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Abstract

Background: Silvopastoral systems (SPS) are sustainable livestock production systems with multiple benefits.
Nevertheless, its adoption has been limited. Objective: To identify the barriers encountered by farmers to adopt SPS,
considering the perceptions of producers and the strategies to promote its adoption as a tool for sustainable cattle ranching
in the Amazonian foothills of Caqueta province, Colombia. Methods: Experts on sustainable cattle ranching from public
and private organizations implementing projects in Caquetd were called to contribute to participatory rural appraisal
workshops and focus groups. In these workshops also participated producers from the south of the province with three to
five years of experience in establishment SPS, and producers from north of the province who were just starting with SPS.
Results: The experts recognized 13 practices promoted by institutions for sustainable cattle ranching. These alternatives
were categorized into pasture management, livestock agroforestry, conservation, and renewable energy systems. They also
identified 21 barriers that limit the adoption of these alternatives, which were grouped into skills and knowledge, social,
economic, environmental, and technical and operational barriers. The cattle farmers prioritized and established the advantages
and disadvantages of the four main SPS. In response to the barriers, 22 scaling-up strategies were identified and classified
into five categories contributing to promote the adoption of SPS. Conclusions: Organizations promoting sustainable practices
for cattle ranching and farmers in the Caqueta foothills recognize the importance of SPS, but there are still barriers related to
knowledge, implementation costs, environmental, and cultural conditions that need to be addressed to increase its adoption.

Keywords: barriers, cattle, livestock agroforestry, livestock reconversion, silvopastoral system, sustainable livestock;
sustainable practices; sustainable production; sustainability; technology adoption.
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Resumen

Antecedentes: Los sistemas silvopastoriles (SPS) son una opcion para la produccion sostenible y reconversion ganadera.
Sin embargo, a pesar de sus multiples beneficios, su adopcion ha sido limitada. Objetivo: Identificar las barreras que dificultan
la adopcion de los SPS segtin las percepciones de los productores, asi como las estrategias para escalar la agroforesteria pecuaria
como herramienta de reconversion de la ganaderia en el piedemonte amazénico del departamento del Caquetad. Métodos: Se
realizaron talleres de diagnostico participativo y grupos focales con profesionales expertos de organizaciones publicas y
privadas relacionadas con proyectos que promueven la ganaderia sostenible en la provincia de Caqueta. En esos talleres también
participaron productores del sur de la provincia con experiencia de tres a cinco afios en el establecimiento de SPS, y productores
del norte de la provincia que apenas se iniciaban en los SPS. Resultados: Los profesionales agropecuarios reconocieron 13
précticas que promueven las instituciones para la reconversion ganadera, que fueron categorizadas en: manejo de la pastura,
agroforesteria pecuaria, conservacion, y energias renovables. Asimismo, identificaron 21 barreras que limitan su adopcion, las
cuales fueron agrupadas asi: desconocimiento, social, econémico, ambiental, y técnico y operacional. En cuanto a los ganaderos,
ellos priorizaron y establecieron ventajas y desventajas de cuatro SSP. Respondiendo a las barreras de adopcion, se reconocieron
22 estrategias de escalamiento para promover la adopcion de los SSP. Conclusion: Los ganaderos e instituciones que promueven
précticas sostenibles para la reconversion ganadera en el piedemonte del Caqueta reconocen la importancia de los SPS pero que
aln existen barreras relacionadas con el conocimiento, costos de implementacion, condiciones ambientales y culturales que deben
ser abordadas para aumentar la adopcion.

Palabras clave: adopcion de tecnologia, agroforesteria pecuaria; barreras, escalamiento,; ganado, ganaderia sostenible;
prdacticas sostenibles,; produccion sustentable; reconversion ganadera, sistemas silvopastoriles; sostenibilidad.

Resumo

Antecedentes: Os sistemas silvopastoris (SPS) sdo uma opgao para a producao sustentavel e conversao de gado, mas embora os
seus multiplos beneficios tenham sido demonstrados, a sua adopcao tem sido limitada. Objetivo: Identificar as barreiras a adopgao
das SPS, de acordo com as percepgdes dos produtores e estratégias para a expansao da agroflorestagdo pecudria como instrumento
para a reconversao da pecuaria no sopé amazonico do departamento de Caqueta. Métodos: Profissionais de organizagdes publicas
e privadas relacionadas com projectos que promovem a pecudria sustentavel na provincia de Caquetd foram convidados para
workshops de diagnostico participativo e grupos focais, bem como produtores dos municipios do sul da provincia com 3 a 5 anos
de experiéncia no estabelecimento de SPS, e produtores do norte da provincia que estavam a iniciar-se no SPS. Resultados: Os
profissionais agricolas reconheceram 13 praticas promovidas por instituicdes de conversdo de gado, que foram categorizadas
em gestdo de pastagens, agroflorestagdo de gado, conservagdo e energias renovaveis. Identificaram também 21 barreiras que
limitam a sua adopg¢@o, as quais foram agrupadas em falta de conhecimento, barreiras sociais, econdomicas, ambientais e técnicas
e operacionais. Quanto aos criadores de gado, eles dao prioridade e estabelecem as vantagens e desvantagens de quatro SPS. Em
resposta as barreiras a adopg¢ao, foram identificadas 22 estratégias de escalonamento para promover a adopg¢ao de SSP. Concluséo:
As instituigdes que promovem praticas sustentaveis para a reconversao pecuaria nos contrafortes de Caqueta e os criadores de gado
reconhecem a importancia dos sistemas silvopastoris, mas que ainda existem barreiras relacionadas com o conhecimento, custos
de implementagdo, condi¢des ambientais e culturais que precisam de ser abordadas para aumentar a adopgao.

