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ABSTRACT

The malting and brewing industry continuously has to deliver against changes in
consumers’ preferences as well as increased demands for the products produced. To
keep up with this changing environment the industry is very dependant on a continuous
source of barley with the required adapted quality characteristics. To ensure a
sustainable local barley production in South Africa agronomic adaptability with yield and
disease resistance adds to the complexity of the demands. This can only be provided
by continuous research and development of new varieties, changing production
practices counteracting the change in the physical environment and delivery against a
changing demand.

To provide not only sufficient but also the right quality barley for South African
Breweries’ (SAB) beer production, South African Breweries Maltings (SABM) are
continuously investigating and developing new production areas to ensure a sustainable
supply to meet these demands. The Northern Cape irrigation area was established
during the mid-1990’s, which currently is becoming a major malting barley producing
region in South Africa. Over the years production practices changed and made a
significant contribution to deliver sufficient good quality barley to maltsters and brewers.
There are major challenges to sustain barley production in South Africa in future
because of limiting production, environmental and economic factors.

The starting point to deliver improved varieties is barley breeding. Barley breeding
worldwide has delivered better barleys in trying to keep up with demands from both
producers and processors. Genetic shifts in agronomic and quality characteristics
provided a continuous flow of malting barley varieties that could supply the demand
from the industry. With the use of modern breeding and molecular techniques, local
breeding programs have been striving to increase the tempo of delivering varieties,with
the demanded quality characteristics, from farmer to consumer.

An indication of progress with specific agronomic and quality characteristics for South
Africa is given.

Keywords: sustainable barley production, production practices, barley breeding,
genetic shift.
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INTRODUCTION

SAB decided to invest in a local barley industry in the late 70’s in the Southern Cape
and realised the need for breeding varieties as international varieties have only had
limited success in South Africa. This resulted in several challenges for barley breeding
throughout the years with changing beer quality requirements, agricultural practices,
global warming resulting in changing weather patterns and competition from other crops
like wheat.

Different beers have different recipes and thus different malt quality requirements. In
South Africa, changes in consumers’ preferences result in a continuously changing
brand portfolio and brand split. A brand that had the major market share 15 years ago
has now been replaced by a new favourite with different beer characteristics. In
addition, where there were only about two major brands twenty years ago, now a range
of brands, as well as flavoured alcoholic beverages (FAB’s) are produced and sold by
SAB. Thus there is a continuous shift in the demand for barley varieties with regard to
guality characteristics. As a result of the brand expansion, more versatile cultivars
(sometimes more demanding) which could be used in a broader range of brands, had to
be investigated. Local barley demands were therefore for additional quality
characteristics in fewer cultivars.

The environmental changes taking place worldwide have been debated extensively.
The consensus seems to be that global warming is a fact and that the direction in crop
development will have to keep this in mind for all future varieties. “Climate change is
upon us, atmospheric processes are speeding up everywhere, abruptly creating ever
more extreme conditions. Climate zones are altering globally. Bigger and more abrupt
fluctuations in temperatures will be experienced, with both hotter warm spells
interspersed with colder cool periods, all in random areas but the global 'running mean'
(average) temperature will continue to climb.”

Another change in the environment, as a threat to the barley industry, is the
development of new better yielding wheat varieties. In the Southern Cape, barley is
competing with wheat as a rotation crop and it must stay a viable option for farming to
ensure sustainability.

The increase in beer demand, stability of supply and the aforementioned changes in the
environment, forced SABM to look for viable alternatives, which resulted in the
establishment of a malting barley industry in the irrigation areas of the Northern Cape.

The agricultural environment has not been static. A product, produced in and
prescribed by the physical environment and consumed by people, necessitates
continuous change. That is exactly what happened to the barley, malt and beer industry
in South Africa over the last twenty years: changes in the environment in which the
barley was grown, in the purchasing processes and in the preferences of the consumers
of the end product and which will certainly continue changing. Therefore, the breeding
challenge is to keep up with these changes and to be ready for those in the future.
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South African Malting Barley Industry

The South African malting barley industry started in 1978 in the Southern Cape. The
Southern Cape was at that time, mainly a wheat growing area. As a result of
threatening sanctions and a growing beer market, local agricultural businesses together
with SAB decided to build a malting plant in the Southern Cape barley growing area to
convert the locally produced crop. The new malting plant started production in 1981
and gradually increased barley production to its capacity of 182 000 tons malt per
annum. Together with the later acquired malting plant in Johannesburg, the total
capacity of SABM is about 220 000 tons of malt per annum. Today SABM supplies
approximately 80% of SAB’s malt requirement.

