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The evolution of barley in Brazil:
contributions of Embrapa in 30 years of
research and development

E. Minella

Fmihrape Trigo. Caiva Postal 450, Passa Fundo, RS, 99001-97(0 Brazil.

Abstract

Increased beer consumption since 1920 hag
challenged scientists and farmers to establish
malting barfev production in Brazil. The
major challenge has been adapting barley to
give an cconomic vield under the natural acid
soll and wet and warm growing conditions
ol Brazil Currenfly. malt consumpltion is
L1 =107 i1 while production is 0.3<10° ¢/
v Barley production increased substantially
fram 20 (o 70% of the supply ueeds of
the malt indnstv The increasig tiend 1s
altribuied o vield and quality nnprovements
that have cstablished barley as a competitive
crop This campetitivencss 15 mainly due
to the resulis of 30 vears of research and
extension at Embrapa (Brazil Agnculhal
Rescarch Svstem). the widespread nsc of
Embrapa’s technologics. including varictics.
the “No-Till" Production Svsiem (NTPS),
crop agronomy and protection since the carfy
19905 have 1ncreased vield from 1500 kg/
ha i the 1980s to 2500 kg/ha today. Since
the release of BR 2. Zmbrapa varictics have
pained grower preference. taking up 70% of
the acreage. Varicties resistant 1o net blotch,
avery limiting factor. have reduced Mingicide
use. Current modern short, ledging-resistant,
varieties (¢.2. BRS 193, BRS Greta) are miore
compefitive in the NTPS. where mmpiroved
soil properties and preduction technologics
boaost the vield of barley o 6000 kg/ha in
favorable scasems. Variclics Embrapa 127
and BRS Borema matchcioscly the guality ol
known clite malting cultivars under Brazilian
environmental conditions.

Introduction

Barley was firstly introduced into Brazil in
1386, but became a crop enly in the 20th
Century, when commercial production started
in 1930_although onlv production for malting,
has been compelifive in economic terms.
The only barley used for feed is the amount
produced annually that does not meet malting
quafity, Production has evolved but is still
concentrated in southern Brazil in regions
where cool springs favor malting quality
Major growing areas are between latitudes
247 and 317 S, in the highland plateaus (400
to 1100 masl) of Rio Grande do Sul. Santa
Catarina and Parana stales. The regional
chimate is classified as a Koppen's cfa (humid
subtropical). with rainfall well distributed
throughout the vear and a mecan temperature
in the warmest month of =22°C. Barfev is
sown inlate antimn to early winter, following
A sanuner crop of sovbean or maize. 1n the
frachitional double cropping svstem arca. The
crop cvele is completed in 110-140 days,
depending on the varicty. location, planting
date and seasonal temperatire and rainfall
regimes, Harvesting takes place fromn late
October to carly December, Subsoil acidity
causing aluminium toxicily is a recurrent
problem; the originally acid soils restrict
rool growth bevond the limed layer, making
barley more vulnerable to moisture stress
than the more acid-soil tolerant crops such as
wheat and oats. Ramfall during (he growing
scason averages 700 mm. High seasonal
and regional variability in the amount and
distribution of rainfall are the major limiting
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factors affecting vield and quality. Excessive
rainfall  during the  reproductive  slage.
particularly in El Ninbo Southern Qscillation
(ENS() vears. 1s the most unfavorable
environment for malting quality. Seasonal
drought or femperature stresses (heal. frost) at
crilical stages, and fungal and virus discases.
are other major lmiting factors Since 2000,
a small amount of malting barfey has been
produced under irrigation in tropical Brazil
in the states of Sdo Paulo. Goids and Minas
Gierats.

The objective of this paper is to present
30 vears of cffort by and research results
of Embrapa in attempting to tailor barley 0
be a competitive crop m the acid soil and
lugh rainfall growing conditions of southern
Brazil.

Barley production

Since the beginning of commercial barley
production in Brazil o has been produced
nnder contract betsveen fanners and  the
malting-brewing  industiy. . The  malting
industry provides sced of varicties they want
to malt and buy the production that meets the
quality standards established m the contract.
In the begimning. and for some time, the seed
distributed by the industry was imported.
matnly  coming  {rom Argentina.  Local
production was small and confined to the Rie
Grande do Snl. Santa Catarina and Parana
states. in areas where forest had been cleared
for agricnliiml production by settlers of
European origin. mamly German. Talian and
Russian. Until the end of the 192505, barley
was produced manually or using animal
power and only on high-pH. fertile soils,
while wheat and rve were grown on poor acid
soil lands suitable for mechanization. Locally
selecied varicties more tolerant to soil acidity/
aluminum loxicity allowed barley lo grow in
the mechanized arcas. boosting production
during the 1960s. when acreages of up (o
40 000 ha were recorded. Average grain vield
on-farm was then close to 1 t/ha. Production

almost disappeared early in the 1970s due lo
frequent crop failures and competition from
the international marlket.

