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Stage 2: Establishment of Training Centre 
The next step is to establish an appropriate training entity with inter-institutional support. The design 
should be decentralised and sensitive to the local socio-cultural context. A group of technical experts is 
required to design and provide the training modules. A budget will be required for their remuneration, for 
materials and equipment and training activities. Figure 4.18 shows a local training centre for agricultural 
extension agents in Peru. 

Figure 4.18 Farmer Centre in Peru Where Local Agricultural Extension Agents Are Trained 

Source: Courtesy of Jon Hellin, Practical Action 2003

Stage 3: Training Rural Extension Agents 
Training is designed to reflect the livelihoods of the local communities. For example, in Kenyan pastoralist 
zones, training could concentrate on livestock. In Bangladesh, training could focus on fisheries, agriculture 
and livestock. Communities elect candidates against a list of agreed criteria and a consensus is reached 
on the best individual or individuals to be put forward. Training is organised with the participation of relevant 
district-level government staff, whose fees are paid for from project budgets. Activities include visits to 
technology development and research centres, the establishment of trial testing and experimentation 
plots, and problem-solving workshops. Upon completing the training, participants should receive official 
certification from a state body. 

Stage 4: Ongoing Technical Support and Evaluation
Technical experts should be available to provide ongoing support to rural extentionists and also to be 
responsible for undertaking follow-up impact evaluation via household surveys. This information should be 
systematised and documented to feed into future programmes.
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Stage 5: Knowledge Refresher Courses
Periodic refresher courses should be made available to rural extentionists. These courses should provide a 
space for participants to feedback on their experiences and contribute to the improvement and refinement 
of training materials. This can be undertaken at the training centre hub or through visits to the extentionists 
at work in their respective communities.

How the Technology Contributes to Climate Change Adaptation

The community-based rural extension model contributes to climate change adaptation and risk reduction 
by building the capacity of communities to identify and select appropriate strategies in response to observed 
impacts of climate variability on local livelihoods. The model promotes a rural outreach programme that 
provides assistance to many communities that would otherwise not receive technical support services. 
As a result of these services, farmers have generally been able to increase crop and livestock production. 
This, in turn, has positive effects on family health and food security. In addition, rural extentionists have 
been instrumental in supporting local communities to develop affordable new products for local markets 
(Coupe, 2009). 

Advantages

Rural agricultural extension programmes can help reduce the costs of providing extension services that 
emanate from the scale and complexity of centralised systems (Feder et al, 2010). Rural extentionists 
themselves benefit from the accumulation of new knowledge and technical skills and, through this, 
are able to generate additional income by charging for their services. The strengthening of social and 
professional networks via this model provides vital access to information and, by working directly with local 
producers and passing on acquired knowledge, rural extentionists are building the technical capacity of 
their communities (Feder et al, 2010). They learn, for example, to detect illnesses amongst livestock and 
implement preventive measures, thereby reducing the need for costly veterinary services. Other benefits 
include improved self-confidence and innovation on the part of rural extentionists. 

Disadvantages

In terms of limitations, the model may face problems where rural farmers do not have the means or are 
not willing to pay for technical services. In societies where paying for information is not the norm, rural 
extentionists will have to work hard to earn trust and acceptance as a service provider who is able to 
charge and make profits within the community from which they originate. Wherever they work, it will take 
time for extentionists to build up the skills and client base and, providing inputs, establish their position and 
reputation (Coupe, 2009). The model also depends on adequate technical expertise being available locally, 
either from civil society, NGOs, governmental or private entities, and the capacity of a local institution to 
adequately integrate this information into local know-how. 

Knowledge and Monitoring Requirements

The training of farmers as community-based extentionists is a complex educational process that needs to 
be constantly and flexibly adapted to the social and cultural conditions of each locality and the institutional 
and natural resource context of local agricultural production. Community-based rural extentionists require 
specialised technical training on locally appropriate agricultural practices including crop, soil and water 
management, animal husbandry, and fisheries to fill the service vacuum left by the state and formal private 
sector. The curriculum should be designed to reflect the educational level of the participants. Cultural and 
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linguistic barriers must also be taken into account in the delivery of the training. Training should promote 
action-research, farmer-to-farmer learning and learning-by-doing; under a methodology that combines 
theoretical and practical aspects.

Costs and Financial Requirements

External financing will usually be required to set up training schools for agricultural extension. When the 
training is carried out by local organisations and farmer facilitators, initial start-up costs may be moderate, 
but the running costs will be much lower. In Peru, between 1996 and 2000 the average annual cost of 
training a rural agricultural extentionist was $ 1,200 (De la Torre Postigo, 2004). Estimates of costs per 
farmer for Farmer Field School (FFS) training in several East African programmes vary between US$ 9-35 
per day, depending on whether extension agent or farmer facilitators are used (Dragun, 2001). It may be 
possible to charge extensionists a small fee for training, depending on an assessment of their capability to 
do so. In East Africa, extentionists have been managing small commercial plots alongside the study plots 
in order to raise funds to buy inputs and stationery (Braun and Duveskog, 2008). In Bangladesh, training 
by Practical Action and department officers in 2002-3 including equipment donation, refresher training and 
field follow-up came to 12,730 Taka per person ($ 177) in the case of livestock and 8,050 Taka per person 
($ 112) in the case of agriculture and fisheries (Coupe and Pasteur, 2009).

Institution and Organisational Requirements

It is necessary to promote debate on the importance of extension and rural technical education by means 
of coordinated efforts with all the institutions present in the zone that are dedicated to rural development. 
These are likely to be state institutions dedicated to agricultural development, associations of producers, 
organisations of water users, research institutes, local universities, private companies and NGOs.

It is desirable to obtain an inter-institutional agreement between a group of institutions to push forward 
the development of a system of extension that responds to the particular needs of the locality. Identifying 
the best farming practices in the intervention area, be they from individual farmers, producer associations 
or companies, and securing support for training of the community-based extensionists can also generate 
important financial and technical support.

Establishment of a training institute with the support of the group of institutions identified will help to ensure 
long-term sustainability. Finally, there is a need to create a model for institutionalising rural extension training 
within a broader framework for formal training and education institutions in order to facilitate scaling-up.

Barriers to Implementation

Barriers to implementation include a lack of appreciation for local knowledge. This can be overcome 
with concerted action to validate and disseminate information on indigenous practices and develop 
appropriate technologies that combine this know-how with modern strategies. A lack of access to credit 
by extentionists to buy basic equipment required for technical service provision can also act as a barrier 
to successful implementation. 

