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Abstract 
 
Land degradation is a global issue that affects millions of farmers all over 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 successful in implementing SWC measures. However, the long-term impact of such 
programs is still unknown. This study aims to assess the long-term impact of subsidised SWC programs 
in promoting sustainable land management. This paper 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 among small-scale 
farmers in the districts Ninhue and Portezuelo. The current utilization of SWC technologies, their 
economic profitability ŀƴŘ ŎƘŀƴƎŜǎ ƛƴ ŦŀǊƳŜǊΩǎ ŎƻƴǎŜǊǾŀǘƛƻƴ ŀǘǘƛǘǳŘŜǎ ǿŜǊŜ ŎƻƴǎƛŘŜǊŜŘ ǘƻ ǇǊŜŘƛŎǘ ǘƘŜ 
long-term effect of the program. Results showed that structural technologies such as terraces, diversion 
ditches or wood dams were very common in both districts, while conservation tillage was mostly used in 
Ninhue. An important proportion of the farmers perceived SWC technologies as non-profitable on the 
short-term. Conservation 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 short-term benefits on yields were not important enough. Finally, it 
ŀǇǇŜŀǊŜŘ ǘƘŀǘ Ƴƻǎǘ ƻŦ ǘƘŜ ŦŀǊƳŜǊǎ ǿŜǊŜ ǿŜƭƭ ŀǿŀǊŜ ƻŦ ŜǊƻǎƛƻƴΩǎ ǘƘǊŜŀǘǎΣ ŀƴŘ ŀƴ ƛƳǇƻǊǘŀƴǘ ǇŀǊǘ ƻŦ ǘƘŜƳ 
could explain the different reasons underlying the phenomenon. Overall, it is concluded that the 
adoption of SWC measures would not be final for most of the farmers. The first recommendation is to 
pursue participatory approaches in SWC projects to better target and adapt technologies to local needs. 
Practices must be evaluated in terms of productivity, sustainability and trial-ability. To tackle the major 
problem of rural exodus, it is also recommended to include SWC activities in a holistic frame of rural 
development and to encourage active farmers to expand and diversify their activities.  
 
 
Keywords: Conservation Agriculture, SWC measures, Technologies, No-tillage, Terraces, Diversion 
ditches, Adoption, Long-term, Investments, SWC programs, Incentives, Extension work, 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 Human-induced Land Degradation (GLASOD) stated 
that in 1990 over 1.9 billion hectares of agricultural land were degraded by human activities, in which 
more than a half was caused by water erosion (Bridges & Oldeman, 1999). Although this assessment has 
been widely criticized, it remains the only complete assessment of land degradation worldwide, and it is 
still an important source of information used by policy makers (Sonneveld & 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 areas (Bai et al., 2008). Many others local 
studies around the world showed that erosion of soils under cultivation was by far outpacing both rates 
of soil formation and rate of geological erosion (Montgomery, 2007). In light of these observations, land 
degradation, likewise climate change or loss of biodiversity, can be considered as a global issue for 
society. 
 
When speaking about land degradation, one can speak about άǘƘŜ ŘƛƳƛƴǳǘƛƻƴ ƻŦ ǘƘŜ ǇǊƻŘǳŎǘƛǾŜ 
potential of the land, including its major uses, its farming systems, its ecological functions and its values 
ŀǎ ŀƴ ŜŎƻƴƻƳƛŎ ǊŜǎƻǳǊŎŜέ όIŜƭƭƛƴ & Schrader, 2003). It is important to consider that the perception of 
this problem might vary greatly between the different land users, other stakeholders and scientists 
(Hurni, 2000). These differences in perceptions are due to the fact that land degradation can be an issue 
at different spatial scales. Indeed, erosion affects the farmer at the local level, imperilling the durability 
of its exploitation, but also society at 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 development of soil and water conservation (SWC) programs. 
 
 

1.1.2 Land degradation in Chile and conservation experiences 
 
It has been shown that land degradation is a recurrent problem in Chile: ŀŎŎƻǊŘƛƴƎ ǘƻ 9ƭƭƛŜǎ όнлллύΣ άǘƘŜ 
ŜǊƻǎƛƻƴ ŀŦŦŜŎǘǎ нр҈ ƻŦ ǘƘŜ ǘƻǘŀƭ ŎƻǳƴǘǊȅ ŀƴŘ ƳƻǊŜ ǘƘŀƴ сл҈ ƻŦ ǘƘŜ ǘƻǘŀƭ ǳǎŀōƭŜ ƭŀƴŘέΦ ¢ƘŜǎŜ ǇǊƻōƭŜƳs of 
erosion are especially important in the central part of Chile, in the so-called Secano Interior region. Soil 
erodibility is high in this region, both because of natural conditions and recent agricultural history which 
perpetuates the use of traditional plowing and low fertilizers inputs (Desire, 2010). Moreover, climatic 
conditions are known to emphasize the susceptibility to erosion: precipitation in this area can be very 
intense and concentrated in time (Desire, 2010). Water erosion is thus a major issue in this region.  
 
