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ABSTRACT

Poverty reduction during the Asian Green Revolution has been attributed to the inherent scale neutrality
of new crop varieties making them equally beneficial to small-scale and large-scale farmers. The term
‘scale-neutral’ is now reappearing in debates on agricultural development in Africa with claims that
crop technology is inherently scale-neutral and that African smallholders will significantly benefit from
new crop varieties not specifically developed for their contexts. Using a social shaping of technology
(SST) perspective and the concept of biological embeddedness, this paper critically examines whether
it is helpful to describe crop technology as scale neutral when drawing lessons from the Asian Green
Revolution about how new crop technology can be of benefit to African smallholders. The paper describes
how political commitment, rather than inherently scale-neutral crops, was central for the outcome of the
Asian Green Revolution. It also highlights that while the effects of crop biology are often disregarded in
adoption studies, biology significantly affected the ability of Green Revolution crop technology to benefit
smallholders, and continues to do so today. Using maize and GM crops as examples, this paper suggests
that GM crops in their current form have reinforced a technological trajectory established with hybrid
technology and directed it away from smallholder practices and agroecologies. Consequently, describing
crop technology as inherently scale-neutral is not helpful for understanding how crop technology works

in Africa today and prevents important lessons being learned from the Asian Green Revolution.

© 2016 Elsevier B.V. All rights reserved.

1. Introduction

During the past decade, new crop technology! has been at the
centre of debates on how to revitalise African smallholder agri-
culture. Parallels are frequently drawn with the so-called Green
Revolution (GR) in Asia, where new varieties of wheat and rice
(referred to interchangeably as high yielding varieties (HYV) or
modern varieties (MV)?) introduced from the 1960s onwards

E-mail address: klara.fischer@slu.se

1 The term ‘new crop technology’ is used in this paper to refer to crop technol-
ogy that has not previously been adopted by that farmer. During the Asian GR this
new crop technology consisted mainly of new varieties of rice and wheat devel-
oped in particular to give higher yields. Today in the debate on how African farmers
might benefit from new crop technology, this new technology refers both to various
new traits inserted in crops through genetic modification (see footnotes 2 and 3 for
further clarification) and new conventionally bred (not genetically modified) crop
varieties.

2 For the sake of clarity and consistency, this paper only uses the terms HYV or
MV when discussing how other authors have used these concepts. However, because
crop species and modifications are seldom specified in the literature, in many places
in the paper it is impossible to accurately state the crop and modification in ques-
tion. In these cases, the paper employs the terms ‘new crop varieties’ or ‘new crop

http://dx.doi.org/10.1016/j.respol.2016.03.007
0048-7333/© 2016 Elsevier B.V. All rights reserved.

proved to have significant poverty-reducing effects. These new
crop varieties were described as scale-neutral, i.e. of equal bene-
fit to large-scale and small-scale farmers (Feder and Umali, 1993;
Feder, 1980). After two decades of inattention to agriculture in the
global development community (Scoones and Thompson, 2011;
McMichael, 2009), during which the term ‘scale neutral’ was seem-
ingly dormant in the academic debate, the term is now reappearing
in the debate on the potential of new crop varieties in general, and
genetically modified (GM) crops® in particular, to benefit African

technology’ when talking generally about new crop varieties, or GR crop varieties/GR

crop technology when referring to varieties released during the Asian GR.

3 According to the European Union regulatory framework on GMOs (DIRECTIVE
2001/18/EC OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL of 12 March
2001 on the deliberate release into the environment of genetically modified organ-
isms and repealing Council Directive 90/220/EEC), a genetically modified organism
(GMO) means “an organism, with the exception of human beings, in which the
genetic material has been altered in a way that does not occur naturally by mat-
ing and/or natural recombination”. The GM crops referred to in this paper are the
genetically modified (GM) crops that dominate the market today (herbicide-tolerant
and insect-resistant (Bt) crops). These are transgenic crops, meaning that sections
of DNA from another organism have been inserted into the plant’s DNA in order to
produce new traits. There are also cisgenic GM crops, where DNA fragments or genes
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smallholders.* It is being argued that as new crop technology
is scale-neutral, it can be a key driver in the transformation of
African smallholder agriculture (see e.g. Juma, 2013; Mosley, 2002;
Wiggins et al., 2010; Qaim, 2009; Collier and Dercon, 2014). The
fact that the Asian GR occurred under quite different circumstances
seems not to temper these expectations. On the contrary, scale
neutrality is frequently described as a function inherent in crops,
seemingly unaffected by context. Collier and Dercon write in the
present tense that “most of these [HYV] are scale-neutral” (2014,
p.94). Qaim transfers the term to GM crops and state similarly that
“GM crops may also be well suited for small-scale farmers, because such
seed technologies are scale neutral” (2009, p.685). As exemplified in
the abovementioned quotes, where crop species or genetic modi-
fication is not specified, it is also the rule rather than the exception
for crop biology to be blackboxed in these discussions.

Crop technology has an important role to play in raising the pro-
ductivity of agriculture in Africa today; however, for this to occur
it must be appropriate for African farmers’ practices and contexts
(Scoones and Thompson, 2011). This requires a clear understanding
of the function of any new crop technology per se and how the tech-
nology is co-shaped by its host crop, its end users and their contexts.
This paper draws on literature, ideas and concepts from the field of
social shaping of technology (SST) (Serensen and Williams, 2002;
Williams and Edge, 1996) and the concept of biological embedded-
ness (Russell, 2008) to critically explore the extent to which the
term ‘scale neutral’ assists or hinders us in drawing lessons from
the Asian GR when analysing the role of new crop technologies for
African smallholders today.

Section 2 describes how SST in combination with the concept
of biological embeddedness and farming systems research (FSR) is
used here to analyse the social and biological influence at different
scales on the interaction between new crop technology and small-
holders. Section 3 draws on some of the influential literature on the
Asian GR to describe how the concept ‘scale neutral’ was introduced
to explain smallholder adoption of new crop technology during
the Asian GR, while highlighting the acknowledged limitations of
the term ‘scale neutral’ for describing what was going on. It goes
on to point out factors shown to be important for the empirically
observed scale neutrality. Section 4 discusses the re-appearance of
the term ‘scale neutral’ in contemporary discussions on agricultural
development in Africa and discusses the differences between the
contemporary situation in Africa and the situation in Asia during
the GR.Itis highlighted how the increasingly privatised agricultural
developmentregime, African land use characteristics and crop biol-
ogy negatively affect the possibility for crop technology toworkin a
scale-neutral manner in Africa today. Section 5 focuses specifically
on the framing of GM crops as scale-neutral in recent agricultural
development debates. The talk of GM crops as scale neutral is placed

are moved between organisms from the same species, but these are not discussed
here.

4 After the academic references to scale neutral in the 1980s and 1990s (e.g. Feder,
1980; Feder and Umali 1993), the concept seems to have been fairly dormant until
it reappeared in literature discussing crop technology in the 2000s (Mosley, 2002;
Hazell et al., 2010; Wiggins et al., 2010; Collier and Dercon, 2014). With some time
laginrelation to societal events, which is in the nature of academic work, this follows
the general trend of the shifting centrality of agriculture in development policy over
time. In sharp contrast to the attention given to crop technology during the Green
Revolution in the 1960s and 1970s (and appearing in the academic literature up until
the early 1990s), the role of agriculture in rural development was largely ignored
throughout much of the 1980s and 1990s in the global development community
(McMichael, 2009; Scoones and Thompson, 2011). This trend shifted at the start of
the millennium (Andersson Djurfeldt, 2013), which can be seen in reports such as
the publication Agriculture at the Crossroads: International Assessment of Agricultural
Knowledge (Kiers et al., 2008) commissioned by the World Bank and the Food and
Agriculture Organization (FAO), and the fact that the World Development Report 2008:
Agriculture for Development (World Bank, 2007), was the first world development
report in 25 years to be devote d to agriculture (McMichael, 2009).

in perspective by studying the empirical record on GM crops and
smallholders today. This section shows how GM crops, rather than
being scale neutral, can be usefully understood as a continuation
and reinforcement of an established crop technological trajectory
that started with hybrid technology. Conclusions are presented in
Section 6.

2. Social shaping perspective to scale-neutral crop
technology

In its broadest sense, the field of SST hosts research that in
various ways demonstrates the social influence on technologi-
cal change. It evolved from a critique of modernist perspectives
on technology as artefacts with fixed functions, responding to
objective problems in society (Serensen and Williams, 2002). The
literature describes three core features of SST, whereby it acknowl-
edges the co-evolution of society and technology, the simultaneous
negotiability (flexibility) and irreversibility of all technology, and
the inherently political nature of technological development, since
choosing one design and development trajectory over another has
different implications for different social groups (cf. Williams and
Edge, 1996; Serensen and Williams, 2002).

It also adopts the term ‘technological trajectory’ (Dosi, 1982).
Dosi (1982) concluded that technology outcomes are governed
both by factors inherent to the technology and the external eco-
nomic environment, and that technology not only consists of a set
of physical devices (crops and their genetics in this case), but also
of a set of disembodied (or discursive) factors such as the partic-
ular know-how, memories from past attempts, and ideas about
future limitations and possibilities (Dosi, 1982, p.152). He devel-
oped the term ‘technological trajectory’, defined as “the pattern of
‘normal’ problem solving activity (i.e. of ‘progress’)” within a wider
technological paradigm (Dosi 1982, p.152), where the technolog-
ical paradigm governs how progress can be defined, and thereby
limits the possible alternative solutions for defined problems.

Possibly as a result of its roots in sociological and historical
research on technology, SST rarely includes biology® as an active
part in shaping technology (see e.g. the complete lack of active
nature in the anthology of SST research by Serensen and Williams
(2002)). However, the central role of biology in shaping living tech-
nologies, such as crop technology, is noted by Russell (2008), who
draws on SST in analysing the biotechnology of GM cotton. Russell
(2008) introduces the term ‘biological embeddedness’ to reflect the
particular properties of technology that forms part of living biolog-
ical entities. She describes biological embeddedness as “both the
literal embedding of a technology inside a living organism, and the
metaphoric embedding of the technology in social, spatial and ecolog-
ical settings by virtue of its biological nature” (Russell, 2008, p.214).

Two particular dimensions of biological embeddedness
described by Russell are drawn on here. First, the outcome of
biologically embedded technology depends on the interactions
between scientists’ intentions, internal crop biology and the sur-
rounding ecosystem. While Russell (2008) specifically talks about
GM crops, this interaction between intentions, crop biology and
ecology in shaping crop technological trajectories applies equally
to any crop breeding activity (e.g. as outlined by Fitzgerald (1993)
with regard to the development of hybrid maize). Second, as crop
technology is generally able to reproduce itself, it is less dependent
on the industrial production system® and therefore has greater

5 The term biology is used here to include all biological functions of the world
from genetics to ecosystems.

6 I here draw on Russell (2008, p. 215) to define industrial production system as
the factory (or in the case of crops, e.g. the laboratory or research station) where a
technology is developed.
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potential than many other (non-living) technologies to be shaped
by its end users. Russell (2008, p.215) writes that “biologically
embedded technologies are potentially disconnected from the
industrial production system and embedded in local contexts,
because the production system is inside the plant, not in a distant
factory”. Nevertheless, she notes that the extent to which crop
technology can be freed from its industrial production system also
depends on societal regulation of the technology (Russell 2008).

By introducing the concept of biological embeddedness, Russell
(2008) takes a first step towards integrating biology as an active
agent in shaping living technology. However, while acknowledging
that living technologies are particularly prone to result in outcomes
that are not predicted, Russell (2008) only analyses GM cotton
technology on the basis of the intended effects of the genetic mod-
ification (herbicide tolerance or insect resistance). The importance
of unpredicted consequences of crop technology is highlighted in
other studies based on a more comprehensive understanding of
crop biology, where it has been shown that smallholders experi-
ence outcomes of GM crop technology that go beyond the intended
effects of the genetic modification. For example, South African
smallholders growing HT and Bt maize have ascribed changes in
drought tolerance and reduced tolerance to storage pests, features
that do not obviously relate to the genetic modification (Jacobson
and Myhr, 2013; Fischer and Hajdu, 2015; Assefa and Van Den Berg,
2009).