Opportunities for Implementation

The implementation of the rural extension model provides an opportunity for the generation of innovative 
sustainable agriculture and livestock development strategies which embrace local customs and know-
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how. Furthermore, the model facilitates the development of entrepreneurial skills amongst participants 
and provides multiple co-benefits that reach far beyond the immediate impacts on the extentionists 
themselves. Another opportunity provided by this model is the establishment of strategic alliances between 
local educational, technological and scientific entities to promote the exchange of information and facilitate 
wider dissemination and uptake.

A Real Example of Application

Box 4.51 Rural Extensionist Experiences from Bangladesh and Kenya

In the Turkana region of northern Kenya, animal health is critical to the livelihoods of pastoralist 
communities. However, formal veterinary services often do not reach the remote areas where many 
pastoralists live.

Community-based Animal Health Workers (CBAHWs) have been recognised as having a role in 
bridging this gap for more than a decade under national policy in Kenya, but in reality there has been 
little penetration of CBAHWs into mainstream veterinary practices. Practical Action Eastern Africa has 
been working to change this. It has encouraged the Turkana District Veterinary Office to train more 
CBAHWs and to provide monitoring and a referral service for complex cases. Practical Action Eastern 
Africa has also been instrumental in making links between the CBAHWs and private sector drug 
and vaccine suppliers (Coopers K Brand and Norbrook), ensuring product use training and a reliable 
supply chain for critical medicines.

CBAHWs are now seen to provide a surveillance role on behalf of the District Veterinary Office as 
primary disease monitors. They are also seen to be responding to calls for assistance within 24 hours 
and kraal-level reports indicate survival rates of treated livestock identified as at-risk by CBAHWs have 
reached 70 per cent, compared to a 15 per cent baseline. On average, 2 drug transactions per month 
were sourced by CBAHWs from private sector suppliers. None existed before this work. Eldoret’s 
Norbrook sales manager, Dr. Were, has identified Ksh70,000 worth of new transactions every month 
through this channel: “I never ever expected anything of this kind to come from pastoralists. It is a 
business opportunity we need to refocus on.”

Source: Practical Action website, www.practicalaction.org

4.7.2  Farmer Field Schools

Definition

The Farmer Field School is a group-based learning process that has been used by a number of governments, 
NGOs and international agencies originally to promote integrated pest management (IPM). The first FFS 
were designed and managed by the Food and Agriculture Organisation (FAO) in Indonesia in 1989. They 
were developed in response to perception that small farmers were not managing agrochemical-based 
agriculture well, particularly pest management through the use of pesticides. Many farmers did not 
have the resources to use pesticides, and sometimes wrong uses and storage caused the problems of 
poisoning. Furthermore many pests seemed to rapidly develop resistance to the pesticides. FFSs bring 
together concepts and methods from  agroecology, experimental education and community development, 
as a group-based learning process. Overall, FFSs look to reinforce the understanding of farmers about the 
ecological processes that affect the production of their crops and animals, through conducting field learning 
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exercises such as field observations, simple experiments and group analysis. The knowledge gained from 
these activities enables participants to make their own locally-specific decisions about crop management 
practices. Although FFSs were initiated as a training process for pest control in field crops, the principles 
have now been adapted to all agricultural production systems from livestock to coffee production. 

How the Technology Contributes to Climate Change Adaptation

The FFS approach represents a radical departure from earlier agricultural extension programmes, in which 
farmers were expected to adopt generalised recommendations that had been formulated by specialists 
from outside the community. The basic features of a typical rice IPM Farmer Field School are as follows 
(from Pontius et al, 2002; Bijlmakers, 2005):

•	 The IPM FFS is field-based and lasts for a full cropping season

•	 A FFS meets once a week with a total number of meetings that might range from at least 10 (up to 
16) meetings

•	 The primary learning material at a FFS is the cropping field

•	 The FFS meeting place is close to the learning plots, often in a farmer’s home and sometimes 
beneath a tree

•	 FFS educational methods are experiential, participatory, and learner centred

•	 Each FFS meeting includes at least three activities: the agro-ecosystem analysis, a ‘special topic’, 
and a group dynamics activity

•	 In every FFS, participants conduct a study comparing plots with different managements

•	 An FFS often includes several additional field studies depending on local field problems

•	 Between 25 and 30 farmers participate in an FFS. Participants learn together in small groups of five 
to maximise participation

•	 All FFSs include a ‘field day’ in which farmers make presentations the results of their studies

•	 A pre- and post-test is conducted as part of every FFS for diagnostic purposes and for determining 
follow-up activities

•	 The facilitators of FFSs undergo intensive season-long residential training to prepare them for 
organising and conducting FFS

•	 Preparation meetings precede an FFS to determine needs, recruit participants, and develop a 
learning contract

•	 Final meetings of the FFS often include planning for follow-up activities.

The curriculum of the FFS was built on the assumption that farmers could only implement integrated crop 
management once they had acquired the ability to carry out their own analysis, make their own decisions 
and organise their own activities. The process of empowerment, rather than the adoption of specific 
management techniques, is what produces many of the developmental benefits of the FFS.

Climate change brings many complex and unpredictable changes that affect the viability and management 
of farming systems. Not only are there trends in the change of temperature and rainfall, but also increased 
climate variability especially in the duration and intensity of the seasons. This affects a whole range of 
conditions relating to the performance and management of different farming systems, from planting time, 
to flowering, to the prevalence of different pests and diseases. To cope with this increased variability 
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farmers will need a greater understanding of the processes that affect the performance of the different 
production systems they manage and undergo constant experimentation and adaptation of these 
production systems. More so even than the agronomic knowledge that farmers acquire from participating 
in farmer field schools, the habits and abilities of constant adaptation are essential for farmers to be able 
to cope with climate change. 

Advantages

Farmer field schools represent an effective mechanism for group training that can reach thousands of 
small-scale farmers with knowledge and technical content that each can adapt to their own unique 
circumstances. Beyond this, as has been indicated, these processes empower farmers, both individually 
and collectively, to more effectively participate in the processes of agricultural development. 

Disadvantages

Educating farmers through FFS requires more time from both farmers and extensionists than simple 
technology transfer or technical recommendations. The experimentation conducted may initially generate 
more failures than successes, but so too have technical recommendations in the contexts of small farmer 
agriculture. In the medium term farmers participating in FFS leads to more sustainable impacts. 

Knowledge and Monitoring Requirements 

Fundamental to the success of FFS is the training of the trainers of facilitators of the FFS. This often 
requires re-training of extension personnel in a range of skills and attitudes that were not part of their initial 
training. Extension personnel have typically been trained in technology transfer rather than adult education 
and participatory learning. FFS require facilitators to have abilities in developing understanding of the 
participants of agroecological processes, but not through ‘lecturing’ on these processes, but through 
facilitating the farmers in discovery exercises to find out and understand these processes. Subsequently 
management options are defined through the integration of local knowledge of the farmers and ecological 
knowledge gained through the FFS. 