Many SWC measures ŀǊŜ ƘƻǿŜǾŜǊ ŀƭǊŜŀŘȅ ƪƴƻǿƴ ŀƴŘ ŜȄǇŜǊƛƳŜƴǘŜŘ ƛƴ /ƘƛƭŜΣ ŀƴŘ άǘƘŜȅ ƘŀǾŜ ōŜŜƴ 
ǇǊƻǾŜƴ ǘƻ ōŜ ǎǳŎŎŜǎǎŦǳƭ ƭƻŎŀƭƭȅέ ό9ƭƭƛŜǎΣ нлллύΦ The Chilean government developed a scheme to tackle 
land degradation and to promote the utilization of conservation measures. SWC technologies have been 
subsidised by the Sistema de Incentivos para la Recuperación de Suelos Degradados (SIRSD) for more 
than ten years. Local extension and training has also been carried out by the Instituto de Desarollo 
Agropecuario (INDAP) and by the Instituto de Investigaciones Agropecuarias (INIA), which is also 
involved in many local research programs. This set of national SWC programs encountered quite some 
success in promoting the utilization of conservation measures in the Secano Interior: many SWC 
technologies are currently used in this area, and severe land degradation is less frequent in the 
landscape. Nevertheless, the impact of such SWC programs on the long-term is still unknown. 
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1.2. The adoption of SWC measures and the role of conservation programs 
 

1.2.1. The adoption process of SWC measures 
 
SWC technologies can refer to various management techniques, such as agronomic measures dealing 
with plant productivity, soil management methods aiming to improve soil fertility, or mechanical 
management which modifies the structure of the field to control erosion rates (Figure 1). A SWC 
measure is considered to be a set of technologies used together: indeed technologies are often 
combined within a singular field (e.g. crop rotations with structural technologies). It is important to take 
into account that these SWC measures respond to particular land use systems, and that they can only 
improve the sustainability of the land management in certain agro-ecological conditions (Hurni, 2000). 
Thus, it is fundamental to pursue local agronomic research and field experimentations to determine 
suitable SWC measures. However, the use of an appropriate measure itself does not guarantee an 
increase in the sustainability of the management. Indeed, Hurni (2000) defines sustainable land 
management (SLM) ŀǎ άŀ ǎȅǎǘŜƳ ƻŦ ǘŜŎƘƴƻƭƻƎƛŜǎ ŀƴŘ ǇƭŀƴƴƛƴƎ ǘƘŀǘ ŀƛƳǎ ǘƻ ƛƴǘŜƎǊŀǘŜ ŜŎƻƭƻƎƛŎŀƭ 
principles with socio-economic and poƭƛǘƛŎŀƭ ǇǊƛƴŎƛǇƭŜǎ ƛƴ ǘƘŜ ƳŀƴŀƎŜƳŜƴǘ ƻŦ ŀƎǊƛŎǳƭǘǳǊŀƭ ƭŀƴŘέ. Thereby, 
it is a process which involves the use of agro-ecologically adapted conservation measures in 
combination to strong agrarian policies and land use planning aimed to ensure participation of land 
users. It has thus been argued that the spreading of SLM is mostly a socio-cultural and economic 
problem rather than a technical problem (Kessler, 2006).  
 

 
Figure 1: Types of SWC technologies for cultivated soils, adapted from Morgan (2005) 

 
Consequently, it is important to make a distinction between the simple utilization of SWC measures and 
their adoption. The adoption of SWC measures is the process that could eventually lead to SLM. It is not 
a binary process (adopter or non-adopter), but a continuous development of knowledge and 
investments that involve socio-cultural dynamics and economic considerations from the household. The 
process of adoption can be divided in different stages that characterize the gradual increase of SWC 
investments: the acceptance phase, the actual adoption phase and the final adoption phase (de Graaff 
et alΦΣ нллуύΦ ¢ƘŜ ŀŎŎŜǇǘŀƴŎŜ ǇƘŀǎŜ ǊŜŦŜǊǎ ǘƻ ǘƘŜ ǎǘŀƎŜ ǿƘŜǊŜ ŦŀǊƳŜǊΩǎ ŀǿŀǊŜƴŜǎǎ ŀōƻǳǘ ǘƘŜ ƛƳǇŀŎǘ ƻŦ 
land degradation 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 and expanded to other fields: the term continued 
use is also used to describe this situation where measures are maintained on the long-term. Investments 
ǊŜŦŜǊ ǘƻ ǘƘŜ άŦŀǊƳŜǊΩǎ ŜŦŦƻǊǘΣ ƛƴ ƭŀōƻǳǊ ŀƴŘ ǘƛƳŜΣ ǘƻ ŜȄŜŎǳǘŜ ƻǊ Ƴŀƛƴǘŀƛƴ ǘƘŜ ŎƻƴǎŜǊǾŀǘƛƻƴ ǇǊŀŎǘƛŎŜǎέ 
(Kessler, 2006). It has been shown that the factors driving investments in SWC measures are very 
diverse, and mostly dependent on the local context and the technologies under investigation (Knowler & 
Bradshaw, 2007; de Graaff et al., 2008; Ahnström et al., 2008). 
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1.2.2. The role of SWC programs for the adoption of conservation measures 
 
Several approaches can be identified to tackle problems of land degradation. The spreading of SWC 
measures from local ŦŀǊƳŜǊΩǎ initiatives is a relatively frequent dynamic in many parts of the world, and 
it has been recognized to be an efficient approach to improve the sustainability of land management 
(WOCAT, 2007). But the implementation of SWC measures is most frequently linked to conservation 
programs planned by bDhΩǎ ƻǊ ƎƻǾŜǊƴƳŜƴǘǎΦ These projects can include different types of activities. 
First, local extension work and training is a fundamental component of these programs (WOCAT, 2007). 
Local support to farmers is widely considered to be essential to implement SWC innovations, and 
participatory approaches have been the focus of many recent SWC programs (Pannell et al., 2006; 
Knowler & Bradshaw, 2007). Secondly, research is often involved in the planning and in the monitoring 
of SWC projects. Field experimentations are used to determine suitable SWC technologies. Finally, 
incentives, both governmental and non-governmental, are often an important component of SWC 
programs. Incentives can be defined ŀǎ άŀƴȅ ƛƴŘǳŎŜƳŜƴǘ ƻƴ ǘƘŜ ǇŀǊǘ ƻf an external agency meant to 
both allow or motivate the local population, be it collectively or on an individual basis, to adopt new 
techniques ŀƛƳŜŘ ŀǘ ƛƳǇǊƻǾƛƴƎ ƴŀǘǳǊŀƭ ǊŜǎƻǳǊŎŜ ƳŀƴŀƎŜƳŜƴǘέ όHellin & Schrader, 2003). Incentives 
might be direct when they include cash payments for labour, grants, subsidies or loans, and indirect 
when they include fiscal and legislative measures (Figure 2). 
 
