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ABSTRACT

pursue sustainable development (paragraph 230).

This paper explores three interconnected issues of relevance to
sustainability and climate change: agro-ecological farming,
poverty reduction and information and communication
technologies (ICT) in developing countries. It collates evidence
from different sources pointing to the potential benefits of agroecological farming methods for climate change adaptation and its
poverty-reduction possibilities. Despite the importance of on-farm
production of organic inputs for farmers practicing climate
compatible agriculture, this is unlikely to be sufficient for scaling
to a level required for mitigation and adaptation in a timely
manner. However, the scaling up of production could speed the
expansion of such methods and at the same time create
employment opportunities in rural non-farm sectors. This paper
points to the important role ICTs can play in this process, and is a
working hypothesis calling for action by policy-makers,
researchers, donors, and entrepreneurs, including social
enterprises, to grasp this opportunity, whether to conduct further
research, policy dialogues or pilot implementations.

Much attention has been paid to the potential of ICT in reducing
greenhouse gas (GHG) emissions, increasing energy efficiency
and security by investing in sustainability, as well as its
contribution to e-waste and an increase in GHG emissions
associated with ICT’s energy use [7]. But ICT’s energy use is still
well below that of agriculture, which contributes between a
quarter and a third of the GHG emissions that cause global
climate change – it is directly responsible for 13% (including from
fertilisers and livestock), and indirectly it is largely responsible for
another 17%, mainly through deforestation and land use changes
[8],[9]. Agriculture is, like ICT, both part of the problem and the
solution to climate change. Like ICT, there is potential to reduce,
but not eliminate, GHGs from agriculture.
Dependent on agriculture, while experiencing weak
infrastructures and high population growth, countries in the
developing world are particularly vulnerable to the socioeconomic impacts of climate change [9]. It is now widely
recognised that ICT infrastructure in rural communities can
stimulate growth in sustainable agriculture, providing
employment and other development opportunities [10] and while
there is considerable anecdotal evidence from various pilots, there
does not seem to be much widescale realisation of this potential.
There is no clear definition of sustainable agriculture and different
terminologies are used for various methods and practices that fit
broadly within this definition - e.g. conservation agriculture [11],
agro-ecological practices [12], agri-environmental [13] or
ecological agriculture, climate-smart agriculture and organic
farming. Each of these encompasses a wide range of practices,
from replacement of at least some agrochemicals with organic
inputs to certified organic produce. Lacking specific definitions,
these terms are often used interchangeably, contrasting them with
what is generally referred to as “conventional” agriculture. There
would be advantages in an agreed taxonomy in this field, but the
lack of it does not detract from the objectives of this paper, which
presents a working hypothesis related to ICT use for more
sustainable agriculture.
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1. INTRODUCTION
The body of work revolving around ICT and environmental issues
has long recognised the potential of ICT to contribute to
sustainability [1],[2], and has more recently engaged in addressing
environmental challenges associated with its production, use and
disposal. Some aspects of its positive potential were enshrined in
what Hilty & Ruddy [3] referred to as the ‘techno-optimistic’
view in the WSIS Geneva Plan of Action, which encouraged the
use of ICTs for environmental protection, sustainable production
and disaster forecasting and monitoring systems [4]. Referring to
the Millennium Development Goal number 7, “ensure
environmental sustainability”, UNICT [5] pointed to similar
contributions as well as facilitating environmental activism and
enabling more efficient resource use. The outcome document of
Rio+20 [6], acknowledged the importance of ICT in the context
of sustainable development for facilitating the flow of information
between governments and the public (paragraph 44), for sharing
knowledge and good practices related to agriculture (paragraph
11), and for enhancing learning outcomes that prepare people to

Although it might be desirable to focus on the use of ICTs more
holistically in agriculture and climate change, when it comes to
suggesting actionable policies, it is often easier to focus on one
specific issue, rather than approach the challenge from a more
general perspective and call for paradigm shifts. Hence, by way of
illustration of how ICT could be used to encourage ecological
agriculture, this paper concerns itself with the particular issue of
scaling up agricultural inputs for organic farming. In doing so, we
have placed emphasis on a call to action.
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lowers the risks of water and aquatic food pollution affecting
organisms not intentionally targeted. There can be specific health
problems with chemical pesticides arising from inappropriate use,
with farmers often ignoring or misunderstanding labels - e.g. in
Cambodia labels on illegally imported sprays have been written in
Vietnamese or Thai [20]. In South Africa, women have been
found to lack knowledge about the pesticides with which they
come into contact [21]. Combined with other sustainability
measures (e.g. replacing dung with clean cooking facilities and
instead using it for producing organic input), a transition to agroecological practices can have multiple positive environmental
impacts – pollution reduction, better working conditions and
associated health improvements and the production of organic
input. There can also be socio-economic benefits: farmers using
organic inputs tend to be less indebted than farmers using
chemical inputs [10]. These potential poverty-reducing
characteristics particularly benefit women because of the
difficulties they often encounter in accessing external farm inputs
[12].