Palavras-chave: adog¢do de tecnologia, agroflorestagcdo; aumento de escala; barreiras; gado; pecudria sustentavel;
praticas sustentaveis, produgdo sustentavel, reconversdo pecudria; sistemas silvopastoris, sustentabilidade.
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Introduction

Caqueta province, in the Amazon piedmont of
Colombia (South America) occupies 18.64% of
the Colombian territory in this basin (Salazar and
Riafio, 2016). According to the Rural Agricultural
Planning Unit of Colombia (UPRA) there are
many conflicts in this province due to land overuse
since most of the territory has a conservation
vocation and only 1% is suitable for agriculture,
0.1% for livestock, 0.003% for forestry, and 3.6%
for agroforestry (Jiménez, 2019).

This province is an important player in the
Colombian dairy sector with 2,198,256 cattle
heads (7.5% of the national inventory) in
20,737 dual-purpose farms, and an estimated
production of 1,914,057 Liters of milk per day
(Torrijos, 2022). Dairy farming is the main
sector of Caquetd’s economy (Fajardo et al.,
2014). Unfortunately, the province undergoes
a high deforestation trend (Murad and Pearse,
2018) due to the establishment of new pastures
(Navas, 2010; Cabrera, 2022).

In recent years, livestock agroforestry has
been considered a suitable option for cattle
production as it offers advantages for the
conversion of extensive livestock farming
towards more efficient and productive systems
which contribute to biodiversity conservation,
reduction of greenhouse gas emissions, and
adaptation to climate change, under proper
animal welfare (Broom et al., 2013; Murgueitio
et al., 2013; Buitrago et al., 2018).

Despite the advantages of SPS, its adoption
in the region has been slow and influenced
by several barriers. According to several
researchers, SPS adoption is limited by
producer perceptions, lack of knowledge, lack
of technical assistance, capital limitations, and
producer uncertainty about the management of
systems of greater complexity and risks, among
other factors (Clavero and Suarez, 2006; Zepeda
etal.,2016; Lee et al., 2020; Vargas-de la Mora
et al., 2021; Salcedo et al., 2022). Caqueta
province is a good example of this limited SPS
implementation (Solarte et al., 2022).

According to Pannell et al. (2006), adoption
of agricultural innovations is a dynamic learning
process related to innovation and to personal,
social, cultural, and economic factors.

The objective of this study was to identify
barriers to SPS adoption for the entire livestock
system and for specific farms, according to
producer perceptions. Additionally, to identify
strategies for scaling up livestock-agroforestry
alternatives.

Materials and Methods
Location

Caqueta province is in southern Colombia,
northeast of the Amazon basin, in the transition
arca between the Andes, the Amazon, and
the southeastern plains (Centro Nacional de
Memoria Historica, 2013). The left bank of
Caquetd River serves as boundary to the south
and separates it from Putumayo and Amazonas
provinces. It limits to the north with Meta and
Guaviare provinces; to the east, with Vaupés and
Amazonas provinces; and to the west with Huila
and Cauca provinces. It is located between 00° 42!
17" south latitude and 02° 04' 13" north latitude,
and 74° 18'39" and 79° 19' 35" west longitude of
Greenwich meridian (SINCHI, 2017).

The study was conducted between 2019 and
2021 through participatory rural workshops
in face-to-face and virtual focus groups, with
participation of professionals and producers
from six municipalities (Albania, Belén de los
Andaquies, Morelia, El Doncello, El Paujil, and
La Montaiiita). Qualitative information collected
in the workshops and participatory diagnostic
exercises was systematized and analyzed to
identify main trends.

Characteristics of farmers

Farmers participating in this study owned a
family farm averaging 56.62 Ha. They had an
average of 49 cattle heads and milked 12 cows
to produce 5.15 L/cow/day (Table 1). All farms
were of dual-purpose type (production of milk
and calves). Milking was carried out with the
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presence of the calf. Paddocks were divided
with electric fences, separating three groups of
animals: 1) milking cows, i1) breeding cows, and
ii1) calves until weaning.

Table 1. Farmer description of south and north of
Caqueta.

