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ABSTRACT - Brazil has the largest commercial beef cattle herd and is the main beef exporter in the world. Cultivated pastures are
the basis for the Brazilian beef production, and occupy an area of 101.4 million hectares. However, very few forage cultivars are
commercially available, and the majority of these are of apomictic reproduction, thus genetically homogeneous. Tropical forage
breeding is at its infancy, but much investment and efforts have been applied in the last three decades and some new cultivars have
been released. In this paper, origin of different species, modes of reproduction, breeding programs and targets are discussed and
the resulting new cultivars released are presented.
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INTRODUCTION

Approximately half the world bovine meat production
comes from tropical and subtropical countries which had
a three-fold increase in beef and veal production in the
last 40 years (FAOSTAT 2011). Animal production in
tropical and subtropical areas of the world is largely
dependent on either native or planted pastures therefore
the demand for high quality, productive and adapted
forages is high. In Brazil, there were 205 million heads of
cattle in 2009 (IBGE 2011) and it is the largest commercial
beef cattle herd in the world, equivalent to 14.8 % of the
world’s herd (FAOSTAT 2011). Since 2004, Brazil has also
consolidated itself in the international beef market and
has become the main beef exporter in the world, with a
competitive advantage due to cattle production being done
exclusively on pasture, thus attending the market concern
for food and feed security.

Cultivated pastures are the basis for the Brazilian
beef production. They occupy an area of 101.4 million
hectares (IBGE 2011), which together with the native
pastures is equivalent to all the area planted to permanent
and temporary crops plus planted and natural forests.
Another consequence of all this is the great development
of the Brazilian tropical forage seed industry, which became
the leader world exporter of this type of seed.

The considerable status of the Brazilian cattle
industry in the world is due to three main reasons: favorable
soil and climatic conditions for cattle rearing, the use of
continuously improved cattle breeds adapted to tropical
conditions, and finally the solidity of forage introduction,
evaluation and selection programs, which resulted in the
release of highly adapted and productive forages.

Nevertheless, still few forage cultivars are
commercially available, and the majority of these are of
apomictic reproduction, thus genetically homogeneous
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and not generating novel variation. This is a threat to
national security due to a possible emergence of new pests
and diseases or break of resistance to known diseases.
Thus the release of new improved cultivars is in high
demand to diversify pastures and alleviate this problem.
Additionally, Brazil has approximately 50 percent of the
pastures in various stages of degradation (Dias Filho 2007),
which would benefit from the substitution by new improved
cultivars. This shows that there is still room for the
expansion of the cattle industry, without the need of
expansion of new areas of pasture.

The discontinuity of investment on the tropical
pasture programs of the two leading institutions
worldwide, the International Center for Tropical Agriculture
(CIAT) in Colombia, and the Commonwealth Scientific and
Industrial Research Organization (CSIRO) in Australia, has
placed Brazil as the leader in tropical forage breeding in
the world. The most significant programs are led by
Embrapa (Brazilian Agricultural Research Corporation)
which invested in various forage genera in the last three
decades, and today, more than 70 % of the cultivars in use
were released by Embrapa and partners (Valle et al. 2009).

LITERA TURE  REVIEW

Most cultivars of tropical grasses available
commercially are wild ecotypes selected from natural
diversity (Hacker and Jank 1998). However, there is much
yet to be explored from the variability found in the available
germplasm. Breeding is the key for future development of
superior forages, but breeding is only justified after the
germplasm of a genus or species has been explored and
specific problems identified (Cameron 1983). It is premature
to begin hybridization programs of a species prior to its
wide use in production systems, or before large germplasm
resources are available and have been evaluated. The
tropical world has still to profit from the genetic
manipulation of tropical forages through breeding, and
possibilities are endless.

Forages comprehend various species of mainly
grasses and legumes. Forage grasses are planted
exclusively in a pasture, or in a mixture with forage legumes
which fix atmospheric nitrogen and benefit both the grass
and the soil. Different grass and legume species are
suitable and adapted to different soil and climate conditions
and the use of various cultivars and species is recommended
in the same property so as to avoid monoculture and at
the same time, make the best use of the ecosystem and

explore the species/cultivar potential by different animal
categories.