Costs and Organisational Requirements

The development of the FFS was through a national IPM programme in Indonesia, which ran between 1989 
and 2000, funded by the United States (US$ 25 million grant), World Bank (US$ 37 million loan) and the 
Indonesia government (US$ 14 million). FAO provided technical assistance to the National IPM Programme 
through a team of experts based in Indonesia, and on a smaller scale in Bangladesh, Cambodia, China 
and Nepal. In total, during the 15-year period between 1989 and 2004, approximately US$100 million in 
grants were allocated to IPM projects in Asia that used the FFS approach under the guidance of FAO. As 
a result, more than two million farmers across Asia have participated in this type of learning (Bartlet, 2005). 

The cost of conducting a season-long field school for 25 farmers has ranged from $150 to $1,000 
depending on the country and the organisation. In some cases, the graduates of FFS have saved $40 
per hectare per season by eliminating pesticides without any loss of yield. In other cases, graduates did 
not experience any savings because they were not previously using any pesticides. However, their yields 
increased by as much as 25 per cent as a result of adopting other practices learnt during the FFS, such 
as improved varieties, better water management and enhanced plant nutrition.
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The conceptual and methodological problems associated with assessing the impact of IPM field schools 
have resulted in disagreements among experts about the advantages of this intervention. One widely 
circulated paper written by World Bank economists has questioned the benefit of ‘sending farmers back to 
school’ (Feder, Murgai and Quizon, 2004a and 2004b). By contrast, a meta-analysis of 25 impact studies 
commissioned by FAO (van den Berg, 2004) concluded that in the majority of studies there were substantial 
reductions in pesticide use and in a number of cases of increased yield due to training. Furthermore the 
‘empowerment’ impacts of the training resulted in widespread and lasting developmental impacts, such as 
continued learning, increased social and political skills to enable improved agro-ecosystem management.

Barriers to Implementation

Farmer field schools require substantial changes to the capacity of agricultural extension services, both 
in terms of the policies of agricultural development and the abilities of those who execute it. Re-training 
of agricultural extension services both represents an investment, but also resistance at all levels can be a 
significant impediment. Also since FFS has become a popular concept, there is the danger that the name 
is used for any kind of group training, but that does not really follow the concepts of building the learning 
capacity of the participants. 

Opportunities for Implementation

Despite arguments among economists and policy makers, there has been widespread enthusiasm for IPM 
and FFS among farmers and development practitioners in a number of Asian countries. Participation in 
FFS has always been voluntary. None of the IPM projects and programmes supported by FAO provided 
financial incentives to participants. On the contrary, participation in FFS has always involved a considerable 
cost in terms of time and effort. Despite these costs, two million farmers decided to participate. In most 
countries, the demand for places in an FFS has been ahead of supply, and drop-out rates have been 
very low. Furthermore, there are many examples of farmers who decided to train other members of their 
community and continue working as a group after the training came to an end.

More information on farmer field schools can be found at the following addresses:
Global Farmer Field School Network and Resource Centre: http://www.farmerfieldschool.info/ and www.
share4dev.info/ffsnet/documents/3155.pdf.

Case Studies

Box 4.52 Farmer Field Schools on Sweet Potato Production in East Africa

Farmer field schools (FFS) for sweet potato production and post-harvest management were established 
by the DFID crop protection programme in 22 communities across Kenya, Uganda and Tanzania with 
over 500 farmers. The first step was to develop training guide and train the trainers, the course was 
improved through feedback from the participants. Technically the trainers course cover areas of: sweet 
potato variety development, agronomy, disease and pest management, experimental design and data 
collection, facilitation and communication skills, planning and farming as a business, postharvest 
processing and sweet potato product development. Trainers or facilitators included both extension 
agents but also farmer facilitators. 

Contd...
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The changes that farmers introduced created the following results:

•	 Growing sweet potato varieties with high vitamin A content 

•	 Improved access to planting material at the end of the year

•	 Increase productivity

•	 Improved decision-making based on economic evidence

•	 Selling products made from sweet potato

•	 Setting up village processing units to market products

•	 Use of different sweet potato recipes

•	 On the basis of these results national organisations have expanded the FFS programme to over 
a thousand farmers. As can be seen the results of the process went much beyond the direct 
areas of training to include social organisation in the processing and marketing of the products.

Source: Stathers et al, 2006b

Box 4.53 Farmer Field Schools for Pest Management in Cocoa

The Sustainable Tree Crops Programme (STCP) of IITA has adapted the FFS method, typically used on 
annual crops to work with farmers on pest management of cocoa a long-term perennial crop. 

The objectives of FFS are to:

•	 Provide an environment in which farmers acquire the knowledge and skills to be able to make sound 
crop management decisions

•	 Sharpen farmers’ abilities to make critical and informed decisions that make their farming activities 
more profitable and sustainable

•	 Improve farmers’ problem-solving abilities

•	 Show farmers the benefits of working in groups and encourage group activities

•	 Empower farmers to become ‘experts’ on their own farms and to be more confident in solving their 
own problems.

The FFS curriculum developed by STCP on cocoa integrated crop and pest management covers 8 
learning topics:

•	 Black pod disease

•	 Mirids

•	 Farm sanitation and cultural practices

•	 Soil fertility and fertiliser use

•	 Making decisions about rehabilitating a cocoa farm

•	 Cocoa quality

•	 Child labour sensitisation

•	 HIV/AIDS sensitisation.
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As cocoa is a perennial crop, the period between learning sessions with farmers was every two weeks 
rather than every week which is more typical, but was extended in duration to 9 to 10 months (as 
opposed to 3-4 months for most annual crops). Equally, the Agroecosystem Assessments (which score 
pests and diseases) normally conducted weekly in annual crops were done according to the phenology 
or development of the disease and the crop i.e. more spaced out over time. Furthermore, as the cycle 
is long, rather than train facilitators over a whole cycle prior to their working with farmers, the facilitators 
received an initial methodological training, and then conducted sessions with farmers in parallel with the 
training they received, so as to not delay by a year the start of farmer training. 

Source: http://www.worldcocoafoundation.org/scientific-research/research-library/pdf/FFS_implementation_manual1.pdf

4.7.3  Forest User Groups

Definition

In many countries, forest governance has remained a centralised and top-down process. Policies ignore 
the role of forests in tribal livelihoods and cultures, violating the overlapping laws protecting the rights of 
these communities. Premises and procedures for identifying and defining forests are poor, resulting in 
land use conflicts, unclear boundaries, legal disputes and inappropriate management objectives for lands 
wrongly classified as ‘forest’. Forest User Groups (FUGs) represent one mechanism for decentralising 
forest management and increasing community-based responsibility and authority. FUGs are based on the 
three principles of participation, collective action and long-term sustainability. They are formed through 
democratic processes whereby local residents are elected as community representatives to work as an 
autonomous body alongside existing government authorities to manage forest resources and to articulate 
the needs and priorities of local people. FUG members may receive training in resource management 
and participate in multi-stakeholder forest management mechanisms, develop land-use plans in line with 
national forest laws and regulations, and undertake forest patrols and awareness-raising with the aim of 
curbing illegal activities (Ensor, 2009; IDS, 2006).