Zone Farm Heads Headsof Lactating Milk
size of cattle coOws production
(Ha) cattle range (L/cow/
day)
Min Max
South 59.4 51 5 163 11 4.8
North 54 47 8 145 14 5.35

Sustainable livestock practices and barriers
for the adoption of silvopastoral systems

Identification of elements promoted by the
institutions for livestock conversion was carried
out through a workshop with a focus group of 12
professionals from local and national institutions
involved in academia, research, international
cooperation, training, technical assistance,
and/or agricultural extension. This group also
identified the barriers present in Caqueta that
limit greater adoption of SPS as a practice to
promote livestock conversion in the region.

Barriers limiting the adoption of silvopastoral
arrangements in the region

Four participatory workshops were conducted
with focus-group farmers (Escobar and Bonilla-
Jiménez, 2017; Geilfus, 2009) in municipalities
of South (Albania, Belén and Morelia) and North
(La Montaiita, El Paujil, and El Doncello) to
identify perceived advantages and disadvantages
favoring or hindering the adoption of specific
SPS arrangements,

The first group (46 farmers; southern
Caqueta) had three to five years of experience
in SPS implementation and management, while
the second group (50 farmers; northern Caqueta)
was at the initial stage participating in the co-
design process of SPS which included technical
talks and knowledge-exchange visits with other
farmers. Both groups of farmers (experienced

Rev Colomb Cienc Pecu 2025; 38(1, Jan-Mar):46-64
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and inexperienced in SPS) were referred
by research and development organizations
experienced in implementing SPS projects in
the region. The invitation was made to a larger
number of producers; however, the working
groups were constituted with those individuals
who attended the meetings in person.

With Focus group one, semi-structured
dialogues were held to address guiding questions
on learning and operational difficulties for
the implementation and management of SPS;
classification and influence-dependence and
double-entry matrices were used to compare
and prioritize the SPS (Geilfus, 2009).

With Focus group two, the World Cafe
methodology (Hurley and Brown, 2016)
was applied to promote participation and
dialogue on knowledge and experience on the
most common SPS types in the region using
guiding questions to analyze advantages and
limitations. Five sub-stations were established,
each referring to a particular SPS in which
visual materials (poster-type) were placed to
facilitate the dialogue. Each sub-station was led
by a host who promoted participation of each
subgroup, wrote cards with the ideas expressed
on advantages and disadvantages of the four
SPS types, and complemented them with the
opinions of the other four subgroups rotating
through the different stations until the circuit
was completed.

A matrix was made with the workshop results
in each group to highlight the barriers limiting
the adoption of SPS and determine similarities
and/or identify other barriers. Subsequently,
the terms for each identified barrier and type of
SPS design were compared and unified for their
respective grouping.

Strategies to promote the scaling up of SPS
adoption.

Strategies to promote the scaling up of SPS
were identified through a virtual workshop with
a focus group of 41 professionals made up of
agricultural extensionists, researchers, and
qualified professionals linked to sustainable
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cattle ranching projects. The workshop was
conducted virtually using ZOOM and the
MURAL collaborative work platform to
promote participation and collect information.
This methodology presented and validated the
five categories of barriers for implementing
SPS previously listed by the first focus group
workshops. For each category, the following
question served as a guide to identify strategies:
How to overcome the barriers to SPS adoption
related to each previously identified category?
The answers were recorded on cards on
a whiteboard and grouped together in a
participatory way under the guidance of the
moderator to eliminate duplication. In the office
phase, the strategies were drafted considering the
key words quoted by the workshop participants.

Results

Sustainable practices and barriers to SPF
adoption

The workshop with the first group of
professionals identified 13 sustainable livestock
practices promoted by their institutions for
livestock conversion, which were grouped
into four categories. Pasture management was
consideredacross-cuttingpracticecombined with
the others. Six types of livestock-agroforestry
arrangements have been implemented in the
region as alternative production systems. Use of

renewable energies and conservation of forests
and water resources (including wetlands) were
identified as complementary actions (Table 2).

Likewise, this first focus group recorded
21 barriers to SPS adoption, classified into
the following categories: social, economic,
environmental, capacities and knowledge, and
technical and operational (Table 3).

Among the barriers, the most relevant were
related to lack of knowledge on the alternatives,
low access to economic resources, and deficient
technical assistance, followed by availability of
seeds, inputs, machinery, and skilled labor for
implementing sustainable practices.

Barriers limiting the adoption of SPS in the
region.

Farmers in the south of the province (group
1) conducted an exercise to prioritize the SPS
implemented in their farms. Farmers at Albania
and Belén municipalities managed six types of
systems, of which they prioritized four, in the
following order: 1) Scattered trees in pastures
(STP); 2) Trees in strips with subsistence crops
(TSS); 3) Divisions with trees in strips (DTS);
and 4) Mixed fodder banks (MFB).

Table 2. Practices promoted by institutions for sustainable livestock production in Caqueta.

Pasture management

Improved grassland planting and management

Rotational grazing

Livestock agroforestry

Live fences

Silvopastoral systems with native species
Silvopastoral systems based on plant succession
Silvopastoral systems for free grazing
Agrosilvopastoral strips

Mixed fodder banks

Conservation

Forest and wetland conservation agreements

Connectivity corridors

Renewable energy

Solar panels
Biodigesters

Wood-saving stoves
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Table 3. Barriers and strategies for scaling-up the adoption of silvopastoral systems.

