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Abstract (summary)

The likelihood of improving cereal yields.

Global agriculture faces a formidable challenge in feeding 9.6 billion people by 2050. There is relatively little

additional land that can be used to produce the basic food crops of wheat, corn and rice, and the UN Food and

Agriculture Organization (FAO) estimates that 70-80% of output growth must come through yield improvements.

However, many countries have experienced a slowdown in the rise in yields, a phenomenon known as "flatlining",

which raises serious concerns about whether the necessary yield rises are possible.

SUBJECT:The likelihood of improving cereal yields.

SIGNIFICANCE:Global agriculture faces a formidable challenge in feeding 9.6 billion people by 2050. There is

relatively little additional land that can be used to produce the basic food crops of wheat, corn and rice, and the UN

Food and Agriculture Organization (FAO) estimates that 70-80% of output growth must come through yield

improvements. However, many countries have experienced a slowdown in the rise in yields, a phenomenon known

as "flatlining", which raises serious concerns about whether the necessary yield rises are possible.

ANALYSIS: Impacts.

Diverging environmental standards will reduce the economies of scale within agribusinesses.

Improving yields in Africa will be hampered by significant structural barriers to entry.

The possibility for land expansion indicates greater chances for overall production growth in soya and maize.

The evidence of yield flatlining is clear in many developed countries, such as the United Kingdom, where -- for
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example -- the annual rate of increase in yields for wheat has fallen by half in the past 20 years.

The global picture is more mixed as developing countries have been able to take advantage of technologies from

industrialised countries to maintain the pace of yield improvements (see AFRICA: Policies and politics mar

agriculture growth - October 3, 2014 and see INT: Food costs will pose risks for fragile countries - October 2,

2014).

However, the overall picture seems to suggest that the yield trends

have indeed flatlined in recent years. In the1961-2005 period, the

FAO estimates that global cereal yields grew by 1.9% per year, but

only projects annual growth of 0.17% between 2005 and 2050.

Causes of flatlining.

This flatlining is attributable to multiple factors.

Biological ceiling.

Breeding a wheat plant to yield yet more grain becomes more

difficult over time. Much of the benefit of the green revolution came

as a result of using smaller plants that could carry more weight of

grain without flopping, but which cannot be indefinitely replicated.

New approaches are being explored, such as increasing the amount

of solar energy the plant can capture, improving the use of radiation

energy by the plant and making the plant produce more of the

harvestable parts (known as the harvest index).

In addition, the focus has shifted to making the plants more healthy and drought resistant. Biotech methods are

now regularly used along with traditional crop breeding to produce these results. Crop scientists appear confident

that the "achievable yield" (under ideal conditions) could continue to increase.

Declining research.

Spending on public sector agricultural research and development (R&D), particularly in the developed countries,

has declined. Although private sector investment has risen significantly, it may not be aligned to the same goals.

Reductions in agronomic public spending may have reflected a degree of complacency in the attitude to food

availability as prices declined steadily until 2003. There has also been a noticeable shift in the allocation of public

research expenditure in agricultural establishments toward food safety and environmental concerns, sometimes at

the expense of research to increase productivity.

The 2008 price spike has put the issue of food security higher up the agenda in many countries, but this will need

to be matched by sustained increases in spending on agronomic research.

Patent concentration.

Another possible contributor to the slowdown in yield improvements is the increased concentration of the

crop-science industry accompanied by the accumulation of patents by the largest life-science companies.

This may not by itself slow progress in raising yields but it could shift the focus towards pest resistance and away

from developing yield-increasing varieties. Indeed, the controversy surrounding the introduction of transgenic

crops 20 years ago may itself have had a dampening effect on risk-taking in the area of crop-science in both

private and public institutions.
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Regulatory changes.

Another factor is increased restrictions on chemicals used in agriculture, particularly pesticides.

UK farm organisations have blamed slower cereal yield growth on the detailed regulations emanating from EU

authorities, limiting the use of crop-protection products that had been widely used in the past.

Farmers in the United States have aired similar complaints over the activities of the Environmental Protection

Agency in interpreting the Clean Air and Clean Water Acts, targeting farming activities that had been previously

tolerated by the Agency.

Such tensions are likely to continue in developed countries where environmental actions can take precedence over

agricultural objectives, though the impact is less in the case of developing countries. However, China is currently

demonstrating a shift towards greater environmental awareness, as excessive fertilisation has led to declining or

negative marginal yields.

Possible reversal of trend.

There are a number of potential solutions to improving yields, but all measures will struggle to overcome the

immediacy of the problems. The global population could rise by 35% within 35 years and scientific research

requires years of development and more years to be disseminated to the farmers who will implement the results of

that research.

Research spending.

Expenditure on R&D needs to be ramped up considerably. The long periods of yield growth in the past can be

attributed to considerable investments in agronomic research and genetic improvements. Though many parts of

the world can continue to increase yields by adopting known technology, fundamental advances in crop science will

still be needed.

One hopeful sign is that emerging countries such as India, China and Brazil have developed considerable capacity

in crop research and could take up the role played historically by European countries and the United States (see

CHINA: Public opposition will constrain GM crop use - May 15, 2014).

Educational programmes.

Bridging the gap between maximum potential yields and those actually achieved is a feasible solution for many

countries, where farmer education and extension services offer a way of improving rural incomes.

For the world as a whole the yield gap appears to be relatively narrow for irrigated crops (farmers achieving nearly

80% of maximum yields for wheat, rice and corn) but is much larger for rainfed agriculture. Hence, improving

agronomic practices by better water management may have a significant impact on yields.

Climate change.

Agronomic research has shown that higher levels of CO2 in the atmosphere improve yields of wheat and rice. It is

plausible that yields could increase significantly as a result of "CO2 enrichment" linked to climate change.

However, climate change will change the amount of available land, with arable land opening up at high latitudes

and desertification claiming others. The reduction in arable land in many developing countries will increase the

pressure on yield growth to produce the output needed for populations -- just as the boost from a high-CO2

environment reduces the gap between current crop production and a potential biological ceiling.

CONCLUSION: Feeding a growing global population will test the ability of farmers and agricultural business and
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institutions to reverse declining growth in yields for cereal crops. Increasing public spending on research may help,

but a more likely path is dissemination of developed-world technology to developing-world farmers, although this

will be subject to environmental and political constraints.
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