Building an argument for the benefits of agro-ecological farming
for climate change adaptation, mitigation and poverty reduction,
this paper suggests that in order to realise the potential of organic
agriculture, it will be necessary to scale the dispersed
implementations of this form of farming. There are different ways
in which scaling can take place - e.g. NGOs who are already
involved in raising awareness and imparting skills in agro-ecology
could become catalysts for policy innovations that are then
integrated into government and market institutions, similar to the
way NGO projects in general can be scaled [14]. Scaling of agroecological farming to a level where practice would have
noticeable adaptation and mitigation impacts is, however, likely to
require the up-scaling of organic input [10]. It is argued herein
that government intervention would be required to instigate this,
in order to exploit it in ways that would also contribute to poverty
reduction. ICT would play an important role in the establishment
and operations of this new sub-sector. Other areas where ICTs can
be involved in the process towards greener agriculture include
training farmers in the use of agro-ecological techniques and in
marketing – buying and selling agricultural inputs and produce.
These are covered in subsequent sections, followed by a
discussion of the types of ICTs that are suitable for this process.
The paper then considers the factors required in an enabling
environment for promoting a quantitative leap in the application
of sustainable organic farming methods, with attention to realising
their poverty reduction potential.

Organic farming is by no means the only type of sustainable
agriculture. Other methods, which could also incorporate organic
practices include diversified crop rotations, improved nutrient and
water use efficiency, using crops resistant to pests and disease,
agroforestry and minimum tillage to reduce soil erosion and
increase the soil’s capacity to hold water and sequester CO2 [8].
The greater interest in agro-ecological methods is manifested in an
increase in the arable land dedicated to organic crops – from a
negligible level in 1990 to some 2% in 2010 [10]. A study of the
relationship between organic agriculture and food security in East
Africa, found that the yields of small-scale farmers surveyed for
the study had on average doubled after conversion to organic or
near organic methods [22]. The methods also resulted in healthier
and more stable soils that are better able to hold water, and sustain
plant growth through higher nutrient content. The study
concluded that the findings would be relevant for the rest of
Africa as well as many other developing countries. This claim
might be exaggerated, as the benefits of organic agriculture are
contested and multiple perspectives on this issue are
acknowledged.

2. AGRO-ECOLOGICAL FARMING AS A
CLIMATE ADAPTATION/MITIGATION
AND POVERTY REDUCTION STRATEGY
Industrial agriculture accounts for proportionately higher adverse
environmental impacts than does lower-yield traditional farming
[10] but these environmental costs of production are often
externalised, paid for by those most exposed to these impacts,
often the poorest people in developing countries. There is, then, a
danger of a vicious cycle through which poverty fuelled by
environmental degradation encourages farmers to clear land,
which in turn further degrades the environment.
In addressing the challenge of how to exit this cycle by improving
the efficiency of traditional farming without increasing adverse
impacts, the climate change adaptation and mitigation potential of
organic agriculture has sparked renewed interest. Without
overstating the significance of this move, its extension from the
niche to the mainstream literature is a clear indication. The debate
has been underpinned by scientific and theoretical inquiry related
to agro-ecological methods in support of global movements
adopting such techniques [15]. This includes those wishing to at
least reduce the amount of chemical inputs, rather than going all
the way to having their produce certified as organic. There are
several processes through which these practices contribute to
sustainability and climate change adaptation and mitigation.

A meta-analysis covering 62 study sites, 316 yield comparisons
and 34 different crop species [23] found that overall, organic
yields were typically lower than conventional yields. The
researchers cautioned this could encourage farmers using organic
methods to clear more land for cultivation, thereby contributing to
deforestation, as only limited new land is available for agriculture.
The different views could relate to the contextual nature of
agriculture, both in terms of space and time, as it can take several
years for organic agriculture to reach comparable yields to optimal
application of chemical inputs. For example, an evaluation of
Korea’s Environmentally Friendly Direct Payment Programme
showed that it was not until the fifth year after the change that the
gross margin of organic farming exceeded that of conventional
farming [24]. So the question is how farmers can be encouraged
to make the transition. Policy measures, such as subsidies to
farmers during the period of conversion to more climate
compatible methods, would be necessary to ease the transition and
to avoid the compromise of food security. More importantly,
property rights must be addressed in order for farmers to have the
incentive to invest in long term improvement of their landholdings. In the longer term, if more resources are allocated to

The use of organic matter for composting instead of burning
reduces pollution and has health benefits as well as improving soil
fertility as plant residue is “ploughed back” into the fields [16],
[17]. The water holding capacity of soils is increased from
recycling crop residues, animal manure and other techniques used
in organic farming, thereby improving water absorption capacity
during rains and mitigating flooding [10]. As inorganic fertilisers
are a major source of methane gas emissions and contamination of
land and water [18],[19], the reduction in use of chemical inputs
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generally not the case in developing countries. Products for soil
and plant nutrition probably hold the greatest promise for initial
scaling at a community level, as the inputs are readily available,
particularly where livestock is an integral part of mixed farming
systems. The production of organic fertilisers also has
considerable scope for employment creation.

