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Fast-tracking tropical forages for twin-win agricultural systems
The really striking thing about livestock production is its immense scale. Consider these big facts:
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In sum, livestock are, by far, the world’s single biggest land use. So, how
they’re managed – and especially how they’re fed – is profoundly important.

On the horns of a dilemma
Given the huge environmental impact of livestock, some experts argue for
policy change aimed at curbing global animal production. But in many developing
countries, this argument does not get much traction. The difference of perspective
hinges on a tough tradeoff – between livestock’s environmental costs (land
degradation, water pollution, and climate change) and its livelihood benefits (farm
income and employment plus protein and minerals in the human diet).
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s populations in developing
countries grow, the rising
numbers of consumers who escape
from poverty want more meat,
milk, and eggs in their diets. This
is why global demand for livestock
products is expected to double by
2050, after having increased three
times faster in developing than in
developed countries over the last
3 decades. The developing world’s
“livestock revolution” represents an
appealing economic opportunity for
the 600 million smallholder farmers
who make a living from animal
production. They already account
for 60% of meat supplies and 75%
of the milk in developing countries.
The question then is where and how
to increase livestock production –
and meet the modest aspirations
of poor consumers and producers
– without jeopardizing ecological
health. CIAT believes that, by
integrating a unique category of
diverse plants – improved tropical
forages – into diverse agricultural
systems, we can do much to resolve
this dilemma.
Forages are already known for their
ability to raise livestock production
by supplying better feed. Moreover,
since most forage plants can be
grown on land that is not suitable
for crop production, they lessen the
competition between animal and
human nutrition that results from
feeding basic grains to animals.
Tropical forages also show great
potential for reducing emissions of
methane from ruminants (per unit
of animal product) and of nitrous
oxide from the soil as well as for
accumulating soil carbon while also
restoring degraded land. A growing
body of scientific evidence suggests
that tropical forage-based systems
are one of agriculture’s best bets for
mitigating climate change.

What is LivestockPlus?
To magnify the benefits of tropical
forage-based systems worldwide,
CIAT scientists and partners have
embarked on a new initiative called
LivestockPlus. Its central aim is to
create the necessary conditions
for widespread establishment of
agricultural systems that incorporate
sown forages along with other
improved feeding methods. The
LivestockPlus initiative represents
an especially good example of how
CIAT’s eco-efficiency principle can
be put into practice – boosting
positive farm outputs while at the
same time reducing negative ones
through more efficient use of
on-farm resources.
This initiative will enable large
numbers of farmers across

the tropics who practice “mixed
farming” – i.e., growing annual
crops as well as forages and/or trees
in combination with livestock – to
realize substantial improvements in
productivity and income, regardless
of farm size. By integrating
improved forages into diverse
agricultural systems for sustainable
intensification, these farmers can
double milk yields per animal and
achieve a two- or threefold increase
in meat production per hectare.

What are tropical forages?
When early farmers domesticated
the food crops on which humanity
depends, they also began collecting
and sowing plants to provide
feed for their livestock. Over the
centuries, this resulted in at least
partial domestication of
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a great variety of forage grasses
and legumes. Most of these are
perennials suited for grazing or
feeding in smallholder “cut-andcarry” systems as well as for larger
scale industrialized production of
confined livestock.
Nearly 21,000 samples of 700
species of such plants collected
in 72 countries reside in CIAT’s
genebank. Though legumes make
up most of the collection (about
19,000 samples), the tropical
grasses, notably various Brachiaria
species, have so far proved more
successful as sown forages. In
the past 4-5 decades, scientists
at CIAT and other institutions in
Latin America have evaluated
many grass samples and selected
superior cultivars. Since the late
1980s, CIAT has also carried out
genetic improvement of Brachiaria,
resulting in the release of three
commercial hybrids to date,
with more in the pipeline. Some
improved grasses are now widely
grown – in tropical Brazil, for
example, which has 116 million
hectares of sown pastures.
Diverse genera of forage legumes
– including herbs, shrubs, vines,
and trees – have also undergone
extensive evaluation and shown
multiple benefits for livestock
feeding and soil improvement. Yet,
management requirements and
other constraints have so far kept
the most promising species from
being widely adopted.