Description

According to Mohan et al (2003) there are four principal phases to implementing a FUG:

•	 Baseline information assessment of forest users and introductory community meetings to discuss 
and define objectives and processes, identification of forest boundaries and local needs and priorities

•	 Preparation of a forest user group constitution (roles and responsibilities) and a forest management 
operational plan, in liaison with local government authorities

•	 Election of Forest User Executive Committee

•	 Formal authorisation of the elected Committee and FUG by local/district forest office and 
commencement of operations.

How the Technology Contributes to Climate Change Adaptation

FUGs provide a platform through which communities can directly participate in the identification of local 
problems, needs and possible solutions to climate change and disaster risk. If local communities have 
systematically assessed their situation and know clearly what they need to best adapt to climate change 
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impact, they can then effectively contribute to district level plans. These in turn can inform regional and 
national adaptation plans and programmes (Regmi et al, 2010). In some contexts, FUGs can also provide 
an effective vehicle for collective community action on a broader range of development activities. These 
activities include initiatives for improved education, health, sanitation, rural infrastructure and safe drinking 
water – all of which build the capacity of a community to adapt to future challenges and opportunities 
presented by climate change.

Advantages

Where FUGs are recognised by local government authorities, restoration of land and forest rights can provide 
indigenous communities with vital access to resources to strengthen and diversify livelihood activities thus 
building their resilience against possible impacts of climate change. Environmental benefits can include 
increased biodiversity and ecosystem resilience through local species conservation, reforestation schemes 
and decreased rates of illegal logging. Environmental improvements have also been experienced in cases 
where common property systems for forests have been introduced, leading to more sustainable use and 
collection of forest products (IDS, 2006). 

Disadvantages

Limitations of FUGs emerge when groups only consist of powerful community members and the poorest 
and most marginalised members receive the fewest benefits (IDS, 2006). Conflicts can arise where resource 
use amongst local residents is factionalised and diverse (Eagle, 1992). In communities where there is less 
tradition of working communally, motivation to participate and to understand the benefits of joint-action 
can be difficult to stimulate and sustain (Ensor, 2009). 

Knowledge and Monitoring Requirements

When setting-up a FUG it is important to understand the dynamics of the local communities and to 
ensure participation from a representative range of community members. A full forest resource 
assessment should be carried out, preferably using two methods: a participatory appraisal involving 
community members cross-referenced with quantitative data logged with GIS technology. This inventory 
can then be used for monitoring purposes (Richards et al, 1999). Knowledge of livelihood activities, 
labour inputs, forest products flows (including sources, species, and the timing of sales and expenditure), 
is vital for understanding the potential benefits of FUGs, for identifying FUG objectives and for making a 
basic economic calculation of the return from local forest resource management (Richards et al, 1999). 
Undertaking a financial analysis of a FUG system, in which the benefits and costs to different stakeholders 
can be calculated, can make equity issues more transparent and can be used as a tool for consultation 
and negotiation within the FUG. Financial indicators can also be used to ensure ongoing accountability 
and transparency of the FUG process, thereby empowering poorer members of the FUG. Awareness 
about forestry policy and procedures is also a fundamental requirement as understanding land rights 
is essential for formulating appropriate livelihood and conservation strategies. For example, a landless 
farmer is likely to be more interested in generating an income from cash-crops rather than investing 
time and effort into practices (such as agro-forestry) that yield benefits over the longer term. Likewise, 
understanding local markets and the demand for forest products is essential for establishing an effective 
FUG strategy.
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Costs and Financial Requirements

The financing of each of these stages and subsequent activities will depend entirely on the local context and 
the content of forest management plans. However, it is the responsibility of the authorities to finance the 
necessary training programmes and technical services to enable villagers to develop skills to successfully 
operate FUGs (IDS, 2006).

Institutional and Organisational Requirements

A sound understanding of cultural, social and political dynamics is required to accompany this process. 
FUGs will be easier to implement and more likely to succeed where communal working arrangements 
already exist. In addition, community members will need to be willing to accept the responsibilities of 
forest resource management and governments must be willing to allocate management responsibilities 
to local authorities and villagers (IDS, 2006). FUGs will best function where decentralised forest policy 
supports assignment of authority or certification to the forest user group to manage local forest resources. 
Knowledge of existing forest policy, boundaries of authority and local legislation processes will therefore be 
crucial to facilitate FUG establishment and ensure sustainability.

Where conflicts over forest uses are present, these should be discussed proactively in participatory FUG 
formation and management phases in order to mitigate future conflicts and ensure adequate representation 
of diverse community needs and priorities. Regular monitoring of consumption of forest products, resource 
allocation and distribution, the income of different users, inter-group relations and categorisation of rich and 
poor community members should be undertaken annually in order that the socioeconomic characteristics 
of user groups are understood by the Executive Committee. Understanding these characteristics should 
be used to form the basis of fair and transparent management plans that meet the basic needs of users 
and prioritise benefit-sharing based on the relative economic status of users (Dahal, 1994).

Barriers to Implementation

A critical barrier to effective implementation of FUGs can occur where issues of forest ownership and 
management responsibilities are confusing and conflicting. In Nepal, for example, National and Local 
Government Acts assigned responsibilities for forest management to different bodies which created 
confusion over final rights of ownership and led to ambiguities in the implementation of FUG activities 
(Mohan, Shin and Murali, 2003).

Weak skills and capacities of disadvantaged groups and poor representation of marginalised community 
members may limit equitable benefit distribution. To address these issues, there is a need to build the skills 
of these groups in areas such as literacy, decision-making, and planning. FUGs should be created on the 
basis of equitable representation of all community groups, including women. 

Opportunities for Implementation

Potential opportunities include: 

•	 Social: strengthening of decentralised coordination and governance mechanisms, democratic 
and transparent decision-making, monitoring and fund management; improved relationships 
and networks (social capital); political empowerment of communities including rights awareness; 
strengthened tenure, capacities, welfare and security.
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•	 Economic: access to non-timber forest products (NTFPs) and timber for direct household use; 
income from the sale of NTFPs, agro-forestry yields, timber and environmental service markets; 
employment in forest management activities; pro-poor benefits of community forest use. A benefit-
modelling system (to show who gives and gets what, and who could potentially give and get what, 
based on wealth-rankings and needs) can be a useful tool. Small enterprise development and 
marketing will also improve capacity to identify and create new livelihood opportunities. Investment 
of profits in local infrastructure.

