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Concepts and Principles of Monitoring and Evaluation 

G Nirmala
1
 and R Nagarjuna Kumar 

2
  

1
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2
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Introduction  

Monitoring and evaluation can help organization extract relevant information from past and 

ongoing activities that can be used as the basis for programmatic fine-tuning, reorientation and 

future planning. Without effective planning, monitoring and evaluation, it would be impossible 

to judge if work is going in the right direction, whether progress and success can be claimed, and 

how future efforts might be improved. This chapter describes the purposes of planning, 

monitoring and evaluation in the context of results-based management (RBM) and managing for 

development results and explains how these functions are important to an organization involved 

in evaluation process. It also provides key definitions and principles that are integral to planning, 

monitoring and evaluation. 

Monitoring  

Monitoring and evaluation are important management tools to track progress and facilitate 

decision making (World Bank, 2007). According to World Bank, Monitoring can be defined as a 

continuing function that aims primarily to provide the management and main stakeholders of an 

ongoing intervention with early indications of progress, or lack of, in the achievement of results. 

It involves regular collection of information for timely decision making, ensure accountability, 

and provide the basis for evaluation and learning.  

It is a continuous and periodic review and surveillance by management at every level of the 

implementation of an activity to ensure that input deliveries, work schedules, targeted outputs 

and other required actions are proceeding according to plan. It is system of processing of 

information for management decision making. It is the management function which begins with 

start of a project and ends with completion of the project but it is continuous process during 

implementations of the project. The key requirement for monitoring is an Action Plan without 

which monitoring is not possible (S Rajakutty, 2008). 

Monitoring techniques generally followed are refereeing to annual reports, monitoring staff 

performance, tour reports of field staff, reports from visitors, interviews, key informants and 

complaints and other participatory means  involving beneficiaries and  project staff discuss and 
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assess the performance together in order to understand how they performed, what the problems 

are and what future hold for them. 

Evaluation 

Evaluation is defined as, systematic and objective assessment of an ongoing or completed 

project, program, or policy and its design, implementation and results. It is intended to determine 

the relevance and fulfillment of objectives, development efficiency, effectiveness, impact and 

sustainability. Evaluation is an assessment of end results or impact of a project with reference to 

the objectives in the project. Evaluation helps to refine our gals. It helps in getting to know the 

reasons for success or failure of program. It helps to identify the strengths and weaknesses of the 

program.   

There are four core principles guiding evaluation matters. These are  

1. Utilization Focused - Influence and Consequence Aware  

Evaluation need to be carried out based utility and actual use of intended users. It will minimize 

inputs and maximize results. Focusing evaluation on the utilization has influence on the 

evaluation design and facilitation. Therefore the emphasis in utilization-focused evaluation is 

therefore on intended use by intended users. It is also important to be aware of the consequences 

and influences of evaluation, whether conscious or unconscious. Involving stakeholders in a 

participatory way can lead to change in mindset of the stakeholder and how they use the results. 

The consequence of evaluation use can include and bring changes in individuals, interpersonal 

relationships, and collective change. 

2. Focus on Stakes, Stakeholder’s Engagement and Learning  

It is an important to engage ‘right stakeholders’ in evaluation of programme. The right 

stakeholders involved in project can be assessed employing key questions such as who the stake 

holders are, what are the stakes and who has these stakes?  Why encourage stakeholder 

engagement, how much participation and what is the role of self-evaluation, who to engage and 

what are the consequences of these choices, what evaluation roles are needed in balancing 

content and people processes? How to engage stake holders effectively? 

While engaging stakeholders it is important to think who, why and what are possible 

consequences are for their inclusion and exclusion. Stakeholders can learn from each other by 

sharing and critically reflecting on their own and other’s actions, behaviors, experiences, views 

and perceptions. Engaging stakeholders in dialogue can be a useful way of finding a common 
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ground and identifying differences. Stakeholders when involved the evaluation process becomes 

a platform for shared learning, relevant and spur them into action at the beginning to the end. 

3. Situational Responsiveness 

Situational responsiveness involves matching the evaluation design, to the needs, constraints and 

opportunities of the particular situation. There are no single methods or methodology that is 

universally applicable. The design of a particular evaluation depends on the people involved and 

their situation. Situational responsiveness requires constantly look out for the unexpected. 

Hummel burner 2000 proposes 4 dimensions one has look into while designing evaluation 

namely theme/ topic of evaluation, Time, social structure and place and location.  

4. Multiple Evaluation and Evaluation Roles 

An evaluator has to play different roles during evaluation .Besides; different people have 

different roles to play in evaluation. Some of the roles enlisted are collaborator, trainer, group 

facilitator, technician, politician, organizational analyst, internal colleague, external expert, 

methodologist, information broker, communicator, change agent, diplomat, problem solver and 

consultant. 

Logframe Vs the Theory of Change  

The logical frame work (log frame) has traditionally been used widely as a tool in development 

planning to systematically structure development interventions. In recent times, however, other 

frameworks and approaches have gained popularity, such as the theory of change, due in part to 

the limitations of the log frame. In this theory of change it uses the same basic elements of the 

logical frame work which gives broader perspective of the development initiative. A theory of 

change requires one to have a well articulated and clear testable hypothesis about how change 

will occur that will allow one to be accountable for the results. 