What are the advantages
of tropical forage-based
systems?
Farmers adopt improved forages
primarily because of their ability
to boost animal productivity,
as demonstrated by CIAT’s
research with national partners.
In Colombia’s Eastern Plains, for
example, farmers have gradually
replaced native savanna grasses
with more productive, higher quality
Brachiaria pastures over the last
several decades, boosting animal
productivity by a factor of four
or five and generating economic
benefits estimated at more than
US$1 billion. In Southeast Asia,
thousands of smallholder farmers in
remote uplands have transformed
subsistence livestock rearing
into a more productive, marketoriented enterprise by incorporating
improved grasses and legumes into
their systems.
Tropical forage-based systems can
also create environmental benefits,
which are quite considerable but
have less immediate appeal to
producers. For example, using
drought-tolerant forages as cover
crops protects the soil from wind
erosion during the dry season and
from water erosion during intense
tropical rains. In mixtures with
grasses, forage legumes reduce
the need for nitrogen fertilizer and
help build up soil organic matter.
On sloping lands, smallholder
farmers can plant improved grasses
to reduce erosion, thus stabilizing
vulnerable farming systems.

More recent research at CIAT
and elsewhere has brought to
light the value of tropical grasses,
especially Brachiaria, for mitigating
climate change. To begin with, by
increasing animal productivity, they
reduce methane emissions per unit
of livestock product. These deeprooted grasses can also accumulate
huge amounts of carbon in the soil,
as revealed by a pioneering CIAT
study conducted 2 decades ago
based on data from Colombia’s
Eastern Plains and published in the
journal Nature.1 Subsequent work
has confirmed that, under adequate
pasture and livestock management,
the ability of improved grasses to
accumulate carbon is second only
to that of forest.
A further discovery creating much
excitement now is the ability of
Brachiaria humidicola to markedly
reduce the conversion of nitrogen
applied to the soil as fertilizer into
nitrous oxide, the most potent
greenhouse gas. The grass achieves
this through a natural process
referred to as “biological nitrification
inhibition,” which is the subject of
intensive collaborative research
linking CIAT with partners in
Japan, Colombia, Nicaragua, and
Germany. This special trait offers
tremendous possibilities to reduce
not only nitrous oxide emissions
from the soil but also the leaching
of nitrates into water supplies, while
also raising crop yields through
more efficient use of nitrogen
fertilizer.

Where are tropical foragebased systems already
delivering benefits?
In diverse regions of the developing
world, tropical forage-based
systems have amply demonstrated
their value for sustainable
agricultural development.
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South America

help reduce pressure on forests,
particularly in conjunction with
effective land use policies. Demand
for better forages is on the rise,
and there is growing interest in
integrated agropastoral (crops plus
pastures), silvopastoral (trees plus
pastures), and agrosilvopastoral
systems, which make production
more efficient and sustainable.

Central America

Already a major producer of
meat and milk, this region
offers significant possibilities
for sustainable intensification of
livestock production on grasslands,
despite their typically infertile acid
soils. CIAT and its national partners
have developed and evaluated a
wide range of improved pastures
in South America, and these show
a four- to fivefold advantage over
native grasses for boosting livestock
productivity through improved
nutrition. Moreover, by helping
stabilize farm productivity, the
new pastures have been shown to

Inadequate management of soil
fertility has resulted in widespread
soil degradation across this region,
leading to a steady decline in crop
and pasture productivity. CIAT’s
collaborative research in Central
America has shown that integrating
herbaceous forage legumes into
cropping systems improves soil
fertility. When the legumes are
used in combination with crop
residues for animal feed, they also
help alleviate chronic feed shortage
in the dry season. To achieve
widespread adoption of these
improved forages requires stronger
incentives and better knowledge
of their agronomic management
across diverse locations.

Sub-Saharan Africa
Feed shortage is a major barrier
to intensification of the region’s

smallholder mixed farming and
pastoral systems. Researchers with
CIAT, the International Livestock
Research Institute (ILRI), and
various partner organizations have
tested several options, including
forage legumes to create “fodder
banks,” food-feed crops like
cowpea, and improved Brachiaria
grasses, which are originally from
Africa. Brachiaria has performed
well on acidic soils and under
drought in Rwanda, and shown
good potential for boosting milk
production. In several countries
of Eastern Africa, scientists with
the International Centre for Insect
Physiology and Ecology (icipe) are
incorporating these grasses into
the “push-pull system,” where they
serve as a “trap” crop for a highly
damaging insect pest, while also
providing high-quality forage for
dairy cattle.

Asia
Rapidly rising demand for livestock
products represents an important
economic opportunity for poor
farming communities, particularly in
the region’s marginal environments.
But Asian smallholders, like their
counterparts in Africa, are hard
pressed to intensify production
through better livestock feeding.

