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Food production, crops and sustainability: restoring confidence
in science and technology
Huub Spiertz

By 2050, the global food requirement will increase

significantly, driven by a population increase to more than nine

billion and by a richer diet. There is a need for agricultural and

food systems that are not only more productive, but also

sustainable. Currently, progress is hampered by a lack of

understanding how to close the yield and sustainability gap.

The consequence is stagnation in implementing policies and

regulations that meet future needs. The challenge of meeting

global food security in a sustainable way requires a

knowledge-intensive approach and the use of advanced

technologies. The confidence in modern agrotechnologies

and biotechnologies should be restored by sound science,

transparency and regulatory institutions.
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Introduction
Agriculture currently appropriates a substantial portion of

the Earth’s natural resources. Land used for crop pro-

duction, pasture and livestock grazing systems amounts to

38% of total land area [1]. Population growth and expand-

ing demand for agricultural commodities constantly

increase the pressure on scarce land and natural resources

[2]. The drop in cropland in relation to population is very

evident. Until the middle of the 20th century, available

cropland was in the order of 0.45 ha per person; by 1997 it

had been reduced by almost a factor 2 resulting in 0.25

and the projection for 2050 is 0.15 ha per person [3]. The

question is if we can produce enough food, feed, fibre and

fuel to meet the needs of a 50% larger global population in

2050 in a sustainable manner. Cassman et al. [4��] con-

cluded that ‘avoiding expansion of cultivation into natural
ecosystems, increased N-use efficiency, and improved soil quality
are pivotal components of a sustainable agriculture that meets
human needs and protects natural resources’. More resources

are required for meeting the demands of the growing

human population. Recent studies [5��] indicate that

significant systems improvements and efficiency gains

in agriculture are needed worldwide in the next decades,

to be able to feed the increasing global population and at

the same time to circumvent large-scale degradation of

natural ecosystems and deterioration of ecosystem ser-

vices through agricultural activities. The sustainability

framework, comprising the balance between short-term

and long-term objectives with respect to profitability,

ecological health and social-ethical acceptance gives gui-

dance to research directions and policy measures. The

conceptual framework of a sustainable gap was presented

by Fischer et al. [6�]. They suggest a hierarchy of

considerations with the biophysical limits of the Earth

setting ultimate boundaries. The question is, if this con-

cept with the ‘economies’ embedded in ‘human societies’

does fit for major food production systems with free trade

as drivers at a global scale.

Transitions in agriculture are a response to external and/

or internal ‘events’ that provide the incentive for struc-

tural change [7��]. Possible events or ‘driving forces’ for

transitions in agriculture include gradual and sudden

processes, like population pressure, changes in natural

conditions (climate, diseases, and flooding), changes in

markets and market prices, innovations and applications

of new technology. Transitions in agriculture involve

large-scale structural changes, which have a distinct

impact on society. The difficulties in understanding

the causes and effects of changes in agriculture arise

from the diversity and complexity of agriculture, and the

multitude of factors that affect agriculture [7��].
Demands by society, economy and environment deter-

mine the direction of change in agriculture. Decision

making requires intensive mutual interaction and dis-

cussion to identify the challenges, trade-offs, discrepan-

cies, and possibilities for synergy. A more effective

strategy for the transition towards sustainable agriculture

is setting suitable goals with clear targets and indicators

to measure progress, when the gap between (socio-

)economic and ecological targets is too big. To meet

the challenges of a global food security in a sustainable

way requires the intensification of knowledge-intensive

approaches and the use of modern agrotechnologies and

biotechnologies.

In this paper the following topics are addressed: first,

transitions in food production systems; second, to what

extent are emerging technologies and sustainable agri-

culture compatible? third, prospects to integrate technol-

ogy and sustainability.
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Causes and consequences of a lack of trust in science and

technology as well as the prospects for restoring trust are

presented.

Transitions in food production systems
The focus on food security and the establishment of a free

trade world market triggered a strong intensification and

specialization of agricultural production technological

innovations contributed to a rise in production and labor

productivity. Intensification and specialization of agricul-

ture in most industrialized countries took place from the

1950s onwards to raise the profits. Environmental side-

effects were neglected in the beginning. Nitrogen ferti-

lizers comprise almost 60% of the global reactive N load

attributable to human activities. This resource use has a

major impact on the functioning of the ecosystems and

human well-being. From 1985 onwards, a series of

environmental policies and measures have been imple-

mented in EU-countries, especially constraining the use

of nitrogen (N) and phosphorus (P), insecticides, fungi-

cides, heavy metals, and the use of land near nature

conservation areas [8].