The science of forage breeding in tropical countries
is still very young and has been intensified only in the
last decades. Forages have not yet been domesticated (as
to seed retention and absence of anti-quality compounds
for example), thus continuous cycles of cultivation and
selection to fit human needs are still required. There is yet
little knowledge on the genetic control of agronomic traits
to be improved, as well as the development of efficient
specific breeding methods.

Forage breeding is very complex, because merit
criteria are not straightforward as in grain crops, since
they can only be assessed after conversion to animal
products, such as milk or meat. Merit also depends on co-
coordinated effort of teamwork, over a wide range of
ecosystems to ascertain G x E interaction and involves
time-consuming and costly evaluations under grazing. It
is indisputable that cultivars developed from germplasm
collections, followed by plot evaluation, regional trials
and finally animal performance trials in pastures prior to
release be considered of high priority for the adoption
and success of forage-based technologies (Jank et al.
2005b).

The release of tropical forages in Brazil is regulated
by the Ministry of Agriculture, Livestock and Food Supply.
A two-year evaluation under cutting and a further two-
year evaluation under grazing in comparison to a standard
released cultivar are necessary to receive the authorization
for release and commercialization in the country. An
experiment of Distinctiveness, Homogeneity and Stability
(DHE) is necessary to apply for cultivar protection and to
receive the benefits of royalties over the commercialization
of seeds.

REPRODUCTIVE BEHAVIOR

Around 60 % of the tropical grass species reproduce
by apomixis. Apomixis is a clonal propagation by seeds,
in which plants identical to the mother plant are produced.
Therefore, a pasture planted to an apomictic species is
always uniform. In apomixis, parthenogenesis occurs
inside the ovary since all cells in the meiotic tetrad abort
and one or several non-reduced cells from the nucellus
develop into embryo-sacs. Pseudogamy then occurs,
where the pollen only fertilizes the polar nuclei but not the
egg cell. Apomixis of the Panicum type is determined by a
gene or group of genes in a simple inheritance and the
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they are generally less productive and vigorous and do
not withstand overgrazing.

Apomictic forage grasses display wide variation in
nature, however, little of this diversity has been sampled
(Savidan 2000). The first species intensively collected was
P. maximum in East Africa by the French Institute of
Research for Development (Former ORSTOM - Office de
la Recherche Scientifique et Technique d’Outre-Mer)
(Combes and Pernès 1970), and later by the Japanese Hojito
and Horibata (1982). Thus the diversity of this species is
well represented in ex situ collections (Savidan et al. 1989).
Brachiaria was also extensively collected by CIAT in East
Africa (Keller-Grein et al. 1996), but important species as
B. mutica and sexual pools of B. brizantha and B.
humidicola are still lacking, thus the existing collection
cannot be considered representative of the natural
distribution. The genus Paspalum spp. of South American
origin, has also been extensively collected by the Brazilian
Agricultural Research Corporation (Embrapa) but the
complete collection of ca. 1600 accessions has not been
fully characterized to determine if this genebank is
representative or not.

Genera such as Pennisetum, Hyparrhenia, Melinis,
Setaria, Andropogon, Hemarthria, Chloris, and Cenchrus
should be included in forthcoming collecting efforts to
ensure enough diversity for future improvement efforts
and sexual forms within apomictic Hyparrhenia and
Melinis must be sought (Jank et al. 2005a).

Most forage legumes are originated in Tropical
America. The region between Mexico and the Caribbean
to the north of Argentina is considered the greatest centre
of origin and diversity of tropical legumes with forage
potential in the world (Paterson 1987). Legumes from this
region are Arachis spp., Centrosema spp., Desmodium
spp., Stylosanthes spp., Calopogonium, Leucaena,
Macroptilium and Galactia striata (Valls and Pizarro 1994).
Since late 1970’s Embrapa alone or with CIAT have
organized numerous collection trips in Brazil and
assembled a good quantity of forage legume accessions.
Other important legumes, such as Pueraria and
Neonotonia wightii are originated in east Asia and Africa,
respectively (Harlan 1983).