51

Categories Adoption barriers Strategies for scaling — up
1. Lack of knowledge on sustainable livestock 1. Knowledge management: access,
models for the region. systematization, transfer, and dissemination.
2. Lack of local capacity building for technicians 2. Capacity building: technical assistants,
Skills and and producers. extensionists, producers, labor, women, and youth.
knowledge 3. Lack of technical assistants trained in sustainable 3. Exchange and training programs
livestock production.
4. Deficient technical assistance and agricultural
extension system.
5. Resistance to change 4. Development of regional and local sustainable
livestock programs and policies.
. 6. Lack of family consensus about changes in land 5. Inter-institutional coordination
Social uses and livestock practices.
7. Change in social behavior 6. Work on generational replacement
7. Gender: inclusion of women and youth
8. Low availability of economic resources for 9. Diversification with SPS: fruits - timber —
implementation of sustainable practices. subsistence crops, other minor species.
9. Lack of financing for the development of 10. Undertakings for SPS: mechanization, plant
silvopastoral systems. material, planting, electric fences, livestock
. aqueducts, and others.
Economic
10. Low flexibility of credit schemes 11. Special products for differentiated markets
12. Value chain approach — linkages
13. Economic incentives - environmental markets
14. Credits and special lines of credit
11. Agroecological and climatic characteristics of 15. Land use planning
the region
. 12. Degradation processes in pastures 16. Ecosystem conservation and restoration
Environmental

13. Availability of water sources

14. Availability of area for ecological exchange
when projects require conservation areas.

17. Research — monitoring

Technical and
operational

15. Requirements for the protection of forestry
material.

16. Scarcity of equipment and machinery

17. Inadequate management of native plant species.

18. Low availability of forest material in nurseries
19. Distance for transport and installation

20. Low availability of shade-tolerant grass
materials.

21. Shortage of labor

18. Establishment of productive-reproductive
records.

19. Establishment of production costs

20. Management, administrative and financial
management.

21. Specialized technical assistance
22. Establishment of good farming practices

23. Inclusion of animal welfare practices

Rev Colomb Cienc Pecu 2025; 38(1, Jan-Mar):46-64
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On the other hand, farmers in Morelia According to the prioritization and perception
municipality prioritized three systems, in the  ofthe two groups of farmers in the north and south
following order: 1) Mixed fodder banks; 2)  of Caquetd, advantages and disadvantages were
S(;attered trees n pastures; and 3) Divisions g plished for the four most representative SPS
with trees in strips. arrangements in the last 15 years: 1. Scattered

These results respond to the dynamics, own  trees in pastures (STP); 2. Live fences (LF); 3.
experience with each design (time and type of = Tree divisions in agro-silvopastoral strips (AS);
management) and socioeconomic and cultural  and 4. Mixed fodder banks (MFB).

characteristics of each region. Producers in
Albania and Belén are closer to markets and The main arrangements (Table 4 and Figure
municipal capitals and have greater access to 1) were STP established with trees and/or shrubs
projects compared to those in Morelia, who are  ajready present in the pasture, through selective
In more remote areas apd prefgr Systems that cutting and/or pruning of the vegetation to reduce
support food security with low implementation . )

density, thus allowing for proper development

costs, suggesting a strong influence of this S .
contextual factors when selecting or adopting a of the pastures by diminishing competition for

certain type of SPS arrangement. light and nutrients.

Table 4. Farmer perception of SPS arrangements composed of scattered trees in pastures (STP).

Advantages Disadvantages

1. Cost of establishment 1. Difficult mechanization for pasture establishment

2. Uses native species that guarantee adaptation with less 2. Requires knowledge to select and manage tree species
tree mortality.

3. Immediate availability of shade for animal welfare 3. Requires management for shade regulation (pruning and

thinning).
4. Creates biological corridors, providing habitat and food 4. Difficult to implement in pastures with low natural
for wildlife. regeneration of tree species.
5. Provides organic matter to the soil 5. More suitable for large farms
6. Improves soil and controls erosion in hillside areas 6. Difficult for cattle handling

7. Does not allow the shade to be evenly distributed

7. Some tree species can be used for timber and firewood throughout the paddock.

8. Source of animal food with native species that support
browsing or provide fruit.

Figure 1. Scattered trees on pastures (STP) in farms located in Caqueta.
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Live fences (Table 5 and Figure 2) are a type
of SPS in which multi-purpose trees (shade,
habitat, wildlife food, firewood, timber, or
fruit) are planted in a linear arrangement by
establishing seedlings or large stakes along
boundaries or in paddock divisions. Distance
between trees ranges from 3 to 10 meters,
distributed in a single line or more (2 to 4
species in the case of multi-strata fences). Trees
are protected in their first two years with electric
fences and are planted in areas where there is
already an established pasture.

