2F GKS | @SN} 3IS g
statement and calculated estimations.

Table8Y ! yydzt AyO2YS OIFiGS3I2NASa RSIGSNNYAYSR 6AGK FINXY¥SNDa a
cf: exchange rate on the"7of February 2011; 1$ = 479, 15 CH$)
Income clas§CHS$) Income class ($)| Description of typical activities within the income class
[0 ; 750,000][ [0;1565.3] Selling grapes
[750,000 ; 2,000,000[| [1565.3;4174.1[| Selling grapes + other cash crops (Lentils, Peas)

[2,000,000 ; 3,500,000| [4174.1;7304.6[ | Selling grapes + other cash crops (Lentils, Peas) + other production
0t APSAaG201 2N ANBSYK2dzaSQa € S 3dzy
[3,500,000; ...] [7304.6; ...] Selling grapes + other cash crops + other extended production (livestoc
INBSyK2dzasSQa f 8ydzySao 2N 2 KSNJ |

Vineyards were the main source of income in the area, and most of the farmers were at least selling
grapes. Lentils and peas were the most frequent secondary source of income for farmers. Wheat and
beans were also regularly sold. Some farmers wversifying their sources of income with livestock
activities and with legumes produced in greenhouses. Finally, a few farmers were also involved in off
farm activities, such as market vend, beekeeping, wine making, or grocery trade.

223. 9 @I f dzi G A 2 ycongetvatidnratitvdssNI &

+ NA2dza Of 2aSR ljdzSaidAz2ya FNRBY (KS ljdzSadAaz2yyl ANB
problems and their related management strategies. These questions have been divided into three
gradualcategorées: questions about the erosion process itself and its consequences, questions about the
causes of this phenomenon, and finally questions about the potelotigterm management strategies

to tackle this problem. A Likert scale was used to evaluate thel lef agreement of the farmer with
different statements, which were then related to thieree previously mentioned categories. When the
answers within a category were coherent enough to show that the farmer fully comprelehd point
addressed, the stagwas considered as understo¢thble 9). This coherency criterion is based on both
the level of agreement determined by the Likert scale and the comments made by the farmer during the
interview for the related statement. Examples for the determinatiorraxfognition or norrecognition

of a perception stage are provided in Anrgex

Table9: Determination of different stages of erosion perception

Stage 1: Recognition of erosion | Recognition of the process, of its Questions Al, A2, A3
process (S1) direct effects and potential tlaats. (in Annex 1)

Stage 2: Recognition of causes ( Recognition of the causes of erosion| Questions A4, A5, A6, A7
erosion (S2) and of the different factors involved il (in Annex 1)

the process.
Stage 3Longterm approach of | Integration of conservation strategies Questions A10B1, C1
erosion management (S3) in the core of the management plan ¢ (in Annex 1)

the farm. Erosion seen as a key
concern fordecisiormaking
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From these three stages afrosion perception, a scale ofconservation attitudeswas determined

Different types of users were defineatcording toboth the use of conservation technologies in their

field and to theirperceptionof erosion(Table10).¢ KA & & Ol S A a Y2peddptdnad | & SR
erosionandA i gAfft 0SS INOWSNWNER Gay alSKNPY AR E F 2 (TabkdzR S A
11).

Table 10 Determination of the different type of
conservation attitudes

Use| S1 | S2 | S3

Nonuser

Irrelevant User

User

Persuaded user

g|d|wN|F
I
= =1k
PR |o|o|!
Rlo|o|o|!

Longterm user

Tablell: Description of the differenttype of conservationattitudes

1 | Nonuser All farmers withoutSWQechnologies implemented in their fields fall in this group. But
farmers can have different perception of erosion.

Two subgroups can be distinguished:

[1.1] Farmers with low risk of erosion (flat land), which might recognized the process of
erosion (S1) and even its causes (S2)

[1.2] Farmers dealing with high risk of erosion, usually not aware of erosion congShsad
@S2)

2 | Irrelevant User | Farmers implemented SW€chnologies, but do not seem to be aware of the potential
damages of erosion. They hardly manage to describe how erosion can affect their land; t
GSN¥YAy2t238 aaz2AiAf SNRaAzyé Aa 2FGSy A3dy1

3 | User Farmers recognized the potential damages of erosion, and can clearly describe how the
process affects their land. However, farmers do not have a clear understanding of the ca
the phenomenon (S2). The different factors affecting the process are elbtecognized, and
erosion is often seen as a natural hazard.