Since 1978 the hectares under production in the Southern Cape increased steadily
t0135 000 hectares in 1991. It stayed more or less at this level until 1997 when
production started decreasing to stabilise between 60 000 and 70 000 hectares (Fig. 1).
A record crop of 320 000 tons of malting barley was produced in 1995.

The higher risk of producing barley with malting quality in comparison to producing
wheat with acceptable food quality and the non-existence of a viable feed market for
barley, added to the decreasing popularity of barley as a crop. Driven by a brewing
need for higher fermentable varieties as a result of consumer preference shifts, SAB
started at the same time, to contract local malting barley produced in this area to a
maximum of 150 000 tons and to import malt and barley to supply the new brand
requirements.
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Fig. 1 Hectares of malting barley planted and average yields from 1989 to 2007
in the Southern Cape region of South Africa

Another sustainability challenge is that the quantity and the quality of the crop produced
can vary from year to year, due to the big fluctuation in weather conditions. In 1999, for
example, the whole production area produced an average of only 0,85 tons/ha malting
barley (mainly because of drought and rain during harvest time) in comparison to the
average of 2,74 tons/ha in 1989. A bad crop can be the result of one or more of the
following: low precipitation, high infestation of fungal diseases, insect damage and
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strong winds or high rainfall during harvest time. In the eastern, drier areas, problems
with low plumpness and high nitrogen during certain years are experienced while the
crop’s quality is more stable towards the middle and western areas. To meet the
demand of the malting plants, shortfalls would be imported.

The relative instability in terms of quality and quantity of the barley crop in the Southern
Cape made it essential for SABM to start looking at more stable production areas in
South Africa to be less dependant on imports. Once the decision was made, SABM
started exploiting and developing a second production area in the irrigation areas of the
Northern Cape (Fig. 2). Production started on a small scale in 1994 and today about
80 000 tons are produced vyearly. Yields are fairly stable with an average of
6,0 tons/hectare good quality malting barley over the last five years.

Breeding program

The breeding program of the South African Barley Breeding Institute (SABBI) for the
Southern Cape started in 1983 as a joint venture between SABM and Sensako
(Sentraal Saad Kooperasie). Sensako ran the program with financial and technical
support from SABM. The material used in the first crosses was Australian and
European varieties, as well as lines from CIMMYT.

In 1985 the program became independent when Sensako started an experimental farm,
which could serve as the centre for their malting barley development program. In 2002
the breeding program was transferred to SAB and SABBI, a section 21 company, was
formed and the program moved to SAB’'s farm in the dryland growing area near
Caledon.
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Fig. 2 Barley Growing Areas in South Africa
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In order to assist in better delivery, the program was gradually expanded to keep up
with new technology.

The following techniques are now used in the barley breeding program:
e doubled haploid breeding as a tool to shorten the development time for a new variety;

e marker assisted selection, specifically aimed at evaluating material for wanted malting
quality alleles;

e disease laboratory for identification of fungal diseases and evaluation of material with
disease resistant genes;

e near infrared quality analysis;
e micromalting from the F6 phase.
fermentability evaluation vs. standard using MFIT(Malt Fermentability Indicator Test)

The barley breeding program started in 1983 as an evaluation program of introductions.
Material from all over the world was collected and evaluated for agronomic adaptability
and malting quality. To date over 350 introductions have been evaluated and this
process is continuing with worldwide contacts to make sure that the best germplasm is
tested. It soon became evident that the short route, using introductions to replace
existing lines, was not delivering as was hoped for and making crosses of lines became
a necessity. Over the years the imported germplasm, together with locally developed
lines, formed the cornerstone of the breeding program, which has expanded to the level
where about 150 new combinations are produced every year. Between 10 000 and
15000 lines are being screened in the selection nursery and about 5000 plots,
covering both the dryland and irrigation area, are planted in the evaluation phase of the
program, each year.