The SPS arrangements called “Strip tree
divisions” involve planting improved pastures,
lines of trees spaced every 3 to 4 meters, and
implementing a livestock aqueduct. The trees

Table 5. Farmer perception of live fences (LF).

allow to divide the paddock for establishing
rotational grazing and are protected with electric
fencing on each side, with strips of 2.5 to 3
meters wide.

When plant species for family food security or
forage for minor animal species are incorporated
into the strips, the system is called “Agro-
silvopastoral strips” (Table 6 and Figure 3). It
is a special type of SPS that -in addition to tree,
livestock, and pasture components- incorporates
a crop component. The strips usually include
multi-purpose trees, banana plants, cassava,
fruit trees, corn, and beans, and/or tall forage
species. This system favors tree development by
reducing competition with grass. Trees also take
advantage of residual fertilizer from the crops.

Advantages

Disadvantages

1. Reduced costs of paddock divisions and maintenance of
fences.

2. Monetary income from timber sales

3. Improves soil conditions by nutrient cycling

4. The shade provides animal welfare

5. Grazing areas and pasture growth are not affected
6. Serves as windbreaks

7. It is multipurpose: wood, fodder, organic matter, and
food for fauna.

1. High initial investment, represented by posts and wire for
tree protection.

2. Requires special training for pruning and tree management

Figure 2. Live fences (LF) in Caqueta farms.
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Table 6. Farmer perception of tree divisions in Agro-silvopastoral strips (AS).

Advantages

Disadvantages

1. Contributes to household food security

2. Human welfare
3. Animal welfare, food for minor species

4. Soil recovery by providing organic matter and nitrogen-
fixing legumes.

5. Generates corridors for seed dispersion by fauna
6. Generates shade and feeding options for livestock
7. Diversification of production

8. Maximum land yield (trees for shade and food
production).

9. Additional income from subsistence crops (banana,
cassava, fruit trees).

10. Low costs of weed control

1. Requires planning for tree planting and harvesting
2. High demand of time for management and care

3. High initial cost (fence, fertilization, wire, aqueduct,
alleys).

3§ Ak A g

Mixed fodder banks (MFB) is a type of SPS
(Table 7) that generally occupy areas between
0.1 and 0.5 ha in which herbaceous, arboreal,
and shrub species of high nutritional value are
associated and planted intensively (5 to 10,000
plants/ha). They produce biomass of high protein
quality for high-quality fodder, which is then cut,
transported, chopped and supplied fresh or in
silage to ruminant and/or monogastric species.
According to producer preferences, leguminous
trees, multipurpose trees, fruit trees, and palms
are included, as well as plant species for family
food security, such as banana, cassava, corn,
beans, and pineapple.

Figure 3. Tree-divisions in Agro-silvopastoral strips (AS) in Caqueta farms.

Strategies to promote scaling up of SPS
adoption.

The second focus group of professionals
identified 22 strategies to promote greater
adoption of SPS, responding to the classification
of previously identified barriers to adoption
(Table 2).

In the Skills and knowledge category, the
study identified a need to work on capacity
building and knowledge management, from
access to mass dissemination of information
and experiences already existing in the region.
Likewise, there is a need for training in this area,
from technicians to cattle-raising families.

Rev Colomb Cienc Pecu 2025; 38(1, Jan-Mar):46-64
https://doi.org/10.17533/udea.rccp.v38nlas


https://doi.org/10.17533/udea.rccp.v38n1a5

Scaling up livestock agroforestry in the amazon piedmont 55

Table 7. Farmer perception of Mixed fodder banks (MFB).

Advantages

Disadvantages

1. High production of quality forage per unit of area

2. Availability of forage for silage at critical times

3. Alternative for feeding minor species
4. Improves milk quality
5. Increased and/or sustained milk and meat production

6. Possibility to include in the arrangement of subsistence
crops for family food security.

7. Allows using manure generated in the barn as fertilizer

8. Possibility of stabling the animals and increasing the
farms' stocking rate.

9. Reduction in the use of concentrates

1. High demand for management in times of high rainfall
2. High requirement in terms of number of fodder species and
fertilization.

3. Negative perception of some producers toward new
alternatives.

4. High labor requirements

5. High investment for establishment and management,
maintenance, infrastructure, and equipment.

6. High demand on time, management, and care

Regarding Knowledge factors of SPS,
participants mentioned that producers require
adequate training according to socio-cultural
conditions, with community governance
workshops on water resources, theoretical
and practical in-farm workshops following a
producer-to-producer training strategy with
links to courses taught by the Colombian service
for learning agency (SENA Emprende Rural,
SER) program, which provides training and
support to develop productive units with a focus
on sustainability.

Dissemination of information and research
results can be shared through radio programs,
newsletters, or events such as field days, in-
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Figure 4. Mixed fodder banks (MFB) of farms in Caqueta.

farm exchanges called Innovation laboratories,
models, or demonstration farms.