A more comprehensive understanding of the effects of biology
would enable fuller acknowledgement of the biological shaping
of crop technology. In this paper, the integration of biology as a
key factor in shaping crop technology is taken further by drawing
lessons from FSR (Chambers et al., 1989; Scoones and Thompson,
2009; Pretty, 1995). The field of FSR provides extensive empirical
evidence of the co-effects of farmers’ practices, agroecology’ and
crop biology in shaping technological trajectories (Mercer et al.,
2012; Liet al., 2013; Dawson et al., 2008; Morris and Bellon, 2004;
Puente-Rodriguez, 2008; Wassmann et al., 2009). Much FSR has
focused on smallholder farming, and an important lesson from this
research is that as the rural poor are often confined to living in
environments in which they are exposed to multiple environmental
and social uncertainties and dynamics, the outcomes of introducing
crop technology are also often more unpredictable in these contexts
(Jacobson, 2013; Dawson et al., 2008). Incorporating the lessons
from SST, a structural and political dimension is added to this. This
paper thus extends the social-shaping perspective to technology
and acknowledges that crop technology is socially shaped at dif-
ferent scales, being affected by e.g. market structures, policies and
regulations and individual farmer behaviour, and by agroecosys-
tem dynamics as well as the particular genetic set-up of a specific
crop variety.

3. Scale-neutral crop technology during the Asian Green
Revolution

Although the smallholder-related impacts of the GR differed
across Asia and varied over time, overall (and often in contrast
with Africa) it has been acknowledged as a success with regard to
new crop technology reaching smallholders (Djurfeldt et al., 2005;
Hazell, 2009; Evenson and Gollin, 2003). The following sections
contain an analysis of how the term ‘scale neutral’ enters academic
discussions on smallholders and crop technology in the GR litera-
ture. The publications that have now reintroduced the term ‘scale
neutral’ for drawing parallels between the Asian GR and what is
the hope for Africa today seldom refer to where the concept comes

7 Agroecology in this body of literature encompasses all the environmental factors
that interact with the crop such as soil, climate and insects.

from (see e.g. Wiggins et al.,2010; Mosley, 2002; Hazell et al., 2010;
Collier and Dercon, 2014). Thus it has not been possible to trace the
concept back to the original literature. However extant research
indicates that publications by Feder et al. (1985), Feder etal.(1982),
Feder (1980), Feder and O’Mara (1981) on farm size and GR tech-
nology adoption provide much of the theorisation on scale-neutral
crop technology in relation to the Asian GR. Also, the book “New
Seeds and Poor People” by Lipton and Longhurst (1989) was found
to be seminal in studies on the poverty reduction effects of the
Asian GR (see e.g. Das, 2002). The abovementioned publications also
review a large body of empirical evidence on smallholder adoption
of new crop varieties during the Asian GR. Other publications are
included in the analysis when relevant for enriching description of
the findings.

A study of this body of literature reveals that, despite the cen-
trality of the term in much of the literature discussing the GR, the
meaning of scale neutral is not explicitly defined. It is commonly
stated as fact, and in passing, that MVs or HYVs are scale neu-
tral, without defining what is meant by this (see e.g. Lipton and
Longhurst, 1989, p.126, 143). Even in the more technical literature,
scale neutral is not clearly defined, although it is repeatedly linked
to being divisible (Feder et al., 1985; Feder and O'Mara, 1981; Feder
and Umali, 1993). Feder and O’'Mara (1981, p.59) state with regard
to HYV that “the technology is divisible and neutral to scale”. Feder
et al. (1985, p.270) state that “the Green Revolution and farmers’
responses to it are relevant as examples of innovations [later speci-
fied as HYV] that are divisible and thus neutral to scale”. Divisible
inputs are defined as those that can be divided without extra costs
and used on small farms or small parts of a farm. Indivisible inputs
are e.g. tractors or irrigation systems, where the cost is not obvi-
ously possible to divide, favouring large farms due to economies of
scale (c.f. Feder et al., 1985).

However, what appears to be missing in the recent literature
that has re-introduced the term ‘scale neutral’ is that in fact Feder
et al. (1985) go on to acknowledge that referring to HYVs as scale
neutral is of limited help when trying to understand precisely what
allowed many smallholders to benefit from them during the Asian
GR. Firstly, it is noted that HYVs are connected with other inputs,
such as irrigation, that might not be equally divisible (see e.g. Feder
etal., 1985, p.280). Secondly, despite farm size being central to the
specific definition of scale-neutral as being divisible, Feder et al.
(1985, p.272) state that “absolute farm size may be noncomparable
across countries or regions because of differing agroclimatic condi-
tions” and, furthermore, that “[t]he wide variety of empirical results,
interpreted in the context of the theoretical literature, suggests that
size of holding is a surrogate for a large number of potentially impor-
tant factors such as access to credit, capacity to bear risks [. . .], access
to scarce inputs (water, seed, fertilizers, insecticides), wealth, access
to information, and so on.” (Feder et al., 1985, p.273). It can thus be
concluded that, while GR literature indeed connects the term ‘scale
neutral’ to new crop varieties (alternatively referred to as HYVs or
MVs), it makes little use of the term when actually explaining why
smallholders under some circumstances benefited from the new
crop varieties. In fact, the limitations resulting from using the term
to explain empirical results are clearly acknowledged. While the
early literature clearly suggests that crop-technology is not inher-
ently scale neutral, the empirical account of the Asian GR however
shows how the social and biological shaping of GR crops sometimes
had scale-neutral outcomes. The following sections discuss the key
social and biological factors identified as being of importance for
the scale neutrality observed.
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3.1. The importance of financial and advisory support for crop
scale neutrality in Asia

When describing the success of the Asian GR, the single most
frequently mentioned factor is probably the significant grants pro-
vided to make the new crop technologies affordable to smallholders
(Pingali, 2012; Evenson and Gollin, 2003; Hazell, 2009). It is clear
from the literature that only when credit constraints were elimi-
nated could the new crop technology be of benefit to smallholders.
Feder and colleagues (Feder et al., 1982, 1985; Feder and O’'Mara,
1981) present a variety of empirical examples where credit con-
straints led to limited smallholder adoption of new crop varieties,
also during the Asian GR. The importance of credit in the success
of the Asian GR and the fact that smallholders are commonly more
credit constrained than large farmers indicate that poverty is an
important characteristic of smallholders. Indeed apart from a lack
of money, access constraints more generally as well as risk aversion,
which were found to be key factors affecting smallholder adoption
of GR crop technology in Asia (Feder, 1980; Feder et al., 1985; Lipton
and Longhurst, 1989) are also key characteristics of poverty (c.f. Sen,
1981; Mosse, 2010). The close connection between being poor and
having a small farm in the GR literature is illustrated by the way in
which Lipton and Longhurst (1989) conflate small and poor farm-
ers throughout their book (while at the same time illustrating the
fact that poverty remains under-theorised in the GR literature (c.f.
Das, 2002)).

A factor that did benefit Asian smallholders was, in relative
terms, their better access to and control over cheap (family) labour
than large farmers. The new varieties of wheat and rice introduced
during the GR were more labour intensive than the ‘traditional’
varieties used previously by farmers, as they required more labour
for weeding, applying chemicals and harvesting the higher yields.
Indeed, labour was the only factor empirically proven to favour
Asian smallholders when adopting new GR varieties, and it applied
only as long as the new crop varieties were not accompanied by
labour-displacing technology such as tractors, herbicide sprayers or
combine harvesters (Feder et al., 1985, 1982; Lipton and Longhurst,
1989). In contrast, risk aversion is described in the GR litera-
ture as limiting smallholder adoption of the new crop varieties.
Feder et al. (1985, p.298) attribute smallholders’ risk aversion
explicitly to a lack of an economic buffer and state with refer-
ence to Arrow (1971) that “it is generally accepted that absolute
risk aversion declines as wealth increases”. The literature mentions
subjective and objective risk. Subjective risk relates to not having
sufficient knowledge to assess a new technology. As smallhold-
ers are generally not as well supplied with agricultural advisory
services and information on new products as large-scale farmers,
their behaviour is generally more greatly affected by subjective risk
(Lipton, 1978; Feder, 1980). Investments in government advisory
services during the Asian GR did not eliminate these differences
(Pingali, 2012), but were important in reducing them and mak-
ing the new crop technology increasingly useful for smallholders
(Hazell, 2009).

As the paragraphs above indicate, while often not said explic-
itly in the GR literature, poverty related constraints are important
for explaining how smallholders related to crop technology dur-
ing the Asian GR; perhaps more so than farm size. The analysis
of the literature also indicates that, rather than being a result of
the introduction of inherently scale-neutral crop technology, the
scale-neutral effects of the technology depended in particular on
investments made by governments and international organisations
in making the technology accessible and affordable to resource-
constrained farmers as well.

3.2. FSR highlights the biological shaping of crop scale neutrality

While the earlier section has discussed subjective risk, objec-
tive risk relates to the direct link between risk aversion and wealth
as suggested by Feder et al. (1985). The poor have limited eco-
nomic margins to cope with various uncertainties and limited
possibilities to make investments to improve their situation. The
environments inhabited by many smallholders are also acknowl-
edged toincrease objective risk.Indeed, Feder and Umali (1993) cite
agroecological factors as being most significant in explaining differ-
ences in the adoption rates of new crop varieties during the Asian
GR. Drawing on FSR helps highlight the close interplay between
social and environmental factors in affecting smallholder access to
and benefit from crop technology. As a result of the marginalisa-
tion associated with poverty, many smallholders farm less optimal
land characterised by e.g. infertile soil, deficient or excess rain
etc. (Altieri et al., 2011; Dawson et al., 2008). Such environments
increase the (objective) production risk (Feder et al., 1985), which
can be reduced by stabilising production through inputs (such as
fertiliser and irrigation) or spread by nurturing diversity (e.g. plant-
ing genetically diverse crops, diversifying livelihood options etc.)
(Darnhofer, 2010; Bacon et al., 2012; Kremen et al., 2012; Dawson
et al., 2008). As resource-constrained smallholders are generally
less able than large-scale farmers to invest in agricultural inputs
to stabilise production, they more frequently spread the risk by
diversifying (Jacobson, 2013).

The first GR varieties released were not bred with smallholders
in mind, but to give high yield on well-fertilised soils with a reg-
ulated water supply (Feder et al., 1985; Feder and O’Mara, 1981).
By virtue of their standardised breeding process, the GR varieties
were also more genetically homogeneous than traditional varieties,
which meant that overall they were less capable of withstanding
environmental dynamics than the more genetically heterogeneous
traditional varieties. This increased the objective productionrisk for
smallholders who were unable to provide such optimal agricultural
circumstances (Feder, 1980). Two factors are cited in the literature
as important in changing this and making the new crop varieties
beneficial for smallholders. Firstly, the significant grants for irri-
gation and fertiliser provided by governments and international
agencies during the Asian GR have been ascribed key importance
in reducing smallholder production risks by providing a more sta-
ble production environment (Pingali, 2012). Secondly, it has been
argued that it was only with the breeding of more location-specific
crop varieties with better pest and disease resistance during the
later parts of the GR that significant smallholder benefits emerged
(Byerlee, 1996; Lipton, 2007; Evenson and Gollin, 2003).