Agronomic change

The Southern Cape is a winter rainfall area with a Mediterranean type of climate and
spring barley is produced under dryland conditions as a winter crop. The annual rainfall
varies from 400mm to 500mm with between 45% and 70% of the precipitation during
the growing season. Although the rainfall is fairly low for the production of a crop, the
temperatures are mild. Farming practices in this area are changing to ensure
sustainability and the preservation of moisture is becoming more important, with the
practice of minimum tillage increasing.

Global warming and worldwide changes in weather conditions are a fact and the
Southern Cape is no exception with warmer and dryer conditions predicted for this
region. According to Orren (2008) soil moisture will be reduced and plants' growth
cycles changed as seasons move forward in time: Spring starts much earlier and Winter
later. This will have a negative effect on agriculture and food production. According to
him “The South Indian and South Atlantic Ocean Subtropical High Pressure zones have
expanded in area by about 15% in the past decade, spreading their dry air further
overland, but most critically for us, are forcing the cold fronts, from which we get our
life-giving winter rain, further to the south. The weaker fronts may miss us altogether,
while the stronger ones turn southwards earlier before all their soaking, life-giving rain
has fallen on the land. Overall, it is expected that average rainfall will decline by
perhaps 20% in the next decades from the long-term (100 year) average.™
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These predicted changes necessitate adapting the program accordingly. At the
moment the whole southern Cape barley producing area is included in the evaluation
program and new lines for specific adaptability and also for the drier areas, are being
investigated. Researchers are looking for genes that give plants the ability to continue
to perform under extreme conditions. These drought resistance genes will be utilised
when they become available.

Yield competition is strong as the wheat breeders are running a well-managed wheat
development program in this region and they have made good progress over the last
twenty years in increasing the yield potential of new varieties. Along with yield came
better quality wheat varieties with very good disease resistance. This, as an alternative
to barley production, is also a threat to the barley industry in the Southern Cape.

Clipper from Australia, the first malting barley variety to be cultivated here, was
agronomically well adapted to the environment of the Southern Cape but it had a few
production shortfalls. The lack of resistance to the main fungal diseases of this area
and poor lodging resistance were the most important detractors. The improvement of
yield and adaptation is always important in any breeding strategy, therefore from the
start, there was a major focus on yield improvement, fungal disease resistance,
improved plumpness under dry conditions, moderate nitrogen levels and resistance to
lodging.

Progress with disease resistance varies. With some disease, like leaf rust and scald,
good progress has been made. Progress in Net blotch however has been limited and
the harshness and variability of the environment adds to the complication in this regard.
The constant change in the genetic make-up of the pathogens, as a result of variety
resistance and environmental pressure, adds to the already complicated picture.

Progress with some of the other agronomic traits is visible. All the new varieties have
excellent resistance to lodging, while steady progress is found in characteristics like
yield potential (Fig. 4) and plumpness stability.

To measure progress for individual traits in the SABBI program and see if the genetic
make-up of local germplasm is moving in the right direction, the average of all the new
breeding lines in the Line Evaluation trial (LE) for a specific trait in a specific year is
plotted on a graph against the performance of Clipper in the trial (Figs. 3, 4, 6-11).
LE trials represent the trials of selected lines planted across the total growing area for
semi-commercial line selection.

Progress in yield potential of the breeding lines over the last 17 years has been 27.9%,
an average increase of 1.64% per year. For the last 6 years the average yield of all the
lines in the experimental field trials (LE) has been significantly higher than that of
Clipper (T0.05).

This progress is also evident by the change in yield potential of the selected varieties
released (Fig. 4). The last two varieties released show an increase in their long-term
yield performance of 17.8% and 16.8% respectively against Clipper. The current three
semi-commercial lines selected from the LE trials have a similar long-term average yield
improvement compared to Clipper.
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Deviation from Clipper (%)

Fig. 3 Yield performance of all lines in the LE trial of the Southern Cape as
percentage deviation from Clipper over 17 years of selection.
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Fig. 4 Mean yield and plumpness performance of varieties in the Southern Cape
as percentage deviation from Clipper as measured in the LE trials

The improvement in plumpness was not as pronounced as yield. Mean plumpness of
all the varieties are, however, higher than that of Clipper and results also show a more
constant plumpness percentage under dry weather conditions.