Technical assistance should be provided
by agricultural extensionists on sustainable
livestock farming and ecological restoration.
Universities and SENA should participate
in training through field schools with a
Learning-by-doing approach on topics related
to sustainable cattle ranching. This technical
assistance must have long-term support (more
than five years) and be defined and financed by
instances such as the regional extension service
plan known as Plan Departamental de Extension
Agropecuaria (PDEA).
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Regarding Social aspects, specific policies
and programs should be developed to promote
sustainable livestock farming, generating spaces
to strengthen both generational replacement
and the inclusion of women and youngsters.
To reduce resistance to change, it is necessary
to train producers through the exchange of
experiences and knowledge, showing economic
results through field schools and establishing
transition plans to more sustainable production
systems. Additionally, it is necessary to develop
participatory processes in both research and
extension and anthropological or sociological
studies that allow for a better understanding
of the factors associated with adoption and
resistance to change.

In terms of Economy, SPS provide an
opportunity to diversify income by including
other activities associated with livestock
farming. Nevertheless, it is necessary to
strengthen the enterprises that provide inputs and
services associated with the establishment and
management of the SPS. A value chain approach
is needed to reach markets with differentiated
products and access to special lines of credit
and incentives considering the environmental
contribution of these systems. Credits should
recognize the environmental contribution made
by farmers, with incentives and/or low and soft
interest rates with adequate grace periods to
cushion the high investment and the first years
of implementation and transition.

In the Environmental area, there is a need for
comprehensive land use planning of the entire
farm, including not only production but also
conservation and/or restoration of ecologically
important areas within the property and the
landscape.

Regarding Technical and operational aspects,
theneed foramore managerial and administrative
approach was emphasized, including records,
production costs, and permanent specialized
technical assistance to improve livestock
practices and animal welfare. These practices
should be accompanied by conservation of
biodiversity and ecosystem services for water

sources, forests, and native species. Emphasis
should be made on finding funding through
environmental incentives and animal welfare
with differentiated prices in special markets.
Knowledge is required on the tree species to be
implemented in the SPS and SASP programs for
different purposes: commercial, conservation,
restoration, adaptation and/or mitigation of
climate change.

Discussion

Livestock agroforestry and the different SPS
types have been fundamental for sustainable
livestock in Colombia in the last two decades
(Murgueitio, 2000; Mahecha, 2003). In Caqueta,
these alternatives are on the agenda of public and
private organizations including the academic,
research, international cooperation, training,
and agricultural extension sectors (Solarte ef al.,
2022). We identified that, beyond pasture and
SPS management, ecosystem conservation and
renewable energies are also important topics for
the local stakeholders.

Knowledge and training are important
factors to promote adoption. Pannell et al.
(2006), defines adoption as a dynamic learning
process with a series of phases for the producer:
1) Awareness of the problem or opportunity; 2)
Non-experimental evaluation, which involves
gathering information to support a decision; 3)
Evaluationinsmall-scaletrials, which contributes
to decision making and skills development; 4)
Adoption, as part of a continuous, gradual and
stepwise process; 5) Review and adjustment,
for scaling up the innovation; 6) Non-adoption
or de-adoption, in case the results do not favor
the objectives sought by the producer or a more
promising innovation appears.

We identified a lack of knowledge on SPS,
lack of technical support, and insufficient
training of extensionists as the main barriers for
SPS adoption. Other studies reported similar
results on limitations related to knowledge
(Bussoni et al.,2015; Zapata et al., 2015; Flores-
Gonzdlez et al., 2019). In addition, low quality
of information and communication and low level
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of schooling have also been reported as barriers
for SPS adoption (Garbach et al., 2012; Ramirez
etal.,2012). According to Sandino et al. (2023),
organizations that promote agroforestry play a
positive role in its adoption, and the knowledge
gaps that can prevent adoption are reduced
through SPS training.

In a study conducted to define adopter profiles
in Caquetd, Sandoval ef al. (2021) reported that
there is a learning curve necessary for adoption;
it starts with improved pastures, passes through
STP and MFB, and finally reaches more complex
systems such as pasture divisions with trees and
agrosilvopastoral strips. This was also clearly
identified by producers in the present study.
As SPS disadvantages, they included the need
of knowledge about forestry practices, and the
management of plant succession and shade for
the tree species used.

Resistance to change and lack of family
consensus were reported in the present study
as barriers to SPS adoption. These are cultural
barriers related to beliefs and perceptions of
farmers concerning reduced growth of grasses
under trees, the time required to establish trees,
and deeply rooted technological packages based
on the use of grasses that farmers are reluctant
to replace by more complex systems (Clavero
and Suarez, 2006; Mahecha, 2003). In addition,
generational replacement was identified as
a limiting factor for adoption due to low
motivation and lack of interest of youngsters
to continue working on the livestock industry
as their parents age, which makes it difficult to
develop changes towards SPS (Rizo-Cavarria et
al., 2022).

Lee et al. (2020) reported that the long-term
investment required to obtain benefits and the
perceived high complexity are the main barriers
to SPS adoption in Cundinamarca province
(Colombia); high initial investment, low labor
availability, and lack of financing (credit) were
the economic barriers identified by farmers.
These factors influence the design and type of
system to be implemented. Similar results were
reported by Dagang and Nair (2003), Mahecha
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(2003), Pagiola et al. (2005), Useche et al.
(2011), Frey et al. (2012), and Opdenbosch
and Hansson (2022). The costs of seedlings,
herbicides and amendments, the investment
payback period, the lack of financing, and low
family income are considered adoption barriers.
Additional factors that limit adoption are the
degree of intermediation to sell the products,
and the lack of public policies aimed to promote
these practices (Zepeda et al., 2016).