research into agro-ecological approaches, it may be possible that
the time to reach the break-even can be reduced.
Notwithstanding the studies questioning certain aspects of agroecological farming, we proceed on the assumption that its
advantages can exceed its disadvantages, at least for crops that can
can generate yields that are not below those of conventional
farming within a reasonable timescale and with adequate support
during the transition phase. Much research evidence is already
available to inform policy on these issues. In addition to using
their local knowledge, which is often of an agro-ecological nature,
farmers in many developing countries can take advantage of
formal research in this area. With the likely increase in the cost of
inorganic inputs in combination with greater awareness of the
health benefits of organic farming, the growth in organic farming
may accelerate, but it may be necessary to give it some additional
impetus.

One example of this is the Waste Concern, generating compost
from organic waste in Dhaka, Bangladesh, which helped create
400 new jobs in collection activities and 800 new jobs in the
process of composting. The daily collection of 700 tonnes of
organic waste yielded 50,000 tonnes of compost per year [26].
The fact that this operation is based in Dhaka indicates that this
sub-sector can create employment in urban as well as rural areas
and that the benefits can be two-fold: a way of managing organic
waste in a large metropolitan area and producing organic inputs to
agriculture. As the compost is sold to existing fertiliser
companies, which then enrich it, the end product may not be fully
organic, but nevertheless reduces the reliance of chemical
ingredients. However, despite Waste Concern having been in
operation since 1995, according to Rashid [27], the compost
sector in Bangladesh faces constraints in three areas: licensing
procedures, weak market demand for composting and lack of
awareness among farmers of the benefits of using compost.

Currently, organic agriculture in developing countries is largely
based on farmers creating their own organic matter, particularly
fertilisers. Despite the importance of on-farm production of
organic inputs, this is unlikely to be sufficient for scaling organic
farming to a level required for mitigation and adaptation in a
timely manner. One option for scaling, suggested in this paper is
to place greater emphasis on off-farm production of such inputs
on a commercial or community basis. If implemented with
community participation, subject to addressing the intricacies of
power relations at this level, it could at the same time become an
instrument for poverty reduction and food security. This could be
an opportunity to integrate climate and human development
objectives, including agency and empowerment, into a new subsector, but the danger that such an initiative be captured by
existing power structures must be avoided for this objective to be
achieved. ICT, with its ability to facilitate transparency could be a
useful tool in this process, but not the driver.

This suggests that some form of state intervention may be
necessary, at a minimum in creating an enabling environment and
stimulating demand by raising awareness. It may even be
necessary to go as far as involving the state in a more active way
in the establishment of this sector - e.g. in partnership, possibly
with producer organisations, which are now emerging in
developing countries to represent the interest of poor smallholders
[8]. The latter can then facilitate engagement of community
energies in asset-building activities in an endeavour that has both
economic and environmental benefits, while at the same time
minimising the risk of capture and exploitation by intermediaries.

The availability of physical inputs and an adequate institutional
framework are not sufficient to change farm practices.
Knowledge, the essential component of human capital, is
paramount. It is at the core of the adoption of any innovation, not
only about a specific method, but also knowledge that the
innovation has no disadvantage and preferably a certain advantage
over already known methods. Knowledge is particularly important
for agro-ecology [10],[12], which may require greater
understanding of ecology than farming based on chemical inputs.
ICT has an important role to play in the formation of required
knowledge in this field. A further role for ICT in this process
relates to marketing.

Because of the knowledge-intensity of sustainable agriculture
systems, consideration must be given to information and
knowledge, throughout the development phase of the proposed
initiative, thereby paying attention to the ICT infrastructure,
which has to be integral rather than bolted on.
Information in this context refers to facts, whereas knowledge
incorporates what is known. As information is not automatically
converted into knowledge, the information systems must be
designed around the various stakeholders and their requirements e.g. farmers both as users and possibly suppliers of inputs as well
as suppliers of output. Farmers also need information for
educational purposes - e.g. through open distance learning (ODL),
that will enable them to understand benefits and learn about new
practices. ODL is now used extensively for tertiary education in
the developing world, and has also been used to help farmers
improve agricultural production. The latter is a greater challenge
due to low literacy rates. Employees or sub-contractors engaged in
collecting would require education to learn about the quality of
the input and be able to communicate effectively with farmers and
producers to arrange for pick-up and delivery. Although a
participatory design process involving the various stakeholder
categories is likely to be more complex and time-consuming, it
would probably help ensure the usability and “ownership” of a
system incorporating the above requirements, as well as
information for managing the production, marketing and
distribution systems.