A major point of concern for many intensively managed

agricultural systems with high external inputs is the low

resource-use efficiency on the plot and field level, especi-

ally for water and nitrogen [9,10�]. These efficiencies are

even lower when nutrient flows of the whole food chain

are taken into account. Ma et al. reported that average N

use efficiencies in China for crop production, animal

production and the whole food chain amounted to 26,

11 and 9%, respectively [11�]. A high input combined

with a low efficiency ultimately results in environmental

problems such as degradation of resources (reduced

stocks of fresh water and phosphorus), eutrophication

and emissions of greenhouse gases [12,13�].

Cultivated land should also provide ecosystem services to

society, such as biodiversity, water conservation, wildlife

and mitigating climate change [14,15�]. A framework for

the assessment of ecosystem goods and services was

presented by Posthumus et al. [16�]; they explored six

alternative floodplain management scenarios and found

that there are both synergies and conflicts between eco-

system services. For example, there is a conflict between

agricultural production and environmental outcomes

[17�] such as water quality, GHG, habitat and species.

Johnson [18] analysed the policies of two competing

visions on food and agricultural sustainability; one to

promote organic and local food and another to continue

the productionist hegemony, emphasizing biotechnology

and technological panaceas. He contends that the

political will to promulgate radical agricultural policies

that break the productionist hegemony are lacking. The

dichotomy between ‘intensive agriculture’ and ‘eco-agri-

culture’ was denied by others. Brussaard et al. [19�]
suggest that biodiversity loss undermines the provision

of ecosystem services on which agriculture itself depends

on. However, this hypothesis is not underpinned by a

quantitative analysis of intensive and eco-based farming

systems. In their paper they present a figure based on the

work of Swift et al. [20��] that nicely shows the trade-offs

between agricultural production and biodiversity. I agree

with their conclusions that there are prospects for synergy

(symbiosis, facilitation, etc.), but these should be present

not only in low-productive systems but also in systems

that are able to produce high yields per unit of land. Hard

evidence for synergy in high-yielding systems was not

shown. In the recent past, increased productivity of the

major cereal crops has been derived from genetic im-

provement by conventional breeding and greater use of

external inputs (fossil energy, fertilizers, feed, pesticides,

and irrigation water). Now, the focus should be on

enabling technologies and transitions in cropping systems

to increase overall resource-use efficiencies under biotic

and abiotic stress conditions [10�], including climate

change, in order to prevent environmental degradation.

Are emerging technologies and sustainable
agriculture compatible?
A sense of urgency to apply emerging technologies in

solving some of the most severe problems (drought, sal-

inity, diseases, pests, weeds, nutrient acquisition, etc.) in

food production is lacking. The issue of genetically modi-

fied crops — GM crops — has been highly controversial

since the introduction of the recombinant DNA technol-

ogy in the 1970s [21]. It was shown that the debate on

genetically modified organisms (GMOs) extended in terms

of actors involved and concerns reflected. A GMO is ‘an
organism in which the genetic material has been altered in a way
that does not occur naturally by mating and/or natural recombi-
nation’ (EU Directive 2001/18). The concerns on devel-

oping and commercializing GMOs have been worldwide

[22��], but are most prominent in the European Union and

many African countries. European countries have been

very defensive to adopt GMO crops based on the precau-

tionary principle. In a reconstruction to analyze the com-

plexity of concerns and actors involved Devos et al. [21]

distinguished four phases:

a. how recombinant-DNA technology evolved in a

dynamically changing context from laboratory science

to societal concerns on ethics, ecological risks and

socio-economic conflicts;

b. the impact of these concerns for the growing

involvement of actors in the debate;

c. the change and dynamics in the content of the

concerns;

d. how scientific objectives became intertwined with

extra-scientific objectives.

Depending on underlying values and ideals the appreci-

ation of new technologies will differ between stake-

holders. Scientists and end-users (e.g. modern farmers)
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tend to be more positive about the benefits of GM-crops.

However, the growing awareness of educated citizens

about food safety, sustainability and equity has led to

an increasing distrust in multinationals, but even in

private funded research by scientific institutions

[22��,23,24]. By scaling up scientific and technological

developments into commercial activities, techno-scienti-

fic developments are entering society more directly,

exposing it at large to potential risks and benefits. Science

and technology have become public goods.

