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Addressing the real complexity of cattle ranching involves considering a variety of ecological, 
economic and social factors at play.



Conventional cattle ranching, practiced in 
extensive grass monocultures

Inefficient in terms of per hectare milk and meat production
Legacy of environmental degradation



The livestock sector: a leading driver of deforestation, land 
degradation, pollution, climate change, the sedimentation of coastal 

areas and invasions by alien species (FAO and LEAD, 2006).

Photo: Mauricio Carvajal



Should these more than 600 million hectares be 
condemned to low productivity and degradation?



What happens if we add efficient N-fixing
shrubs to this pasture?



What happens if the deep roots of shrubs have access to
water and nutrients that are unavailable to the grasses? 



And what if at the same time the shrubs provide high-
quality fodder for the cattle?



And what happens when we add enough trees to provide 30% 
canopy cover, and allow leaf litter to cover part of the soil?



And what if the pasture becomes such a good
habitat for dung beetles that they break down

the cattle manure in less than four days?

Soil
excavated
by a 
beetle
that
buried a 
dung ball



And what if the beetles consistently interrupt
the biological cycles of pests such as the horn

fly and internal parasites of the cattle?



And what if the shrubs and trees sequester enough
carbon above and belowground to offset the

methane emissions from the cattle?



What happens if we re-design cattle production by 
enhancing the ecological infrastructure that supports it?

A complex web of 
interactions and 
biological processes 
supports healthy 
grazing systems.



Do cows only eat grass?

Bos taurus
Spain

Bos taurus x B. indicus
Colombia



Pinzacuá farm, owned by Olimpo Montes. Photo: Alvaro Zapata

Silvopasture: Agroforestry systems that combine fodder plants, such as grasses and 
leguminous herbs, with shrubs and trees for animal nutrition and complementary uses.

Returning cattle to a forested environment:



Types of silvopastoral systems

Scattered trees

Intensive silvopasture Mixed fodder bank (cut-and-carry)

Live fence

J



Intensive silvopastoral systems ISPS
are grazed directly by livestock 



Intensive silvopastoral systems ISPS

Murgueitio et al., 2011

Fodder shrubs planted 
at high densities 
(>10,000 plants ha-1), 
intercropped with 

Highly-productive 
grasses

500 timber trees 
planted in east-west 
lines to minimize 
shading.



Intensive silvopastoral systems ISPS

Fodder shrubs planted 
at high densities 
(>10,000 plants ha-1)

Regenerating trees

Villa Edith model farm, in the Dry Caribbean region of Colombia (Baranoa, Atlántico)



High animal load, brief rotations and 
long periods of recovery

Recovery days:
349

Grazing days:
16



Animals feed on a combination of grass, shrub 
and tree forages.
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30% lower methane emissions per unit
of degraded dry matter

Star grass 100%

Star grass-Leucaena 

Enteric fermentation in conventional monoculture
vs. Intensive silvopastures
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Gradual adoption of 
silvopastoral systems
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Lucerna Farm, Bugalagrande (Valle del Cauca, Colombia)

Lucerna Farm
1990
Star grass monoculture

2011
ISPS (30,000 Leucaena ha-1)

Chemical fertilizer 450-500 kg urea ha-1 yr-1 No fertilizer!

Animal load 3.5 cows ha-1 4.5 cows ha-1

Milk production 9000 L ha-1 yr-1 15,000 L ha-1 yr-1



Conventional star grass monoculture vs. 
intensive silvopastoral systems at El Hatico

Area 111 hectares 69 hectares

Total milk production 667,500 l yr-1 809,706 l yr-1

Market price of 1 l of milk US $0.35 US $0.47

Mineralized salt US $6,127 US $3,574

Fixed costs

Fertilizer US $25,530 US $0

Irrigation US $32,647 US $0

Profit ha-1 month-1 - US $27 US $206

Monoculture Intensive silvopasture



Organic products: 
a consequence rather than a goal



Intensive silvopasture surrounded by forest
at El Hatico
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Agribenchmark Global Network evaluation of livestock systems
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Intensive silvopastoral systems apply the principles of 
agroecology to maximize biomass production

Photo: M.  Kohut (WAP)



What is intensive about ISPS?

Efficiency of biological processes:

Photosynthesis & 
biomass production

Nitrogen fixation

Solubilization of soil 
phosphorus and 
other nutrients

Organic matter
and soil

biological
activity

The “inputs” of the 
system are the 

natural processes 
themselves



5 plant strata

Grass cover Cynodon plestostachys, 
Panicum maximum, Cynodon 
dactylon  and Paspalum notatum

Leucaena 10.000-15.000 shrubs ha-1

Medium sized trees Prosopis 
juliflora, Senna spectabilis, 
Guazuma ulmifolia, Guarea 
guidonia, 30-50 ha-1

Large trees Ceiba pentandra, 
Samanea saman, Enterolobium 
cyclocarpum at low density

Palms Syagrus zancona, Attalea 
butyracea, and Roystonea regia and 
timber trees Swietenia macrophylla, 
Cedrela odorata, Zanthoxylum 
rhoifolium. 

