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Introduction
There is consensus that the required global increase in food 
demand should be reached through sustainable intensifica-
tion (SI) rather than conventional intensification (CI) (Tilman 
et al., 2002). Nevertheless, various definitions of SI exist and 
there is considerable debate regarding the means to reach this 
goal (Tittonell, 2014; Cook et al., 2015). A common ground is 
that any increase in production should not come at the cost to 
the environment (Garnett et al., 2013). Here we follow the de-
finition of SI given by Pretty and Bharucha (2014) as: «a pro-
cess or system where agricultural yields are increased without 
adverse environmental impact and without the conversion of 
additional non-agricultural land». European agriculture invol-
ves mainly highly intensive systems and little room for yield 
improvement. It is associated with environmental impacts and 
a decrease of agricultural land area (Buckwell et al., 2014). It 
is suggested that the role of European SI is to exemplify how 
high intensive agriculture can be combined with much higher 
standards of environmental performance (Buckwell et al., 2014).

Agricultural ecosystems are modified natural ecosystems, 
where inputs, processes and outputs are altered by agriculture 
to benefit human interests. Ecosystems are functional entities 
characterized by energy flows, nutrient cycling and population 
regulation (Wezel et al., 2014). Agroecology studies agricultural 
systems from a holistic perspective. It provides a global vision 
of agricultural systems rather than just a set of farming tech-
niques, its purpose is to provide new diagnostic methodologies 
that allow improving agricultural systems (Altieri, 1989). Ag-
roecology should define the ecological principles necessary to 
develop sustainable production systems (Gliessman, 2011). The 
implementation of agroecology aims to exploit or restore the 
natural interactions that sustain ecosystems but are disturbed 
during farming interventions. Its implementation in European 
agriculture is recommended as one approach to increase susta-
inability in the already highly-productive systems (FAO, 2015).

One of the main natural processes affected by agricultural 
practices is the balance between pathogenic and beneficial or-

ganisms. Besides the millions of losses caused by pathogens 
in global agriculture (between 20–40 % of world production) 
(Savary et al., 2012), the consequent control measures (mostly 
based on pesticides) also generate undesired effects such as 
overruns, contamination, toxicity-related problems and patho-
gen resistance issues (MEA, 2005).

In the following section, these concepts will be discussed 
in the context of European wheat production. We will use the 
example of Fusarium head blight (FHB) to illustrate alternative 
control options with an agroecological approach.

The wheat-fusarium head blight problem
Wheat is the most cultivated crop in the world. It is particular-
ly suited for temperate conditions (Curtis et al., 2002). Accor-
ding to the EU Cereal Farms Report 2013, cereal production 
occupies one-third of the EU agricultural area and one-quarter 
of crop production. Fungal diseases represent the main cons-
traints for wheat production in Europe, causing high depen-
dence on pesticides and fungicides use (Karabelas et al., 2009). 
This has raised concerns among governments and consumers. 
In fact, in 2009 the European Commission (EC) through the di-
rective 129/EC/2009 compels its countries to move towards a 
sustainable use of pesticides and encourage use of alternative 
control measures. In contrast to one-dimensional combat stra-
tegies, SI must consider combined efforts stemming from new 
innovations from science and technology and already availa-
ble knowledge. 
FHB can be caused by a complex of several fungal species be-
longing mainly to Fusarium spp. (Osborne & Stein, 2007). It can 
cause losses in yield up to 50 % in some areas like Canada or the 
US, but most importantly it significantly reduces the quality of 
the grain. The fungus produces mycotoxins (vomitoxin) such as 
deoxynivalenol (DON) that are harmful for humans and live-
stock (see EC, 2006). Currently, conventional breeding programs 
have not yet achieved highly resistant cultivars. Therefore, in-
tegrated management involves mostly cultural practices and 
the use of fungicides, which in some cases are not completely 
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efficient (Gilbert & Haber, 2013). Biological control is emerging 
as a viable alternative to replace the use of fungicides. Extensi-
ve research argues that biological control with microorganisms 
that naturally antagonize pathogens could reduce the environ-
mental side effects caused by excessive pesticides formulations 
(Jensen et al., 2016).