Despite the evident importance of crop biology for the outcomes
of adoption, the actual crops concerned are, however, severely
neglected in the adoption literature. Feder and O’'Mara (1981, p.62)
state explicitly that “The terms ‘new technology’, ‘modern crop’, ‘inno-
vation’, and ‘high-yielding variety-HYV will be used interchangeably”.
Lipton and Longhurst (1989) talk exclusively about MVs, but when
doing so they refer to several publications that use the term HYV.
Likewise, crop species are rarely specified in the literature. Feder
etal.(1985), who use empirical evidence presented in other studies
to draw conclusions about smallholder adoption of new GM crop
varieties, clearly do not view crop species as an important factor
affecting adoption. While the references drawn on are often more
specific (in the reference list, rice is mentioned 21 times and wheat
five times), Feder et al.(1985) only specify species five times in their
paper (one reference is made to wheat and four to rice). In compar-
ison, the unspecific term HYV appears 43 times and “modern crop”
six times. The focus on increasing yield that is inherent in the term
HYV and the general statement of HYVs as scale-neutral also over-
look the fact that the early GR varieties, which were bred with a
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Key outcomes of the social and biological shaping of crop technology during the Asian GR.?
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GR crop technology

Outcome

Social/biological shaping

Outcome

...needed new inputs (e.g. fertiliser) and
increased production costs (Lipton and
Longhurst 1989).

... needed new inputs and practices and thus
new knowledge (Feder 1980).

... required adoption of irrigation (Feder et al.,

1985).
... were more labour intensive (Feder et al.,
1982; Lipton and Longhurst 1989).

... were initially not adapted to smallholders’

agroecologies (Byerlee 1996).

Comparative advantage for
large farmers.

Comparative advantage for
large farmers.
Comparative advantage for
large farmers.
Comparative advantage for
small family farmers.
Comparative advantage for
large farmers.

Wheat and rice seed can be shared and
recycled (Hazell 2009).

Investments in supplying credits to
smallholders (Feder et al., 1985).

Investments in advice to smallholders (Hazell
2009).

Investments in irrigation infrastructure for
smallholders (Hazell 2009).

Family labour widely available (not absorbed

by other sectors) (Lipton and Longhurst 1989).

Later investments in breeding for smallholder
environments (Byerlee 1996; Evenson and

Comparative advantage for
large farmers reduced.

Comparative advantage for
large farmers reduced.
Comparative advantage for
large farmers reduced.
Small family farmers had a
comparative advantage.
Comparative advantage for
large farmers reduced.

Gollin 2003).
Investments in supplying credits for fertiliser
and providing irrigation (Pingali 2012).

3 For reasons of space, one central reference is provided for each statement, although several sources often mention the same factor.

narrow focus on yield, did not significantly benefit smallholders
(Byerlee, 1996).

While rarely mentioned, choice of crop was an important factor
for success in smallholder adoption. The dominant GR crop species
introduced in Asia, wheat and rice, are self-pollinating crops. Seeds
from such crops retain their genetic and physiological identity over
generations (Morris, 2002). Farmers adopting the new wheat and
rice varieties introduced during the Asian GR thus in effect only
had to purchase seed once. The fact that seed could be recycled and
shared between farmers has been acknowledged as a central factor
in making the GR varieties useful to smallholders (Hazell, 2009).
The possibility of freely recycling and sharing seed also meant that
the crop technology was largely decoupled from its industrial pro-
duction system (c.f. Russell, 2008), which significantly facilitated
the spread of the GR crop varieties (Hazell, 2009).

To sum up, early references to the term ‘scale neutral’ actually
point out that the term has little to do with features inherent in the
crop (particularly since the new crops came with a need for new
inputs), and that it is only vaguely connected with farm size (Feder
etal., 1985). The section however also describes how the empirical
record of the Asian GR indicates that GR crop technology some-
times had scale-neutral effects in practice. Table 1 summarises how
outcomes of crop technology and its social and biological shaping
during the Asian GR were sometimes scale neutral, mainly due to
societal investments reducing the comparative advantage to large
farmers.

4. Does scale-neutral crop technology occur in Africa
today?

After having been dormant since the early 1990s (Feder and
Umali, 1993: and footnote 4), the concept ‘scale neutral’ is now
being reintroduced in academic discussions about how lessons can
be drawn from the Asian GR on the role of new crop technology for
African smallholders (Wiggins et al., 2010; Juma, 2013; Collier and
Dercon, 2014). In these discussions, scale neutrality is frequently
described as a function inherent in the crop, which remains unaf-
fected by context. Mosley (2002, p.697), for example, states when
discussing crop technology for African smallholders that “modern
varieties are scale-neutral—they do not require large areas or accom-
panying indivisible inputs in order to raise yields”. The use of the
present tense in this quote and the lack of specificity about the
‘modern varieties’ referred to represent a common way of using
the term in these academic discussions (Juma, 2013; Collier and
Dercon, 2014, p.3) and indicate that the perspective is that crop

biology and technology have not changed since the Asian GR and
that context does not matter for their shaping.

As described in Section 3, however, empirically observed scale-
neutral effects during the Asian GR were not due to inherent
scale-neutral technology, but to its social and biological shap-
ing. The following sections describe how contextual factors, crop
species and technologies proposed for Africa today differ from those
observed during the Asian GR. The effect of these differences is that
the possibility for crop technology to function in a scale-neutral
manner is lower today in Africa than during the Asian GR.

4.1. Crop technology and African societies in a contemporary
global context

Firstly, it can be noted that labour availability, the only fac-
tor favouring smallholder adoption of new crop varieties during
the Asian GR (Table 1), is not a factor inherently connected with
small farms (Ellis, 2000; Lipton and Longhurst, 1989). Both Feder
et al. (1985) and Lipton and Longhurst (1989) acknowledge that
the introduction of GR crop varieties was unlikely to have the same
effect in many African settings as it had in Asia, as smallholder sys-
tems in Africa more frequently suffered from peak-season labour
scarcity (Feder et al., 1985; Lipton and Longhurst, 1989). Today
labour is often not a constraining factor per se, but for historical and
cultural reasons young unemployed Africans are often unwilling to
engage in farming (Hull, 2014). An important reason for this is that
they do not see farming as a way to escape poverty (White, 2012).
The decline in government funding for agriculture that has occurred
during recent decades can be seen as a partial reason for this. It has
been shown how rural African households, and especially women
and youth within these households since the 1980s, have diversi-
fied out of agriculture as a response to the lack of opportunities
within the sector (Bryceson, 2002; White, 2012).

As described in Section 3, provision of credit, irrigation and
advice was of key importance in allowing Asian smallholders to
benefit from the GR crop varieties. Such support is recognised as
being equally important for allowing African smallholders to bene-
fit from agricultural technology today (Smale et al.,2013). However,
the public sector in many African countries nowadays has a much
more limited capacity to deliver this compared with during the
Asian GR (Poulton et al., 2010; Scoones and Thompson, 2011; IIED,
2014). Public spending on agriculture in Africa today (on average
just over 2.5% of the national budget (FAO, 2016)) is far lower than
in Asia during the GR (up to 20% of the budget (Rosegrant and
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Hazell, 2000)).8 Referring to crop technology as scale neutral today
clearly obscures this significant difference in agricultural support
to smallholders between contemporary Africa and Asia during the
GR.

The African situation follows a global trend of public sector
withdrawal from agricultural development (FAO, 2016). Publicly
funded research and crop development has reduced significantly
worldwide since the Asian GR (FAO, 2016). At the same time a
trend of merger and acquisitions in recent decades has resulted
in a significant concentration of the private seed sector (Bonny,
2014). Bonny (2014) provides figures showing that the top ten
seed companies in the world in 1985 controlled 12% of global seed
sales, rising to 59% in 2012. In 2006 five large multinational seed
companies together spent 18-fold more on agricultural research
than the publicly funded CGIAR system (Leach and Scoones, 2006).
The increasing corporate domination of crop technology is coupled
with a global trend of rising seed prices, as well as regulatory and
policy changes strengthening the possibility for crop technology
developers to protect their inventions and at the same time weak-
ening farmers’ rights to the seed (Kloppenburg, 2014; Jefferson
et al., 2014). The farmer-to-farmer seed exchanges which were
important for spreading the new crop varieties during the Asian
GR (Hazell, 2009) are now increasingly limited by law in many
countries (Netnou-Nkoana et al., 2015).

The limitations on farmer-to-farmer seed exchange resulting
from regulatory changes place greater demands on the formal seed
distribution system in making new seed available. At the same time,
the global tendency since the Asian GR of significantly reducing
the role of the public sector in seed delivery means that in particu-
lar smallholders farming more marginal agricultural environments,
where returns on investment for private companies are limited, are
increasingly unlikely to be reached by the formal system (Scoones
and Thompson, 2011; Odame and Muange, 2011; Rivera and Alex,
2004). Following the general trend of a withdrawing public sector,
government-supported agricultural advice has also been signif-
icantly reduced in many countries during recent decades. This
limited government investment in agricultural advisory services
has obvious negative implications as regards smallholder expo-
sure to subjective risk in relation to crop technology adoption
(Tripp, 2001). The need to substantially increase the availability
and quality of agricultural advice to African smallholders has been
repeatedly emphasised in recent years (Smale et al., 2013; Hebinck
et al., 2011; Friis-Hansen and Duveskog, 2012).

4.2. Crop technology, African agroecologies and climate change

As seen in Section 3.2, marginal environments have been
acknowledged as posing a key challenge in allowing smallhold-
ers to benefit from the new GR crop varieties (Feder and Umali,
1993). This was in part overcome during the later stages of the
Asian GR by adapting new varieties to these environments (Byerlee,

8 Fan and Saurkar (2006) studied data on government spending in 44 developing
countries between 1980 and 2002 and found that in almost all regions governments
had reduced the spending share on agriculture and on infrastructure. In Africa, gov-
ernment spending on agriculture declined from 6.42% of total government spending
in 1980 to 4.42% in 2002, in comparison with a higher starting point, but more
significant decline, in Asia, falling from 14.80% to 8.60%. The FAO statistics on gov-
ernment expenditures on agriculture (FAO, 2016) show that during the 2001-2012
period, government spending on agriculture relative to total government spending
has fallen further across the world, with Africa being the region experiencing the
biggest decline in the agriculture share of government expenditures, falling from a
high of 4.5% in 2001 to just over 2.5% in 2012. This can be compared with figures
provided by Rosegrant and Hazell (2000) on the share of total government expen-
diture during the Asian GR. In 1972 the Indian government spent 22.1% of its total
budget on agriculture, declining to 11.5% in 1990, the same overall figure for Asia as
a whole being 15% in 1972 falling to 9.6% in 1990.