The Federal Government barley and
malt  sclf-sufficiency plan launched in
1976 boosted both barley production and
the capacily of the malting industry. As
part of the plan, Embrapa, the Minsty of
Apgriculture  Agricultural  and  Livestock
Rescarch Systemn founded in 1973, was
assigned the task of providing the requisite
scienlific and technical supporl. Embrapa.
through its National Wheat Rescarch Unit,
started working with barlev in 1976, with
the mission of expanding, diversifving and
coordinating afl the country’s research and
development clforts on the crop.

The public support for research and
production finally establishcd malhing barlev
as a commercial crop in southern Brazil,
giving the farmers an alternative winter crop
to grow on the stubble of a summer soybean
or maize harvest. Rio Grande do Sul and
Parand have since become the major barley
and malt producing states, with Rio Grande
do Sul leading with an average of 60% of
total production. Since 2000, barley has
also been produced in small amounts, under
irrigation, in Goids and DF in central Brazil
and 5o Paulo in the southeast.

Publiclv-funded  support 1o barley
production ended by the late 1980s. leaving
the fate of local production 1o the whim of
the maiting industry. Higher produclion costs
than for other winter crops. mamnly due the
susceptibility of varieties (o net blotch. then
the major discase, and the lower price of
unported barley, reduced local acreage to the
levels of lare 1970s. Domestic production
starled recovering in 1995, with the release
the wvaricty BR 2 by Embrapa, the first
Brazilian variety resistant to net blotch. It
was widely adapted and highly competitive in
grain vicld. and suitable for production under
the NTPS production system then beginning
o be adapted in the region. The increased
competitiveness of barley under NTPS. as
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well as price increases in (he infernational
market,  made  domestic  production
interesting again to the brewing industry.
Mafting barlev production in the last decade
averaged 310000 ¢y, supplying 60 to 70%
of current malting capacity. which produces
around 30% of the country’s brewing malt
requircment. Brazil is a major mall imporier
and domestic brewing consumption  has
steadily increased in recent vears, indicating
an mcreased demand for both malt and
barley. Currend trends indicate a significant
mncrease it local malting capacity in a few
vears. and a consequent increased demand
for malting barley. Considering the current
agronomic and quality competitiveness of
barley. it can be postutated that there will be a
stcady growth in both acreage and production
of malting barlev in Brazil.

Barley research

Public barley research was initiated together
with that on wheatin 1920 During the 1930 (o
F975 penod. research was carried out by the
brewing imdustry. intercsted in malting barley
production. with little or no support from
government institutions. Major efforts then
were directed to breeding, soil improvement
and crop agronomy. Under the lcadership
of FEmbrapa. rescarch cfforts significantly
increased alter 1976, with inpuls from state
rescarch systems. universities and farmer
organizations.  Besides  Drecding.  during
the official support to domestic production,
barley benefitted from a substantial amount
ol rescarch on crop production and crop
profeciion. Unfortunatelv. cufs in official
incentives to the crop negatively affected the
resources allocated to barley research from
public sources.

Since 1990 Embrapa s practically
the sole public mstitution with significant
rescarch inpuls i barley. In the private
sector. AmBev and Coopertiva Agraria
individual rcscarch programs, with major
efforts in varety development and crop

agronomy. Academic studies on barley are
almost ipexistent today. Exbrapa Trigo runs
a malling barley breeding program with
formal technical and financial support {rom
the malting industty (currently  AmBew.
Cooperativa Agraria and Mallenia do Vale).
Since its onset, Finbrapa’s breedimg program
work las integrated with the research and
quality analvsis capabilities of the malling
industry. The varictics obtained from the
program are incorparated into commercial
production through the parners’ seed
production and farmer technical assistance
apparafus, after intensive agronomic and
malting quality evaluation.