 

 
Figure 2: Types of incentives, adapted from Hellin & Schrader (2003) 

 
SWC programs using incentives have been widely used in South America to tackle problems of land 
degradation, and they have been successful in implementing conservation technologies (Hellin & 
Schrader, 2003). Indeed, subventions are often a must in the beginning of a SWC program as farmers are 
not able to afford investments in technologies (Hellin & Schrader, 2003). However, it has been argued 
that investments supported by incentives programs may decrease quickly with time, due to several 
socio-cultural and economic factors governing decision-making at the farm level. The lack of perception 
of erosion problems and limited belief in the effectiveness and profitability of conservation practices are 
the most frequently mentioned factors (de Graaff et al., 2008). Hellin & Schrader (2003) and Posthumus 
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et al. (2010) confirmed that whilst direct incentives have successfully led to the short-term 
establishment of technologies, farmers have tended to abandon the measures once the incentives were 
withdrawn. Several studies suggested that farm households might only be interested in the incentive 
itself, e.g. cash or agricultural equipment (Posthumus et al., 2010).  
 
 

1.2.3. Assessing the long-term adoption of SWC measures 
 
Thereby, many experiences have shown that subsidised SWC programs, such as the ones developed by 
the Chilean government, are not always an efficient tool to implement conservation technologies in the 
long-term. As these programs are still very common in South America, there is a need to assess the 
impact of such projects on the long-term adoption of SWC measures and in the promotion of 
sustainable land management. 
 
Literature suggested that two elements are crucial to go beyond the short-term utilization of SWC 
measures and to promote a durable change in the management of the land. First, as enhanced by De 
Graaff et alΦ όнллуύ άƻƴŜ ŎƻƳƳƻƴ ŀƴŘ ƛƳǇƻǊǘŀƴǘ ŦŀŎǘƻǊ ŦƻǊ ŎƻƴǘƛƴǳŜŘ ŀŘƻǇǘƛƻƴ ƛǎ ǘƘŜ ǇǊƻŦƛǘŀōƛƭƛǘȅ ƻŦ ǘƘŜ 
{²/ ƳŜŀǎǳǊŜǎ ŦƻǊ ǘƘŜ ŦŀǊƳ ƘƻǳǎŜƘƻƭŘέΦ Indeed, profitability of conservation technologies is often 
regarded as a necessary condition for their adoption (E. Bergsma, 2000; Knowler & Bradshaw, 2007). 
Although farmers might be concerned by mid-term effects of erosion or by the social costs of land 
degradation, their decision to invest or not in SWC practices is still dominated by economic 
considerations: they first of all need to meet their basic needs in a competitive environment (E. 
Bergsma, 2000). Secondly, it has been shown that participatory approaches are much more likely to 
support long-term adoption of SWC technologies (Hurni, 2000; Pannell et al., 2006; Knowler & 
Bradshaw, 2007; Posthumus et al., 2010). Indeed, by promoting collective actions, using local knowledge 
ŀƴŘ ǊŜŎƻƎƴƛȊƛƴƎ ƭŀƴŘƘƻƭŘŜǊΩǎ ƎƻŀƭǎΣ ŎƘŀƴŎŜǎ ƻŦ ŀ ŘǳǊŀōƭŜ ŎƘŀƴƎŜ ƛƴ ŦŀǊƳŜǊΩǎ ŎƻƴǎŜǊǾŀǘƛƻƴ ŀǘǘƛǘǳŘŜ ŀǊŜ 
much more important (Pannell et al., 2006; Posthumus et al., 2010). Farmers should develop as co-
managers of their own natural resources. Recent reviews of Knowler & Bradshaw (2007) and Ahnström 
et al. (2008) ŜƳǇƘŀǎƛȊŜŘ ǘƘŜ ƛƳǇƻǊǘŀƴŎŜ ƻŦ ŀǇǇǊƻŀŎƘŜǎ ǘƘŀǘ ǇǊƻƳƻǘŜ ǘƘŜ ŜǾƻƭǳǘƛƻƴ ƻŦ ŦŀǊƳŜǊΩǎ 
knowledge and attitudes to meet the long-term adoption of SWC measures.  
 
Thus, the potential long-term adoption of SWC measures will be assessed in this study by considering 
the economic profitability ƻŦ ǘƘŜ ǘŜŎƘƴƻƭƻƎƛŜǎ ƛƳǇƭŜƳŜƴǘŜŘ ŀƴŘ ǘƘŜ ǇƻǘŜƴǘƛŀƭ ŎƘŀƴƎŜǎ ƛƴ ŦŀƳŜǊΩǎ 
conservation attitudes. 
 
 

1.3.  Objectives and research question 
 

1.3.1.  Objectives of the research 
 
This study aims to assess the long-term impact of subsidised SWC programs in promoting sustainable 
land management. The paper 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. Thus, the long-term impact of the governmental SWC programs will be predicted by 
looking at the process of adoption of SWC measures. The current utilization of SWC measures, the 
economic profitability of the technologies implemented, ŀƴŘ ŎƘŀƴƎŜǎ ƛƴ ŦŀǊƳŜǊΩǎ ŀǘǘƛǘǳŘŜs will serve as 
a basis to anticipate the potential adoption of the technologies in the long-term. This study will, 
hopefully, help to create a better understanding of the potential success of SWC programs for the long-
term adoption of technologies, and further the knowledge of economic and socio-cultural factors 
involved in the development of sustainable land management projects. 
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1.3.2.  Research questions 
 
[Main question] 
 
To what extent long-term adoption of SWC measures can be expected in areas of the Secano Interior 
that participated to the governmental SWC activities? 
 
