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Abstract
Debates about the challenge of meeting global food security have emphasised the centrality of maintaining 
progress in crop yield. For the Australian grains industry we assess recent progress in wheat yield (the 
dominant crop) due to genetic improvement and advances in agronomy, and propose some of the emerging 
technologies that are likely to contribute to yield gain in the medium (10-20 years) term. Specifically, we 
assess the likelihood of reaching a target mean annual yield gain of 1.5% over the next 20 years. 
With conservative assumptions about rates of genetic progress, on-going adoption of current and new 
agronomic technologies, we estimate that at a whole industry level, annual gains in wheat yields of around 
40 kg/ha (1.5-2.0%) are feasible over the next 20 years.
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Introduction
From 2005 to 2012 Australia produced 3.5% of the world’s wheat and 12.1% of the world’s wheat export 
(ABARES, 2012). Future increases in grain production are likely to come more from intensification rather 
than bringing more land under agricultural production (Hochman et al. 2013). This paper explores the case 
for continued yield progress in the Australian grains industry, with a focus on wheat, the dominant crop.  
This paper is part review and part considered prediction. We estimate future yield progress in the medium 
term (20 years) at a whole-of-industry level, accounting for increased adoption of current technology and the 
development and uptake of emerging technology, that will close the exploitable yield gap (Hochman et al. 
2012). We propose a target annual yield gain of 1.5-2% based on goals set by industry (GRDC 2012) and for 
Australian farmers to help meet the global challenge of achieving food security (Keating et al. 2014).

Review of contributions of genetic improvement and adoption of technology
We estimate the prospects for future yield progress comprising of improvements in underlying genetic 
potential, resource supply needed to realise that potential (most often attributed to improved agronomy, but 
also including the agronomy x genetic interactions), and accounting for the rate of adoption by farmers of 
improved cultivars and agronomic practices, which translates potential progress into realised progress on-
farm.  Here we briefly review these factors.

Impact of genetic improvement
Breeding progress has been reported at around 0.5% year-1 (Fischer 2009, Sadras and Lawson 2011). Various 
breeding and genetic technologies will be required in conjunction with conventional breeding to lift genetic 
gains above 0.5%. Technologies such as genomic selection, disease resistance gene cassettes, apomictic 
hybrids, and C4 photosynthesis vary widely in their likely timing. Within the next five years cultivars with 
appropriate phenology for earlier sowing are likely to be available. Cultivars with enhanced transpiration 
efficiency, early vigour and long coleoptiles are expected to be available in the next 10 years. Further out, 
cultivars with tolerance to aluminium, salinity and boron; frost at flowering; and with enhanced nutrient use 
efficiency will be likely ready between 10 and 30 years hence.

Adoption rates of technologies
Robertson et al. (2015) presented a best estimate of the current and future potential levels of adoption of 
current management technologies by Australian grain growers, together with average benefits in yield and/
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or cost savings (Figure 1). Current levels of adoption were based on national or regional surveys of grain 
growers. They found that levels of adoption by grain growers of current technologies span the full spectrum 
from around 10% (e.g. use of decision support systems for risk management) to 90% (autosteer and guidance 
on farm vehicles). There are a significant cluster of technologies that are currently adopted by 30% or less of 
grain growers and which we estimate could potentially be adopted by 70% or more. Potential future levels 
of adoption were estimated by us based on the framework described by Kuehne et al. (2015). Rapid and 
high levels of adoption are achieved with technologies that have clear benefits to adopters, are easy to learn, 
adopt and dis-adopt, and are applicable to a broad range of farmers.  The adoption of a new technology is 
influenced by its’ complexity, the difficulty of use and capacity to determine what the benefit is. An example 
of a complex technology is earlier sowing because realising maximum yield gains will require integration of 
innovation in genetics, agronomy, materials, and information technology to deliver gains that neither could in 
isolation. For example, the use of soil water sensors and seasonal climate forecasts will reduce riskiness around 
the decision to sow earlier than currently possible. Seed technology (e.g. coatings that delay imbibition) and 
seeding equipment of adequate sowing capacity along with cultivars with superior early growth characteristics 
will ensure more successful establishment across the entire farm. Appropriate phenology will allow the crop 
to flower within the optimal window that minimises damage to the crop by temperature extremes, aided 
by improvements in tolerance to frost and high temperatures. Crops will have higher yield potential and so 
appropriate agronomic packages (fertiliser, pest, weed, and disease control) will be required to exploit this.

Benefits of technologies
Robertson et al. (2015) summarised the benefits to yield and growing costs based on a review of studies 
where the increases in crop yield or decreases in growing costs were quantified (Figure 1). Many 
technologies generate around a 10% benefit, however there are around seven technologies that they identified 
that can generate 20% or more average benefit when adopted: timely sowing, amelioration of subsoil 
constraints, weed-free fallow management, seasonal climate forecasts, broader adoption of break crops, 
integrated weed management, and more frequent and widespread soil nutrient testing. Technologies that have 
a large capacity for increased adoption and large benefits are obvious candidates for promotion and extension 
with grain growers. In our analysis these include soil amelioration, timely sowing, soil nutrient testing, and 
seasonal climate forecasting.
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Figure 1: Gains in yield or cost saving expressed for key current technologies or practices used in the Australian 
grains industry.  Points are plotted as the current level of adoption (% of Australian grain growers) versus the 
future potential level of adoption, with the diameter of the bubble representing the average percentage gain due 
to the technology or practice. SCF = seasonal climate forecasting, IWM=integrated weed management, VRT= 
variable rate technology, DSS=decision support system. See Robertson et al. (2015) for evidence of current and 
future levels of adoption and productivity gains.