BREEDING  PROGRAMS  AND  TARGETS

Breeding of forages have similar targets to those of
crops such as increased productivity and quality, resistance
to pests and diseases, efficient use of fertilizers, and

progeny of a cross between sexual x apomictic plants
always yield sexual and apomictic plants in the ratio 1:1.
The advantage of this system, is that if an excellent apomictic
hybrid arises in the first generation, it may be released,
since its hybrid vigor will be fixed. Tropical forage grasses
that reproduce by apomixes include Brachiaria brizantha,
B. decumbens, B. humidicola, Panicum maximum,
Hyparrhenia rufa, Melinis minutiflora, Cenchrus ciliaris
and many Paspalum species.

Collection of apomictic species in the center of origin
is essential because breeding depends on variability but
essentially on the availability of sexual plants. These may
be found in the center of origin and in P. maximum, B.
brizantha and B. decumbens are usually diploid in nature
(Savidan 1982, Simioni and Valle 2009). Their chromosome
numbers must be artificially doubled so that they may be
crossed with tetraploid apomictic plants. An exception is
B. humidicola, in which the sexual plant found in the Center
of Origin is hexaploid, just as the apomictic accessions
(Valle et al. 2009).

Other tropical grasses as Pennisetum purpureum,
Setaria sphacelata, Andropogon gayanus, Hemarthria
altissima, Chloris gayana, Cynodon spp. and Digitaria
decumbens reproduce by allogamy.

Tropical forage legumes reproduce generally by
autogamy, however, many also present high levels of
cross-pollination. It is essential that the reproductive
system of the species and the population in the breeding
program be determined, so that the most suitable breeding
method may be used. Thus, it was found that Stylosanthes
capitata in Brazil presented 31 % outcrossing (Chiari et al.
2010) and S. guianensis presented from 26 % to 38.6 %
based on RAPD or microssatellite (Chiari et al 2010, Santos-
Garcia et al. 2010). Various other legumes presented from
4 % outcrossing in Desmodium heterocarpon until 23 %
in Centrosema gyroides (Maass and Torres 1998). In C.
virginianum, outcrossing rates varied from 0 to 89 % in
different accessions (Maass and Torres 1998).

GENETIC  RESOURCES

Tropical forage grasses, with the exception of
Paspalum spp. and Axonopus spp. are originally from
Africa where they evolved under the hoofs of large animals,
as giraffes, elephants, rhinoceros, and several ruminants,
where they were selected to tolerate grazing habits and
became productive, vigorous and robust. South American
grasses, as Paspalum spp. and Axonopus spp on the other
hand, evolved under pressure from smaller animals, so
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adaptation to edaphic and climatic stresses. However, it
has additional requisites since forages have no intrinsic
value unless converted into animal products (meat, milk,
hide, calves), which implies indirect evaluation to verify
worth. Through the years, selection has involved the
choice of the most vigorous plants, and field-oriented
selection has contributed greatly to genetic advance.

The main objective of forage breeding programs thus
far has been improvement of forage yield and quality
(Hacker and Jank 1998). Whereas direct selection has
resulted in the release of cultivars 80 to 130 % more
productive in terms of leaf yield than the commercial
standard, bred cultivars have also led to 26 % increase in
digestibility and 47 % in productivity (Burton 1989, Burton
et al. 1993, Jank et al. 2005a). Improvement for yield and
quality have direct benefits to the farmers by improving
animal performance. Thus the adoption of released
cultivars have resulted in increases in 6 % milk production,
and 7.7 to 37.6 % liveweight gain per area (Embrapa Gado
de Corte 1990, Lowe et al. 1991).

Seed production is also a factor considered in
breeding programs. Poor seed production results in high
seed prices and consequently little adoption. This was
the case with many good legume cultivars released, and
recently with Brachiaria hybrid cv. Mulato (Miles 1999).
Despite the use of vegetative propagation in certain
systems and in some countries, seed producing cultivars
are easier to establish, faster to be adopted and much more
widespread.

Few tropical breeding programs are underway
outside Brazil. The breeding programs in Brazil, and
especially at Embrapa, are divided into genera/species
which are distributed in the different Research Centers.
These programs and their breeding targets are shown on
Table 1.