 [Sub-questions] 
 
 
A. What are the SWC technologies established, maintained or abandoned in farmsteads cultivated 

by farmers in the Chilean districts Ninhue and Portezuelo? 
 
B. Are SWC technologies profitable for farmers in the Chilean districts Ninhue and Portezuelo? 
 
C. Was there an evolution ƻŦ ŦŀǊƳŜǊΩǎ ŎƻƴǎŜǊǾŀǘƛƻƴ ŀǘǘƛǘǳŘŜǎ in the Chilean districts Ninhue and 

Portezuelo since the beginning of the SWC activities?  
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2. Methodology 
 

2.1.  Study area and its context 
 

2.1.1.  Regional bio-physical characteristics 
 
The study took place in the BioBio 
Region (8th Region), in central Chile, and 
more precisely in the districts 
Portezuelo and Ninhue (Figure 3). The 
region is endowed within a complex 
landscape. The western part is 
composed of a coastal Cordillera of 
granitic and metamorphic hills, ranging 
from 400 to 800 meters high, with steep 
convex slopes (Mathieu et al., 2007). 
The main soils in this area are Alfisols, 
which have a mediocre natural fertility, 
often lost with the washing out of the 
topsoil that concentrates the organic 
matter and the nutritive elements 
(Mathieu et al., 2007). The central part 
is a huge depression, fulfilled with 
sediments eroded from the Quaternary 
glaciations and more recently by loess 
deposits (Desire, 2010). These soils have 
a clay texture, and are less prone to 
erosion thanks to the gentle 
topography. In the East, the Andes 
Cordillera rises, with steep slopes 
reaching summits higher than 3000m 
high. This area is less suitable for 
agriculture. Most of the soils in the 
BioBio region are acid, especially when 
they have been heavily cultivated, and 
deficiencies in organic matter and 
nutritive elements are chronic due to 
decades of water erosion (Riquelme et 
al., 2004).  

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 6th, 7th and 9th regions, is a rain fed area. The climate is defined as Mediterranean, with annual 
precipitations ranging from 300mm in the north to 1000mm in the southern part. Rainfall is distributed 
unevenly through the year, with a concentration of rain in winter from May to September, and several 
months of drought (November to March) (Desire, 2010). The landscape is occupied by traditional 
agricultural systems that combine cereal production and livestock activities. Natural vegetation has been 
ǊŜƳƻǾŜŘ ŀŎǊƻǎǎ ƭŀǊƎŜ ŀǊŜŀǎ ŦǊƻƳ ǘƘŜ мфолΩǎ ǘo serve an intense agricultural activity; mainly cereal 
production and firewood supply (Mathieu et alΦΣ нллтύΦ ¢Ƙƛǎ ƻǾŜǊ ŜȄǇƭƻƛǘŀǘƛƻƴ ƻŦ ǘƘŜ ǎƻƛƭΩǎ ǊŜǎƻǳǊŎŜǎ Ƙŀǎ 
led to the destruction of the natural vegetation and a loss of the fertile topsoil, and nowadaȅǎ άǘƘŜ 
nutritional depletion and low productivity of Secano soils are perpetuated by low fertilization, small 
ŦŀǊƳ ǳƴƛǘǎΣ ŀƴƛƳŀƭ ǘǊŀŎǘƛƻƴΣ ŀƴŘ ŀ ǾŀǊƛŜǘȅ ƻŦ ƻǘƘŜǊ ǘǊŀŘƛǘƛƻƴŀƭ ǇǊŀŎǘƛŎŜǎέ ό5ŜǎƛǊŜΣ нлмлύΦ !ƳƻƴƎ ǘƘŜƳΣ 
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traditional tillage has been criticized to cause poor soil structures and to increase compaction, 
contributing to the high erodibility of these soils (Ellies, 2000).   
 
¢ƘǳǎΣ ǘƘŜ ŎƻƳōƛƴŀǘƛƻƴ ƻŦ ƘƛƎƘƭȅ ŜǊƻǎƛǾŜ ǇǊŜŎƛǇƛǘŀǘƛƻƴ ƛƴ ǿƛƴǘŜǊΣ ƛƳǇƻǊǘŀƴǘ ǎƻƛƭΩǎ ŜǊƻŘƛōƛƭƛǘȅ ŀƴŘ ƘǳƳŀƴ 
practices has led to severe erosion in this region (Figure 4)Υ άŀǎ ŀ ǊŜǎǳƭǘ ƻŦ ǘƘŜ ǇǊŜǾŀƛƭƛƴƎ ƭŀƴŘ ǳǎŜ 
systems, about two thirds of Secano Interior soils are badly eroded and soil organic matter and microbial 
ōƛƻƳŀǎǎ ŀǊŜ ǾŜǊȅ ƭƻǿ ƛƴ Ƴŀƴȅ ǇƭŀŎŜǎέ ό5ŜǎƛǊŜΣ нлмлύΦ ¢Ƙƛǎ ǇǊƻōƭŜƳ ƛǎ ǎƛƎnificant as it impacts on the 
productivity of the land in the short-term (yields), and also in the long run affecting the fertility and the 
stability of the soil (Ellies, 2000). Moreover, many off-side impacts have been reported, such as 
sediment damage to roads, floods, and siltation of rivers and ports (Desire, 2010).   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4: Evidences of land degradation in the Secano Interior 
 
 

2.1.2. The districts 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 landscape, with slopes ranging from 15 to 30%. Precipitation is about 650mm per year, 
mostly concentrated during winter months (Table 1).  
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Table 1: Basic characteristics of the two districts 