3. USING ICTs FOR SCALING ORGANIC
INPUTS
Several international agencies have engaged with the issue of
intensification and/or extension of sustainable agriculture and one
of the opportunities identified by the United National
Environment Programme [10] to achieve this was scaling up
production of green agricultural inputs. This paper takes as a
starting point that it might be desirable to expand the use organic
inputs by manufacturing at least some of these in the developing
world, embedding the activities in local communities.
While there is a large commercial market for organically certified
agricultural inputs in the developed world, referred to as input
substitution, including manufactured products to control weeds,
pests and diseases, as well as maintaining soil fertility [25], this is
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disseminating information about new farm practices, they can be
quite labour intensive and often not suitable for women [30][31].
This is a particular problem with the feminisation of agriculture in
the developing world, as in many countries men migrate for
employment opportunities in urban areas and other countries to a
greater extent than women [32]. ICT is by no means a panacea to
learning about the environment, particularly for women. Studies
have shown that they have for various reasons been excluded from
many ICT initiatives [33] and where they have been included,
women might have found them empowering without necessarily
gaining economic benefits [34]. Better understanding of the
reasons for these outcomes and how they can be mitigated, or
identification of other suitable ways in which women can improve
their knowledge in this area, is a precondition for the realisation
of the proposed initiative.

It is envisaged that, at the core of the system in a country, there
would be a portal or other electronic venue for managing this
process, including details on demand, pricing and collection
arrangements for organic input. The portal could also bring
together farmers, extension workers and researchers for
knowledge exchange. It would be designed for use by farmers
who want to purchase organic input and those who want to sell
ingredients to the production processes, as well as anyone else in
the supply/demand chain. Other players in this chain would be
able and encouraged to establish their own Internet presence, but
it is important that there is one authoritative information source all
actors can trust. In order for trust to be sustained, a high level of
quality control would have to be established in all aspects of the
operation, from the accuracy of information disseminated via this
system to the production and distribution processes, as well as its
governance. While information and communication would be
integral to the many functions of this system, ICT cannot drive it.
This must be done by an appropriate institutional framework.

ICT has been used extensively for farmer education, initially in
the form of radio and more recently through other media,
primarily mobile phones. The use of recorded voice and video,
rather than relying on text on mobile devices could overcome
constraints stemming from low literacy levels and the lack of
localisation of scripts on mobiles. When accessed through mobile
phones, mLearning can make relevant applications accessible in a
timely manner for farmers - e.g. they can diagnose plant diseases
by comparing pictures available through MMS with what they see
in their fields. But such applications are sometimes unaffordable
for those who could benefit from them most, and ways must be
found to overcome this impediment, e.g. through universal access
policies and/or other subsidies.

There are examples of agriculture portals targeting actors in the
agriculture supply chain in developing countries (e.g.
b2bpricenow.com, an e-commerce platform in the Philippines).
The proposed platform would go beyond this and also include, but
not be limited to, an e-learning platform, an operational tool, a
repository for research information and a tool for linking a diverse
range of stakeholders. To avoid pitfalls when designing this
system, it is necessary to be aware of and learn from the many
unsuccessful implementations using ICT for development,
whether or not these failures are documented in the public
domain. Local involvement is one important lesson, which
presents the challenge of building a scalable system without a topdown bureaucracy. A system of this nature could be a viable
option for mobilising many unemployed youths and provide them
with career paths, starting with simple collection activities.
Opportunities for promotion to more skilled areas of activity
should be available, following completion of prescribed training,
using ODL via the portal. Using transparent career paths that
encourage the more disadvantaged to advance to higher skilled
jobs, this system would avoid the exacerbation of the rich-poor
divide, often associated with technological innovations [28].

With the emergence of open access scientific publishing and open
educational resources (OER), an increasing amount of useful and
educational material for teaching and learning agricultural skills
is, and will become more widely available in the public domain,
reducing the costs of preparing content, but nevertheless requiring
local involvement for tailoring and/or re-purposing [35]. ODL and
OER do not necessarily mean that farmers should be left to their
own devices to locate, access and interpret these resources.
Learning alone at home, the way ODL for higher education is
usually implemented in the developed world, is rarely possible
and probably not an appropriate learning approach in rural areas
in developing countries, due to low literacy skills, inadequate
equipment and electricity supply constraints. Blended learning,
combining ODL material with group learning, is becoming a
popular mode of knowledge acquisition, not only to overcome
resource constraints, but also because of the benefits of learning
in a group environment. This raises the issue of appropriate
venues and support services that go beyond mere connectivity
measures and content creation, taking into account all variables
necessary for learning.