4 | Persuaded user| Farmers have a clear picture of the different factors affecting erosion presesspecially
O2y OSNYyAy3a (KS AYLI OG 2F FIENXSNRA YIyl 3
they also increase their knowledge on how to deal with erosion problems.

5 | Longtermuser | Farmers clearly recognize the causes of erosion and thedlifféactors affecting the process
(S2). They also havdangterm vision of erosion management, integrating erosion concern
the core of the strategy of the farm (S3). Efforts are made to implement i@@&Sureson the
longterm (time horizon) and in a large scale (spatial horizon).

2.2.4. Determination of the diversification level of the farm

The diversification level of the farm system appeared to be one of the most relewdinatorsfor the
adoption of SW@echnologies. Indeed, esite observations revealed that in most of the cases farmers
with a high level of conservation technologies ptlon had an important variety of crops and activities.
Thus several data collected during the intervielwave been usetb determine the diversification level

of the farm. When speaking about the diversity of a farm system, one can speak about thengroppi
system itself (the proportion of land under different crops), about kigour expenditure (labour spent

in different activities), and about the income sources (income obtained from different activities).
Detailed data were available concerning land (ise area under each crop), and they have been used
to calculate an index of crop diversity. Data about labour expenditure were not complete enough to
come up with an index. However, the type and number of activities have been used to characterize the
diversity of labourcarried outon the farm. Finally, data were not sufficient to charactetize diverse
sources of income.
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An index of crop diversity was used to characterise the diversification level of each farm. This index is
derived from Ecologff NB Y G KS {AYLlaz2yQa OIFfOdAFiAz2y 2F aiKS
index has been used in different papeiGafdineret al, 2009, and hasbeen referenced in the
SEAMLESS database. It is calculated as followed:

1
BlO'®@

61 £ Q00 | "=

; 0AODeE = 5 0 'M0MG= | OF WENE OO0 £ ('Y

Concerning labour expenditure, a scale was built in order to characterize the diversity of the activities in
the farm. A simple system of points has beesed, where points are attributed according to the
presence or not of a certain activity in the farm. Two points were accorded to each activity considered

as important, i.e. activities traditionally seen as fundamental in the area, while one point wasletco

to othersactivities Table 12). Thissystem of points has been uséedcausethe variety of combination
0SGsSSy FOUAGAGASE o1l a G22 I NBS G2 02YS dzJ ¢A 0K

Table12: Determination of an index of labouexpenditure diversification

2 points activities 1 point activities
- Wheat production (basic food crop) - Lentil, Bean, or Pea't2additional food crop
- Lentil, Bean, or Peadditional food crop from from the Legume family)
the Legume family) - Oat (fodder production)
- Vineyard (main cash crop) - Greenhouse production (vegetables)
- Cow or sheep raising (Livestock activity)
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3. Results

3.1. Currentutilization of SWC measureig the districts (SubQuestion A)

In both districts, the main SWchnologies encountered wereonservation tillagediversion ditches,
terraces and wood daméTable 13; Figure 1 The bur technologies were used along with basic
fertilization (Nitrogen and Phosphorus) and crop rotatiq@rain/Pasture and Grain/Legumejyhich
were both generally used by farmers. Thgsacticeswould not be considered in this section, although
it is recognized that they are an integral part32WC measure8esides thedur technologies described,
only few farmershad usedother type of technologies such as described by $iBRSprogram. They
were mostly land rehabilitation practices (land cleararstéysoiling, or agriculturdiming).

Table 13 SWQechnologies encountered in the area

SWC Technology Description Purpose

No ploughingof the soil or reducedploughing
Use of a ndill machine for seeding. Crop
residues are left on the fieldRefers to both No
tillage and minimum tillage

Increase infiltration and water
holdingcapacity. Prevent soil loss.
Improve soil organic matter conten

Conservation tillage

Ditches built on contour lines. Built either

Diversion ditches upstream of a field or within a field Divert runoff

Terraces Smaliscaleterraces build in steep slopes Control runoff andprevent soil loss
Small wood dams placed in gullies. Also called| Control ruroff and increase

Wood dams Tl
gully plug infiltration

Figure 10 SWC technologiegsed in the districts from the top-left to the bottom-right, diversion ditch in a ne
tilled field, wood dam, netill machine tracked by animals, and terrace.
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