The B. brizantha breeding programs at CIAT and
Embrapa, Brazil, intend to select hybrids which combine
the qualities of three species: the high forage quality and
determined flowering cycle of B. ruziziensis, the yield and
resistance to spittlebug of B. brizantha and the vigor and
adaptation to acid, infertile soils of B. decumbens (Miles
and Valle 1996, Miles 1999, Valle et al. 2010). Crosses are
made using B. ruziziensis sexual accessions that were
artificially doubled with colchicine in Belgium (Lutts et al.
1994).

The B. brizantha germplasm in Brazil received form
CIAT total 223 accessions. The ploidy level characterization
of this germplasm resulted in the discovery of a sexual

accession, which was artificially doubled to make crosses
with tetraploid accessions feasible (Pinheiro et al. 2000).
However, these plants flower much later than the B.
brizantha accessions, so crosses have not yet been
successful despite attempts to synchronize flowering of
the progenitors.

Diploid sexual B. decumbens accessions have also
been discovered in the B. decumbens germplasm collection
at Embrapa Beef Cattle. One of these accessions has been
doubled and was successfully crossed to the most
important tetraploid apomictic accessions. Ca. 480 hybrids
from this cross are presently being evaluated in the field
(Valle, personal communication).

The B. humidicola germplasm at Embrapa Beef Cattle
is composed of 58 accessions. Recent cytogenetic studies
have shown that this species is hexaploid and has a
different base number (n=6) than the other three important
Brachiaria species (n=9) (B. brizantha, B. decumbens and
B. ruziziensis) (Boldrini et al. 2009). In this case, the sexual
plant found in nature has the same chromosome number
as the main apomictic accessions. About 300 hybrids from
the cross between this sexual plant and an accession
selected from the germplasm are under agronomic
evaluation.

The B. ruziziensis is a sexual diploid accession and
the germplasm is composed of about 50 accessions. This
species is very promising for integration with crops, thus
breeding at Embrapa Dairy Cattle involves recurrent
selection of populations selected for leafiness, vigor,
persistence and spittlebug resistance (Souza et al. 2010).

Artificially duplicated sexual plants of P. maximum
are available for breeding. Selected sexual plants have been
introduced at Embrapa Beef Cattle with the IRD collection
of 426 apomictic accessions and have been evaluated in
half-sib progeny tests to select the best progenitors
(Martuscello et al. 2009). Approximately four hundred
hybrids from the crosses of two of the best sexual plants
and cultivars Tanzania and Mombaça are currently under
agronomic evaluation in the field (Jank 2010, personal
communication).

One of the objectives of the P. purpureum breeding
programs in Brazil is selection of seed producing cultivars,
which are obtained by crossing P. purpureum and P. glaucum
(L.) R. Br. The progenies from this cross are triploid and
sterile, but once doubled by colchicine become hexaploid
and fertile (Pereira and Lédo 2008). A selected population
is being developed for release. The challenge is to increase
the seed production and make the population uniform.
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Seed production is also the breeding target of the
Stylosanthes and Arachis programs. The Stylosanthes
germplasm is composed of accessions of the species S.
scabra, S. macrocephala, S. capitata and S. guianensis,
and especially the latter has as challenge the increased
production of seeds so that prices may be affordable for
the consumer. The Arachis germplasm at Embrapa Acre
has ca. 97 accessions of A. pintoi. The cultivars presently
available in the market, are propagated vegetatively. A good
seed producing accession is being evaluated for release.

MAIN  RESULTS

Embrapa has invested in tropical forage collection,
introduction, characterization and breeding since the
1970’s. In 1984, a B. brizantha cultivar, received from
Zimbabwe was released commercially. This cultivar
Marandu, due to its productivity, adaptation, ease of
management, seed production and resistance to spittlebugs
became the number one cultivar in land extension and seed
commercialization. It is estimated that 35 % of the seeds
commercialized in the country are of this cultivar. However,

problems of pasture death have been arising, mainly in
the north of the country and new cultivars are being
recommended (Barbosa 2006).

Brachiaria is the most commercialized genus in
Brazil, followed by P. maximum cultivars. They are responsible
for approximately 86 % and 10 % of the commercialized
seed in the country, respectively.