1996; Lipton, 2007; Evenson and Gollin, 2003) and by substan-
tial investments in irrigation. The availability of irrigation has been
acknowledged as a central factor in making the new GR varieties
useful to Asian smallholders (Feder and Umali, 1993). Thus, the
lack of irrigation in combination with the even more marginal and
varied environments of many African smallholders compared with
their Asian counterparts has been acknowledged as an important
reason for the continuing absence of an African GR (Evenson and
Gollin, 2003; Lipton and Longhurst, 1989). In future, it is predicted
that many African farmers will be particularly hard hit by climate
change (Boko et al., 2007), further stressing the need to consider
robustness to withstanding stress when breeding crops for African
smallholders. This need for robust varieties suitable for marginal
environments is unlikely to be filled by the private sector now dom-
inating crop development. The fact that the companies controlling
agricultural research and development (R&D) are becoming fewer
in number and larger has led to a general decline in the range of
crop varieties available on the market and an increasing focus on
the crops and varieties that are most profitable to these companies
(Renwicketal.,2012; Howard, 2009; Newell and Mackenzie, 2004).
While crop biology has implications for the extent to which new
crop technology can be of use to smallholders, the tendency in the
GR literature for not clarifying what is meant by MV or HYV and
seldom specifying crop species persists in the contemporary liter-
ature on African agriculture (see e.g. Mosley, 2002, p.697ff; Collier
and Dercon, 2014, p.94). Doing so obscures the fact that resource-
constrained smallholders often place different demands on crop
performance than large-scale commercial farmers, e.g. as regards
robustness to weather dynamics (Soleri et al., 2008; Chimonyo
et al., 2014). Likewise, it obscures the fact that a key reason why
African smallholders did not benefit from a GR was that the species
introduced in Asia (wheat and rice) are not staple food crops for
many Africans (Lipton and Longhurst, 1989). To highlight crop
biology’s relevance to crop technology, the example of maize is
instructive. While there are many crops of relevance to African
smallholders, maize, which has become the dominant staple crop
in Africa, is given a central role in the promise of an African GR
(Brooks et al.,2009). In contrast to wheat and rice, maize is an open-
pollinating species. This means that if farmers do not take measures
to control pollination, all second-generation maize plants in a field
will differ genetically and physiologically both from the parent gen-
eration and from each other (Smale and Jayne, 2003). Farmers who
want to maintain the high yields of the new maize varieties must
therefore buy new seed regularly, which makes it easier for seed
companies to make a profit from maize than from wheat and rice.
This is particularly true for hybrid maize. Open-pollinated (non-
hybrid) varieties may experience a yield drop if recycled for many
generations, but hybrid seed in essence needs to be renewed every
year to maintain yield. Because of this, hybridisation has been called
‘ the biological patent’ (Kloppenburg, 2005, p.319); and it has been
shown that the introduction of hybrid seed can significantly shift
the control of breeding from farmers to the commercial breeding
industry (Glenna and Cahoy, 2009). Since hybrid technology makes
it possible for companies to make significantly more profit, private
seed companies have focused their R&D efforts on hybrids. They
have also focused on where the market is, i.e. among large-scale
commercial farmers (Fitzgerald, 1993; Heinemann et al., 2013).
Abiological result of hybrid seed development is genetic homo-
geneity. Other factors strongly associated with hybrids, such as
high yields, high responsiveness to fertiliser etc., are a result of a
contingent technological trajectory directed at large-scale farm-
ers (Fitzgerald, 1993; Jacobson, 2013; Kutka, 2011). The public
efforts to develop maize hybrids suitable for smallholders in many
African countries after independence (e.g. with better storability
and drought resistance) show that other technological trajectories
are possible (Smale and Jayne, 2009). However, these public sector
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efforts have not been sustained since the 1990s and maize R&D has
increasingly passed to the private sector (Smale and Jayne, 2009;
McCann, 2011).

The fact that distribution of (hybrid) maize technology depends
more on the formal seed system than was the case for rice and
wheat shows the importance of analysing the interplay between
biological and societal factors in understanding the outcomes of
crop technology. It also indicates that support to smallholders in
terms of infrastructure, credits and agricultural advice might be
even more important when dealing with maize than when dealing
with rice or wheat.

5. Can GM crops be meaningfully analysed as scale-neutral
technology?

Since the Asian GR, GM crops have entered the market amid
discussions about how to improve smallholder farming. The term
‘scale neutral’ has also emerged in this context, where it is generally
used to emphasise how easy it would be for smallholders in general
and African smallholders in particular to adopt GM crops (see e.g.
Herring, 2015; Thirtle et al., 2003; Scoones 2008). For example, in
arecent CNN interview about how biotechnology can help African
smallholders, Juma (2013) stated that GM crops are scale-neutral
because they are grown by both large-scale and small-scale farmers
(Juma, 2013: interview CNN). In the same interview, he referred to
the ease with which these crops can be adopted by smallholders
thus: “The technology is embodied in the seed so all the farmer needs
to know is that this seed has a technology inside it so that you don’t
need to spray pesticides”. Again referring to scale neutrality as being
inherent in the crop, and without providing any definition of the
term, Qaim (2009, p.685) writes that “GM crops may also be well
suited for small-scale farmers, because such seed technologies are scale
neutral”. These quotes show how both crop biology and context
again are made unimportant for the alleged scale-neutral effect of
new crop technology.

While some scholars express significant expectations for GM
technology to be of benefit to African smallholders (Wambugu,
1999; Juma, 2011; Morse and Mannion, 2009; Klimper and Qaim,
2014), there is still limited experience of GM crops planted in
African smallholder systems. South Africa, Sudan and Burkina Faso
are the only African countries where GM crops are grown com-
mercially (James, 2014). It is therefore premature to claim that GM
crops behave in a scale-neutral way in African contexts. However,
by analysing the existing evidence on GM crops and smallholders
from around the world, we can map the current main technological
trajectories and analyse how these affect the possibility of GM crops
to work as scale-neutral technology in different contexts. The anal-
ysis of the scale neutrality of GM crops presented here draws on
evidence from South Africa (Jacobson, 2013; Jacobson and Myhr,
2013; Fischer and Hajdu, 2015; Kruger et al., 2011; Gouse, 2012;
Thomson, 2008), China (Ho et al., 2009; Rao and Dev, 2009; Van
Zwanenbergetal.,2011; Pemsl etal.,2005; Zhang et al.,2012),India
(Lalitha et al., 2009; Shah, 2008; Stone, 2004, 2011; Herring, 2007)
and Argentina (Van Zwanenberg and Arza, 2013; Van Zwanenberg
etal., 2011).

The common GM crops today are herbicide-tolerant (HT) crops,
insect-resistant (Bt) crops and crops containing these two traits
combined (stacked-trait crops). The clearest argument against
grouping these different GM crops together as scale neutral might
be the widespread evidence that herbicide tolerance stimulates
monoculture production and increased mechanisation, and thus
the scaling up of agricultural units (Van Zwanenberg and Arza,
2013; Otero and Pechlaner, 2005; Binimelis et al., 2009). This is
not the obvious outcome of Bt crops, which have been shown
to bring higher yields due to reduced losses to insects in some

smallholder systems (Stone, 2011; Gouse, 2012). However, as will
be discussed here, the way in which the dominant technological
trajectory for GM crops currently works means that Bt crops too
might be of limited long-term benefit to smallholders.

As will be described here, the increased corporate control over
crop technology, and the resulting focus on serving large-scale,
capital-intensive farmers that started with hybrids (Fitzgerald,
1993 and Section 4.2), has proven to be further strengthened by GM
technology (Heinemann et al., 2013; Parfitt, 2013). Private compa-
nies today are able to increase their control over the seed market
in many jurisdictions by patenting DNA sequences. Kloppenburg
(2014)describes the mutually reinforcing process whereby the pos-
sibility to attach patents to GM crops (in contrast to conventionally
bred crop varieties) has concentrated the might of the seed indus-
try and given it the power to effectively lobby for the spread and
reinforcement of intellectual property rights. As a result, in many
countries the introduction of GM crops has meant further restric-
tions on how farmers can use seed, as well as significantly increased
seed costs (Parfitt, 2013). This in effect reduces the possibility for
the technology to act in a scale-neutral manner.

South Africa, the only African country with a significant adop-
tion of GM crops (James 2014),° reflects this wider trend whereby a
comprehensive regulatory regime has strongly shifted power over
seed away from farmers and into the hands of private compa-
nies, which have focused on delivering crop technology suitable
for large-scale farmers (Jacobson, 2013). While a significant num-
ber of maize varieties on the South African market are suited
to more heterogeneous and low-input smallholder systems, the
industry has not prioritised breeding the GM traits into these vari-
eties (Fischer and Hajdu, 2015). In addition, GM crops are patented
property, and corporate control over GM seed is reinforced by
the application of contract law. Farmers have to sign Technology
Stewardship Agreements with the industry whereby they agree
to refrain from recycling and sharing GM crop seed (Thomson,
2008). This has not limited the adoption and profitability of GM
maize and cotton in the large-scale commercial farming sector
in South Africa, where GM maize varieties are now more com-
mon than conventional maize varieties (Gouse, 2012). However,
the combination of a reduced variety of seed available to farmers,
the ban on farmers adapting commercially available GM crops to
local environments, and the substantial rise in seed prices has been
shown to significantly impede the usefulness of GM crops to the
more resource-constrained South African smallholders (Jacobson
and Myhr, 2013; Fischer and Hajdu, 2015). The technological tra-
jectory of GM crops in South Africa has thus clearly not resulted in
the technology having scale-neutral effects.

The South African situation can be contrasted with how GM
crops have been introduced in China and India, where governments
have opposed the global trend and actively taken action to make GM
crops available and useful to smallholders to a greater degree. China
has prioritised government-funded development and commercial-
isation of Bt cotton varieties and has licensed the Bt technology to
a large number of small seed companies (Ho et al., 2009). These
measures have made the technology more affordable and accessi-
ble to a wider group of Chinese farmers (Rao and Dev, 2009; Ho
et al.,, 2009). In India, the government has aimed at retaining farm-
ers’ rights to seed and there are many examples of the government

9 According toJames (2014), South Africa is the ninth largest grower of GM crops in
the world after the US, Brazil, Argentina, India, Canada, China, Paraguay and Pakistan.
GM crops were initially introduced in South Africa in 1997 (Gouse, 2009), and cur-
rently GM crops (HT and Bt maize, cotton and soybean) cover 2.7 million hectares
(James 2014). This can be compared with Burkina Faso, which is the next largest pro-
ducer of GM crops in Africa, where Bt cotton was introduced in 2008 (Dowd-Uribe,
2014) and today covers 50000 ha (James, 2014).
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tolerating local efforts to breed the Bt trait into local varieties, mak-
ing the technology more affordable and better adapted to local
agroecologies (Lalitha et al., 2009; Herring, 2007; Shah, 2008). It
has also been shown that the local breeding of commercialised Bt
cotton varieties in India placed pressure on the seed industry to
introduce the Bt trait into locally suitable varieties (Lalitha et al.,
2009). This indicates that it is possible to make GM crop technol-
ogy part of a different technological trajectory, in effect making
the technology more scale-neutral. However, examples from both
China and India also show that the greater sophistication and nov-
elty of GM technology makes it more difficult for farmers to take
control over the technology compared with traditional breeding
techniques. When farmers cross purchased Bt cotton with local
cotton varieties without the necessary equipment and knowledge,
they have no way of knowing if the Bt trait has actually been
transferred to the offspring or if sufficient levels of Bt proteins
are expressed by the plant to provide pest protection. Both India
and China now have severe problems with uncertified Bt cotton
varieties on the market where the existence and efficiency of the
Bt trait are unconfirmed (Ho et al., 2009; Lalitha et al., 2009; Van
Zwanenberg et al., 2011). In addition, pest insects have developed
resistance to Bt toxins in several countries where Bt crops are
commonly grown, including India, South Africa, the US and China
(Krugeretal., 2011; Zhang et al.,2012; Tabashnik et al., 2013). Low-
dose exposure to Bt toxin resulting from uncontrolled crossing of Bt
and non-Bt varieties might be one reason for this; another is a lack
of compliance with new management practices developed to delay
resistance (Tabashnik et al., 2013), which is partly an outcome of
the lack of agricultural advice on GM crops. The uncontrolled devel-
opment and spread of Bt cotton has thus to some extent backfired
on farmers, who in effect risk crop losses due to resistant insects
and low-quality seed (Stone, 2011, 2004; Ho et al., 2009).

Available GM crops have been found to be more knowledge
intensive than conventional crop varieties. With HT crops, farm-
ers must adapt their weeding practices and spraying regimes. To
ensure efficient use of Bt crops, farmers must know the types of
insects to which the crops are resistant, and if they use pesti-
cides they must adapt their spraying regimes accordingly (Jacobson
2013).In many countries farmers planting Bt crops are also required
to plant refugia, i.e. sub-areas of conventional hybrids within the
Bt crop to provide a feeding ground for targeted insects. This pre-
vents the build-up of insect resistance to the Bt protein (Bates et al.,
2005). The need to learn about these new crop features and asso-
ciated practices clearly does not fit well with the global trend of
reduced government spending on agricultural advisory services.
Indeed, examples from India, China, South Africa and Argentina
show how the combination of increasing demands for information
concerning the introduction of GM crops with low availability of
agricultural advisory services to smallholders has resulted in mis-
information on GM crops and a widespread lack of compliance
with new management practices (Jacobson and Myhr, 2013; Stone,
2004; Assefa and Van Den Berg, 2009; Pemsl et al., 2005; Ho et al.,
2009; Van Zwanenberg et al., 2011).