Biocontrol of FHB
A lot of research is invested for developing biological control 
agents (BCAs) and their application in the field, due to the in-
creasing interest in environmental friendly solutions. Microor-
ganisms that were isolated from healthy wheat anthers exhibi-
ted a significant effect against FHB in the greenhouse and the 
field by reducing the disease severity by 95 % and 56 % compa-
red to the untreated control, respectively (Schisler et al., 2002). 
This approach is also discussed by Jensen et al., (2016) who sta-
ted that isolation of BCAs from appropriate plant parts under 
pertinent environmental conditions increases the likelihood of 
identifying effective BCAs. Xue et al., (2014) were able to de-
monstrate that their near-commercial formulation of Clonos-
tachys rosea strain ACM941, a fungus infecting plants without 
being pathogenic, reduced FHB and mycotoxin contamination 
under field conditions with the same efficacy as commercial 
fungicide. Also, they showed an enhanced effect on moderate-
ly resistant cultivars. Finally, Palazzini et al., (2015) studied the 
impact of two bacterial strains, Bacillus subtilis and Brevibacillus 
sp., on FHB infection. They were applied at the anthesis stage 
on infected wheat during field trials. The biocontrol treatment 
reduced FHB severity by 62–76 % and 42–58 % for 2010 and 2011 
trials, respectively. Moreover, treated heads did not contain 
any DON (mycotoxin), meaning that the bacteria completely 
inhibited the mycotoxin production. Regarding these success-
ful studies, the biocontrol of FHB and possibly of other cereal 
diseases could become a reality.

Benefits of using biocontrols
This new type of disease management would enable to reduce 
or replace the use of pesticides (fungicides in this case study), 
enabling to shift towards sustainable intensification. Additio-
nally, it increases food safety through reducing toxic contamina-
tion. This added value benefits the farmer and the whole food 
supply chain by increasing the grain quality and safety regar-
ding the toxins. Possible synergies between plants and bene-
ficial organisms may also contribute to further yield increase, 
contributing to a sustainable intensification of wheat produc-
tion. Also, some biocontrols can be certified organic and, there-
fore, be used in organic farming, facilitating the development 
of a sustainable agriculture. Biocontrols are based on mecha-
nisms already present in nature that require an understanding 
of the ecosystem. The use of ecosystem services is an essential 
part of agroecology.

Challenges in the use of biocontrols
There are uncertainties and risks associated with the use of bio-
controls, as the understanding of the modes of action of biocont-
rols is often not elucidated yet. They might modify surrounding 
microorganism communities by having a microbicidal activity, 
and be detrimental for the environment. They might, as well 
have an impact on plant metabolism, which could result in a 
change of food composition. Their modes of action remain part-
ly unknown and might have an impact on molecular mecha-
nisms involved in plant development. Some of these products 
might specifically target one disease, resulting in the necessity 
for farmers to multiply the treatments with different products. 
Multiplying those treatments to protect plants from all sorts of 
pathogens would require higher financial inputs.

Conclusion
Biological control agents are a promising alternative to control 
FHB since they fit within the concept of agroecology and could 
represent a way towards sustainable intensification of wheat 
systems by sustaining yields while reducing the use of fungi-
cides. However, aspects such as mode of action, molecular me-
chanisms involved, as well as optimal application conditions 
remain understudied. This knowledge is necessary to develop 
efficient and safer control alternatives.

Likewise, understanding how BCA interact with all the pieces 
of the system and how they can complement common control 
methods and practices is a key component in their integration 
to productive systems. Research, reflecting the complexity that 
sustainable intensification faces in already highly standardized 
and efficient cropping systems in temperate regions, is needed 
in order to modify the way FHB in controlled.
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