 Ninhue Portezuelo 

Area (km
2
) 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 areas, where subsistence agriculture is the main activity. CŀǊƳŜǊΩǎ ŦƛŜƭŘǎ ŀǊŜ 
situated all over the districts, from next to the village to very remote places. Most of the farms are 
located at about 100 to 200 meters above sea level. The average size of the farms is quite small: within 
the group of farmers interviewed, the total area of the farm was about 5 to 15 hectares, while the area 

cultivated was about 4 to 5 hectares, 
mainly with wheat, oat, pea and 
vineyard (Figure 5). Grapes are the most 
common and often the only source of 
income for farmers: as shown on Table 
2, percentages of self-consumption 
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 activity. Many farms use one or 
two horses to work on their fields, while 
selling activities were focused on sheep 
and cattle raising (Figure 6).  

Figure 5: Surface cultivated with perennial crops in both districts 
 
 
Table 2: Percentage of self-consumption (weighted per production) 

  Ninhue Portezuelo Total 

Overall self-consumption (%) 29 41 35 

Overall self-consumption (%), 
excluding grapes production 

88 93 91 

 
Despite these selling activities, average incomes are 
still very low in both areas (Table 3). Moreover 
education facilities are often lacking: among the 
farmers interviewed, 17 did not complete their basic 
level of education, 12 went to the end of the first cycle, 
and only 2 went further. Thus agriculture is not seen as 
a really attractive activity in the districts, and migration 
to urban areas is a recurrent phenomenon as upward 
social mobility is very rare in this type of rural areas. 
Young people often leave for cities, and population 
becomes older (Figure 7). On average, 3 persons were 
living at the farm within the group of farmers 
interviewed, and the biggest family encountered was 
of 5 people.  

Figure 6: Average number of heads for farmers 
involved in livestock activities 
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Table 3: Average income from farming activities (cf: 
exchange rate on the 7

th
 of February 2011; 1$ = 479, 15 CH$) 

  Average income 
from agriculture 
(CH$ per year) 

Average income 
from agriculture 

($ per year) 

Ninhue 1,704,267 3,556.9 

Portezuelo 1,833,203 3,825.9 

 
 

Figure 7: Average age of ǘƘŜ ƘƻǳǎŜƘƻƭŘΩǎ ƘŜŀŘ 
 
 

2.1.3. SWC approach in the area 
 
The Chilean government is aware of the precariousness of these rural areas, and regional organisms 
such as the INIA and the INDAP have been mandated to facilitate the economic and social development 
of these zones. The INIA centre Quilamapu is notably involved in many conservation activities, and 
especially on technology transfer topics (Figure 8). For instance, many field days and training are 
organized to involve farmers and to demonstrate the beneficial effects of conservation technologies. 
The INDAP is also involved in extension work locally. Another important dynamic in this area is the 
presence of a hotspot from the DESIRE project. This international research project seeks to develop new 
appropriate technologies for the sustainable management of fragile soils around the world. Thus, many 
studies have been going on in the Secano Interior to develop suitable crop rotations, notably with the 
incorporation of conservation tillage cultivation systems (Figure 8). However, conservation dynamics 
have even been more important in Ninhue, as this district was the host of an intensive research project. 
¢ƘŜ ά/onservación del Medio Ambiente y Desarrollo Rural Participativo en el Secano Mediterráneo de 
/ƘƛƭŜέ ό/!59t!ύ project was a collaboration between the Japanese and the Chilean government, which 
aimed to improve life quality of small land holders by promoting conservation technologies in the 
district (Figure 8). The project was running for seven years (2000-2007), and both the INIA and the 
International Cooperation Agency of Japan (JICA) have been very active in Ninhue, working extensively 
and individually with farmers.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 8: Overview of the various actors involved in SWC activities 
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The Chilean government is subsidising all these SWC activities. The SIRSD program was developed in 
1999 to improve the productivity of Chilean soils. One central part of this program was focused on the 
restoration of degraded soils 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 cover 
(SAG, 2010). The program was running from 1999 to 2010, and was hold by the άServicio Agrícola 
Ganaderoέ (SAG), which recently developed a new incentive program. In the SIRSD program, cash 
payments were awarded through an invitation to tender, and covered about 50 to 80% of the total costs 
of restoration, including agricultural inputs, labour and technical material. The payments were 
supervised either directly by the SAG, or more frequently by the INDAP for small-scale farmers. Six 
different sub-programs involving various management techniques were available (SAG, 2010). These 
programs can be categorized into different types of practices ŀŎŎƻǊŘƛƴƎ ǘƻ aƻǊƎŀƴΩǎ ŎƭŀǎǎƛŦƛŎŀǘƛƻƴ ƻŦ 
SWC technologies (Table 4). This distinction between the sub-programs might be useful later on as 
Hellin & Schrader (2003) showed that agronomic measures are less prone to withdrawing at the end of 
incentive projects than structural technologies. The authors argue that farmers are more inclined to 
adopt technologies that focus on soil quality and productivity rather than on control of soil loss. Indeed 
ŀŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜƳΣ άŎǊƻǎǎ-slope SWC structures do retain soil and water, but they do little to improve 
soil quality in the inter-rows ŀǊŜŀέ όIŜƭƭƛƴ & Schrader, 2003).  
 