Scenarios
We calculate the prospects for yield improvement over 20 years for whole-of-industry mean wheat yield (t/
ha), with six assumptions. 
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1. Farmers vary in adoption of technology. The population of grain growers is considered as three groups 
comprised as top performers and early adopters of new technology (25% of land), a middle group (50% of 
land) who perform to the industry average and will adopt technology more slowly than the top group, and the 
bottom group (25% of land) who perform below the industry average and will not adopt new technology.
2. Farm consolidation. This contributes to gains in production through transfer of land ownership from 
below-average farmers to above-average farmers at a rate of 1% per year.
3. Based on the discussion above there is a conservative background genetic gain in yield potential at 0.5% 
per year, but its realisation will vary with farmer group due to adoption of high yielding varieties. Increased 
carbon dioxide concentration in the atmosphere makes an additional 0.2% contribution to increase in yield 
potential in a C3 crop like wheat (Fischer 2009).
4. Adoption of existing practices varies by farmer group. We assume that the top group has already fully-
adopted a practice (such as variable rate fertiliser) that generates a benefit of 10% (or 0.2 t/ha), and the 
bottom performing group will never adopt it. The middle performing group moves from the current 20% to 
100% adoption between years 1 and 10.
5. Adoption of a new and relatively simple practice varies by farmer group. An example would be a package 
of new agronomy and suitable cultivars for sowing 10 days earlier than currently practiced, worth on average 
0.2 t/ha. Because these are relatively simple, the new practices are fully adopted by the top performing 
group between years 1 and 10. We assume that the middle and bottom groups will not adopt this as it is 
comparatively new, complex technology and relatively untested.
6. Adoption of a new and relatively complex practice varies by farmer group.  We assume that the top 
performing group adopts this complex new practice/technology, but takes the full 20 year period to 
reach 100% adoption because it takes longer to develop and be adapted by farmers to their particular 
circumstances.  This could be a practice that increases available soil water used by crops by 25 mm 
(equivalent to 20% or 0.4 t/ha), due to amelioration of a soil constraint or use of plastic mulch to reduce 
soil evaporation. The middle and bottom groups will not adopt this within the 20 year period as it is a 
comparatively new technology and relatively untested.

Results
The results in Table 1 show that over a 20 year period that with the above assumptions, yield increases from 
2.0 t/ha to 2.8 t/ha, which is an average annual yield gain of 42 kg/ha/year or 2.1% and expressed relative to 
the year 1 yield and 1.5% when expressed relative to the year 20 yield. Because of farm consolidation the 
weighted yield in year 20 is similar to the yield of the top performing group because after 20 years this now 
comprises 44% of the total land area. The poor yield gain by the bottom group (5 kg/ha/year) does not influ-
ence the overall result significantly because there are only 5% of farmers in this category by year 20. A sensi-
tivity analysis of the key parameters in this modelling exercise (data not shown) shows the annual yield gain 
varying from 32 to 50 kg/ha/year in response to variation in parameters. The rates of yield increase modelled 
here are consistent with recent historical yield gains of 30 kg/ha/year in South Australia and 40 kg/ha/year in 
Western Australia between 1980 and 2000 (Turner and Asseng 2005, Richards et al. 2014).
One of the largest contributors to future uncertainty about whether these yield gains are achievable is the 
impact of changes in the climate. Richards et al. (2014) show that yields in the Australian wheat industry 
are still increasing linearly between 1890 and 2010 both for the better (at 13 kg/ha/year) and drier (9 kg/ha/
year) seasons, giving some confidence that improved genetics and practices are contributing to yield gains 
under both good and poor conditions. The most recent crop model estimates using climate projections from 
downscaled GCMs, assuming moderate to high emissions scenarios, incorporating CO2 fertilisation effects, 
and allowing for some adaptation of sowing date, suggest that over the next 20-30 years there will be modest 
(<10% reduction) impacts on wheat yield potential (e.g. O’Leary et al. 2011). Other impact studies predict 
median wheat yield to decrease by up to 30% late in the 21st century under the most likely climate change 
scenarios. These impacts are significant, but 70 years hence, and are preceded by gradual changes over the 
next 20 years.

Conclusions
With conservative assumptions about rates of genetic progress, on-going adoption of current and new agro-
nomic technologies, we estimate that at a whole industry level, annual gains in wheat yields of around 40 kg/
ha (1.5-2.0%) are feasible over the next 20 years.
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Table 1: Calculations of projected yield increase in the Australian wheat industry over 20 years. Groups refer to 
segments of the farmer population varying in their production performance and adoption of existing and new 
technology.

Farmer group
Top Middle Bottom Weighted all

Situation at year 1
% of farmer population in each group 25 50 25 100

Yield (t/ha) 2.5 2.0 1.5 2.0
Between year 1 and 20 the separate contributions of:

Genetic improvement (t/ha)1 0.35 0.20 0.09 0.45
Adoption of existing practices (t/ha) 0.00 0.20 0.00 0.29

Adoption of a new and simple practice (t/ha) 0.38 0.00 0.00 0.36
Adoption of a new and complex practice (t/ha) 0.20 0.00 0.00 0.28

Situation at year 20
Yield (t/ha) 3.4 2.4 1.6 2.8

% of farmer population in each group 44 50 6 100
Overall net improvement

Average annual yield gain (kg/ha/year) 45 20 5 40
Average annual yield gain (% of year 1 yield) 1.9 1.0 0.3 2.1

Average annual yield gain (% of year 20 yield) 1.4 0.8 0.3 1.5 
1 Including effects of CO2 fertilisation
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