•	 Environmental: maintenance of environmental services (biodiversity, soil health, agricultural 
productivity, carbon sequestration, air and water quality).

A Real Example of Application

Box 4.54 Livelihoods and Forestry Programme in Nepal

The Livelihoods and Forestry Programme in Nepal supports community groups to manage over 
396,000 hectares of forest. Community forestry user groups in Nepal have very systematic practices 
of adaptation to climate change variability. The community forestry user groups in the Livelihoods and 
Forestry Programme of the UK Department for International Development (DFID) have undertaken 
participatory vulnerability assessment to prepare maps or forest resources, identified critical hotspots, 
prioritised risks and hazards, undertaken stakeholder mapping, implemented adaptation pilot projects 
and provided training to their members.

Impacts

•	 Working with community forests that are estimated to sequester about half a million tons of carbon 
annually. If this carbon becomes tradable it will be worth a substantial amount

•	 The numerous income generating activities and micro-enterprises that increase poor peoples’ 
wealth and assets help them increase their resilience to effects of climate change

•	 Conducting studies into impacts of climate change on the forestry sector, community level 
vulnerability and responses, and ecosystem services

•	 Piloting practices relating to climate change adaptation

•	 Helping shape the development of adaptation plans nationally, locally and at FUG level. Providing 
support to FUG-level planning for climate change

•	 Expanding the use of alternative renewable energy sources

•	 Building the capacity of partners and stakeholders, whether increasing awareness of the threats 
and opportunities of climate change or developing skills for international negotiation.

Challenges 

•	 Demonstrating that FUGs are competent to manage, use and distribute any adaptation funding

•	 Ensuring the voices of the poor and marginalised are well heard and influence national planning 
and negotiations

•	 Developing adaptation plans in time – as effects of climate change are already being felt and the 
poorest are noticeably most vulnerable.

Source: Livelihoods and Foresty Programme, http://www.lfp.org.np/.  Accessed in 2011
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4.7.4  Water User Associations

Definition

A Water User Association (WUA) is an organisation for water management made up of a group of small 
and large-scale water users, such as irrigators, who pool their financial, technical, material, and human 
resources for operation and maintenance of a local water system, such as a river or water basin. The 
WUA is usually run out of a non-profit structure and membership is typically based on contracts and/or 
agreements between the members and the WUA (IWMI and SIC ICWC, 2003). WUAs play a key role in 
integrated approaches to water management that seek to establish a decentralised, participatory, multi-
sectoral and multi-disciplinary governance structure.

Description

A WUA is a unit of individuals that have formally and voluntarily associated for the purposes of cooperatively 
sharing, managing and conserving a common water resource. The objectives of a WUA commonly include:

•	 Conservation of water catchments

•	 Sustainable water resource management

•	 Increase availability of water resources

•	 Increase the usage of the water for economic and social improvements

•	 Development of sustainable and responsive institutions.

The core activity of a WUA is to operate the waterworks under its responsibility and to monitor the allocation 
of water among its members. Key functions of a WUA include:

•	 Exchange information and ideas on water resource use

•	 Monitor water availability and use (Box 4.54)

•	 Provide technical assistance in areas such as soil, water and crop management, livelihood 
diversification, marketing, finance and savings

•	 Discuss potential projects and developments (including climate change) that may affect water usage

•	 Operate and maintain a water service or structure (such as water mill, canal, or irrigation)

•	 Management of a water distribution system, including setting tariffs and collecting fees

•	 Resolve conflicts related to water use

•	 Representation of stakeholder needs at higher institutions of water management.

Box 4.55  Participatory Water Resource Monitoring Pangani Basin Water Management, Tanzania

Concrete Adaptation Technologies and Practices in the Agriculture Sector

Pangani is a water-stressed basin (defined as <1,200 m3 of water per person per year) and climate 
change is expected to greatly exacerbate this condition. Tanzania’s Initial National Communication (INC) 
predicts temperature rises, rainfall decreases, and evaporation increases in the Pangani Basin, which 
together are expected to result in a 6 to 10 per cent decrease in the annual flow. River flows have already 
declined to the point that seawater intrudes about 20 km upstream from the estuary. 

Agriculture is the biggest user of water with over 50,000 hectares of fields irrigated in the Pangani Basin. 
This includes large commercial estates (coffee and sugar), flower farming and small-scale mixed cropping.

Contd...
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Source: The Pangani River Basin Management Project

How the Technology Contributes to Climate Change Adaptation

A WUA can contribute to adaptation to climate change by providing a cooperative mechanism through 
which the following activities can be undertaken:

•	 Monitor the impact of climate change on water resources

•	 Empower water users and decision-makers to manage and allocate water resources with 
consideration for climate change, the environment and other technical information through 
consultative processes

•	 Promote basin-level participation in national climate change and water management processes

•	 Develop and disseminate awareness materials on the implications of climate change and various 
likely water resource scenarios among local authorities, decision makers, communities and the 
private sector

•	 Provide data for modelling possible environmental, economic and social impacts of climate change 
resulting from changes in water resources

•	 Prioritise investment needs for water management adaptation strategies, such as irrigation, and 
monitor their effectiveness.

Advantages 

WUAs can play a critical role in changing from centralised control of natural resources to local management. 
This is particularly important for climate change adaptation efforts whereby local monitoring of water 
resources, improvements in infrastructure (such as canals and irrigation) and public participation in 
decision-making leads to more reliable and equitable distribution of supplies. This can lead to improved 
agricultural productivity, which in turn helps to raise incomes and contributes to local and national food 
security. An analysis of seven schemes in Nepal found that by supporting livelihood diversification and 
making improvements to water management infrastructure, WUAs had a direct role in increasing agricultural 
productivity and income-earning opportunities of farmers (INPIM, 2010). In the province of Mendoza in 

Water use efficiency among irrigation systems is very low (often less than 15 per cent). Livestock are 
also kept throughout the basin, including dairy cattle, goats and sheep. Other goods derived from the 
basin include aquatic plants, food and medicinal plants and fish, crocodiles, hippos and water birds that 
are harvested for sale. The supply of all these goods is affected by the quantity and quality of runoff in 
the catchment. Conflicts are emerging between various water users. As the effects of climate change 
cumulatively increase, escalated conflicts, environmental degradation, and loss of livelihoods are more likely.