 

Table 4: Programs of management of the SAG classified by type of SWC technologies, adapted from Morgan (2005) 

Sub-programs of the SIRSD, as defined by the SAG Main SWC strategies 

Regeneration of a permanent vegetal cover (Program 3) Agronomic measures, using the protective effect of plant 
coves to reduce erosion Crop rotation (Program 6) 

Phosphorous fertilization (Program 1) 

Soil management, preparing the soil to promote soil fertility 
and improve its structure 

Liming (Program 2) 

Conservation tillage, manure spreading (Program 4) 

Land rehabilitation (Program 5) 

Physical structures (Program 4) 
Mechanical management, controlling the movement of water 
over the soil surface 

 
 

2.2. Methodological framework 
 
This research is based on empirical insights collected in the districts Ninhue and Portezuelo, which are 
located in BioBio region, central Chile. The methodological frame of the study is presented in Figure 9. 
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Figure 9: Methodological frame of the research 

 
2.2.1.  Questionnaire and interviews 

 
The questionnaire (Annex 1) has been built to answer each sub-question separately. First, the extent of 
all the SWC measures used or been used in the farmstead was assessed. Secondly, costs and benefits of 
a couple of specific SWC technologies were evaluated with the farmer. The aspects of implementation 
and maintenance were assessed separately. The amount of incentives perceived for each technology 
ǿŀǎ ŀƭǎƻ ƎŀǘƘŜǊŜŘΦ !ƴŘ ŦƛƴŀƭƭȅΣ ŦŀǊƳŜǊΩǎ attitudes about land degradation and land conservation were 
also evaluated, pointing out their evolution and the future prospects of the household. Basic socio-
cultural data of the household and physical characteristics of the farmstead were also collected, and are 
only used to give inputs for the discussion (Table 5). 
 
Data collected for Sub-Question A 
 

1. Type, number and extent of SWC measures that have been established, maintained or abandoned. 
2. Date of implementation (and abandonment) of the measures. 
3. Qualitative visual assessment of measureΩǎ ƳŀƛƴǘŜƴŀƴŎŜ ǘƻ validate ŦŀǊƳŜǊΩǎ ǎǘŀǘŜƳŜƴǘǎΦ 

 
Data collected for Sub-Question B 
 

1. Costs of SWC technologies, either in capital or labour:  

¶ Implementation costs 

¶ Maintenance costs 
2. Benefits of SWC technologies:  

¶ Quantitative assessment of changes in yields 

¶ Qualitative assessment of others benefits 
3. Incentives perceived:  

Type, quantity and date of incentives perceived 
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Data collected for Sub-Question C 
 

1. SWC measures eventually used before the start of the program 
2. CŀǊƳŜǊΩǎ ǇŜǊŎŜǇǘƛƻƴ ƻŦ ƭŀƴŘ ŘŜƎǊŀŘŀǘƛƻƴΥ ŜŦŦŜŎǘǎΣ ŎŀǳǎŜǎΦΦΦ 
3. CŀǊƳŜǊΩǎ ǇŜǊŎŜǇǘƛƻƴ ƻŦ ŎƻƴǎŜǊǾŀǘƛƻƴ ǘŜŎƘƴƻƭƻƎƛŜǎΥ ōŜƴŜŦƛŎƛŀƭ ŜŦŦŜŎǘǎΦΦΦ 
4. Evolution of these perceptions since the start of the SWC activities 
5. Future prospects of the household 

 
 
Table 5: Basics characteristics of the farmstead and the household 

Basic physical characteristics of the 
farmstead 

Basic socio cultural characteristics of the household 

Size exploitation 
Surface cultivated 

Types of crops cultivated 
Yields 

Proportion of self-consumption  
Distance to the field 

Average slope 
Visible signs of erosion 

 

Sex of the head of the household 
Age of the head of the household 

Educational level of the head of the household 
Family size 

Future prospects and expectations of the family 
Institutional factors (participation to conservation projects) 

Off farm income 
Income from Agriculture 
Others activities and type 

Access to land 
Access to labour 

Access to tools and equipment 
 
Thirty-one structured interviews have been done with the help of the technicians from the regional INIA 
centre Quilamapu (Annex 2). Fifteen were done in Ninhue, and sixteen in Portezuelo. Farmers were 
selected randomly in the districts. Field observations with the farmer followed the interviews in most of 
the cases to complete the interviews insights and to validate the outcomes of the meeting. Data 
collected during the interviews have been gathered in Excel sheets afterwards. 
 
 

2.2.2. Handling basic characteristics of the household 
 

Basic data of the household, as proportion of self-consumption/selling, education level, or income, have 
been categorized to facilitate the analysis process. Percentages of self-consumption and selling have 
been rounded up during the interviews 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 crop (Table 6). 
 
Table 6: Percentage of Food Crop-Cash Crop, estimated on-site by farmers for each crop  

Crop produced for food Mixed production Crop produced for cash 

100% 70-30 % 50-50 % 30-70 % 100 % 

 
9ŘǳŎŀǘƛƻƴ ǎȅǎǘŜƳ ƛƴ /ƘƛƭŜ ƛǎ ǎǳōŘƛǾƛŘŜŘ ƛƴ ǘƘǊŜŜ Ƴŀƛƴ ŎȅŎƭŜǎΥ ōŀǎƛŎ ƭŜǾŜƭ όάEnseñanza BásicaέύΣ 
ƛƴǘŜǊƳŜŘƛŀǘŜ ƭŜǾŜƭ όάEnseñanza MediaέύΣ ŀƴŘ ǳƴƛǾŜǊǎƛǘȅ ƭŜǾŜƭ όάEducación SuperiorέύΦ ¢ƘŜ ŜŘǳŎŀǘƛƻƴ ƭŜǾŜƭ 
has been categorized into five classes (Table 7) according to the distribution ƻŦ ŦŀǊƳŜǊΩǎ ŜŘǳŎŀǘƛƻƴŀƭ 
level (i.e. most of the farmers had stopped school at the basic level). 
 