Recently, the academic institutions take part in the

public discussions by publishing reports on the pro-

spects and challenges of plant genomics in the 21st-

century [25]. The essential claim is that ‘plants form the
basis of the food web that sustains all other forms of life’.
They focus on the following themes: improving food

crops (food quality and plant-pathogen arms race),

biofuels and bioenergy goals, environmental steward-

ship (saving on water and fertilizer use, biocontrol of

pests, and plant defense) and biomedical (drug discov-

ery and immune systems). The plea is to maximize the

potential of the plant genome sciences in contributing

significantly to human health, energy security and

environmental stewardship. Strikingly, food production

is not listed as one of the major challenges; however,

climate change and the world food crisis bring a ‘sense of
urgency’ in the debate on meeting the demands of a

growing global and wealthier population.

In Europe the rejection of GM crops is more categorically

than it is the case for the application of biotechnology in

producing medicines for human health. The opposition is

complex and rooted in ethical-religious, environmental

and social-economic objections [24]. It seems that this

opposition is not generic for all modern technology (e.g.

IT and nanotechnology) because the latter technologies

do not affect the integrity and composition of food

directly.

Prospects to integrate technology and
sustainability
The compatibility of modern biotechnology and sustain-

ability was recently addressed by Ervin et al. [22��]. They

presented a comprehensive analysis based on a sustain-

ability framework that includes the full spectrum of

environmental, economic and social impacts. A review

on each impact revealed that ‘crop biotechnology cannot fully
be assessed with respect to fostering a more sustainable agri-
culture due to key gaps in evidence, especially for socio-economic
distributive effects’. First generation GM crops generally

showed progress in reducing agriculture’s environmental

footprint and improving farmers profits; however, these

crops fall short of the technology’s capacity to develop a

more sustainable agriculture. The latter was based on the

presupposition that all stakeholders should be engaged

and salient equity issues should be addressed. For realiz-

ation of the potential of biotechnology, fundamental

changes are required in the way public and private

research and technology development and commercia-

lization are structured [26]. More public/private partner-

ships in advanced research using enabling technologies

are needed during the pre-competitive phase. Further-

more, transparency in objectives and methodologies

should be realized through an open dialogue with all

stakeholders. A good example is the concerted action

taken by CGIAR research institutes (CIMMYT and

ICARDA), advanced research institutes and national

institutes in Ethiopia and Kenia to deal with the outbreak

of the race Ug99 of the stem rust Puccinia graminis tritici
causing severe epidemics in wheat. A major threat to

wheat production not only regionally but also globally,

because of the susceptibility of the existing plant material

and the rapid spread by air of spores over large distances

in North Africa, Middle East and West-South Asia [27].

Within 10 years new seed material could be released as a

result of rigorous screening in labs and the field on

resistance for the race. Combining genetics, molecular

assisted selection and modern breeding made it possible

to control a disease that potentially could destroy half of

the global wheat production.

A plea for radically rethinking agriculture for the 21st

century was presented by advocating systems that close

the loop of nutrient flows from microorganisms and plants

to animals and back [28]. By making better use of sun-

light and seawater it would become possible to decrease

the land, fossil energy, and fresh water demands of

agriculture, while at the same time ameliorating the

pollution currently associated with agricultural chemi-

cals and animal waste. A combination of scenario de-

velopment and back-casting will be required to identify

ways where science and technology can contribute effec-

tively. The study of solar-powered drip irrigation of

vegetables in the rural food-insecure Sudano-Sahel

region of West Africa [29�] nicely shows the potential

of modern technologies to augment both household

income and nutritional intake in a cost-effective manner

compared to conventional technologies.

The prospects to integrate enabling technologies and

sustainability while securing the needs for food, feed,

fibre and fuel should be explored at various scales: mol-

ecular, cell, plant, field, agroecosystem and landscape.

Integration of crop modeling into genetic and genomic

research facilitates ‘breeding by design’, because the impact

of changing traits on crop performance can be explored for

various scenarios of environmental conditions and climate

change. The use of robust crop models to understand

Genotype � Environment �Management (G � E �M)

quantitatively did get more attention recently [30��].
Assessments of the relationship between crop pro-

ductivity and climate change rely upon a combination

of modeling and measurement [31�]. It was argued that
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the generation of knowledge for adaptation should be

based on reliable quantification of uncertainty, combining

diverse modeling approaches and observations and judi-

cious calibration of models. This approach is not just an

improvement of the methodology, but it also contributes

to more transparency.