Embrapa’s barley improvement program
was unplemented in 1976, at the National
Wheat Research Center. located in Passo
Fundo, RS (28°15° 8, 52°24° W, 687 masl).
one of the country’s most imporant barley
praduciion regions.  Since ils beginning,
the major goals of the program have been
the asscmbling of an enhanced and broad
germiplasm pool and devcloping new barley
cultivars adapted to local soil and weather
conditions and showing competilive vield.
malting quality. and disease r1esistance.
Colfecting viable seeds from the locallv
developed germiplasm and from exotic
genctic material was the first task of the
program. Cultivars and brecding lines made
avatlable by the brewing companies Brahma
and Antarctica and by the state institufions
TAPAR (Parand) and TAC (Sdo Paulo) became
the germplasm basc. Crossing work started
in 1978, aiming to develop breeding lines
by combining the locallv-adapted superior
maliing lines with known sources of diseasc
resistance from the USDA world collection,
Australia. Canada. Europe. South America,
and USA.

The program has been pursuing the idea
that te be competitive under local conditions
a phenotype (ideotype) shiould combine the
largest possible number of the following
traits: acceptable malting quality; high vield
petential (over 3000 kg/ha for rainfed and
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3000 kg/ha lor irrigated conditions): kernel
phrmpness over 85%: early maturity (<140
davs for rainfed and < 120 days for irrigated
conditionsy: short straw (<R cm}):. resistance
tolodging and to pre-harvest spronting (PHS).
and disease resistance (nel blotch. powdery
mildew. leal mst. BYTYV. spot blotch and
head scab). The methodology applied has
cvolved from strictly conventional breeding
to a combination of the available conventional
and modem ethods. Nowadays., 30% of
crosses made are advanced through Single
Seed Descent (SSD) and Doubled-Haploid
{1DH) methods, and 70% through selecled
bulks up to the F . DHs are produced through
anther culture  Using 88D (he materials
arc advanced by three generations per
vear. Sclection for adaptation 1o seil and
envirommental conditions and for disease
resistance is made under ficld conditions.
under  naturat  and  artificial  pathogen
infection. Sclection for malting quality is
delaved untii the line selection stage, based
on the industry s quality analvsis output.

Results

The Fmbrapa rcscarch program has been
nnderway for more than 30 vears now, and
both the germplasm  developed and the
knowledge gencraled have made substantial
contributions to the consalidation of a malting
barley industry in Brazil. and also. ina wider
comext. to the knowledge on the perforance
of (he crop in acid seil subtropical/tropical
arcas (Mmella and Sorrells, 1992, 1997,
2002 Peruzzo and Arias. 1996). During this
period local batley production expericnced
significant progress. Compared with the
1970s. when Embrapa started rescarching
barley. average acreage has tripled (304%).
production is six-fold (603%) and vicld has
doubled (207%) (Table 1.

During the 19805 the average farm grain
vickd increased almost 30% duc mainly {o
improved agrenomy and plant protection
practices  developed by  Embrapa and

partners, Significant  improvements  were
obtained in the peographical distribution
of production (production zoning). seeding
time and density: soil fertifify increases
through liming and P and K amendments: N
fertilization; and disease {mainly net blotch)
and insects (mainly aphids) control methods.
The aphid population that was causing severe
cercal crop losses was brought under controi
throngh a massive tclease of introduced
natural enermies.

During the 1990s the observed yield
increase in farmers ficld was even greater
than during the 1980s, one major factor being
the difference resufting from the wide use of
Embrapa cultivars, which became available
to farmers afler 1992 (Tabies | and 2). and
the adoption by most of the producers by the
end of the decade of NTPS practices {(Silva
and Minella, 1996; Minella, 2000).

The release of BR 2. Embrapa’s first true
malting barley, in 1989 has been credited
as a comerstone i both barley breeding
and production in Brazil (Minella et al,
1999y Due to its earliness. short straw, wide
adaplation, high vieid potential and resistance
to net blotch, BR 2 was the leading variety for
12 vears (1994 {o 2003). It was sown on over
80% of the acreage, peaking at 91% in 1997,
Its wide use allowed a reduction of at least
one lungicide spray against net blotch, thus
lowering both production cost and impact on
the cuvironment. The net blotch resistance
of BR 2 and derivatives continues to be as
effective as it was 20 vears ago. 1t is believed
that the usc of BR 2 represented a 40% yield
increase. bringing back the competitiveness
of the focal crop in comparison with home
grown wheat or imported barley.

Barley production was resumed with the
release of the Embrapa cultivars i 1995 and
is currently stabilized at around 310 000/
vr. satisfving on average 65% of the malting
capacity. Before the advent of the Embrapa
varietics and the introduction of NTPS
technology. the country was 1mporfing on
average 70% of the barley used for malting.