4. ICTs FOR HORIZONTAL EXCHANGE
OF INFORMATION TO EXPAND THE
KNOWLEDGE BASE
Smallholder farmers are frequently locked into unsustainable
production systems as a result of limited access to information and
other knowledge resources, assets and markets, as well as through
inadequate recognition of the value of traditional knowledge [10].
This information access gap prevails, despite what should by now
be widespread awareness of the links between scientific
knowledge, the environment, the economy and institutions:

The importance of disseminating agricultural information for
sustainable rural development to enable farmers to learn new
methods is well recognised, but less acknowledged is the value
inherent in multi-directional communication, particularly between
farmers, researcher and policymakers. In such horizontal
exchange of information, all participants in the dialogue are both
senders and receivers of valuable information. It is as important
for those with scientific expertise in this field to know how to
impart this to farmers as it is for the latter to know how and where
they can find out what they need to know, obtain relevant learning
material, make enquiries and feed their experiences into the
knowledge chain. As argued by the World Bank [36], agricultural
development depends to a great extent on how successfully

‘A society develops economically as its members increase
jointly their capacity for dealing with the environment. This
capacity for dealing with the environment is dependent on the
extent to which they understand the laws of nature (science),
on the extent to which they put that understanding into
practice by devising tools (technology), and on the manner in
which work is organized’[29].
Relevant for society in general, the above quote, by Walter
Rodney from 1972, is just as applicable today for the trajectory to
agro-ecological farming, which is highly knowledge-intensive.
While extension services are a common and useful way of
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knowledge is generated, shared and applied, and for that,
interactive and collaborative forms of sharing and exchange are
required [37]. ICTs can only facilitate, but not encourage,
coordinate or implement, complementary use of different
knowledge sources to bring about the continuous process of
innovation that is so vital in driving this sub-sector, and at the
same time bridge social and geographical distances.

contribute to more productive relationships [48], but cannot by
itself change power balances.
Transparency is critical in building confidence and trust in a
supply chain and this is especially so regarding claims relating to
organic agriculture. The current limited ability to track produce
from source to destination could affect the level of trust when it
comes to purchasing organic produce. ICT based tracking systems
could overcome this constraint. It is not suggested that outputs
from such practices necessarily be marketed under the stringent
conditions required for organic certification. Aiming to produce to
higher standards has inherent benefits as it can induce efficiency
and stimulate innovation, which in turn can enhance
competitiveness in the global agriculture market [10]. It has been
difficult for farmers in developing countries to enter the global
agriculture market because of national food security and farm
trade policies, which historically have tended to favour producers
from developed countries. Global trade in agriculture got more
complicated with the rise in food prices in 2007-2008, when
several countries restricted the export of staple foods to protect
domestic consumers. Whatever the trading environment (the
complexities of which are beyond the scope of this paper), ICT is
necessary, but by no means sufficient, to facilitate entry to the
global market.

There are several examples of such information exchanges, one of
which is the Bulgarian network of sustainable education and
permaculture initiatives. With most members located in remote
rural and mountainous areas, activities are mainly conducted
online [38]. Another example is a project in the South Pacific,
where promotional DVDs were used for training in low-cost
irrigation systems, composting and the use of neem and derris as
organic pesticides. This production was one output from extensive
collaboration between diverse information providers and
community groups, including farmer groups [39]. Open access to
research findings can also be beneficial, both in communicating
research findings and in giving developing country researchers a
voice and, thereby, providing appropriate information for
developing country agriculture. The case of Prof. Mary AbukutsaOnyango of Jomo Kenyatta University of Agriculture and
Technology, whose research on African Indigenous Vegetables
(AIV) only found a voice in open access journals in Africa, is
instructive. She attests to the importance of open access
publishing for development in African countries [40]. In all of the
above examples, ICT is a fundamental enabler, but it is only one
of the ingredients required for information exchange.

5. WHAT TYPE OF ICTs
Farmers tend to gain information and communicate through a
variety of methods and technologies. The rapid growth of mobile
devices holds great potential for greening the farming sector, but
may be less useful where scripts have not been localised for
mobile phones or networks. A range of ICTs must therefore be
considered, primarily for educational purposes, and much
experience has already been gained from community radio, which
continues to play a vital role, having been pioneered by the Food
and Agriculture Organization (FAO) several decades ago. The
FAO has also pioneered the “e-Agriculture Community” forum, a
global community of practice for the exchange of information,
resources and ideas related to the use of ICT for sustainable
agriculture and rural development. As the website is only in
English, French and Spanish, it seems to be targeted at
intermediaries and researchers, rather than farmers. Television,
the take-up of which is increasing in rural areas with
electrification, is another potential medium for disseminating
information about sustainable organic agriculture to farmers.
These and other market based information dissemination channels
may require incentives or possibly some form of regulation to
respond to this challenge, as privately owned media relying on
revenue from commercials might face opposition from companies
operating in the agrochemical sector.