On the level of the crop and field a science-based un-

derstanding of the dynamics of phenology, plant phys-

iological processes and soil conditions is required to

implement precision agriculture. Adapting inputs (water,

fertilizers, pesticides, etc.) site-specifically allows a bet-

ter use of resources in crop production, while preventing

emissions to the environment [32]. A dedicated approach

with modern technologies (sensors, IT, machinery, etc.)

and knowledge-intensive decision support systems

(DSS) can enhance resource-use efficiencies, and

enhance the quantity and quality of agricultural produce

[33]. There are no easy generic solutions that fit to all

agroecosystems as was nicely shown for conservation

agriculture in Africa [34�]. Technologies that integrate

biophysical and ecological processes into the framework

of sustainable food production by an efficient use of

natural resources (land, climate, and water) and mini-

mizing the use of non-renewable inputs (especially fossil

energy and phosphorus) should get strong support by

making use of knowledge transfer and modern communi-

cation means engaging all actors in the food chain

[35�,36,37�].

Conclusions
The concerns for the impact of agriculture on the environ-

ment are valid. However, it is not realistic to benchmark

the environmental load of agroecosystems with those of

nature areas. Specific threshold values are needed that

meet the standards of food safety and environmental

health.

Technology, especially plant breeding and crop manage-

ment, and government policies have contributed to coun-

ter-balance the explosive growth in food demand during

the last four decades [38�]. On average, food availability

per capita improved despite the doubling of the global

population in the recent past. To meet the huge future

demands during the next four decades, it will be necess-

ary to make use of the best science and technology to raise

crop productivity per unit of land on average with 2% per

year and resource-use efficiencies of water and nutrients

by a factor 2 [39].

New insights in genetics, systems functioning, climate

change and multiple stresses can guide the development

of improved cultivars and highly productive farming

practices to close the yield gap [40��]. So far, a combi-

nation of advanced plant breeding, systems innovations,

development of best practices and legislation turned out

to be effective in developing more environment-friendly

agricultural systems that are profitable, ecologically safe

and socially acceptable.

References and recommended reading
Papers of particular interest, published within the period of review,
have been highlighted as:

� of special interest

�� of outstanding interest

1. Wood S, Sebastian K, Scherr SJ: Pilot Analysis of Global
Ecosystems: Agroecosytems Washington, D.C.: IFPRI/World
Resource Institute; 2000:. 110.

2. Schade C, Pimentel D: Population crash: prospects for famine
in the twenty-first Century. Environ Dev Sustain 2010,
12:245-262.

3. Lumpkin T: Present and future of transgenic wheat. 8th Int.
Wheat Conf., June 1–4, 2010, St. Petersburg, Russia; 2010 (pers.
comm.).

4.
��

Cassman KG, Dobermann A, Walters DT, Yang H: Meeting cereal
demand while protecting natural resources and improving
environmental quality. Annu Rev Environ Resour 2003,
28:10.1-10.44.

Recent trends and future trajectories in crop yields, land and nitrogen
fertilizer use, carbon sequestration, and greenhouse gas emissions are
evaluated to explore prospects for conserving natural resources while
meeting increased demand for cereals.

5.
��

Tilman D, Cassman KG, Matson PA, Naylor R, Polasky S:
Agricultural sustainability and intensive production practices.
Nature 2002, 418:671-677.

New incentives and policies for ensuring the sustainability of agriculture
and ecosystem services are proposed to meet the demands of improving
yields without compromising environmental integrity or public health.

6.
�

Fischer J, Manning AD, Steffen W, Rose DB, Daniell K, Felton A,
Garnett S, Gilna B, Heinsohn R, Lindenmayer DB et al.: Mind the
sustainability gap. Trends Ecol Evol 2007, 22:621-624.

They recommend two strategies for progress. First, sustainability must be
conceptualized as a hierarchy of consideration. Second, transdisciplinary
research programs must confront key normative questions facing modern
consumer societies.

7.
��

Godfray HCJ, Beddington JR, Crute IR, Haddad L, Lawrence D,
Muir JF, Pretty J, Robinson S, Thomas SM, Toulmin C: Food
security: the challenge of feeding 9 billion people. Science
2010, 327:812-818.

A multifaceted and linked global strategy is needed to ensure sustainable
and equitable food security, different components of which are explored
here.

8. Spiertz JHJ, Oenema O: Resource use efficiency and
management of nutrients in agricultural systems. ERSEC
Ecolog. Book Series-1. On Sustainable Agricultural Systems.
Tsinghua University Press and Springer; 2005:. 171–183.