78

Table 1. Current average acreage. production and vield as absolutes and percentages relative to

the 19705 for malting barley in Brazil

Acreage Production Yield
(ha) % of 19705 (1) Y of 1970s (kg/ha) %% of 1970g
19705 42962 106 50018 100 1124 O
19R05 102 947 239 146 884 293 1439 130
1990 UiR12 218 197 230 394 2036 181
20005 138 425 322 311233 622 22350 200
Lasi Decade! 130 638 304 301 851 603 2 328 207

"ata for 1997 2006,

Table 2. Evolution of the malting barley crop in Brazil in the last 15 years.

Year Acreage (ha) Preduction {t) Yield (kg/ha) Embrapa (%)
1992 37018 117 835 2067 5.0
1993 62 184 105 702 1 700 0.4
1994 53269 98 176 I R43 45.6
1995 734062 117 811 1 654 81.5
1996 83 575 223 981 2 680 89.5
1997 124 909 277 604 2222 91.1
1998 137 720 310 383 2 253 90.2
1999 123 894 314 895 2 542 86.3
2000 136 664 307 303 2249 65.0
2001 135 640 274 888 2027 60.0
2002 145 156 224 403 1 546 51.0
2003 136 971 381220 2 783 63.0
2004 §46 803 395 277 2692 73.0
2005 127 961 282 245 2207 72.7
20006 90 661 250 291 2761 57.6
Last 10 years 130 638 301 851 2328 71.0

' Proportion of the acreage seeded with Embrapa varieties,

In this century. the average vield is 10%
higher of that of the 1990s. and this increase
has been attributed 1o the release and wide
use since 2003 of the high vielding. short
straw and lodging resistant varicty BRS 195
(Minella, 2005) and to greater nsc of nitrogen
when growing, this culuvar  Because ol
its supenor yield potential and acceptable
lodging resistance in areas for several
years under NTPS (chemical. physical and
biologically improved soils)., BRS 195,
released in 2002, has been the leading variety
in both rainfed and irrigated areas. In general,
it vields 1000 kg/ha more than the regular
{non-dwarf) varieties. Lodging has become
a major problem for regular type varieties
in soils with a long history under the NTPS
production svstem.

The average maiting quality of Brazilian
produced bardey bhas also  umproved
substantially (Table 3), and varictics Embrapa
127 and BRS Borema (Minella ef af., 2006)
have a malting quality profile competitive
with those of world top varicties, such as cv.
Scarlelt.

Table 3. Progress in malting barley frans in
Brazil in the last 30 years

Change (%)

0 ]
197020000 505000

Trait

Grain vield (kg/ha) 1124 2250 200

Kernel plumpness (*2) 650  90.0 138
Barlev protein (%) 125 95 76
Malt extract (%) 790 825 104
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The rclease of BRS 180 six-row barley
in 1999 (Silva er af., 2000), was the starling
point for the production of malting barley in
the cerrado region (Goias and Minas Gerais
states} under pivot irrigation. Since 2005,
{here has been limited production for malting
in irrigated arcas of Sdo Paulo. where BRS
105 has been competitive in vield and also
malting quality. Duc (o the long distance
from the irrigated areas of Goias and Minas
Genis to the nearest malting plant (Sdo
Panlo). production in those regions is nol
vet competitive with imported barley and
currently 1 not happening. Major  yield
limiting lactors in the cerrado have been
lodging and occasional occurrence of rice
blast caused by Pvricularia grisea.

The soil improved production capacity
under NTPS has doubled the yicld potential
of barley and nowadays prodnctivitics
=600t kg/a  in the farmer’s fields are
already common in favorable seasons. The
vield potential of BRS 195 under irrigation is
=8000 kg/ha. In areas under NTPS for more
than a decade. barfey has been also much less
alfected by acidity and/or alnminum toxicity
of the subsoil than when soil was tilled. A
negative effect associated with (he NTPS
production system consolidated m southern
Brazil. has been the increased occurrence
of head scab {(Fusarium  graminearunt)
and spot blotch (Bipofaris  sorokinianea)
diseases. Reducing losses due to these fungi
to acceptable levels i1s currently the wajor
challenge lor barley researchers. maindy plant
pathologists. breeders and agrononusts. The
level of genctic resistance 1o these pathogens
in current cultivars is far below the desired
one, and the variability in the germplasm
being used is not promising for a genetic
solution of the problent.
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