The Pangani River Basin project has promoted a strong decentralisation policy in which WUAs participate 
through Catchment Forums where water users can discuss and analyse local water management issues, 
have a voice in the allocation of water and negotiate equitable solutions to water conflicts. Participatory 
water resource monitoring has been implemented via Environmental Flow Assessments which provide 
technical information to water managers on the water allocations necessary to maintain environmental 
goods and services. These technical studies describe the social, economic and environmental 
implications of various alternative water allocation scenarios in order to find the optimal balance among 
competing uses.
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Argentina, the organisation of 21 WUAs to administer inspections of a canal that supplies water for 13 
985 hectares of agricultural land has led to annual benefits estimated at US$ 41 000, 2.1 times the annual 
budget of the inspections (Chambouleyron, 1989). The formation of a WUA can also generate positive 
impacts for the environment. For example, improvements to canal and irrigation schemes can reduce 
water logging and salinity problems. By providing technical assistance to local farmers, WUA members 
can also have a direct impact on improving soil, water and crop management practices (UNESCO,  
no date).

Disadvantages

The cooperative model of organisation on which the WUA approach is based can have disadvantages 
if the area of operation does not match a hydraulic boundary and may actually stimulate conflict over 
resource use (for example, in the Cauvery River in Southern India). Conflicts related to irrigation farming 
occur between upstream and downstream farmers when the upstream farmers are (perceived as) 
using too much water. A WUA could heighten conflict between users where its membership is based 
on an existing community boundary rather than a representative selection of all water users within a  
particular system.

Knowledge and Monitoring Requirements

Knowledge and monitoring requirements include:

•	 General business and legal skills required to set-up and maintain the functioning of the WUA as an 
institution. This will include general awareness-raising amongst members about their roles and rights 
as well as more targeted training for individual members assigned to carry out specific roles such as 
bookkeeping, financial reporting, report writing, conflict management and leadership

•	 Training in water management systems. This can include infrastructure construction and 
maintenance, such as canal maintenance, pump operation and the monitoring and collection of water  
use charges

•	 Training in agricultural production (crop, soil, water and livestock management) depending on the 
characteristics of local livelihood activities. Training in the provision of outreach services to community 
members could also be required.

Costs and Financial Arrangements

The cost of establishing and maintaining a WUA will depend on its size, management structure, area of 
operations and functions. WUAs usually levy a joining fee, and then an annual membership fee. During 
initial formation phase, additional financial support may be required to ensure the establishment of the 
WUA. Where the establishment of WUAs is supported by national policy (such as a Water Act or Irrigation 
Act) there may be a mechanism in place for provision of this funding support. Furthermore, this funding 
support may be on-going, especially in countries where WUAs are considered part of a government-led 
decentralisation programme. 

International development donors, such as USAID, the EU and the Asian Development Bank, have also 
provided funding to WUAs. Independently, WUAs can generate income by charging for water supply 
and distribution services and provision of agricultural outreach services, such as technical assistance for 
improved crop management or marketing advice. WUAs may also initiate their own commercial activities, 
such as fish or bee-keeping.

Concrete Adaptation Technologies and Practices in the Agriculture Sector
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Institutional and Organisational Requirements

WUAs are generally run out of institutions that have previous experience with collective water management, 
such as irrigation boards. Where an appropriate national framework is in place (usually a Water Act or 
Irrigation Act), a WUA can become an independent legal entity upon approval of an application to a 
higher authority such as the Ministry of Water Resources. The WUA is then able to establish a governing 
document or constitution, a membership and a bank account. A WUA can be established by taking the 
following main steps:

•	 Select host institution and register the WUA with the relevant national authority

•	 Identify stakeholders within the common water resource catchment, raise awareness of the roles 
and responsibilities of the WUA amongst possible members and recruit 

•	 Identify water management problems via a participatory diagnostic analysis

•	 Establishment of a business plan and constitution

•	 Elect en Executive Committee and recruit management staff

•	 Provide training to members, for example, in planning, budgeting, and civil works construction.

In terms of organisational structure, a WUA tends to comprise:

•	 A General Assembly, comprised of all WUA members with the main function being to vote on issues 
of key importance and to elect the Executive Board

•	 An Executive Board or Council to supervise and provide strategic direction, prepare plans, budgets, 
submit reports to donors and establish policies

•	 A manager responsible for day-to-day activities and for making recommendations to the  
Executive Board

•	 Operation, maintenance, administrative and financial staff (IWMI and SIC ICWC, 2003; UNESCO, 
no date). 

The WUA will interact with other actors involved in water management such as water catchment authorities, 
national ministries and the private sector. 

It is likely that the activities of a WUA will be relevant to more than one government department, such as 
the Ministries for Water Resources, Agriculture and Land. The success of the WUA will therefore depend 
on support from a range of different government actors and will include financial, technical and operational 
assistance and collaboration. 

Legislation ultimately underpins all aspects of WUA formation and activity. It follows that the absence of 
appropriate legislation will negatively impact WUA sustainability, even if it permits WUAs to be formally 
established (Hodgson, 2007).

Barriers to Implementation

Experience suggests that if the WUAs are established using a top-down approach, they are weak and 
have a high risk of failure. WUAs should rather be established through a bottom-up consultative approach 
working with grassroots level farmers/ water users (IWMI and SIC ICWC, 2003). Other barriers include 
legal constraints (such as appropriate regulatory frameworks, land and water rights), funding constraints if 
mobilising funding from year to year becomes a problem, and lack of effective coordination between the 
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WUA and other relevant authorities and actors. Likewise a lack of capacity in the design and implementation 
of projects can limit the ability of a WUA to secure funding. In a survey of WUAs in India (UNESCO, no 
date), members cited funding constraints water availability and government support as the main obstacles 
to effective WUA implementation. 

Opportunities for Implementation

WUAs can offer an opportunity to contribute to the reconstruction of communities through conflict resolution 
and to involve women in decision-making processes. WUAs also provide a suitable organisational structure 
through which to support a range of participatory initiatives (such as water resource monitoring) that can 
help strengthen local capacity to make decisions about natural resource management and agricultural 
production options in the face of possible climate change scenarios. 

A Real Example of Application

Box 4.56 Adapting to Climate Change with Water User Associations in the Great Ruaha 
River, Tanzania

WWF’s programme to restore flows in the Great Ruaha River commenced in 2003, working with 
communities in eight of 16 districts in the basin, focused on better catchment management and 
poverty reduction. Local WUAs were established to restore catchments and better manage water by: 
restoring the source catchments; agreements with major agricultural users to better schedule their 
water diversions; and enforcement of water laws to shut down illegal diversions. Headwaters and 
riparian zones were restored by: reducing vinyungu (valley-bottom) farming, removing thirsty, exotic 
trees; restoring indigenous vegetation, including by reducing felling for charcoal production; protecting 
riparian zones from grazing; and relocating houses from river banks (80 of 150 have been relocated so 
far). Agreements with irrigators have reduced transmission losses through coordinated water deliveries, 
and reduced dry season water use. A 49,000 m3 dam was constructed to secure a water supply for 
livestock. Each sub-catchment WUA required a month of training and costed US$13-27,000 to establish. 
Community Conservation Banks were also established for savings and microcredit. Each of the 20 
banks started with a loan of US$ 4,000 (since repaid) and 30 members, or approximate150 beneficiaries 
counting family members.