All parties in an agriculture value chain can benefit from the use
of ICT in the marketing of agro-ecological produce. While the
usefulness of ICT’s for market price information, particularly by
farmers to reduce the information asymmetry between them and
traders has been recognised [37],[41], it has also been
acknowledged that information is not sufficient to change power
relationships and often has to be supplemented with access to
other resources. These must go hand in hand with the information,
as there is no point in a farmer knowing that a better price could
be obtained at a market 50 km away, in the absence of transport to
get to the market. Similarly, awareness that prices will be much
higher six months after the harvest is useless for a farmer lacking
storage facilities or having to pay back a loan obtained to
purchase seeds. Against this, it has been posited that the mere
increase in information symmetries can weaken the bargaining
position of intermediaries and assist farmers in making better
decisions [42].
Buyers and sellers at the extremes of the supply chain usually do
not interact directly, but via one or several intermediaries. The
role of intermediaries, particularly in the agriculture supply chain,
has been the subject of divergent views and evidence in the ICT
literature. There seems to be general consensus that wider access
to ICTs can erode information asymmetries, but there is
contention about what this means in practice. While it potentially
enables farmers to increase their surplus, which can be used for
productive investments on their farms to generate higher yields,
this is not always the outcome. ICT has led to some
disintermediation among farmers and micro-enterprises [43],[44],
but, there is also evidence pointing to ICTs fostering ongoing and
even the entrenchment of intermediation [45],[46],[47].
Intermediaries can play productive as well as exploitative roles in
the agriculture chain and by facilitating transparency, ICT can

Personal computers, laptops and tablets are other useful
instruments for disseminating information and communicating
about sustainable agriculture. As these would be unaffordable for
the majority of farmers, both in terms of up-front and operational
costs, particularly where there is limited access to electricity,
some form of community ICT access point for shared access may
be desirable. Multipurpose community telecentres, which since
the 1990s have been one model for sharing access, are an avenue
through which information can be disseminated and exchanged.
Driven by public institutions and NGOs, rather than the market,
their success has been mixed, and their potential to contribute to
development has not always been realised. There are several
reasons, including of a formative nature, such as inability to
maintain equipment and pay for services when external funding
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ceases. It is critical to better understand why this is so often the
case and to explore outcomes from a summative perspective,
before making further investments in this type of facility.

researchers. Such communication could be quite problematic,
whether due to language or lack of relationships beyond the
boundaries where scientists and farmers, respectively operate.

An important question to consider is whether telecentres can be
given a new lease of life, focusing on agro-ecological agriculture
and add community radio to the mix of media, which some of
them already do, through which they disseminate agricultural and
other information. While community radio is not as efficient for
multi-directional exchange of information, it has the benefit of
reaching women who tend to have underused telecentres,
compared to men [49]. But if telecentres are to be used for this
purpose, they must exert greater effort in attracting women, not
only for reasons of fairness and equality, but also because women
are playing an increasingly important role with the feminisation of
agriculture. Highlighting the significance of ICTs for information
sharing in agriculture, FAO [50] noted that locations where ICT
can be accessed must be suitable, particularly for women. As
important as the locations, is what occurs at them, and a key
benefit of this type of institution is that they often have
infomediaries, who can assist those with insufficient literacy
levels to access relevant information.

Beyond availability and access, adoption and use of ICTs must
also be addressed, particularly with respect to what knowledge is
required to use various ICTs and how content should be presented
to make it understandable. To gain a better understanding of this
process, social theories dealing with this issue can provide useful
insights into potential barriers and implications, if barriers persist
- e.g. theories dealing with diffusion of innovations, structuration
and knowledge gap theories [55]. Awareness of impediments and
how to overcome them, as informed by such theories, particularly
when applied to developing countries, is essential to avoid the
implementation of systems that will not be used. Reference to the
design-reality-gap [56] framework can provide a useful guide for
this purpose.

6. ENABLING CONDITIONS AT THE
MACRO-LEVEL
Despite what appears to be a reasonable rationale of agroecological practices, a transition to this type of farming is unlikely
to materialise on its own, without intervention, particularly as
vested interests could try to inhibit such a conversion. Policy
intervention is both necessary and desirable where the market fails
to pay for negative externalities and for initiatives with overriding
social objectives. There is also the issue of acceptance by
potential users, which even if new practices are beneficial, cannot
automatically be assumed, as illustrated in literature dealing with
innovations [57]. It is therefore necessary to work on acceptance
in parallel with the up-scaling of the sub-sector, which, although
not being a ”big-bang” approach, nevertheless has to move at a
rapid rate to maximise the opportunity for climate change
adaption and mitigation.

Aware of local information needs, where to obtain and how to
access relevant information, telecentre infomediaries can act as
knowledge brokers for sustainable agriculture practices. But it can
also be disempowering for farmers to have to go via
intermediaries to access information, so they should not be
substitutes for training and self-learning. In addition to being a
location for accessing information, telecentres are places for
interaction and engagement. Sometimes represented as obsolete
with the emergence of the almost ubiquitous mobile networks,
Pant & Heeks [51] suggested a new role for them, combined with
mobiles, in enlisting ICTs to deal with climate change,
particularly when accompanied with deliberate development of
capacities. However, unlike the other modes of implementing
technologies (e.g. broadcasting and individual ownership of
mobiles that can easily and quickly reach a large number of
people) this is not the case for telecentres, which have not
managed to scale to a significant extent, despite a large number of
pilots.