Farm size was also considered by farmers
as a factor that could constrain the adoption
of sustainable practices in the local context,
as land availability limits the establishment of
conservation agreements or ecological swaps
required by some projects or credit schemes to
promote SPS. Various studies have also reported
farm size as a factor affecting the probability of
adoption (Clavero and Suarez, 2006; Bussoni
et al., 2015; Etshekape et al., 2018).

Complementary to the homogeneous farm
management approach, a study was recently
published by Castro et al. (2024) in which land
use at the paddock level was used as the unit of
analysis given that silvopastoral projects carry
out reconversion in small areas of the farms.
Results show that the main factors associated
with high levels of SPS adoption at the paddock
level are gender, resources and knowledge. The
study also pointed out the following policy
recommendations for scaling up SPS in the
Colombian Amazon: (1) Promote paddock
division and implement diverse management
strategies to facilitate transition to SPS adoption;
(2) Reach out to ranchers who have not yet
participated in SPS projects and enable them to
invest in low-emissions livestock production;
(3) Target female heads of households in scaling-
up efforts; (4) Recognize and communicate the
broader benefits of SPS beyond productive and
financial benefits.

Moving from traditional extensive livestock
systems based on naturalized or improved grasses
to systems that incorporate a tree component
and more efficient grazing management implies
changes in the normal routines of the producer,
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which increases the demand for knowledge,
technical resources, inputs, and labor.

According to Alvarado et al. (2022), common
drivers of SPS adoption include variables related
to experience (years of current agricultural, and
livestock experience), showing a significant
negative relationship with adoption; meaning
that more experience decreases the probability of
adoption. Therefore, if the negative relationship
between experience and SSPadoption in Caqueta
is a result of traditional paradigms, addressing
them could generate substantial increases in
adoption rates. Adoption of SPS is favored when
it does not represent a problem for the producer
in terms of access to inputs, plant management,
support, or increased vulnerability to climatic
events (Vargas-de la Mora et al., 2021).

Complexity for implementing SPS as a
potential barrier due to its intensive management
can generate technical difficulties for farmers
not familiar with the system including greater
availability of water to make paddock divisions
(Dagang and Nair, 2003; Ramirez et al., 2012;
Amare et al., 2019). In the present study, the
disadvantages identified by producers are related
to the high costs of land preparation, seedlings,
fencing materials, among other inputs, and a
greater demand for labor.

The present study identified a series of
strategies that can contribute to scaling up
SPS in Caqueté (Table 2). In this regard, Calle
et al. (2013) reported five key elements for a
SPS scaling-up strategy: 1. Establishment of
pilot farms for research, training, and peer-to-
peer technology transfer; 2. Capacity building,
including students, producers, field workers,
researchers, technicians, extensionists, and
policymakers; 3. Development of pilot projects,
including environmental incentives, technical
assistance, subsidized credits, and differentiated
SPS products; 4. Legitimacy and institutional
recognition of the positive results of the pilots
as a strategy to gain political support; and 5.
Development of large-scale projects applying
lessons learned from the pilots. Farms and
pilot projects facilitate this learning process by

bringing innovation closer to the producer. As
mentioned above, one of the most widely used
scaling-up strategies is the implementation of
pilot projects, which consider several scaling-
up drivers.

An experience on scaling up in Caqueta
was generated from a small pilot project to an
initiative of greater coverage and regional impact
in the dairy chain. This project is known as the
"Environmentally Sustainable Milk Project".
Nestle company and Centro para la Investigacion
en Sistemas Sostenibles de Produccion
Agropecuaria (CIPAV) developed it between
2008 and 2011. The project promoted livestock
conversion to silvopastoral systems in 13 pilot
farms distributed as nuclei of technological
diffusion to promote its dissemination. Nestl¢
paid a premium for milk quality, allowing
producers to invest in SPS establishment (Tafur
et al.,, 2011). On a second phase, Nestle and
the Inter-American Development Bank (IDB)
provided credit for SPS implementation to
approximately 130 company associates during
two years for establishing and specialized
technical assistance (Nestle, 2019).

At the national level, another experience was
developed in the Andean region consisting of a
multi-scale work named Integrated Silvopastoral
Approaches to Ecosystem Management
Project. It was conducted between 2003 and
2007 on 110 farms located in La Vieja river
basin between Valle del Cauca and Quindio
provinces. That project established a payment
index for biodiversity and carbon environmental
services, plus technical assistance provided for
land conservation and promotion of conversion
of agricultural and livestock use to sustainable
livestock farming with SPS. The experience
allowed a later expansion of the scheme to five
regions and 4,100 farms in Colombia under the
Sustainable Colombian Livestock Project led
by the National Federation of Cattle Ranchers
(FEDEGAN) between 2010 and 2020 (Char4 et
al.,2011).