Quality change

Clipper also had certain shortcomings according to malt and brewing quality, namely
low extract, low fermentability, high beta-glucan and high viscosity.
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The required quality is decided by SAB, because they are the only buyer of malting
barley in South Africa. The required quality is very dependent on the preferences of the
beer drinking population for specific brands. From 1985 to about 1997 the breeding aim
was to move closer to the European type of quality in our varieties, requiring lower
proteolytic modification. As a result of a change in the brand preferences in South
Africa (Fig. 5), resulting in a changed brewing process, breeding now has to focus more
on high fermentable varieties to ensure the spectrum of fermentability is available, to
ascertain local sustainability of barley supply. This change asked for a major
adjustment in strategy and shift in the use of germplasm.
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Fig. 5 Major brand share of the beer market in South Africa 1955 to date

In the program the initial selection for quality was based on an index value where the
major characteristics were extract, FAN/TSN(Free Amino Nitrogen/Total Soluble
Nitrogen), Diastatic Power (DP), alpha amylase, viscosity and homogeneity. The main
emphasis though, was on extract by doubling its index value. Later lines were selected
looking at minimum values for specific individual characteristics and superiority in a few
important parameters. The more important characteristics currently being selected are
DP and AAL, Viscosity and Beta glucans, Extract and Free Amino Nitrogen (FAN).
Presently fermentability is the keyword in malting quality and the focus is on developing
a range of fermentable varieties with high extract for both production areas. Producing
high fermentable varieties has been the biggest challenge for a sustainable South
African barley industry.

A big step forward was taken when SSG 564 was accepted by SAB as a variety with
high fermentability. Unfortunately, it has a lower extract than the imported equivalent
and is thus not an equal replacement. The malting and brewing results of the two latest
released varieties Erica and Nemesia show potential of high fermentability.
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To show the progress made in malting quality, graphs of three quality characteristics are
given below.

The increase in extract of all the lines in the LE trials was 1.6% over 17 years, which
comes to 0.09% per annum (Fig. 6). As indicated previously, extract was a key focus
when the program started. Since 1997 the focus has been more on high fermentability
and extract was more in the background. This is very evident when one compares the
trend line in Fig. 6 with those of Fig. 7. The upward trendline in Fig. 7 is until 2000
reflecting an increase of 3.0% in the period 1990 to 2000. This represents an annual
increase of 0.27% per year and compares very well with the increase in extract
percentage at the University of Adelaide?. In their selection program they obtained an
increase of 0.21% per year from 1997 to 2006 in material specifically selected for
extract using marker assisted selection.
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Fig. 6 Extract performance of all lines in the LE trial of the Southern Cape as
deviation from Clipper over 17 years of selection
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Fig. 7 Extract performance of all lines in the LE trial of the Southern Cape as
deviation from Clipper over the first 10 years of selection
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Increase in the AAL values was a bit slower than for extract (Fig. 8), only 1.1% over
17 years and 0.06% per annum. The AAL values of the new varieties are also
disappointing (Fig.9).
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Fig. 8 AAL performance of all lines in the LE trial of the Southern Cape as
deviation from Clipper over 17 years of selection
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Fig. 9 Mean Extract and AAL performance of varieties in the Southern Cape as a
percentage deviation from Clipper as measured in the LE trials

Since 1997 the focus in malting and brewing quality breeding was very much on higher
DP and AAL values while constantly keeping an eye on FAN and lower beta-glucan
values. The mean of the breeding lines was from the beginning higher than that of
Clipper and progress of 20.9% increase in DP was made over 17 years (1.23% per
annum; Fig. 10). The later new varieties show very good DP values in comparison to
Clipper (Fig. 11).
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Fig. 10 Diastatic power performance of all lines in the LE trial of the Southern
Cape as deviation from Clipper over 17 years of selection
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Fig. 11 Mean Diastatic power performance of varieties in the Southern Cape
as percentage deviation from Clipper as measured in the LE trials