This section has described how the close relationship between
crop technology and its industrial production system that devel-
oped with the advent of hybrid technology has been further
tightened with the entry of GM technology. The comparatively large
degree of control needed to ensure the function of GM technology
makes it costly and has stimulated a concentration of power in the
private seed sector. This has limited the options available to farm-
ers and, in particular, undermined the usefulness of GM crops to
resource-constrained smallholders. The failure of efforts to discon-
nect the technology from its industrial production system in India
and China shows how tightly the technology is coupled with its
industrial production system. This is not to say that it is impos-
sible to develop GM crops suited for smallholders and their more

heterogeneous environments but, as shown in the examples above,
this kind of development demands significant commitment and
investment in technology development and advisory services tar-
geted at smallholders. Talking about GM crops as scale neutral
in effect conceals this need for significant political and economic
commitment to making the technology work for smallholders.

6. Conclusions

This paper describes how the crop technologies used and the
political and economic environment have both changed since the
Asian GR, in ways that are not favourable for smallholder farming.
Governments today spend less on support to agriculture, including
agricultural advice, and the corporate shaping of crop technology
research and development has significantly shifted the technolog-
ical trajectory away from smallholders. This corporate control of
crop technology and the shift away from smallholders’ needs and
interests have been strengthened by biological factors inherent in
the crop technologies promoted as key drivers in the transforma-
tion of African smallholder agriculture today. In hybrid technology
and the more recent GM technology, a highly controlled develop-
ment process is needed to ensure the functioning of the technology.
By virtue of their biological functions, hybrid crops and, even more
so, GM crops thus facilitate corporate control over technology. This
is not to say that the relationships are fixed, but it indicates that
significant political and economic commitment is needed if new
crop technology is to be of benefit to African smallholders.

Analysis of the factors that were central for the empirically
observed scale neutrality of crop technology during the Asian GR
shows that all these factors act in different ways today than during
the Asian GR. As a result, it has become more difficult for small-
holders in Africa and elsewhere to benefit from crop technology:

many African countries today do not have the same access to
cheap labour as was the case in many parts of Asia during the GR
(Hull, 2014; White, 2012) (i.e. labour-intensive technology does
not necessarily favour smallholders)

financial and advisory support was central for observed crop
scale-neutrality during the Asian GR (Feder et al., 1985). Today
the trend is a reduction of government spending on agriculture
in Africa and globally (FAO, 2016), which increases the financial
risk for smallholders

financial risk is increased further by the fact that seed is much
more expensive today than during the Asian GR (Bonny, 2014).
In addition, farmers are now seldom allowed to share and recycle
seed (Netnou-Nkoana et al., 2015). This applies to most seed, but
in particular to the seed of GM crops

while government spending on advisory services has generally
been reduced since the Asian GR (Tripp, 2001; Stone, 2004), GM
crops increase subjective risk compared with conventional crops,
as it is more difficult for farmers to learn about how GM crops
work (Jacobson, 2013; Jacobson and Myhr, 2013)

corporate control over crop technology increasingly directs crop
R&D to serving large-scale, capital-intensive farmers (Parfitt,
2013).Fewer crop varieties are thus being developed for marginal
environments (Jacobson, 2013). At the same time the effects of
climate change are predicted to be particularly severe in parts of
Africa(Bokoetal.,2007), meaning that we will need crop varieties
that can grow in such increasingly marginal environments.

In summary, this paper provides support for the idea that refer-
ring to crop technology as inherently scale neutral depoliticises the
issue in a way that undermines, rather than supports, African small-
holders in their need for crop technology adapted to their practices
and contexts. It also indicates that, in order to support smallholder
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agriculture, it might be more effective to target the policy structure,
which currently in many respects disfavours smallholders, than
to focus on technological development within the current policy
context.

From a theoretical perspective, this paper suggests that crop
technological trajectories are significantly shaped by political, bio-
logical and agroecological factors. It also shows how these factors
interact and produce outcomes that cannot be fully understood if
they are studied in isolation. Combining insights from FSR with
SST is therefore valuable in analysing biologically embedded farm
technology such as crops. Without the systemic (agroecological)
perspective on crop technology development provided by FSR, the
co-shaping of crop biology, environment and technology develop-
ment, which currently reinforces the strength of dominant market
interests and disadvantages smallholders, would have been diffi-
cult to discern.

Acknowledgements

The writing of this paper was jointly funded by the Swedish
Ministry of Foreign Affairs, as part of its special allocation on global
food security, and the cross-disciplinary research platform Future
Agriculture, at the Swedish University of Agricultural Sciences. The
paper benefited from comments from colleagues during a seminar
at the Department of Urban and Rural Development. Special thanks
to Mari Kagstrom, Erik Westholm and two anonymous reviewers
for helpful comments on the text, and to Mary McAfee and Claire
Tarring for editing the language.

References

Altieri, M.A., Funes-Monzote, F.R,, Petersen, P., 2011. Agroecologically efficient
agricultural systems for smallholder farmers: contributions to food
sovereignty. Agron. Sustainable Dev. 32, 1-13.

Andersson Djurfeldt, A., 2013. African re-agrarianization? Accumulation or
pro-poor agricultural growth? World Dev. 41, 217-231.

Arrow, K., 1971. The Theory of Risk Aversion: Essays in the Theory of
Risk-Bearing. Markham Publishing Co., Chicago, pp. 90-120.

Assefa, Y., Van Den Berg, J., 2009. Genetically modified maize: adoption practices of
small-scale farmers in South Africa and implications for resource poor farmers
on the continent. Aspects Appl. Biol., 215-223.

Bacon, C.M,, Getz, C., Kraus, S., et al., 2012. The social dimensions of sustainability
and change in diversified farming systems. Ecol. Soc. 17, 41.

Bates, S.L., Zhao, ].-Z., Roush, R.T., et al., 2005. Insect resistance management in GM
crops: past, present and future. Nat. Biotechnol. 23, 57-62.

Binimelis, R., Pengue, W., Monterroso, L., 2009. Transgenic treadmill: responses to
the emergence and spread of glyphosate-resistant johnsongrass in Argentina.
Geoforum 40, 623-633.

Boko, M., Niang, 1., Nyong, A, et al., 2007. Africa. In: Parry, M.L., Canziani, O.F.,
Palutikof, J.P. (Eds.), Climate Change 2007: Impacts, Adaptation and
Vulnerability. Cambridge University Press, Cambridge, pp. 433-467.

Bonny, S., 2014. Taking Stock of the genetically modified seed sector worldwide:
market, stakeholders, and prices. Food Secur. 6, 525-540.

Brooks, S., Thompson, J., Odame, H., et al., 2009. Environmental change and maize
innovation in Kenya: exploring pathways in and out of maize. In: STEPS
Working Paper 36. STEPS Centre, Brighton.

Bryceson, D.F., 2002. The scramble in Africa: reorienting rural livelihoods. World
Dev. 30, 725-739.

Byerlee, D., 1996. Modern varieties, productivity, and sustainability: recent
experience and emerging challenges. World Dev. 24, 697-718.

Chambers, R., Pacey, A., Thrupp, L.A.,, 1989. Farmer First: Farmer Innovation and
Agricultural Research. Intermediate Technology Publications Ltd., London.

Chimonyo, V.G.P., Mutengwa, C.S., Chiduza, C., 2014. Genotype xenvironment
interactions and yield stability of stress-tolerant open-pollinated maize
varieties in the Eastern Cape province, South Africa. S. Afr. J. Plant Soil 31,
61-68.

Collier, P., Dercon, S., 2014. African agriculture in 50 years: smallholders in a
rapidly changing world? World Dev. 63, 92-101.

Darnhofer, 1., 2010. Strategies of family farms to strengthen their resilience.
Environ. Policy Gov. 20, 212-222.

Das, RJ., 2002. The Green Revolution and poverty: a theoretical and empirical
examination of the relation between technology and society. Geoforum 33,
55-72.

Dawson, J.C., Murphy, K.M., Jones, S.S., 2008. Decentralized selection and
participatory approaches in plant breeding for low-input systems. Euphytica
160, 143-154.

Djurfeldt, G., Holmen, H., Jirstrom, M., et al., 2005. The African Food Crisis: Lessons
from the Asian Green Revolution. Wallingford, CABI Publishing.

Dosi, G., 1982. Technological paradigms and technological trajectories: a suggested
interpretation of the determinants and directions of technical change. Res.
Policy 11, 147-162.

Dowd-Uribe, B., 2014. Engineering yields and inequality? How institutions and
agro-ecology shape Bt cotton outcomes in Burkina Faso. Geoforum 53,
161-171.

Ellis, F., 2000. Rural Livelihoods and Diversity in Developing Countries. University
Press, Oxford.

Evenson, R.E., Gollin, D., 2003. Assessing the Impact of the Green Revolution, 1960
to 2000. Science 300, 758-762.

FAO, 2016. Government Expenditure on Agriculture—Experimental Series,
Available at: http://www.fao.org/economic/ess/ess-economic/expenditure/en/

Fan, S., Saurkar, A., 2006. Public Spending in Developing Countries: Trends,
Determination and Impact (mimeo). World Bank.

Feder, G., O'Mara, G.T., 1981. Farm size and the diffusion of green revolution
technology. Econ. Dev. Cultur. Change 30, 59-76.

Feder, G., Umali, D.L., 1993. The adoption of agricultural innovations: a review.
Technol. Forecast. Social Change 43, 215-239.

Feder, G., Just, R.E., Zilberman, D., 1982. Adoption of agricultural innovation in
developing countries: a survey. In: World Bank Staff Working Papers. The
World Bank, Washington D.C.

Feder, G., Just, R.E., Zilberman, D., 1985. Adoption of agricultural innovations in
developing countries: a survey. Econ. Dev. Cultur. Change 33, 255-298.

Feder, G., 1980. Farm size, risk aversion and the adoption of new technology under
uncertainty. Oxford Econ. Pap., 263-283.

Fischer, K., Hajdu, F., 2015. Does raising maize yields lead to poverty reduction? A
case study of the Massive Food Production Programme in South Africa. Land
Use Policy 46, 304-313.

Fitzgerald, D., 1993. Farmers deskilled: hybrid corn and farmers’ work. Technol.
Cult. 34, 324-343.

Friis-Hansen, E., Duveskog, D., 2012. The empowerment route to well-being: an
analysis of farmer field schools in east africa. World Dev. 40, 414-427.

Glenna, L., Cahoy, D.R., 2009. Agribusiness concentration, intellectual property, and
the prospects for rural economic benefits from the emerging biofuel economy.
South. Rural Sociol. 24, 111-129.

Gouse, M., 2012. GM maize as subsistence crop: the South African smallholder
experience. AgBioForum 15, 163-174.

Gouse, M., 2009. Ten years of Bt cotton in South Africa: Putting the smallholder
experience into context. In: Tripp, R. (Ed.), Biotechnology and agricultural
development, transgenic cotton, rural institutions and resource-poor farmers.
Routledge, London, pp. 200-224.

Hazell, P., Poulton, C., Wiggins, S., et al., 2010. The future of small farms:
trajectories and policy priorities. World Dev. 38, 1349-1361.

Hazell, P.B.R., 2009. Transforming agriculture: the green revolution in asia. In:
Spielman, D.J., Pandya-Lorch, R. (Eds.), Millions Fed: Proven Successes in
Agricultural Development. IFPRI, Washington, D.C, pp. 25-32.

Hebinck, P., Fay, D., Kondlo, K., 2011. Land and Agrarian reform in South Africa’s
Eastern Cape province: caught by continuities. J. Agrarian Change 11, 220-240.

Heinemann, J.A., Massaro, M., Coray, D.S., et al., 2013. Sustainability and innovation
in staple crop production in the US Midwest. Int. J. Agric. Sustainability, 1-18.