From the Brachiaria germplasm, three cultivars have
been released. Brachiaria brizantha cvs. Xaraés and Piatã
were released in 2003 and 2007, respectively. Cultivar
Xaraés is more productive and results in higher weight
gains per area due to its higher animal carrying capacity. It
is also later flowering allowing for a longer period of
grazing in the rainy season. Cultivar Piatã has a higher
nutritive quality and results in higher liveweight gain per
animal. It is also more tolerant to waterlogged soils than
cv. Marandu.Brachiaria humidicola cv. Tupi, released
in 2011, is more productive than common B. humidicola.

Three P. maximum cultivars have been released from
the germplasm: cvs. Tanzania, Mombaça and Massai in
1990, 1993 and 2000, respectively. The first two accessions
total 10 % percent of the seed market in the country and

Table 1. Main forage breeding programs in Brazil and targets
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are being exported to 26 other Latin American countries.
Cultivar Tanzânia-1 is of medium size, 80 percent more
productive than the traditional cv. Colonião, and more
easily managed in comparison with other cultivars of the
same species. Cv. Mombaça is 130 percent more productive
than Colonião, and used in intensive production systems
with rotational pasture management. Cv. Massai, in
contrast, is very short, maximum 90 cm height, with thin
leaves and is used for pasture diversification and grazing
of cattle, horses, sheep and goats (Jank et al. 2008, Jank et
al. 2010).

Stylosanthes cv. Campo Grande was released in 2000
after many cycles of breeding among 17 anthracnose-
resistant Brazilian and Venezuelan S. capitata accessions,
and among 6 S. macrocephala accessions. This cultivar
is a physical mixture of the two species, in the proportion
80:20 by weight, respectively (Embrapa Gado de Corte
2007). Breeding also involved improvement of seed
production, so that it could be machine harvested. It is
estimated than there are 1.5 million hectares planted in
Brazil in association to this legume.

FINAL  CONSIDERATIONS

Tropical forage breeding is a very young science.
Only in the last three decades, the germplasm collections
were organized, accessions characterized, data documented
and seeds conserved in the short and long terms. The
collections under the care of breeders, guarantees that
the accessions will be used in the breeding programs.
Breeding efforts have been intensified in Brazil in the last
years, by the hiring of new breeders and association with
the private industry for financial assistance. Progress is
expected in the next years, with the development of new
and adapted technology in breeding, the development of
superior new cultivars and consequently the expansion
of the cattle industry. The tropical world should benefit
from the release of new cultivars in the following decades.

As a young science, forage breeding courses in
Universities in the Tropics are still lacking to develop

academic expertise, but as more researchers from crop
breeding are drawn to tropical grass breeding, this scenario
should change in the future.

Breeding targets have been to increase yield and
quality in the past years, since tropical grasses, in general,
present broad adaptation in Brazil. However, breeding
should move towards selection for specific conditions and
uses, as the new tendencies of climate change and
mitigation result in selection of forages for adaptation to
biotic and abiotic stresses such as drought, water logging,
aluminum tolerance, nitrification inhibition, decreased
lignin concentration, etc, Also, nowadays other needs for
forage grasses arise, such as breeding for ethanol and
energy production.

The use of improved forages, selected and bred for
increased quality, through increased digestibility and
soluble carbohydrates, will result in an increased voluntary
intake by the grazing animals, and a decrease as great as
28 % in the emission of green-house gases may be expected.
The potential of mitigation in the emission of green house
gases through breeding of tropical forage species remains
practically unexplored, and this approach may be very
successful.

The need for new more productive and efficient
cultivars in the short time is accelerating the search for
new tools to help in the selection process. Thus, marker
assisted selection and other technologies are becoming
ever increasingly important. Molecular markers are being
developed and used for characterization of the germplasm,
fingerprinting of selected accessions, identification of
hybrids, selection of progenitors, and also genome
mapping of the species after phenotyping of bred
populations. Other molecular techniques, as genomics and
proteomics are being developed for various characteristics
in the different species. In the medium to long term, the
tropical world should also benefit from less lignified quality
improved transgenic cultivars.
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