9. Ahrens TD, Lobell DB, Ortiz-Monasterio JI, Li Y, Matson PA:
Narrowing the agronomic yield gap with improved nitrogen use
efficiency: a modelling approach. Ecol Appl 2010, 20:91-100.

10.
�

Reynolds MP, Saint Pierre C, Saad Abu SI, Vargas M, Condon AG:
Evaluating potential genetic gains in wheat associated with
stress-adaptive trait expression in elite genetic resources
under drought and heat stress. Crop Sci 2007, 47:172-189.

Although genetic resources provide an invaluable gene pool for crop
breeding, the majority of accessions in germplasm collections remain
uncharacterized and their potential to improve stress adaptation is not
quantified.

11.
�

Ma L, Ma WQ, Velthof GL, Wang FH, Qin W, Zhang FS, Oenema O:
Modelling nutrient flows in the food chain of China. J Environ
Qual 2010, 39:1279-1289.

The losses associated with increased N and P inputs were analysed in
cropping and animal production systems, and in the whole food chain in
China.

12. Cordell D, Drangert J-O, White S: The story of phosphorus:
global food security and food for thought. Global Environ
Change 2009, 19:292-305.

442 Open issue

Current Opinion in Environmental Sustainability 2010, 2:439–443 www.sciencedirect.com



Author's personal copy

13.
�

Spiertz JHJ: Nitrogen, sustainable agriculture and food
security. A review. Agron Sustain Dev 2010, 30:43-55.

It is concluded that the growing complexity of managing N in sustainable
agricultural systems calls for problem-oriented, interdisciplinary research.

14. Spiertz JHJ, Ewert F: Crop production and resource use to meet
the growing demand for food, feed and fuel: opportunities
and constraints. NJAS, Wageningen J Life Sci 2009,
56:281-300.

15.
�

Jackson L, Van Noordwijk M, Bengtsson J, Foster W, Lipper L,
Pulleman M, Said M, Snaddon J, Vodouhe R: Biodiversity and
agricultural sustainability: from assessment to adaptive
management. Curr Opin Environ Sustain 2010, 1:1-8.

The use and conservation of agrobiodiversity is explored along temporal,
spatial, and human institutional scales. Incentives are necessary if agro-
biodiversity is to provide benefits to future generations.

16.
�

Posthumus H, Rouquette JR, Morris J, Gowing DJG, Hess TM: A
framework for the assessment of ecosystems goods and
services; a case study on lowland floodplains in England. Ecol
Econ 2010, 69:1510-1523.

This paper explores changes in rural land use in floodplains by measuring
the range of ecosystem services provided under different management
scenarios.

17.
�

Giller KE, Beare MH, Lavelle P, Izac A-MN, Swift MJ: Agricultural
intensification, soil biodiversity and agroecosystem
functioning. Appl Soil Ecol 1997, 6:3-16.

In this paper the authors propose a number of hypotheses which could be
tested to explore the relationships between agricultural intensification,
biodiversity in tropical soils and ecosystem functions.

18. Johnson RB: Sustainable agriculture: competing visions and
policy avenues. Int J Sust Dev World Ecol 2006, 13:469-480.

19.
�

Brussaard L, Caron P, Campbell B, Lipper L, Mainka S,
Rabbinge R, Babin D, Pulleman M: Reconciling biodiversity
conservation and food security: scientific challenges for a new
agriculture. Curr Opin Environ Sustain 2010, 2:1-9.

Significant changes in policies, institutions and practices are necessary to
make advances in ecology work for reconciling biodiversity conservation
and food security.

20.
��

Swift MJ, Izac A-MN, Van Noordwijk M: Biodiversity and
ecosystem services in agricultural landscapes—are we asking
the right questions? Agric Ecosyst Environ 2004, 104:113-134.

The evaluated assumed relationship between biodiversity or local rich-
ness and the persistence of ‘ecosystem services’ in agricultural land-
scapes.

21. Devos Y, Maesele P, Reheul D, Van Speybroeck L, De Waele D:
Ethics in the societal debate on genetically modified
organisms: a (re)quest for sense and sensibility. J Agric Environ
Ethics 2007, 21:29-61.

22.
��

Ervin DE, Glenna LL, Raymond AJ Jr: Are biotechnology and
sustainable agriculture compatible? Renew Agric Food Syst
2010, 25:143-157.

The sustainability potential of biotechnology is discussed with respect to
required fundamental changes in the way public and private research and
technology development and commercialization are structured and
operated.

23. Frewer L, Lassen J, Kettlitz B, Scholderer J, Beekman V,
Berdal KG: Societal aspects of genetically modified food. Food
Chem Toxicol 2004, 42:1181-1193.