A complex and wildlife-friendly matrix



Forest 
fragment

Intensive
silvopasture

El Hatico Nature Reserve (El Cerrito, Valle del Cauca, Colombia)

Silvopastoral systems form a wildlife friendly
agricultural matrix



How much land is needed to produce 

1 ton of beef yr-1 in the dry Caribbean 

region of Colombia?
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Maximum biomass production is not achieved in treeless grass monocultures, but in 
agroforests combining pastures, trees and shrubs.

Shifting paradigm in tropical cattle ranching



Silvopastoral Systems and Ecological Restoration

Apply the principles of agroecology to redesign 
the ranching system.

Increase per hectare yield
Enhance ecosystem services 

Release fragile and 
marginal land for 
ecological 
restoration.



1: 1, the inevitable scale

Technological tools facilitate landscape-scale analyses and decisions. But, 
promoting positive change on the ground involves building trust with
landholders.



Rural extension

• Rural extension work is essential to achieve the desired change in 
livestock production.

• Apart from knowledge, farmers need friendly and stimulating 
interaction with their technical assistants.

• Extensionists must complete a comprehensive training process before 
interacting with producers.

• Projects must invest in training extension agents because silvopastoral 
systems apply knowledge and practical skills beyond the college 
training of these professionals.



Colombian Sustainable
Cattle Ranching Project

Ecoregions:

• Cesar River valley
• Lower Magdalena
• Andean Oak Corridor 

(Boyacá and Santander)
• Coffee Ecoregion
• Eastern Andes foothills 

(Meta). 

Pilot farms outside Project 
areas in: Arauca, Casanare, 
Guaviare, Caquetá, 
Cudinamarca, Caldas and 
Sucre.
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Cascajal farm, Piojó, Atlántico, Colombia
owned by Angel López



February 25, 2019

Angel Lopez greets a group 
of Cuban ranchers who 
visit his farm:

"There was nothing here, 
just rocks. Then, we 
started planting trees and 
letting the trupillo 
(mesquite, Prosopis 
juliflora) grow, even 
though no one wanted it. 
Now it's paradise and 
people have started to 
change. We have wood, 
fertility, food and above 
all, shade". 

Luis Solarte, 
Technical assistant

Angel López
Farm owner



“We’ve had strong weapons for this struggle: heart, soul and love of 
the land. Without these, we would not have achieved it.” 
(Angel Lopez, owner of Cascajal farm)



"The trees are the magic of this farm" 
(Angel Lopez, owner of Cascajal farm)



“You need patience, perseverance and love.”
(Angel Lopez, owner of Cascajal farm)



Pilot farm owners work actively in farmer-to-farmer training

They play a key role in scaling-up the 
adoption of SPS and ecological restoration 
practices, and in promoting a culture of 
sustainable livestock production.



Pilot farms: generation of knowledge and farmer-to-farmer training

• Joint investments of the CSCR project and farm owners to 
establish (and showcase) silvopastoral systems, and water 
management and renewable energy technologies.

• Family farms or rural enterprises that stand out for their owners’ 
interest in implementing innovations in the livestock system.

• They are places where:

• research results are adapted to specific socioeconomic and environmental 
contexts, and 

• where new silvopastoral arrangements and management practices are tested. 

• They allow information to be shared openly with other farmers. 

• Generational exchange and a sense of belonging to the land.

• Pilot farms facilitate participatory research and monitoring. 



Innovative farmers

• Curious

• Familiar with risk as a form of 
learning. 

• Have the ability to analyze results 
from different angles (not just the 
economic one)

• Are willing to invest in long-term 
benefits. 

• Are open to a dialogue of knowledge 
(traditional vs. technical or scientific).

• Value their own knowledge

• Are willing to teach and to learn.

• Like to visit other places to see, verify 
and learn. 



La Estancia Pilot Farm
Belén, Boyacá (Andean Oak Corridor)



Isaac Gómez, innovative owner of La Estancia



Participatory farm planning

La Estancia farm, Belén (Boyacá, Colombia)



Land use planning

Areas that will undergo
productive
intensification with
silvopastoral systems

Restoration areas



La Estancia farm, Belén, Boyacá (Andean Oak Corridor)

Restoration, 7 ha

Cattle ranching, 3.5 ha

10.5 hectares, 2765 m altitude



Fragile area released
for restoration

Fodder hedgerows
and rotational grazing

Water goes to cattle, 
not cattle to water



Restoration & 
connectivity

Sustainable
livestock

production

Food
sovereignty



May 10, 2017



July 11, 2017



Silvopastoral heir of La Estancia

Marisol Gómez



Ensuring cross-generational cultural change: 
Silvopastoral Heirs

Field course Silvopastoral Heirs: Sustainable Cattle Ranching and 
Ecological Restoration in Pilot Farms. June 14-16, 2017



Children, teens and adults who gradually and voluntarily receive from their elders a legacy 
of principles and values grounded in the love of the land, and strive to give continuity to 
their family project.