Adaptation Outcomes
Year-round river flows into the Ihefu wetlands restarted in 2004. Restored flows and stronger local 
institutions have reduced the vulnerability of local people to water scarcity. The WUAs are represented 
in river basin governance processes for the implementation of the Tanzanian Government’s new water 
policies.

Source: WWF, 2008

Concrete Adaptation Technologies and Practices in the Agriculture Sector
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5.	 Conclusions

Agriculture represents a key sector for providing economic and social development in developing countries. 
Most of the world’s poor people depend on agricultural production as a main source of household income 
and smallholder agricultural production contributes the largest proportion of world food supply (IAAST, 
2009). It is anticipated that climate change will produce negative and positive impacts on agriculture. 
Increases in average temperatures, for example, could create conditions for improved agricultural 
production in some regions, whereas elsewhere drought or heavy rainfall will lead to crop failures and 
spread of animal disease (IPCC WG II, 2007). The extent of these impacts will depend, in a large part, on 
the ability of producers to respond and adapt to future climate conditions. This requires immediate efforts 
to build resilience and adaptive capacity in the face of existing vulnerabilities and high levels of uncertainty. 

In this context, this guidebook asserts that key strategies for adaptation in the agriculture sector must 
be based on principles of sustainable development and diversification. Productivity rates must also be 
improved in order to meet the dual challenge of achieving food security for the world’s billon undernourished 
and generating sufficient food supply to meet increasing global demand. Whereas small-scale farming 
alone will not be able to accomplish these goals, large-scale commercial farming is all too often based 
on unsustainable practices that put future production at risk by damaging the very resources on which 
agriculture relies. In this guidebook, it is proposed that an agro-ecological approach to agricultural production 
provides a range of technological options that respond directly to these challenges.  agroecology utilises 
both indigenous farming knowledge and selected modern technologies to draw on and replenish natural 
resources during the agricultural production process. It is adaptable to both small and large scale farming 
systems, builds long-term resilience and enhances productivity. 

This guidebook is designed to help developing countries assess their needs for technology in the 
agriculture sector. To achieve this, the guidebook showcases a selection of 22 adaptation technologies 
that have been applied to small and large scale agricultural production. Each of the technologies is defined 
and described, and the main technological advantages and disadvantages are discussed. Information 
on the knowledge, monitoring, institutional and organisational requirements is then provided, along with 
cost data, where available, and the barriers to and opportunities for implementation are discussed. The 
broad portfolio of case studies presented from across Latin America, Africa, Asia and Eastern Europe 
demonstrate the applicability and flexibility of agro-ecological options to different agricultural production 
systems being implemented in diverse cultural, social, environmental and economic contexts today. It is 
important to note that there is a currently lack of documented evidence regarding the impact of many of 
the technologies in a climate change context and including analysis of how they contribute to building 
adaptive capacity and resilience.

The technologies presented in this guidebook demonstrate the importance of selecting appropriate 
hardware for the local context and also the vital role of building social and institutional capacity. Technological 
adaptation and innovation has been taking place at the individual and household level over centuries. 
However, given increases in climate variability and shifts in historical climate patterns, efforts are required 
to ensure that producers are able to access relevant information and make informed choices about 
adaptation options through participatory and inclusive processes. Local, regional and national strategies 
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for climate change adaptation are also required to facilitate wider pilot-testing of technologies and shared 
lesson-learning, improve access to finance and achieve scaling-up. 

It is recommended that local decision-making on adaptation technologies should take place within 
the community-based adaptation framework. Community-based adaptation creates mechanisms for 
inclusive governance that engages a range of stakeholders directly with local or district government and 
national coordinating bodies, and facilitates participatory planning, monitoring and implementation of 
adaptation activities. This approach not only helps to ensure that adaptation programmes are acceptable, 
applicable to local conditions and thus more likely to succeed. It also places producers at the very centre 
of decision-making processes. Given that understanding current vulnerabilities to climate change is an 
essential starting-point for planning processes, incorporating local knowledge from those at the forefront 
of agricultural production is essential. Furthermore, community-based adaptation enables funding to be 
filtered to those individuals, structures, and organisations most suitably placed to identify and carry out the 
different actions required.

Recommendations

•	 There is an urgent need for improved climate modelling and forecasting which can provide a basis 
for informed decision-making and the implementation of adaptation strategies. This should include 
traditional knowledge 

•	 Information is also required to better understand the behaviour of plants, animals, pests and diseases 
as they react to climate change

•	 Potential changes in economic and social systems in the future under different climate scenarios 
should also be investigated so that the implications of adaptation strategy and planning choices are 
better understood

•	 It is important to secure effective flows of information through appropriate dissemination channels. 
This is vital for building adaptive capacity and decision-making processes

•	 Improved analysis of adaptation technologies is required to show how they can contribute to building 
adaptive capacity and resilience in the agriculture sector. This information needs to be compiled and 
disseminated for a range of stakeholders from local to national level

•	 Relationships between policy makers, researchers and communities should be built so that 
technologies and planning processes are developed in partnership, responding to producers’ needs 
and integrating their knowledge.
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1.	 In this case, the World Bank considers only crops, livestock, agro-forestry, and aquaculture. It does not include forestry and 
commercial capture fisheries

2.	 Goal 1: Eradicate extreme hunger and poverty, Goal 2: Achieve universal primary education, Goal 3: Promote gender equality, 
Goals 4, 5, and 6: Reduce child mortality, improve maternal health and combat HIV/AIDS, malaria and other diseases, Goal 7: 
Ensure environmental sustainability, Goal 8: Develop a global partnership for development

3.	 http://www.wmo.int/pages/prog/gcos/index.php?name=AboutGCOS, consulted March 2011

4.	 http://www.wmo.int/pages/prog/gcos/index.php?name=ClimateMonitoringPrinciples, consulted March 2011

5.	 Detailed information about crop stages – also known as the “crop calendar” – plays an essential role in crop monitoring and 
forecasting. This is because the effect of environmental conditions on crops depends very much on crop growth stages. For 
instance, water requirements are normally low at the initial growth stages, while they reach a maximum just after flowering. 
(http://www.fao.org/nr/climpag/agromet/inputs_en.asp, consulted March, 2011)

6.	 http://www.trust.org/alertnet/news/cameroon-creates-national-climate-change-observatory. Retrieved 14th March 2011

