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Main results:
 A strong relationship was observed between spring barley yield and grain number/m2,

across a range of contrasting environmental conditions.
 A reduction in light interception by crops after anthesis did not reduce yield, due to growth

being buffered by stem assimilate reserves produced earlier in the growing season.
 Grain number/m2 increases steadily with shoot number/m2 until approx. 1000 shoots/m2,

after which no significant increases in grain number were observed despite higher shoot
numbers.

 Future increases in barley yields can be achieved through maximising grain number/ear in
addition to shoots/m2.

Opportunity / Benefit:
These results provide strong evidence that maximising spring barley yield is very dependent on
high grain numbers. The opportunity and benefit of this work is that it highlights the importance of
barley growth and development in the early season, and that focusing crop husbandry to maximise
tiller survival during this period is key to obtaining a high yield. This information can be utilised at
producer level across the board to focus input and maximising crop growth earlier in the season
rather than maximising the potential for light interception post-flowering, resulting in more return on
investment and higher yields.

Collaborating Institutions:
University of Edinburgh, Scotland
Scotland’s Rural College (SRUC), Scotland

Key external stakeholders:
Agronomists, plant science research community, tillage farmers, malting industry, animal feed
companies

Practical implications for stakeholders:
 Spring barley yield is primarily limited by the potential sink size available to store assimilate.
 The primary factor that influences sink size of spring barley is grain number/m2.
 Ensuring a high level of tiller survival is the primary mechanism to achieve maximum grain

number/m2.

Yield formation in
spring barley



2

Technology Updates Crops, Environment and Land Use

John Spink Email: john.spink@teagasc.ie.Contact
http://www.teagasc.ie/publications/

Teagasc project team: Mr. John Spink (PI)
Mr. Shane Kennedy (Walsh Fellowship Student)

External
collaborators:

Dr. Ian Bingham (SRUC)
Prof Patrick Meir (University of Edinburgh)

1. Project background:
The average yield achieved by Irish spring barley growers in recent times is among the highest in
the world. However, despite strong trends of increasing yields during the previous fifty years, there
is evidence that the rate of increase in yield is slowing. Furthermore, spring barley yield can vary
substantially across the country, and little information is available on the primary factors that
contribute to this variation. Estimates of these limiting factors are necessary to evaluate the
maximum yield potential of spring barley and to guide plant breeders and barley growers towards
varieties and agronomic practices that will allow for further significant increases in yield. Previous
studies in the UK provide some evidence that spring barley yield is generally sink-limited, i.e.
limited by the number of storage sites as opposed to the potential to produce assimilate. However,
these theories have not been proven for the high-yield potential climate of Ireland. Furthermore,
more information is needed on the periods of growth and development that most influence grain
numbers at harvest i.e. shoot production, shoot survival or grain number per ear. Studies have
suggested that final grain numbers are determined pre-flowering. However, it is not known if a
mechanism of grain abortion may still influence final grain number post-anthesis, and field studies
are required to investigate the legitimacy of this theory.

2. Questions addressed by the project:
 Which factors limit the yield of spring barley in Ireland?
 What are the mechanisms behind grain number determination in spring barley?

3. The experimental studies:
To examine the factors that limit spring barley yield, experiments were conducted on crops of the
spring barley variety Quench at locations in Carlow, Cork and Wexford from 2011 and 2013. These
plots of barley were sampled regularly during the growing season to determine biomass
production, canopy development and senescence, radiation use efficiency and yield formation.
Relationships between environmental, physiological factors and yield were determined.
In order to investigate the impact of light interception post-flowering, experiments were conducted
during 2011, 2012 and 2013 where plots of barley, with a range of shading treatments after GS55
and seed rates, and grain number, size and yield subsequently determined at harvest.

4. Main results:
 Grain number accounted for most of the variation in yield across 9 site/seasons of spring

barley crops in Ireland (P < 0.001; R2 = 0.84) while grain weight was relatively constant.
 Ear number accounted for most of the variation in grain number (P = 0.002; R2 = 0.75) and

ear number itself was largely determined by shoot survival (P < 0.001; R = 0.96).
 Substantial post-anthesis reductions in assimilate supply during grain filling, due to shading

of plots, in 2011 and 2012 did not significantly reduce grain number (P > 0.05).
 A strong negative relationship between ear number and grain number per ear (P < 0.001;

R2 = 0.81) across two sites of seed rate experiments in 2013 resulted in a plateau in overall
grain number of approximately 18,000 grains m2.

5. Opportunity/Benefit:

These results provide strong evidence that maximising spring barley yield is very dependent on
high grain numbers. The opportunity and benefit of this work is that it highlights the importance of
barley growth and development in the early season, and that focusing crop husbandry to maximise
tiller survival during this period is key to obtaining a high yield. This information can be utilised at
producer level across the board to focus input and maximising crop growth earlier in the season
rather than maximising the potential for light interception post-flowering, resulting in more return on
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investment and higher yields.

6. Dissemination:

Results from this project were disseminated extensively to stakeholders at various open days,
discussion groups and conferences between 2011 and 2013.
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