24. Marris C: Public views on GMOs: deconstructing the myths.
EMBO Rep 2001, 2:545-548.

25. Dangl JL, Banta L, Boerma R, Carrington JC, Chory J, Kay SA,
Lewis S, Mitchell-Olds T, Sinha NR, Snyder M, et al.: New
horizons in plant sciences for human health and the
environment. Report of the National Academies; 2008:20

26. Kvakkestad V: Institutions and the R&D of GM-crops. Ecol Econ
2009, 68:2688-2695.

27. Singh RP, Hodson DP, Huerta-Espino J, Jin Y, Njau P, Wanvera R,
Herrera-Foessel SA, Ward RW: Will stem rust destroy world’s
wheat crop? Adv Agron 2008, 89:271-309.

28. Federoff NV, Battisti DS, Beachy RN, Cooper PJM, Fischoff DA,
Hodges CN, Knauf VC, Lobell D, Mazur BJ, Molden D et al.:
Radically rethinking agriculture for the 21st century. Science
2010, 327:833-834.

29.
�

Burney J, Woltering L, Burke M, Naylor R, Pasternak D: Solar-
powered drip irrigation enhances food security in the Sudano-
Sahel. Proc Natl Acad Sci USA 2010, 107:1848-1853.

This paper analyzes solar-powered drip irrigation as a strategy for
enhancing food security in the rural Sudano-Sahel region of West Africa.

30.
��

Yin X, Struik PC, Kropff MJ: Role of crop physiology in
predicting gene-to-phenotype relationships. Trends Plant Sci
2004, 9:426-432.

Ways of integrating crop modeling into genetic and genomic research to
enhance ‘plant breeding by design’ are presented.

31.
�

Challinor AJ, Ewert F, Arnold S, Simelton E, Fraser E: Crops and
climate change: progress, trends, and challenges in
simulating impacts and informing adaptation. J Exp Bot 2009,
60:2775-2789.

Challenges associated with impacts and adaptation research are dis-
cussed. It is argued that the generation of knowledge for policy and
adaptation should be based not only on syntheses of published studies,
but also on a more synergistic and holistic research framework.

32. Ramaekers L, Remans R, Rao Idupulapati M, Blair Matthew W,
Vanderleyden J: Strategies for improving phosphorus
acquisition efficiency of crop plants. Field Crop Res 2010,
117:169-176.

33. Gebbers R, Adamchuk Viacheslav I: Precision agriculture and
food security. Science 2010, 327:828-831.

34.
�

Giller KE, Witter E, Corbeels M, Tittonell P: Conservation
agriculture and smallholder farming in Africa: the heretics’
view. Field Crop Res 2009, 114:23-34.

A critical assessment under which ecological and socio-economic con-
ditions conservation agriculture (CA) is best suited for smallholder farming
in sub-Saharan Africa.

35.
�

Flora CB: Food security in the context of energy and resource
depletion: sustainable agriculture in developing countries.
Renew Agric Food Syst 2010, 25:118-128.

Which investments, policy interventions and capacity building are more
effective in increasing productivity and the well-being of agricultural
producers?

36. Douthwaite B, Gummert M: Learning selection revisited: How
can agricultural researchers make a difference? Agric Syst
2010, 103:245-255.

37.
�

Vergragt PJ, Brown HS: Genetic engineering in agriculture: new
approaches through sustainability reporting. Technol Forecast
Social Change 2008, 75:783-798.

This paper proposes a novel approach to including the public in evaluat-
ing the impacts of food and agricultural biotechnology and present and
future applications modeled after the growing practice of sustainability
reporting by companies.

38.
�

Tester M, Langridge P: Breeding technologies to increase crop
production in a changing world. Science 2010, 327:818-822.

It is shown that new technologies must be developed to accelerate
breeding through improving genotyping and phenotyping methods and
by increasing the available genetic diversity in breeding germplasm.

39. Pardue SL: Global views of new agriculture. Food, energy, and
the environment. Poult Sci 2010, 89:797-802.

40.
��

Fischer RA, Edmeades GO: Breeding and cereal yield progress.
Crop Sci 2010, 50:85-98.

This paper reviews recent progress in wheat, rice, and maize yields
resulting from substantial breeding efforts in mostly favorable environ-
ments and examines its physiological basis.

Food production, crops and sustainability Spiertz 443

www.sciencedirect.com Current Opinion in Environmental Sustainability 2010, 2:439–443