Table 7: Subdivision of education level into groups 

1 άPrimero Basicaέ ŀƴŘ άSegundo Basicaέ 

2 CǊƻƳ άTercero Basicaέ ǘƻ άQuinto Basicaέ 

3  άSixto Basicaέ ŀƴŘ άSeptima Basicaέ 

4 άBasica Completaέ 

5 ά9ƴǎŜƷŀƴȊŀ aŜŘƛŀέ ŀƴŘ άEducacióƴ {ǳǇŜǊƛƻǊέ 
 



20 | P a g e 

 

Finally, income appeared to be one of the most delicate 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 has been checked with basic calculations, which include estimations of 
the income obtained from the main crops, from livestock activities, from legumes grown in 
greenhouses, and from other activities when applicable. Individual yields, percentages of cash crops, 
and average selling prices have been used to do these calculations. Estimations showed a slightly higher 
ƛƴŎƻƳŜ ǘƘŀƴ ŦŀǊƳŜǊΩǎ ǎǘŀǘŜƳŜƴǘǎΣ ōǳǘ ǿŜǊŜ Ǝƭƻōŀƭƭȅ ƻŦ ǘƘŜ ǎŀƳŜ ƻǊŘŜǊΦ ¢ƘǳǎΣ ŦƻǳǊ ŎƭŀǎǎŜǎ ƻŦ ƛƴŎƻƳŜ 
were determined (Table 8) according to the distrƛōǳǘƛƻƴ ƻŦ ǘƘŜ ŀǾŜǊŀƎŜ ǾŀƭǳŜ ōŜǘǿŜŜƴ ŦŀǊƳŜǊΩǎ 
statement and calculated estimations. 
 
 

Table 8Υ !ƴƴǳŀƭ ƛƴŎƻƳŜ ŎŀǘŜƎƻǊƛŜǎ ŘŜǘŜǊƳƛƴŜŘ ǿƛǘƘ ŦŀǊƳŜǊΩǎ ǎǘŀǘŜƳŜƴǘǎ ŀƴŘ ŜǎǘƛƳŀǘƛƻƴǎ  
(cf: exchange rate on the 7

th
 of February 2011; 1$ = 479, 15 CH$)  

Income class (CH$) Income class ($) 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 
όƭƛǾŜǎǘƻŎƪ ƻǊ ƎǊŜŜƴƘƻǳǎŜΩǎ ƭŜƎǳƳŜǎύ 

[3,500,000 ; ...] [7304.6 ; ...] Selling grapes + other cash crops + other extended production (livestock or 
ƎǊŜŜƴƘƻǳǎŜΩǎ ƭŜƎǳƳŜǎύ ƻǊ ƻǘƘŜǊ ŀŎtivity 

 

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 were diversifying 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 vending, beekeeping, wine making, or grocery trade.  

 
 

2.2.3. 9Ǿŀƭǳŀǘƛƻƴ ƻŦ ŦŀǊƳŜǊΩǎ conservation attitudes 
 
±ŀǊƛƻǳǎ ŎƭƻǎŜŘ ǉǳŜǎǘƛƻƴǎ ŦǊƻƳ ǘƘŜ ǉǳŜǎǘƛƻƴƴŀƛǊŜ ǿŜǊŜ ŀǎǎŜǎǎƛƴƎ ǘƘŜ ŦŀǊƳŜǊΩǎ ǇŜǊŎŜǇǘƛƻƴ ƻŦ ŜǊƻǎƛƻƴ 
problems and their related management strategies. These questions have been divided into three 
gradual categories: questions about the erosion process itself and its consequences, questions about the 
causes of this phenomenon, and finally questions about the potential long-term management strategies 
to tackle this problem. A Likert scale was used to evaluate the level of agreement of the farmer with 
different statements, which were then related to the three previously mentioned categories. When the 
answers within a category were coherent enough to show that the farmer fully comprehended the point 
addressed, the stage was considered as understood (Table 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 determination of recognition or non-recognition 
of a perception stage are provided in Annex 3. 
 

Table 9: Determination of different stages of erosion perception 

Stage 1: Recognition of erosion 
process (S1) 

Recognition of the process, of its 
direct effects and potential threats. 

Questions A1, A2, A3 
(in Annex 1) 

Stage 2: Recognition of causes of 
erosion (S2) 

Recognition of the causes of erosion, 
and of the different factors involved in 
the process. 

Questions A4, A5, A6, A7 
(in Annex 1) 

Stage 3: Long-term approach of 
erosion management (S3) 

Integration of conservation strategies 
in the core of the management plan of 
the farm. Erosion seen as a key 
concern for decision-making. 

Questions A10, B1, C1 
(in Annex 1) 
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From these three stages of erosion perception, a scale of conservation attitudes was determined. 
Different types of users were defined according to both the use of conservation technologies in their 
field and to their perception of erosion (Table 10). ¢Ƙƛǎ ǎŎŀƭŜ ƛǎ Ƴƻǎǘƭȅ ōŀǎŜŘ ƻƴ ŦŀǊƳŜǊΩǎ perception of 
erosion, and ƛǘ ǿƛƭƭ ōŜ ǊŜŦŜǊǊŜŘ ŀǎ ǘƘŜ άŦŀǊƳŜǊΩǎ ŎƻƴǎŜǊǾŀǘƛƻƴ ŀǘǘƛǘǳŘŜǎέ ƛƴ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ŎƘŀǇǘŜǊǎ (Table 
11).  
 