Herring, RJ., 2007. Stealth seeds: bioproperty, biosafety, biopolitics. J. Dev. Stud.
43, 130-157.

Herring, R.J., 2015. Politics of Biotechnology: Ideas, Risk, and Interest in Cases from
India.

Ho, P, Zhao, J.H., Xue, D., 2009. Access and control of agro-biotechnology: Bt
cotton, ecological change and risk in China. ]. Peasant Stud. 36, 345-364.

Howard, P., 2009. Visualizing consolidation in the global seed industry:
1996-2008. Sustainability 1, 1266-1287.

Hull, E., 2014. The social dynamics of labor shortage in South African small-Scale
agriculture. World Dev. 59, 451-460.

1IED, 2014. Agricultural commercialisation contracts: concessions over people? In:
IIED Briefing. International Institute for Environment and Development,
London.

Jacobson, K., Myhr, A.L, 2013. GM crops and smallholders: biosafety and local
practice. J. Environ. Dev. 22, 104-124.

Jacobson, K., 2013. From Betterment to Bt Maize: Agricultural Development and
the Introduction of Genetically Modified Maize to South African Smallholders
Department of Urban and Rural Development. Swedish University of
Agricultural Sciences, Uppsala, 155.

James, C., 2014. Global Status of Commercialized Biotech/GM Crops: 2014. Brief 49.
ISAAA, Ithaca, NY.

Jefferson, D.J., Camacho, A.B., Chi-Ham, C.L., 2014. Towards a balanced regime of
intellectual property rights for agricultural innovations. J. Intellect. Property
Rights 19, 395-403.

Juma, C,, 2011. Preventing hunger: biotechnology is key. Nature 479, 471-472.

Juma, C., 2013. Juma: Biotech can Help Small Farmers, Available at: http://edition.
cnn.com/video/data/2.0/video/international/2013/08/05/spc-african-voices-
calestous-juma-b.cnn.html.

Kiers, E.T., Leakey, R.R.B., Izac, A.M,, et al., 2008. Agriculture at a crossroads. Science
320, 320-321.

Klimper, W., Qaim, M., 2014. A meta-analysis of the impacts of genetically
modified crops. PLoS One 9, e111629.


http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0005
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0005
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0005
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0005
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0005
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0005
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0005
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0005
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0005
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0005
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0005
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0005
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0005
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0005
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0005
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0005
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0005
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0005
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0010
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0010
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0010
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0010
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0010
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0010
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0010
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0010
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0010
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0010
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0010
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0010
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0010
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0015
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0015
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0015
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0015
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0015
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0015
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0015
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0015
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0015
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0015
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0015
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0015
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0015
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0015
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0015
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0015
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0015
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0015
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0015
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0020
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0020
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0020
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0020
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0020
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0020
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0020
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0020
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0020
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0020
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0020
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0020
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0020
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0020
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0020
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0020
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0020
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0020
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0020
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0020
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0020
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0020
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0020
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0020
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0020
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0020
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0025
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0025
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0025
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0025
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0025
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0025
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0025
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0025
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0025
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0025
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0025
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0025
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0025
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0025
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0025
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0030
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0030
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0030
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0030
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0030
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0030
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0030
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0030
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0030
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0030
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0030
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0030
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0030
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0030
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0030
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0030
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0035
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0035
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0035
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0035
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0035
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0035
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0035
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0035
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0035
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0035
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0035
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0035
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0035
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0035
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0035
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0035
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0035
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0035
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0040
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0040
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0040
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0040
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0040
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0040
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0040
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0040
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0040
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0040
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0040
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0040
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0040
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0040
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0040
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0040
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0040
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0040
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0040
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0040
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0040
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0040
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0040
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0040
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0045
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0045
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0045
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0045
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0045
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0045
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0045
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0045
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0045
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0045
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0045
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0045
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0045
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0045
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0045
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0045
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0045
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0045
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0045
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0050
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0050
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0050
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0050
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0050
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0050
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0050
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0050
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0050
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0050
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0050
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0050
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0050
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0050
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0050
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0050
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0050
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0050
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0050
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0050
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0050
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0050
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0055
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0055
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0055
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0055
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0055
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0055
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0055
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0055
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0055
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0055
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0055
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0055
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0055
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0060
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0060
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0060
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0060
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0060
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0060
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0060
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0060
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0060
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0060
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0060
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0060
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0060
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0060
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0060
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0060
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0065
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0065
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0065
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0065
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0065
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0065
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0065
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0065
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0065
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0065
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0065
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0065
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0070
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0070
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0070
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0070
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0070
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0070
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0070
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0070
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0070
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0070
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0070
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0070
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0070
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0070
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0070
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0070
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0070
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0070
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0070
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0070
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0070
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0070
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0070
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0070
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0070
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0070
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0070
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0070
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0075
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0075
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0075
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0075
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0075
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0075
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0075
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0075
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0075
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0075
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0075
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0075
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0075
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0075
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0075
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0075
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0075
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0080
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0080
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0080
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0080
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0080
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0080
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0080
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0080
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0080
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0080
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0080
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0080
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0080
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0080
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0080
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0085
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0085
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0085
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0085
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0085
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0085
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0085
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0085
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0085
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0085
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0085
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0085
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0085
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0085
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0085
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0085
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0085
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0085
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0085
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0085
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0085
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0085
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0090
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0090
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0090
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0090
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0090
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0090
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0090
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0090
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0090
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0090
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0090
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0090
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0090
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0090
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0090
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0090
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0095
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0095
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0095
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0095
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0095
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0095
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0095
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0095
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0095
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0095
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0095
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0095
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0095
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0100
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0100
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0100
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0100
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0100
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0100
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0100
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0100
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0100
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0100
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0100
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0100
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0100
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0100
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0100
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0100
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0100
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0100
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0100
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0100
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0100
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0100
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0105
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0105
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0105
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0105
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0105
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0105
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0105
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0105
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0105
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0105
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0105
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0105
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0105
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0105
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0105
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0105
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0105
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0105
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0105
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0105
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0110
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0110
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0110
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0110
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0110
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0110
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0110
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0110
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0110
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0110
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0115
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0115
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0115
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0115
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0115
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0115
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0115
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0115
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0115
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0115
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0115
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0115
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0115
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0115
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0115
http://www.fao.org/economic/ess/ess-economic/expenditure/en/
http://www.fao.org/economic/ess/ess-economic/expenditure/en/
http://www.fao.org/economic/ess/ess-economic/expenditure/en/
http://www.fao.org/economic/ess/ess-economic/expenditure/en/
http://www.fao.org/economic/ess/ess-economic/expenditure/en/
http://www.fao.org/economic/ess/ess-economic/expenditure/en/
http://www.fao.org/economic/ess/ess-economic/expenditure/en/
http://www.fao.org/economic/ess/ess-economic/expenditure/en/
http://www.fao.org/economic/ess/ess-economic/expenditure/en/
http://www.fao.org/economic/ess/ess-economic/expenditure/en/
http://www.fao.org/economic/ess/ess-economic/expenditure/en/
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0125
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0125
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0125
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0125
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0125
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0125
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0125
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0125
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0125
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0125
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0125
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0125
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0130
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0130
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0130
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0130
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0130
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0130
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0130
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0130
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0130
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0130
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0130
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0130
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0130
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0130
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0130
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0130
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0130
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0135
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0135
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0135
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0135
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0135
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0135
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0135
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0135
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0135
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0135
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0135
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0135
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0135
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0135
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0135
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0140
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0140
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0140
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0140
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0140
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0140
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0140
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0140
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0140
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0140
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0140
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0140
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0140
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0140
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0140
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0140
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0140
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0140
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0140
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0140
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0145
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0145
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0145
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0145
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0145
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0145
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0145
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0145
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0145
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0145
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0145
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0145
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0145
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0145
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0145
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0145
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0145
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0150
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0150
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0150
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0150
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0150
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0150
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0150
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0150
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0150
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0150
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0150
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0150
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0150
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0150
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0150
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0150
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0150
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0150
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0155
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0155
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0155
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0155
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0155
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0155
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0155
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0155
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0155
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0155
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0155
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0155
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0155
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0155
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0155
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0155
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0155
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0155
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0155
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0155
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0155
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0155
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0155
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0155
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0155
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0155
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0155
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0160
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0160
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0160
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0160
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0160
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0160
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0160
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0160
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0160
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0160
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0160
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0160
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0160
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0165
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0165
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0165
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0165
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0165
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0165
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0165
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0165
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0165
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0165
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0165
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0165
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0165
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0165
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0165
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0165
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0165
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0165
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0165
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0165
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0170
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0170
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0170
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0170
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0170
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0170
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0170
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0170
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0170
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0170
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0170
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0170
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0170
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0170
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0170
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0170
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0170
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0170
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0170
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0170
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0170
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0170
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0170
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0175
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0175
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0175
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0175
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0175
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0175
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0175
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0175
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0175
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0175
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0175
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0175
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0175
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0175
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0175
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0175
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0180
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0180
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0180
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0180
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0180
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0180
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0180
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0180
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0180
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0180
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0180
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0180
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0180
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0180
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0180
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0180
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0180
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0180
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0180
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0180
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0180
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0180
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0180
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0180
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0180
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0180
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0180
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0180
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0180
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0180
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0180
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0180
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0180
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0180
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0180
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0185
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0185
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0185
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0185
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0185
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0185
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0185
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0185
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0185
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0185
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0185
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0185
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0185
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0185
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0185
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0190
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0190
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0190
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0190
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0190
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0190
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0190
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0190
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0190
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0190
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0190
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0190
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0190
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0190
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0190
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0190
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0190
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0190
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0190
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0190
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0190
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0190
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0190
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0190
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0190
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0190
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0190
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0195
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0195
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0195
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0195
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0195
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0195
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0195
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0195
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0195
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0195
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0195
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0195
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0195
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0195
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0195
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0195
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0195
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0195
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0195
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0195
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0200
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0200
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0200
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0200
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0200
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0200
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0200
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0200
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0200
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0200
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0200
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0200
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0200
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0200
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0200
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0200
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0200
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0200
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0205
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0205
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0205
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0205
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0205
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0205
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0205
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0205
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0205
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0205
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0205
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0205
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0215
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0215
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0215
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0215
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0215
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0215
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0215
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0215
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0215
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0215
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0215
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0215
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0215
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0215
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0215
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0215
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0215
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0215
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0215
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0215
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0220
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0220
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0220
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0220
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0220
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0220
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0220
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0220
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0220
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0220
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0220
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0220
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0220
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0220
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0220
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0225
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0225
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0225
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0225
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0225
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0225
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0225
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0225
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0225
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0225
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0225
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0225
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0225
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0225
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0225
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0225
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0225
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0230
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0230
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0230
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0230
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0230
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0230
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0230
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0230
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0230
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0230
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0230
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0230
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0230
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0230
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0230
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0230
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0235
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0235
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0235
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0235
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0235
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0235
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0235
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0235
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0235
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0235
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0235
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0235
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0235
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0235
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0235
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0240
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0240
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0240
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0240
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0240
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0240
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0240
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0240
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0240
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0240
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0240
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0240
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0240
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0240
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0240
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0240
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0240
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0240
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0240
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0240
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0240
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0240
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0240
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0240
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0240
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0240
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0240
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0240
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0240
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0240
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0240
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0245
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0245
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0245
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0245
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0245
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0245
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0245
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0245
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0245
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0245
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0245
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0245
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0250
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0250
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0250
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0250
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0250
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0250
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0250
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0250
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0250
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0250
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0250
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0250
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0250
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0250
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0250
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0250
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0250
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0250
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0250
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0255
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0255
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0255
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0255
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0255
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0255
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0255
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0255
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0255
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0255
http://edition.cnn.com/video/data/2.0/video/international/2013/08/05/spc-african-voices-calestous-juma-b.cnn.html
http://edition.cnn.com/video/data/2.0/video/international/2013/08/05/spc-african-voices-calestous-juma-b.cnn.html
http://edition.cnn.com/video/data/2.0/video/international/2013/08/05/spc-african-voices-calestous-juma-b.cnn.html
http://edition.cnn.com/video/data/2.0/video/international/2013/08/05/spc-african-voices-calestous-juma-b.cnn.html
http://edition.cnn.com/video/data/2.0/video/international/2013/08/05/spc-african-voices-calestous-juma-b.cnn.html
http://edition.cnn.com/video/data/2.0/video/international/2013/08/05/spc-african-voices-calestous-juma-b.cnn.html
http://edition.cnn.com/video/data/2.0/video/international/2013/08/05/spc-african-voices-calestous-juma-b.cnn.html
http://edition.cnn.com/video/data/2.0/video/international/2013/08/05/spc-african-voices-calestous-juma-b.cnn.html
http://edition.cnn.com/video/data/2.0/video/international/2013/08/05/spc-african-voices-calestous-juma-b.cnn.html
http://edition.cnn.com/video/data/2.0/video/international/2013/08/05/spc-african-voices-calestous-juma-b.cnn.html
http://edition.cnn.com/video/data/2.0/video/international/2013/08/05/spc-african-voices-calestous-juma-b.cnn.html
http://edition.cnn.com/video/data/2.0/video/international/2013/08/05/spc-african-voices-calestous-juma-b.cnn.html
http://edition.cnn.com/video/data/2.0/video/international/2013/08/05/spc-african-voices-calestous-juma-b.cnn.html
http://edition.cnn.com/video/data/2.0/video/international/2013/08/05/spc-african-voices-calestous-juma-b.cnn.html
http://edition.cnn.com/video/data/2.0/video/international/2013/08/05/spc-african-voices-calestous-juma-b.cnn.html
http://edition.cnn.com/video/data/2.0/video/international/2013/08/05/spc-african-voices-calestous-juma-b.cnn.html
http://edition.cnn.com/video/data/2.0/video/international/2013/08/05/spc-african-voices-calestous-juma-b.cnn.html
http://edition.cnn.com/video/data/2.0/video/international/2013/08/05/spc-african-voices-calestous-juma-b.cnn.html
http://edition.cnn.com/video/data/2.0/video/international/2013/08/05/spc-african-voices-calestous-juma-b.cnn.html
http://edition.cnn.com/video/data/2.0/video/international/2013/08/05/spc-african-voices-calestous-juma-b.cnn.html
http://edition.cnn.com/video/data/2.0/video/international/2013/08/05/spc-african-voices-calestous-juma-b.cnn.html
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0265
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0265
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0265
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0265
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0265
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0265
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0265
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0265
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0265
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0270
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0270
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0270
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0270
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0270
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0270
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0270
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0270
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0270
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0270
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0270
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0270
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0270