Ensuring cross-generational cultural change: 
Silvopastoral Heirs



Brayan Ortiz

To generate and disseminate a culture of production in harmony with nature, to 
preserve and enrich the natural heritage, and improve the quality of life.

Mission of the Silvopastoral Heirs



The project reached 4,100 families who manage 160,000 ha in 87 municipalities and 5 

ecoregions. 

These families preserved >18,000 ha of forests, planted 3 million trees, enriched 3,466 ha of 

second growth areas, allowed 18,603 ha to regenerate naturally, and established 38,390 ha of 

silvopastoral systems.

Camagüey farm, Meta

Colombian Sustainable Cattle Ranching Project



• Silvopastures:13,217 ha of 
live fences, 1,930 ha of 
paddocks with planted trees, 
18,603 ha of paddocks with 
regenerating trees and 4,240 
ha of intensive silvopastoral 
systems. 

• Average animal load 
increased by 32%, and milk 
production increased by 
29%. 

• 1,565,026 tons of CO2e were 
sequestered.

Colombian Sustainable Cattle Ranching Project



Silvopastoral systems increased the carrying 
capacity of cattle farms

Caso de Negocios Silvopastoriles para Colombia. 
Banco Mundial – Technoserve 2019

%

Bajo Magdalena 59%
Valle del Río Cesar 14%
Piedemonte Orinoquia 36%
Boyacá y Santander 14%
Ecorregión Cafetera 19%

Average 26%



Caso de Negocios Silvopastoriles para Colombia. 
Banco Mundial – Technoserve 2019

Milk - Altiplano Cundiboyacense       46%
Milk - Antioquia 30%
Milk – Caribbean lowlands 18%
Dual purpose - Caribbean 19%

Average

26%

La Luisa farm, Cesar

Intensive Silvopastoral Systems were the most 
profitable ones in all regions



Birth rate (most important parameter in the cattle business) 
increases in silvopastoral systems with good management practices

Caso de Negocios Silvopastoriles para Colombia. 
Banco Mundial – Technoserve 2019

Scenario Baseline (year
0) birthrate

Year 9 birthrate

National average (no silvopasture) 58% 58%

25 – 30% SP or intensive SP 58% 62.8% (+ 4.8%)

35% SP and 20% intensive SP 58% 70.7% (+ 12.7%)



Per hectare investment for silvopastures: 
scattered trees and live fences

Caso de Negocios Silvopastoriles para Colombia. 
Banco Mundial – Technoserve 2019

US$ 500 – 618
(regional differences)



Per hectare investment for intensive
silvopastures, fodder hedges and fodder banks

Caso de Negocios Silvopastoriles para Colombia. 
Banco Mundial – Technoserve 2019

US$ 1206 – 1530
(regional differences)

Includes electric
fencing and water

troughs



Biodiversity in silvopastoral systems

Intensive silvopastures provide habitat for 60.7% of forest 
dung beetle species and 275 bird species.





Mainstreaming silvopastoral systems

Strong foundations: a set of
common principles and values

Building knowledge : scientific and 
traditional knowledge contribute to
break down the grass monoculture

paradigm

Action: designing and implementing
complex and profitable silvopastoral 

systems (dialogue of knowledge)

Successful examples: a network
of pilot farms for different

scales and ecosystems.

Influencing society: Informing
policy makers, government
agencies, international
cooperation and consumers.

Economic, environmental and 
social monitoring: Continuous
improvement of sustainable
farming systems.

Incorporating new challenges: 
climate change, evolving
markets and changing values.







El Cortijo farm, Salento, 
Colombia

Science, February 2017





Science, October

2018



La Luisa farm, Codazzi, 

Colombia

Science, October 2018



Silvopastures produce more cattle sustainably on less land, buffer 
ranchers from economic losses due to climate extremes, and 
enhance landscape connectivity (Kremen & Merenlender, 2018).



Final comment

Complex problems demand complex approaches. 

This means:

• Embracing complexity and biodiversity

• Strengthening synergies between agroecology and 

restoration

• Incorporating human values and the cultural 

dimension of food production

• Empowering women and youth

• Ensuring cross-generational cultural change



In which of these livestock systems would you 
prefer to live if you were a cow or a steer in the 
warm and dry Caribbean region of Colombia?



Thanks!

• El Hatico Nature Reserve and Lucerna farm (Valle del Cauca, Colombia)

• Global Network of Silvopastoral Systems

• Colombian Sustainable Cattle Ranching Project (Proyecto Ganadería Colombiana Sostenible)
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