For successful adoption, information must
be available not only to the farmer but also to
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his family and the social environment in which
they live as a dynamic learning process to
support decision-making (Pannell et al., 2006).
Positive effects of producer participation in
events and training programs for SPS adoption
has been recognized in Colombian studies at the
national level (Jara-Rojas ef al., 2020) in the
coffee-growing region (Calle et al., 2009) and
in Caqueta (Sandoval et al., 2021). Additionally,
belonging to an association of producers favors
the exchange of knowledge and can influence
the scaling up and adoption of SPS (Alvarado
etal.,2023).

Training professionals and extensionists in
livestock agroforestry contributes to improving
technical assistance provided to producers
since these topics are not always included in
university programs (Clavero and Suarez, 2006).
Local unions and universities in Caqueta have
developed diploma courses to train professionals
and producers on sustainable livestock raising,
including SPS. The combination of training with
long-term technical assistance and institutional
support is a determining factor for the successful
implementation and adoption of SPS (Zepeda et
al., 2016).

Womeninclusionand creation ofopportunities
for the permanence of youngsters contribute
to scaling up innovations. There is a great
influence of the producer own characteristics,
his family, and their closest social environment
as sources of information and decision support
during the learning process needed for adoption
(Pannell et al., 2006). In this regard, Zepeda
et al. (2016) and Etshekape et al. (2018)
indicate that family composition, age, lack of
permanence of youngsters in the field, and the
cultural environment, can influence the adoption
and permanence of SPS because they reinforce
the perceptions associated with resistance to
change. Massification of SPS requires profound
cultural and technological changes; thus, it is
necessary to provide specialized and suitable
technical assistance for successful adoption of
these initiatives (Murgueitio, 2009).

Despite the common perception ofhigher costs
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for establishing SPS versus traditional extensive
management, there is sufficient evidence for
better efficiency of land use and sustainability of
SPS. These systems provide more benefits than
traditional systems, reduce the need for external
inputs, and improve soil properties, animal
carrying capacity, and productivity (Salas
et al., 2013; Osorio-Garcia et al., 2019). This
is related to a direct perception of producers on
improved income from cattle activity, which
can increase confidence to invest in SPS and
other good management practices (Salcedo et
al., 2022). In addition, livestock agroforestry
contributes to diversifying production as it is
possible to include multipurpose species and
generate additional products, including wood,
fruit, fodder, and firewood that can generate
additional income and contribute to food
security. The system incorporates multiple
products, including timber and livestock in the
same area, which offers an economic way to
combine two activities (Ramirez et al., 2012;
Bussoni et al., 2015).

According to the adoption study by Sandoval
et al. (2021) in Caqueta, as SPS become more
complex they increase production per unit area,
animal carrying capacity, and improve milk
production and quality, thus generating higher
profitability. However, generating differentiated
markets that recognize the environmental
attributes of SPS products is a strategy in need
of development. Studying SPS in Caqueta,
Rodriguez et al. (2022) reported that local and
regional economic conditions affect the potential
for scaling up sustainable land use systems due
to lack of stable and differentiated markets for
the products generated by these systems.

At the environmental level, farmers and
professionals recognize the value of SPS to
generate biological corridors for fauna, and
their contribution to protecting water sources,
enhancing nutrient cycling, and controlling
erosion. Pagiola et al. (2005) and Calle et al.
(2009) argue that SPS improve biodiversity,
vegetation cover, water, soil erosion and fertility.

The association among plant species creates
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differentstrata that generate shade which improves
animal welfare and weed control. Similar results
were found by Frey ef al. (2012) regarding the
perception of SPS in Argentina. They mention
that cattle help to control shade-tolerant weeds.
Other researchers agree, indicating that trees
generate a microclimate through shade which
reduces heat the stress of livestock; furthermore,
heat stress reduction helps to produce forage of
high nutritional value in summer, while trees
provide shelter for the animals during the winter
(Pagiola et al., 2005; Calle et al., 2009; Garbach
etal.,2012). The SPS improve farm productivity,
diversify products (milk, meat, wood, poles,
and firewood), provide shade, improve animal
diet, and reduce the use of chemical fertilizers
and concentrates, which is evidenced by less
use of external inputs. In addition, SPS allow
generating environmental services such as carbon
sequestration, biodiversity conservation, and
protection of water sources (Ibrahim et al., 2006;
Murgueitio et al., 2014; Russo, 2015).

There is a consensus among institutions
regarding the importance of promoting livestock
agroforestry for conversion of livestock farming
in the Caquetéd piedmont. Nevertheless, there are
still barriers related to knowledge, implementation
costs, and environmental and cultural conditions
which need to be addressed to enable scaling up
these systems.

Finally, interventions must balance advantages
and disadvantages of some SPS that provide
greater benefits but require more skills versus
other SPS that may have fewer benefits but can
achieve wider adoption with fewer requirements
(Bettles et al., 2021).
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