Adding to the changes shown above, the FAN value increased with 9.5% in the lines
over 17 years, an increase of 0.56% per annum. Viscosity and Beta glucan values also
showed a positive trend by decreasing with 0.2% (0.01% per annum) and 98.5% (5.79%
per annum) respectively.
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CONCLUSION

In the Southern Cape seven improved varieties have been released from SABBI's
program (Table I). SSG 525 in 1996 for the southern region, SSG 532 in 1998, SSG
564 in 2003, SSG 506 and S02-11 in 2005 and SabbiErica (S04-11) and SabbiNemesia
(S04-16) in 2009. SSG 525 was phased out in 2003, SSG 532 in 2004 and SSG 506 in
2008. Three varieties, S5, S6 and S7, are currently on the list of experimental varieties
and are in different stages of agronomic and/or malting and brewing evaluation.

Under irrigation one variety, SSG 585, was released in 2005.

TABLE |
South African varieties released in the Southern Cape
Cultivar Year experimental | Year of final History (as in 2007)
release release
SSG 522 1992 - Withdrawn before final release
SSG 525 1992 1996 Phased out in 2003
SSG 532 1993 1998 Phased out in 2004
SSG 564 1996 2005 In production
SSG 575 1997 - Withdrawn before final release
SSG 585 1998 - Withdrawn before final release
SSG 506 2000 2006 Phased out in 2008
S02-11 2002 2006 In production
SabbiErica 2004 2009 In Production
(S04-11)
SabbiNemesia 2004 2009 In Production
(S04-16)
S5 2005 Experimental Year 3
S6 2006 Experimental Year 2
S7 2007 Experimental Year 1

In summary, when looking at the performance of the new varieties released from the
program in comparison to Clipper, Table Il shows that progress has been made in all
the most important characteristics. The following trends are visible:

e a significant increase in yield especially with the latest varieties;

e more stable plumpness in extreme environmental conditions is evident in the new
varieties;

e diastatic power (DP) showing a steady increase since the first varieties were
released;

e progress made in the levels of AAL;

e beta-glucan of all the varieties much lower than that of Clipper;
e proteolytic modification similar to Clipper;

e steady increase in extract.

12
SUPPORTING A SUSTAINABLE INDUSTRY WITH ADVANCED BARLEY BREEDING AND PRODUCTION
F Potgieter, Dr | Meijering



The Institute of Brewing & Distilling Africa Sect. — 12" Scientific and Technical Convention 2009

TABLE I

Average performance of all the varieties in the trials for some important characteristics
as a percentage deviation from Clipper

Varieties | Yield | Plumpn | TN | Extract Kl FAN DP Visc | AAL | BGluc
SSG 525 | +2.3 +2.8 -0.9 +0.3 -7.3 +2.2 | -04
SSG 532 | +10.1 +5.8 +5.1 +0.6 -1.5 +20.7 | -3.5
SSG 564 | +2.8 +2.5 +0.3 +0.2 +2.8 | +6.3 | +35.9 | -2.1 | +2.6 | -46.0
SSG506 | 0.0 +14.8 | +0.6 +1.2 +2.8 | +3.6 | +29.0 | -1.9 | +3.7 | -23.3
S02-11 +9.1 +6.5 +0.4 +2.6 +7.7 | +5.1 | +315 | -2.3 | +3.2 | -675
Erica +15.8 +5.4 -0.1 +1.6 +3.6 | +3.7 | +19.3 | -1.2 | +1.3 | -43.6
Nemesia | +15.1 +5.3 -1.4 +0.8 +5.4 | +6.7 | +36.1 | -15 | +29 | -45.8
S5 +10.3 +7.7 -1.4 +1.2 +6.4 | +15.7 | +36.3 | -3.2 | +3.6 | -60.9
S6 +11.8 +5.0 -8.2 +0.8 -12.2 | -25.6 | +28.8 | -1.0 | +0.8 | -36.8
S7 +13.7 +8.2 -4.9 +2.4 -1.1 -8.2 | +424 | -0.7 | +3.6 | -10.6

As a result of the input by SABM with extension and development work and the
breeding program in South Africa, a sustainability malting barley industry has been
established. The challenge in future is to stay on par with all the changes taking place
and produce varieties that can be competitive from an agricultural viewpoint and deliver

the demanded malting and brewing quality.
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