While implementations must be receptive to national and local
idiosyncrasies, it is nevertheless useful to discuss some general
principles.
There is likely to be a process of bargaining between the parties
involved in existing and future agricultural supply chains,
including existing suppliers of chemical inputs, farmer
representatives, scientists, the various tiers of government and
NGOs, as well as international and foreign aid agencies. One
model through which conflicting interests could be managed
would be interactive policy-making, in which various parties are
actively involved in jointly arriving at a decision [58]. ICTs are
important in such a co-design process.

In addition to access methods, it is important to look at the
platforms for the different applications, whether for the
commercialisation of organic input, learning or marketing. In
doing so, account must be taken of the diverse ways in which
users will access a range of applications for obtaining information
and communicating. This calls for greater interaction between the
development of ICT hardware, software and systems on the one
hand, and users of agro-ecological practices on the other, to
address the compounded challenges of access difficulties, low
literacy rates and affordability.

Ultimately, governments have mediation and policy formulation
responsibilities in such a process and they have at their disposal
policies of an enabling and/or coercive nature. While both have
their place in different climate change policy contexts, enabling
polices would be the most efficient and equitable approach for
agro-ecology, as they are more likely to generate trust in
government institutions and commitment by farmers to embrace
new practices. Trust is often a critical component in adoption of
innovations. Coercive measures, such as charges to internalise the
environmental costs of conventional agriculture, while appropriate
for large-scale commercial farms, would be inappropriate for
small-holder subsistence agriculture, as they would impose
unnecessary hardship. It would in any case be very difficult, if not
impossible, to implement such policies administratively. Enabling
policies can provide incentives for organic farming as well as
disincentives for conventional agriculture (e.g. by removing

Even more important is access to content. There is a strong
movement towards making the results of publicly funded research
openly and freely available, with research agencies, funders and
governments increasingly mandating open access [52],[53]. Not
only does this enable access to worldwide research from
developing countries, it also enables the reverse flow of research
and information from developing countries [54]. With open
access, there is greater prospects for knowledge in this field to
reach places where it can be put to good use and, in turn, further
developed. But open access is not enough, concerted action is
required to make the scientific research understandable by farmers
and to establish bidirectional channels between farmers and
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established that there are net environmental benefits from such
operations. This could be done through an environmental value
chain analysis (i.e. comparing the environmental costs at each
stage of the process with environmental costs of producing and
using conventional inputs). Secondly, research should also be
conducted on how ICT is used and could be better used by
different stakeholders in such enterprises. The research should
extend to explore benefits achieved by various parties involved in
this chain and any unintended negative consequences for the most
vulnerable population or the environment.

subsidies on chemical inputs). Some agricultural subsidies
exacerbate the negative effects, as they tend to encourage overuse,
particularly of inorganic fertilisers, with detrimental effects on the
environment [11], as well as exposing governments engaging in
such subsidies to oil price increases. Instead, governments could
offer subsidies for organic fertilisers and compensate for the lower
yields during the transition phase.
The enabling environment must take account of the
interconnected dimensions of sustainable agriculture, food
security, climate change, poverty reduction, and information
systems to support the governance of sustainable agriculture. This
requires collaboration across different government functional
areas. Such overlap of ICT with other policy domains was
recognised by Mansell and Wehn [1] in their 1998 book on ICT
for sustainable development. If done appropriately, it could serve
to strengthen the role of small-holders and those who are most
marginalised, by providing them with a safety-net in the emerging
sector of organic input production.

Research should also explore whether there are indeed any
symbioses between agro-ecological practices and livelihood
improvements, using a wide range of social and economic
indicators, including the role of different types of ICTs in
contributing to outcomes, drawing and expanding on existing
research in this field. This would include exploring how different
design and implementations of ODL resources affect learning
outcomes that lead to adoption of more climate compatible
practices among farmers,

The livelihood outcomes as represented by improved food
security and other features of well-being expected from such an
initiative depend on awareness, and capacity. While ICT can
facilitate these, improved livelihoods are also required to enable
the use of ICTs, both in terms of skills and affordability. This
points to the importance of incorporating ICT training with
training in use of agro-ecological methods. This requires
collaboration between government authorities responsible for ICT
and farming.