7.	 Oxford Dictionary of Geography. A Dictionary of Geography. Copyright © Susan Mayhew 1992, 1997, 2004

8.	 The following are the officially designated WMO Global Producing Centres (GPCs) of Long Range Forecasts: Bureau 
of Meteorology (BoM) from Australia, China Meteorological Administration (CMA)/Bejing Climate Centre (BCC), Climate 
Prediction Centre (CPC) NOAA from USA, European Centre for Medium-Range Weather Forecasts (ECMWF), Japan 
Meteorological Agency (JMA)/Tokyo Climate Centre (TCC), Korea Meteorological Administration (KMA), Météo-France, 
Met Office from United Kingdom, Meteorological Service of Canada (MSC), South African Weather Services (SAWS), 
Hydrometeorological Centre of Russia. WMO has also designated the following Lead Centres: WMO Lead Centre for Long 
Range Forecast Multi-Model Ensemble (LC-LRFMME) jointly coordinated by KMA and NOAA/NCEP, WMO Lead Centre for 
Standard Verification System of Long Range Forecasts (LC-SVSLRF) jointly coordinated by BoM and MSC. Other leading 
centres providing global seasonal forecasts are the Centre for Weather Forecasts and Climate Studies/National Institute for 
Space Research (CPTEC/INPE) from Brazil, the International Research Institute for Climate and Society (IRI) from USA and 
APEC (Asia-Pacific Economic Cooperation) Climate Centre (APCC) from the Republic of Korea

9.	 See http://www.metoffice.gov.uk/research/modelling-systems/unified-model/climate-models/glosea4

10.	 Project of Tufts University and the University of Georgia funded by the Human Dimensions of Global Change Program, 
National Oceanic and Atmospheric Administration

11.	 Ms Anelia Gocheva, National Institute of Meteorology and Hydrology, Tzarigradsko Shose 66, 1784 SOFIA, Bulgaria. Mr Peer 
Hechler (chairman), Deutscher Wetterdienst, P.O. Box 10 04 65, 63004 OFFENBACH, Germany

12.	 The overall efficiency comprises conveyance efficiency, field canal efficiency and field application efficiency

13.	 A device to measure the liquid water content of fog

14.	 Rain or surface water flow that occurs when soil is infiltrated to full capacity  

15.	 http://www.appropedia.org/The_’A’_frame_(Practical_Action_Brief)

16.	 http://www.harper-adams.ac.uk/postgraduate/img/uploaded/All%20photos%20from%20camera%20(January%2006)%20
075.jpg

17.	 Use of urea coating agent helps to retard the activity and growth of the bacteria responsible for denitrification

18.	 Residual, semi-solid material left from industrial wastewater, or sewage treatment processes

19.	 Nadep composting is a quick method for recycling agricultural wastes and involves the construction of a simple, rectangular 
brick tank

20.	 Vermicompost is the product of composting using worms

Endnotes

Conclusions
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21.	 This is based in the competence between different plants species. The idea is to leave the least space possible for the so-
called ‘bad herbs’ (brush) to be established so that they do not compete for the soil nutrients with the crops and they do not 
become hosts of plagues (insects) or crop diseases (bacteria and fungi)

22.	 In this Guidebook, soil health is referred to a soil relatively free of fungi, bacteria and insects, with basic nutrients (nitrogen, 
phosphorus, and potassium) in optimal level and with acidity or alkalinity levels (pH level) that make them available for crops

23.	 This section is prepared based on IT Publications and UNIFEM 1995

24.	 http://www.worldagroforestrycentre.org/research/overview

25.	 Extensionists are technically qualified individuals who provide outreach services to rural areas
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Appendix I: Glossary

Abiotic agent: physical factor such as climate, water and soil

Agro-forestry: production system that combines the growing of trees and agricultural / horticultural crops 
on the same piece of land 

Basin: a broadly circular valley or natural depression on the earth’s surface 

Biotic agent: biological factor such as flora, fauna and microorganisms

Biotic environmental pressures: biological factors, such as pests or diseases, which, for example, attack 
crops or seeds

Climatic environmental pressures: atmospheric meteorological factors in the environment, such as frost, 
drought, hail or flood, that, for example, threaten the survival of crops or seeds

Colloidal minerals: These are sometimes mineral compounds: others are elemental in nature. Colloidal 
minerals keep their own identity and are suspended in water. The molecules tend to group together into 
clusters. Some colloidal minerals are quite large when compared to the size of cells in the body (source: 
www.icalcium.com/dictionary.html)

Cultivar: a plant variety that has been produced in cultivation by selective breeding 

Dendrology: branch of botany that deals with the study of trees and shrubs

Ethno-botany: scientific study of the relationships that exist between people (cultures) and (use of) plants

Forage: plant material eaten by grazing livestock, often pasture, crop residue and grasses

Forestry: activity that relates to managing forests, tree plantations and related natural resources

Fractioned fertilisation: cause (an egg, female animal, or plant) to develop a progeny by introducing male 
reproductive material gradually

Hydric soil: soil that forms under conditions of saturation, flooding, or ponding long enough during the 
growing season to develop anaerobic conditions in the parts closer to the surface of the soil

Infiltration ditch: a narrow, steep sided, open channel within which storm water is stored and/or filtered into 
adjacent soil as part of a planned method of disposal 

Jhum (or Jhoom): is a local name for slash and burn agriculture practiced by tribal groups in the north 
eastern states of India and districts of Bangladesh. This system involves clearing a piece of land by setting 
fire or clear felling and using the area for growing crops of agricultural importance such as upland rice, 
vegetables or fruits. After a few cycles, the land loses fertility and a new area is chosen

Legume: a plant in the family Fabaceae, a legume is a simply dry fruit.  Common examples include peas, 
beans, lentils, soy and peanuts
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Limnimetric scale: hydrometric station with a a measuring instrument called a limnimeter (scale or watch) 
which records the level of the river around a fixed reference

Meristem tissue: Meristem is a type of embryonic tissue in plants consisting of youthful cells called 
meristematic cells and found in areas of the plant where growth is or will take place, namely in roots  
and shoots

Parasitoids: are organisms that spend a significant portion of its life history attached to or within a single 
host organism, which it ultimately kills (and often consumes) in the process (source: www.wikipedia.org)

Phenological cycle: Cycle of changes in the relation between the climatic factors and the living beings

Polinisation: process of fertilisation by pollen grains

Progeny: a genetic descendent or offspring

Root nodule: association between roots of plants and bacteria

Run-off: water flowing over the surface of the ground

Seedling: small plant

Soil inoculants: bacteria or fungi that are added to soils in order to improve plant growth

Ware potato: potato grown for human consumption as fresh or processed product

Watershed: an area or ridge of land that separates waters flowing to different rivers, basins, or seas

Measurements

tn		  tons

ha		  hectare

m 		  metres

cm		  centimetres

mm		  milimetres
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Appendix II – Recommended Sources 
for Additional Information
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