Table 10: Determination of the different type of 
conservation attitudes 

 Use S1 S2 S3 

1 Non-user 0 - - - 

2 Irrelevant User 1 0 0 0 

3 User 1 1 0 0 

4 Persuaded user 1 1 1 0 

5 Long-term user 1 1 1 1 

 
 
Table 11: Description of the different type of conservation attitudes 

 
 

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 relevant indicators for the 
adoption of SWC technologies. Indeed, on-site observations revealed that in most of the cases farmers 
with a high level of conservation technologies adoption had an important variety of crops and activities. 
Thus, several data collected during the interviews have been used to determine the diversification level 
of the farm. When speaking about the diversity of a farm system, one can speak about the cropping 
system itself (the proportion of land under different crops), about the labour expenditure (labour spent 
in different activities), and about the income sources (income obtained from different activities). 
Detailed data were available concerning land use (i.e. 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 labour carried out on the farm. Finally, data were not sufficient to characterize the diverse 
sources of income.  

1 Non-user All farmers without SWC technologies implemented in their fields fall in this group. But 
farmers can have different perception of erosion.  
Two sub-groups 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 concerns (ØS1 and 
ØS2) 

2 Irrelevant User Farmers implemented SWC technologies, but do not seem to be aware of the potential 
damages of erosion. They hardly manage to describe how erosion can affect their land; the 
ǘŜǊƳƛƴƻƭƻƎȅ άǎƻƛƭ ŜǊƻǎƛƻƴέ ƛǎ ƻŦǘŜƴ ƛƎƴƻǊŜŘΦ 

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 cause of 
the phenomenon (S2). The different factors affecting the process are not well recognized, and 
erosion is often seen as a natural hazard. 

4 Persuaded user Farmers have a clear picture of the different factors affecting erosion processes, especially 
ŎƻƴŎŜǊƴƛƴƎ ǘƘŜ ƛƳǇŀŎǘ ƻŦ ŦŀǊƳŜǊΩǎ ƳŀƴŀƎŜƳŜƴǘΦ .ȅ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ǘƘŜ ŎŀǳǎŜǎ ƻŦ ǘƘŜ ǇǊƻŎŜǎǎΣ 
they also increase their knowledge on how to deal with erosion problems.  

5 Long-term user Farmers clearly recognize the causes of erosion and the different factors affecting the process 
(S2). They also have a long-term vision of erosion management, integrating erosion concern in 
the core of the strategy of the farm (S3). Efforts are made to implement SWC measures on the 
long-term (time horizon) and in a large scale (spatial horizon). 
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An index of crop diversity was used to characterise the diversification level of each farm. This index is 
derived from Ecology, ŦǊƻƳ ǘƘŜ {ƛƳǇǎƻƴΩǎ ŎŀƭŎǳƭŀǘƛƻƴ ƻŦ άǘƘŜ ŜŦŦŜŎǘƛǾŜ ƴǳƳōŜǊ ƻŦ ǎǇŜŎƛŜǎέΦ ¢Ƙƛǎ ǘȅǇŜ ƻŦ 
index has been used in different papers (Gardiner et al., 2009), and has been referenced in the 
SEAMLESS database. It is calculated as followed: 
 

ὅὶέὴ ὨὭὺὩὶίὭὸώ=
1

ВὖὭ²
  ;   ύὭὸὬ ὖὭ=

ὢὧ

Вὢὧ
  ;   ύὬὩὶὩ ὢὧ=  ίόὶὪὥὧὩ έὪ ὩὥὧὬ ὧὶέὴ (Ὤὥ)     

 
 

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 been used, 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 was accorded 
to others activities (Table 12). This system of points has been used because the variety of combination 
ōŜǘǿŜŜƴ ŀŎǘƛǾƛǘƛŜǎ ǿŀǎ ǘƻƻ ƭŀǊƎŜ ǘƻ ŎƻƳŜ ǳǇ ǿƛǘƘ ŀ ŘŜǎŎǊƛǇǘƛǾŜ ƭƛƴŜŀǊ ǎŎŀƭŜ ƻŦ ŀŎǘƛǾƛǘȅΩǎ ŘƛǾŜǊǎƛǘȅΦ  
 
Table 12: Determination of an index of labour expenditure diversification 

2 points activities 1 point activities 

- Wheat production (basic food crop) 
- Lentil, Bean, or Pea (additional food crop from 

the Legume family) 
- Vineyard (main cash crop) 

 

- Lentil, Bean, or Pea (2
nd

 additional food crop 
from the Legume family) 

- Oat (fodder production) 
- Greenhouse production (vegetables)  
- Cow or sheep raising (Livestock activity) 
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3. Results 
 

3.1.  Current utilization of SWC measures in the districts (Sub-Question A) 
 
In both districts, the main SWC technologies encountered were conservation tillage, diversion ditches, 
terraces and wood dams (Table 13; Figure 10). The four technologies were used along with basic 
fertilization (Nitrogen and Phosphorus) and crop rotations (Grain/Pasture and Grain/Legume), which 
were both generally used by farmers. These practices would not be considered in this section, although 
it is recognized that they are an integral part of SWC measures. Besides the four technologies described, 
only few farmers had used other type of technologies such as described by the SIRSD program. They 
were mostly land rehabilitation practices (land clearance, subsoiling, or agricultural liming). 
 
Table 13: SWC technologies encountered in the area 

SWC Technology Description Purpose 

Conservation tillage 

No ploughing of the soil, or reduced ploughing. 
Use of a no-till machine for seeding. Crop 
residues are left on the field. Refers to both No-
tillage and minimum tillage. 

Increase infiltration and water 
holding capacity. Prevent soil loss. 
Improve soil organic matter content 

Diversion ditches 
Ditches built on contour lines. Built either 
upstream of a field or within a field 

Divert run-off 

Terraces Small-scale terraces build in steep slopes Control run-off and prevent soil loss 

Wood dams 
Small wood dams placed in gullies. Also called 
gully plugs 

Control run-off and increase 
infiltration  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 10: SWC technologies used in the districts; from the top-left to the bottom-right, diversion ditch in a no-
tilled field, wood dam, no-till machine tracked by animals, and terrace.  

 






































