Another area for fruitful research would be to investigate the
market for external inputs into organic farming in developing
countries, focussing on constraints faced by this sector and
identifying whether and how ICTs could contribute to overcoming
these. The results are likely to be highly contextual to different
country settings and show differences within countries. Empirical
insights about the conditions under which the potential of ICTs
can be realised to contribute to scaling up agricultural inputs for
organic farming in a way that reduces poverty will be an
important input to governments seeking to direct their policy
efforts into agro-ecological farming. It will also be necessary to
tune into the interests of policy-makers and funders when
formulating a detailed research agenda in a specific contexts.

Other institutions critical to the enabling conditions relate to
finance. Whether secured by the public sector through inclusion
in the fiscal framework or other sources, its provision must
encourage self-sufficiency, rather than contributing to
dependencies through increased farmer indebtedness, to facilitate
the long term viability of sustainable agriculture, beyond the
expiry of external assistance. Potential funders outside
governments can include NGOs, commercial firms and/or other
agencies acting as donors or lenders, including environment
related funds, such as the Clean Development Mechanism (CDM)
and Payment for Environmental Services (PES). While funding
from carbon trading sources can have considerable administrative
overheads [59], it is an opportunity worth pursuing. In order to
avoid the paradox of having to demonstrate carbon sequestration
before receiving funding, but unable to do so due inadequate
funding of the type of facility proposed in this paper, it may be
necessary to bring forward the “green investment” in anticipation.
Learning from funding of social programmes in general, it seems
that diversity of funding is preferable to funding from a single
source, as this tends to encourage more champions and
community support [60] and would also reduce the reliance on a
single funding source. ICT could be useful, at least in starting this
process, by enlisting support from the public (e.g. through
awareness).

7. A RESEARCH AND EVALUATION
AGENDA

The next step would be to capture the disparate components of
this paper into a cohesive framework. The sustainable livelihoods
approach (SLA) could provide a conceptual framework within
which the diverse aspects of such an agro-ecology initiative could
be brought together under one umbrella. This framework is ‘a way
of thinking about the objectives, scope and priorities for
development. In essence it is a way of putting people at the centre
of development, thereby increasing the effectiveness of
development assistance’ [61] The SLA explores livelihood
resources and strategies that enable or constrain the achievement
of sustainable livelihoods for different groups and institutional
processes. At the core of this concept are the tangible and
intangible assets (physical, natural, financial, human, and social)
of firms, communities and individuals and their ability to
withstand shocks in environments that make them vulnerable.
When used for interventions, the SLA has a holistic rather than
sectoral focus, and is thus suitable for incorporation of ICT as an
integral component, as reflected in a number of ICT related
studies adopting this framework [62]. It can be applied in
conjunction with a diverse range of research and evaluation
methodologies used for international development, both
qualitative and quantitative (e.g. randomised control trials).

The impact of innovations, such as the one proposed in this paper,
need to be evaluated in terms of their environmental and social
objectives and researchers play an important role in the evaluation
of pilot and wider implementations, through formative and
summative evaluations. Initially, such research could be
conducted on existing operations in this area (e.g. the Bangladeshi
Waste Concern, mentioned in section 3). Firstly, it has to be

The SLA is not without its critics, who have identified
deficiencies in the approach relating to insufficient attention to the
macro-level, private and economic institutions, its overemphasis
on self-help and in defining and measuring the capital types and
sustainability [63],[64]. These shortcomings could be overcome
when applied in practice, as the framework can be extended to
incorporate the missing ingredients, particularly poverty reduction
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marginalisesd, it might be possible to avoid a situation where the
initiative benefits only the more prosperous members of society,
as has sometimes been the case with climate change projects in
the developing world. In outlining the potential of various forms
of ICTs, the paper emphasised that rather than limiting attention
to physical infrastructure and software platforms, emphasis must
also be placed on more open access to information and abilities to
absorb it. In addition, affordability and skills to use various
technologies should be given adequate consideration. While
knowledge, transparency and efficiency, facilitated by ICT, would
minimise the danger of the deployment of a low-risk initiative of
this nature becoming a costly failure, many policy and
institutional hurdles must be overcome to achieve these to a
sufficient extent.

and the macro-level, both of which are critical for the success of
such climate change adaptation and mitigation initiatives. It could
be designed to analyse outcomes and to understand existing and
evolving formal and informal constraints at the micro-, meso- and
macro levels in several domains, including the environmental,
technical, institutional, political and social in a combined rather
than fragmented view of the entire system. In addition to these
wider system components, the business performance of this subsector, in terms of triple bottom line achievements, must also be
monitored to facilitate a consistent stream of funding.

8. CONCLUDING REMARKS
It is now widely recognised that “business as usual” in the
farming sector will not bring food security, poverty reduction and
environmental sustainability due to the combination of intensified
pressure from population growth, unsustainable use of resources
and climate change. But any changes must be compatible with
improved livelihoods for small-holders, rather than at their
expense. Consensus among a diverse range of agencies is now
crystallising around the idea that agro-ecological farming is
pointing the way towards meeting the dual objectives of climate
change adaptation/mitigation and poverty reduction.
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