1194 K. Fischer / Research Policy 45 (2016) 1185-1194

Kloppenburg, J.R., 2005. First the Seed: The Political Economy of Plant
Biotechnology. University of Wisconsin Press, Wisconsin.

Kloppenburg, J., 2014. Re-purposing the master’s tools: the open source seed
initiative and the struggle for seed sovereignty. J. Peasant Stud. 41, 1225-1246.

Kremen, C,, lles, A., Bacon, C., 2012. Diversified farming systems: an agroecological,
systems-based alternative to modern industrial agriculture. Ecol. Soc. 17.

Kruger, M., van Rensburg, ].R.J.V., Berg, ].V.D., 2011. Resistance to bt maize in
Busseola fusca (Lepidoptera: Noctuidae) from Vaalharts, South Africa. Environ.
Entomol. 40, 477-483.

Kutka, F., 2011. Open-pollinated vs hybrid maize cultivars. Sustainability 3,
1531-1554.

Lalitha, N., Ramaswami, B., Viswanathan, P., 2009. India’s experience with Bt
cotton: case studies from Gujarat and Maharashtra. In: Tripp, R. (Ed.),
Biotechnology and Agricultural Development: Transgenic Cotton, Rural
Institutions and Resource-Poor Farmers. Routledge, London, pp. 135-167.

Leach, M., Scoones, 1., 2006. The Slow Race: Making Technology Work for the Poor.
Demos, London.

Li, J.,, Lammerts van Bueren, E.T., Huang, K., et al., 2013. The potential of
participatory hybrid breeding. Int. J. Agric. Sustainability 11, 234-251.

Lipton, M., Longhurst, R., 1989. New Seeds and Poor People. Unwin Hyman, London.

Lipton, M., 1978. Inter-farm, inter-regional and farm-non-farm income
distribution: the impact of the new cereal variaties. World Dev. 6, 319-337.

Lipton, M., 2007. Plant breeding and poverty: can transgenic seeds replicate the
‘green revolution’ as a source of gains for the poor? J. Dev. Stud. 43, 31-62.

McCann, J., 2011. The political ecology of cereal seed development in africa: a
history of selection. IDS Bull. 42, 24-35.

McMichael, P., 2009. Banking on agriculture: a review of the world development
report 2008. ]. Agrarian Change 9, 235-246.

Mercer, K.L., Perales, H.R., Wainwright, ].D., 2012. Climate change and the
transgenic adaptation strategy: smallholder livelihoods, climate justice, and
maize landraces in Mexico. Global Environ. Change 22, 495-504.

Morris, M., Bellon, M., 2004. Participatory plant breeding research: opportunities
and challenges for the international crop improvement system. Euphytica 136,
21-35.

Morris, M.L., 2002. Impacts of International Maize Breeding Research in
Developing Countries. Cimmyt, 1966-1998.

Morse, S., Mannion, A.M., 2009. Can genetically modified cotton contribute to
sustainable development in Africa? Progress Dev. Stud. 9, 225-247.

Mosley, P., 2002. The African green revolution as a pro-poor policy instrument. J.
Int. Dev. 14, 695-724.

Mosse, D., 2010. A relational approach to durable poverty, inequality and power. .
Dev. Stud. 46, 1156-1178.

Netnou-Nkoana, N.C,, Jaftha, ].B., Dibiloane, M.A,, et al., 2015. Understanding of the
farmers privilege concept by smallholder farmers in South Africa. S. Afr. J. Sci.
111,1-5.

Newell, P., Mackenzie, R., 2004. Whose rules rule? Development and the global
governance of biotechnology. IDS Bull. 35, 82-91.

Odame, H., Muange, E., 2011. Can agro-dealers deliver the green revolution in
Kenya? IDS Bull. 42, 78-89.

Otero, G., Pechlaner, G., 2005. Food for the few: the biotechnology revolution in
Latin America. Can. J. Dev. Stud. Revue Canadienne D Etudes Du Developement
26, 867-887.

Parfitt, C., 2013. How are genetic enclosures shaping the future of the agrifood
sector? N. Z. Sociol. 28, 33-58.

Pemsl, D., Waibel, H., Gutierrez, A.P., 2005. Why do some Bt-cotton farmers in
China continue to use high levels of pesticides? Int. ]. Agric. Sustainability 3,
44-56.

Pingali, P.L., 2012. Green Revolution: impacts, limits, and the path ahead. Proc.
Natl. Acad. Sci. U. S. A. 109, 12302-12308.

Poulton, C., Dorward, A., Kydd, J., 2010. The future of small farms: new directions
for services, institutions, and intermediation. World Dev. 38, 1413-1428.

Pretty, J.N., 1995. Participatory learning for sustainable agriculture. World Dev. 23,
1247-1263.

Puente-Rodriguez, D., 2008. The Wiphala Genomics: the deployment of molecular
markers in small-scale potato crop systems in the Bolivian Andes. Eur. J. Dev.
Res. 20, 377-398.

Qaim, M., 2009. The economics of genetically modified crops. Annu. Rev. Resour.
Econ. 1, 665-694.

Rao, N.C,, Dev, S.M., 2009. Biotechnology and pro-Poor agricultural development.
Econ. Political Wkly. 44, 56-64.

Renwick, A., Islam, M.M., Thomson, S., 2012. Power in global agriculture:
economics, politics, and natural resources. Int. ]. Agric. Manage. 2, 31-48.

Rivera, W.M,, Alex, G., 2004. Extension system reform and the challenges ahead. J.
Agric. Educ. Ext. 10, 23-36.

Rosegrant, M.W., Hazell, P.B.R., 2000. Transforming the Rural Asia Economy: The
Unfinished Revolution. Oxford University Press, Hong Kong.

Russell, AAW., 2008. GMOs and their contexts: a comparison of potential and actual
performance of GM crops in a local agricultural setting. Geoforum 39, 213-222.

Serensen, K.H., Williams, R., 2002. Shaping Technology, Guiding Policy: Concepts,
Spaces, and Tools. Edward Elgar Publishing Inc., Cheltenham.

Scoones, 1., Thompson, J., 2009. Farmer First Revisited: Innovation for Agricultural
Research and Development. Practical Action Publishing, Rugby.

Scoones, I, Thompson, J., 2011. The politics of seed in Africa’s Green Revolution:
alternative narratives and competing pathways. IDS Bull. 42, 1-23.

Scoones, 1., 2008. Mobilizing against GM crops in India, South Africa and Brazil. J.
Agrarian Change 8, 315-344.

Sen, A., 1981. Poverty and Famines: An Essay on Entitlement and Deprivation.
Oxford University Press, New York, Oxford.

Shah, E., 2008. What makes crop biotechnology find its roots? The technological
culture of Bt cotton in Gujarat, India. Eur. J. Dev. Res. 20, 432-447.

Smale, M., Jayne, T., 2003. Maize in Eastern and Southern Africa: seeds of success in
retrospect. In: EPTD Discussion Papers. International Food Policy Research
Institute, Washington D.C.

Smale, M., Jayne, T., 2009. Breeding an amaizing crop: improved maize in Kenya,
Malawi, Zambia and Zimbabwe. In: Spielman, D.J., Pandya-Lorch, R. (Eds.),
Millions Fed: Proven Successes in Agricultural Development. IFPRI,
Washington, D.C, pp. 33-40.

Smale, M., Byerlee, D., Jayne, T., 2013. Maize Revolutions in Sub-Saharan Africa.
Springer.

Soleri, D., Cleveland, D.A., Glasgow, G., et al., 2008. Testing assumptions underlying
economic research on transgenic food crops for Third World farmers: evidence
from Cuba, Guatemala and Mexico. Ecol. Econ. 67, 667-682.

Stone, G.D., 2004. Biotechnology and the political ecology of information in India.
Hum. Organ. 63, 127-140.

Stone, G.D., 2011. Field versus farm in Warangal: Bt cotton, higher yields, and
larger questions. World Dev. 39, 387-398.

Tabashnik, B.E., Brevault, T., Carriere, Y., 2013. Insect resistance to Bt crops: lessons
from the first billion acres. Nat. Biotechnol. 31, 510-521.

Thirtle, C., Beyers, L., Ismael, Y., et al., 2003. Can GM-technologies help the poor?
the impact of bt cotton in Makhathini Flats, KwaZulu-Natal. World Dev. 31,
717-732.

Thomson, ].A., 2008. The role of biotechnology for agricultural sustainability in
Africa. Philos. Trans. R. Soc. B: Biol. Sci. 363, 905-913.

Tripp, R., 2001. Can biotechnology reach the poor? The adequacy of information
and seed delivery. Food Policy 26, 249-264.

Van Zwanenberg, P., Arza, V., 2013. Biotechnology and its configurations: GM
cotton production on large and small farms in Argentina. Technol. Soc. 35,
105-117.

Van Zwanenberg, P., Ely, A., Smith, A,, et al., 2011. Regulatory harmonization and
agricultural biotechnology in Argentina and China: critical assessment of
state-centered and decentered approaches. Regul. Gov. 5, 166-186.

Wambugy, F., 1999. Why Africa needs agricultural biotech. Nature 400, 15-16.