Global distribution of pastures, 2005

Pasture coverage
Source: Ramankutty N.
et al. (2008). DOI: 10.1029/2007GB002952.
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Over the last 2 decades, CIAT
and many national partners have
demonstrated convincingly how
to address this challenge by
integrating improved forages into
diverse farming systems, using
participatory research methods.

How to make LivestockPlus
happen
Over the next 5-6 years, the
LivestockPlus Initiative expects to
significantly boost the adoption and
integration of improved tropical
forages into major agricultural
systems in at least five countries.
The aim is to raise meat and
milk output by a factor of two or
three within a decade on half the
area currently used for livestock
production. To reach this goal will
require a concerted effort focused
on the tasks described below.

Strengthening incentives
through policy change
Productivity increases are not
sufficient to stimulate massive
adoption and better management
of tropical forage-based
systems. Farmers must also see
tangible rewards for generating
environmental benefits. This
requires policy and institutional
innovations, such as the use of tax
benefits in Brazil and payments for
ecosystem services in Colombia,
Costa Rica, and Nicaragua. Another
option worth exploring is the
creation of certification schemes
to offer producers higher prices
for meeting clear standards with
respect to animal breeds, feed
types, and management practices.

benefits. To what extent can tropical
forage-based systems reverse
land degradation and reduce
greenhouse gas emissions in
different landscapes? We also need
to step up the development of new
forage options that contribute more
effectively to these goals in diverse
agricultural systems.

Changing attitudes
The integration of tropical forages
into agricultural systems for
improved animal feeding is still
somewhat limited, compared
with the more familiar practice of
growing crops to provide food, feed,
and fiber. In part, this is because
farmers tend to see forages more
as a static feature of the natural
landscape than as a valuable onfarm natural resource requiring
special management as a crop.
Only by creating a new mindset
through targeted campaigns,
can we ensure that forage-based
crop-livestock systems deliver
environmental benefits alongside
food security and economic growth.
The shift in farmers’ thinking must
be accompanied by changes in the
attitudes of the wider public. To
create new demand for livestock
products derived from agricultural
systems that reflect environmental
and social responsibility will require
major public awareness efforts
aimed at generating consumer
demand for such products.

Spreading success
Recent successes with tropical
forage-based systems in countries of
Latin America as well as Africa and
Asia are the logical starting point
for further gains. LivestockPlus will
embark on systematic efforts to
share the lessons learned in these
regions, with particular emphasis
on Colombia’s achievements in
developing agropastoral systems
and Brazil’s experience in promoting
agrosilvopastoral systems, which
incorporate trees into crop-pasture
combinations.

Working together
Tropical forages are rarely a standalone, off-the-shelf technology that,
like improved staple crops, can
readily be substituted for the varieties
farmers already grow. On the
contrary, it takes intensive field
work – using farmer participatory
methods – to introduce the right
forages and ensure their proper
management in diverse
crop-livestock systems across the
tropics. Moreover, to accomplish this
on a large scale requires innovative
partnerships, such as “learning
alliances,” an approach developed
by CIAT and applied successfully
over the last decade to strengthen
farmers’ links with markets.
New partnerships must unite
government organizations,
the private sector, and major
development agencies to turn the
world’s biggest land use into one of
its best for people and the planet.

Creating new knowledge
and technology
Providing new incentives to improve
forage-based crop-livestock systems
requires that we do a thorough job
of quantifying the environmental
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About CIAT
The International Center for Tropical Agriculture (CIAT)
– a member of the CGIAR Consortium – develops
technologies, tools, and new knowledge that better
enable farmers, especially smallholders, to make
agriculture eco-efficient – that is, competitive and
profitable as well as sustainable and resilient. With
headquarters near Cali, Colombia, CIAT conducts
research for development in tropical regions of Latin
America, Africa, and Asia.
www.ciat.cgiar.org

CGIAR is a global research partnership for a food-secure
future. Its science is carried out by the 15 research
centers who are members of the CGIAR Consortium in
collaboration with hundreds of partner organizations.
www.cgiar.org

CIAT Strategic Initiatives
LivestockPlus is one of three strategic initiatives created
under CIAT’s new strategy for the period 2014–2020. The
aim of these forward-looking, collaborative endeavors
is to open new avenues for enhancing the development
impact of CGIAR research.
http://ow.ly/ugcuV

Contact:
Michael Peters, Head, Tropical Forages Program
m.peters-ciat@cgiar.org

André Zandstra, Head, Partnerships and Donor Relations
a.zandstra@cgiar.org
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