Wassmann, R., Jagadish, S.K., Heuer, S., et al., 2009. Climate change affecting rice
production: the physiological and agronomic basis for possible adaptation
strategies. Adv. Agron. 101, 59-122.

White, B., 2012. Agriculture and the generation problem: rural youth, employment
and the future of farming. IDS Bull. 43, 9-19.

Wiggins, S., Kirsten, J., Llambi, L., 2010. The future of small farms. World Dev. 38,
1341-1348.

Williams, R., Edge, D., 1996. The social shaping of technology. Res. Policy 25,
865-899.

World Bank, 2007. World Development Report 2008: Agriculture for Development.
World Bank, Washington DC.

Zhang, H., Tian, W,, Zhao, ]., et al., 2012. Diverse genetic basis of field-evolved
resistance to Bt cotton in cotton bollworm from China. Proc. Natl. Acad. Sci.
109, 10275-10280.


http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0275
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0275
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0275
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0275
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0275
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0275
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0275
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0275
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0275
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0275
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0275
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0275
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0275
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0275
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0280
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0280
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0280
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0280
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0280
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0280
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0280
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0280
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0280
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0280
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0280
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0280
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0280
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0280
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0280
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0280
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0280
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0280
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0280
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0280
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0280
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0280
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0285
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0285
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0285
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0285
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0285
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0285
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0285
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0285
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0285
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0285
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0285
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0285
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0285
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0285
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0290
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0290
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0290
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0290
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0290
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0290
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0290
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0290
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0290
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0290
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0290
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0290
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0290
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0290
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0290
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0290
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0290
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0290
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0290
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0295
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0295
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0295
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0295
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0295
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0295
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0295
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0295
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0295
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0295
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0300
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0300
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0300
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0300
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0300
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0300
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0300
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0300
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0300
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0300
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0300
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0300
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0300
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0300
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0300
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0300
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0300
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0300
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0300
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0300
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0300
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0300
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0300
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0300
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0300
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0300
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0300
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0300
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0300
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0300
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0300
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0300
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0305
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0305
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0305
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0305
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0305
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0305
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0305
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0305
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0305
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0305
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0305
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0310
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0310
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0310
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0310
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0310
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0310
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0310
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0310
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0310
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0310
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0310
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0310
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0310
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0310
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0315
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0315
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0315
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0315
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0315
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0315
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0315
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0315
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0320
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0320
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0320
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0320
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0320
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0320
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0320
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0320
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0320
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0320
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0320
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0320
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0320
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0320
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0320
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0320
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0320
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0320
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0320
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0325
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0325
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0325
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0325
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0325
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0325
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0325
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0325
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0325
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0325
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0325
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0325
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0325
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0325
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0325
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0325
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0325
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0325
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0325
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0325
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0325
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0325
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0325
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0325
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0325
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0325
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0330
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0330
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0330
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0330
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0330
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0330
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0330
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0330
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0330
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0330
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0330
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0330
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0330
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0330
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0330
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0330
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0330
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0330
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0330
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0335
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0335
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0335
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0335
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0335
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0335
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0335
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0335
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0335
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0335
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0335
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0335
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0335
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0335
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0335
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0335
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0335
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0335
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0340
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0340
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0340
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0340
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0340
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0340
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0340
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0340
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0340
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0340
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0340
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0340
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0340
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0340
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0340
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0340
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0340
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0340
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0340
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0340
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0340
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0340
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0340
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0345
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0345
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0345
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0345
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0345
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0345
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0345
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0345
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0345
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0345
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0345
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0345
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0345
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0345
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0345
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0345
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0345
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0345
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0350
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0350
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0350
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0350
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0350
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0350
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0350
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0350
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0350
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0350
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0350
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0350
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0350
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0355
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0355
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0355
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0355
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0355
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0355
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0355
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0355
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0355
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0355
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0355
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0355
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0355
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0355
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0355
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0355
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0355
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0360
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0360
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0360
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0360
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0360
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0360
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0360
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0360
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0360
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0360
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0360
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0360
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0360
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0360
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0360
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0360
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0365
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0365
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0365
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0365
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0365
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0365
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0365
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0365
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0365
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0365
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0365
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0365
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0365
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0365
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0365
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0365
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0370
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0370
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0370
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0370
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0370
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0370
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0370
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0370
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0370
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0370
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0370
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0370
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0370
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0370
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0370
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0370
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0370
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0370
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0370
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0370
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0375
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0375
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0375
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0375
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0375
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0375
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0375
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0375
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0375
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0375
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0375
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0375
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0375
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0375
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0375
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0375
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0380
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0380
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0380
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0380
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0380
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0380
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0380
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0380
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0380
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0380
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0380
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0380
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0380
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0380
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0385
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0385
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0385
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0385
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0385
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0385
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0385
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0385
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0385
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0385
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0385
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0385
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0385
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0385
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0385
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0385
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0385
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0385
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0385
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0385
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0385
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0385
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0385
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0385
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0390
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0390
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0390
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0390
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0390
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0390
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0390
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0390
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0390
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0390
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0390
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0390
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0390
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0390
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0390
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0390
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0390
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0390
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0395
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0395
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0395
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0395
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0395
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0395
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0395
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0395
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0395
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0395
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0395
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0395
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0395
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0395
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0395
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0395
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0395
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0395
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0395
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0395
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0395
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0395
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0400
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0400
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0400
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0400
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0400
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0400
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0400
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0400
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0400
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0400
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0400
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0400
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0400
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0400
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0400
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0400
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0400
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0400
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0400
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0405
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0405
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0405
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0405
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0405
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0405
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0405
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0405
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0405
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0405
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0405
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0405
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0405
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0405
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0405
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0405
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0405
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0405
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0410
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0410
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0410
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0410
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0410
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0410
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0410
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0410
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0410
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0410
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0410
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0415
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0415
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0415
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0415
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0415
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0415
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0415
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0415
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0415
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0415
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0415
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0415
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0415
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0415
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0415
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0415
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0415
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0415
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0415
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0415
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0415
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0415
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0415
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0415
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0415
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0420
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0420
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0420
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0420
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0420
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0420
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0420
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0420
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0420
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0420
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0420
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0420
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0420
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0420
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0425
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0425
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0425
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0425
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0425
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0425
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0425
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0425
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0425
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0425
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0425
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0425
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0430
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0430
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0430
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0430
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0430
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0430
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0430
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0430
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0430
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0430
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0430
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0430
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0430
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0430
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0430
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0430
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0430
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0435
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0435
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0435
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0435
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0435
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0435
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0435
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0435
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0435
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0435
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0435
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0435
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0435
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0435
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0435
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0440
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0440
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0440
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0440
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0440
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0440
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0440
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0440
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0440
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0440
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0440
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0440
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0440
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0445
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0445
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0445
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0445
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0445
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0445
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0445
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0445
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0445
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0445
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0445
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0445
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0445
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0445
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0445
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0445
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0445
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0445
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0445
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0445
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0445
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0445
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0445
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0445
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0450
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0450
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0450
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0450
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0450
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0450
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0450
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0450
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0450
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0450
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0450
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0450
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0450
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0455
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0455
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0455
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0455
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0455
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0455
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0455
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0455
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0455
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0455
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0455
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0455
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0455
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0460
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0460
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0460
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0460
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0460
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0460
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0460
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0460
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0460
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0460
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0460
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0460
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0460
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0460
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0460
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0460
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0460
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0460
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0460
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0465
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0465
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0465
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0465
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0465
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0465
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0465
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0465
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0465
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0465
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0465
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0465
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0465
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0465
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0465
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0465
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0465
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0470
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0470
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0470
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0470
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0470
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0470
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0470
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0470
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0470
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0470
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0470
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0470
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0470
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0470
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0470
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0475
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0475
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0475
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0475
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0475
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0475
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0475
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0475
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0475
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0475
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0475
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0475
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0475
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0475
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0475
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0475
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0475
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0475
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0475
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0475
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0475
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0475
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0475
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0475
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0480
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0480
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0480
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0480
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0480
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0480
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0480
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0480
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0480
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0480
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0480
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0480
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0480
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0480
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0480
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0480
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0480
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0480
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0480
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0480
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0480
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0480
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0485
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0485
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0485
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0485
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0485
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0485
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0485
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0485
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0485
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0485
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0485
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0485
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0485
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0485
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0485
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0485
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0485
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0485
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0485
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0485
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0485
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0485
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0485
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0485
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0485
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0485
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0485
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0485
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0485
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0485
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0485
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0485
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0490
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0490
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0490
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0490
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0490
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0490
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0495
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0495
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0495
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0495
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0495
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0495
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0495
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0495
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0495
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0495
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0495
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0495
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0495
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0495
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0495
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0495
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0495
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0495
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0495
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0495
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0495
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0495
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0495
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0495
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0495
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0500
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0500
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0500
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0500
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0500
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0500
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0500
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0500
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0500
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0500
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0500
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0500
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0500
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0500
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0500
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0505
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0505
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0505
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0505
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0505
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0505
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0505
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0505
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0505
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0505
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0505
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0505
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0505
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0505
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0505
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0505
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0505
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0505
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0510
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0510
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0510
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0510
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0510
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0510
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0510
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0510
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0510
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0510
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0510
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0510
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0510
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0510
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0510
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0510
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0510
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0515
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0515
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0515
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0515
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0515
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0515
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0515
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0515
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0515
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0515
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0515
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0515
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0515
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0515
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0515
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0515
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0515
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0515
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0515
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0515
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0520
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0520
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0520
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0520
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0520
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0520
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0520
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0520
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0520
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0520
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0520
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0520
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0520
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0520
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0520
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0520
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0520
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0520
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0520
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0520
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0525
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0525
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0525
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0525
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0525
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0525
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0525
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0525
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0525
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0525
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0525
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0525
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0525
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0525
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0525
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0525
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0525
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0525
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0530
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0530
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0530
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0530
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0530
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0530
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0530
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0530
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0530
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0530
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0530
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0530
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0530
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0530
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0530
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0530
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0530
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0530
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0530
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0530
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0535
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0535
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0535
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0535
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0535
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0535
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0535
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0535
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0535
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0535
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0535
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0535
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0535
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0535
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0535
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0535
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0535
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0535
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0535
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0535
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0535
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0535
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0540
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0540
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0540
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0540
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0540
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0540
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0540
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0540
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0540
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0540
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0545
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0545
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0545
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0545
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0545
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0545
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0545
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0545
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0545
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0545
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0545
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0545
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0545
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0545
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0545
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0545
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0545
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0545
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0545
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0545
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0550
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0550
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0550
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0550
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0550
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0550
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0550
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0550
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0550
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0550
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0550
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0550
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0550
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0550
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0550
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0550
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0550
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0550
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0550
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0555
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0555
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0555
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0555
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0555
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0555
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0555
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0555
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0555
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0555
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0555
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0560
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0560
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0560
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0560
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0560
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0560
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0560
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0560
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0560
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0560
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0560
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0565
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0565
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0565
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0565
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0565
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0565
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0565
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0565
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0565
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0565
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0565
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0570
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0570
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0570
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0570
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0570
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0570
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0570
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0570
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0570
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0570
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0570
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0570
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0570
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0570
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0570
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0570
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0570
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0570
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0570
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0570
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0570
http://refhub.elsevier.com/S0048-7333(16)30030-0/sbref0570

	Why new crop technology is not scale-neutral—A critique of the expectations for a crop-based African Green Revolution
	1 Introduction
	2 Social shaping perspective to scale-neutral crop technology
	3 Scale-neutral crop technology during the Asian Green Revolution
	3.1 The importance of financial and advisory support for crop scale neutrality in Asia
	3.2 FSR highlights the biological shaping of crop scale neutrality

	4 Does scale-neutral crop technology occur in Africa today?
	4.1 Crop technology and African societies in a contemporary global context
	4.2 Crop technology, African agroecologies and climate change

	5 Can GM crops be meaningfully analysed as scale-neutral technology?
	6 Conclusions
	Acknowledgements
	References