The theory of change can be used to 

1. Check milestones,  

2. Document lessons about what really happens,  

3. Keep the evaluation implementation process transparent and  

4. Help prepare reports of findings, policy, etc.  

 In this theory, critical assumptions will need to be evaluated and more attention to be paid.  The 

different methods of theory of change conceptualization were taught in this training like the 

deductive approach, inductive approach and user focus approaches. One relatively simple way 
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to develop visualization map of change is by intended cause-effect relationships and underline 

assumptions. The intended cause-effect relationships should indicate the following key elements 

as well clarify how they are inter linked and what factors might influence these linkages.   

1. Activities: What the development initiative sets out to do. 

2. Outputs: What the development initiative was directly responsible for delivering 

3. Outcomes: What changes/effects were expected as a result of the outputs.  This may 

include changes in awareness, motivation, skills, knowledge as well as behavior and 

performance. 

4. Impact: Changes in socio-economic and/or environmental conditions the programme 

sought to contribute towards. 

5. Assumptions: External factors that could affect the progress or success of a 

development programme.  They help to explain the causal linkages.  Not all elements of 

a theory of change can be visualized, for example our values that influence our thinking 

about how change happen. 

6. Develop the Evaluation Matrix (EM) 

The evaluation matrix usually developed after an initial literature review and 

discussions with key stakeholders and primary users, or when conceptualizing the 

theory of change. In doing so, it is important to understand the wider context 

(environmental, political, economic, etc.) and, if necessary, to work with individuals 

who do. 

The evaluation matrix is defined as a key tool used in designing evaluations and helps you to 

summarise the implementation of the evaluation process. It assists in focusing the key 

evaluation questions and clarifying ways in which these key questions will be addressed during 

the evaluation. Flexibility is required in using this evaluation matrix, particularly where issues 

are complex in nature and clear objectives and indicators cannot be defined.  An example of an 

evaluation matrix is provided (Fig 1).  
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Fig 1. Results Based Management Chain (source: UNDP, 2006) 

Key Elements of the Evaluation Matrix may include: 

• Evaluation focus/key performance areas: Key areas to be explored during the 

evaluation 

• Key evaluation questions: Broad question that help to focus the evaluation on the 

information needs of  the primary intended users of the findings 

• Key information needs: These may include a range of different types of information to 

answer the key evaluation questions. Often referred to as indicators but can be broader 

• Baseline information: What baseline information already exists? 

• Data gathering: What sources and methods are going to be used for data collection? 
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• Planning and resources: What tools, planning, training, expertise are required and 

who does what? 

• Information analysis, critical reflection, reporting and feedback: How wills 

analysis of the findings takes place?  How will feedback and reporting take place? Who 

is responsible for what? 

Steps to be taken before implementation of Evaluation plan 

Step-I - To establish ability and readiness for evaluation.  

The first domain is the readiness to evaluation. Before implementation of evaluation plan, 

assessment of ability and preparedness of the team have to be assessed. The second is the focus 

on evaluation, comprises steps to determine the purpose and scope of evaluation such as agree on 

the evaluation purpose like the downward accountability or upward accountability. It clearly 

informs about the evaluator purpose of evaluation, what he intends to achieve, indicates the 

primary user of information, whether the evaluator likes to inform the donors, manager of 

programme, which  is the upward accountability; or the evaluator wants to show the grass root 

beneficiaries the utility of program and how the programme benefits reaching them in downward 

accountability. The third, important evaluation part is the ‘Implement the evaluation which 

comprises of steps: 1) Plan and organize the evaluation, develop evaluation Matrix; identify key 

indicators and other information needs; identify baseline information; collect and process data; 

analyse and critically reflect on findings and communicate and make sense of findings. 

Step-2:  Focus on the evaluation which includes purpose and scope 

Under step two of evaluation process, proper clarity on the types of questions the     evaluation 

process need to answer. These questions are related to: 

• Who needs what information? 

• What are the broad areas of concern for stakeholders? 

• What questions need to be addressed? 

• How can we summarize the key issues and steps in the evaluation process? 
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It was mentioned that evaluations often assess impact, relevance, sustainability, effectiveness 

and efficacy. 

• Impact indicated what changes have resulted? 

• Relevance painted out the whether doing the right things? 

• Sustainability meant whether changes last? 

• Efficacy looks into the initiative taken whether the whole programme working as 

expected? 

• Effectiveness indicated whether doing things right? Efficiency indicated the initiative 

being worth while?  

Conclusion 

Conducting Evaluation as per the procedure would add value and validity to the results of 

evaluation to any field but it is much particular with agriculture and nutritional security 

programme. It would also throw light upon the programme implementation, its achievements and 

constraints so that an appropriate action plan chalked out for addressing constraints in future, if 

possible and reduce investment and transaction costs.  
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Theory - Based Impact Evaluation 

A Amarender Reddy 

Director (Monitoring and Evaluation),  

National Institute of Agricultural Extension Management (MANAGE), Hyderabad 

Email: anugu.amarender.reddy@gmail.com 

 

Introduction  

Over the last forty years a number of evaluation experts (Suchman, 1967; Chen and Rossi, 1980; 

Weiss, 1995; Pawson and Tilley, 1997; Rogers et al., 2008; Donaldson, 2007) have contributed 

to - the development of what can be called a theory-oriented evaluation approach - called theory-

based evaluation, theory-driven evaluation or programme theory evaluation.  For the purposes of 

EVALSED, the term theory-based evaluation (TBE) is used to reflect these approaches. 

The objective of this guidance is to provide users of EVALSED with some general ideas of what 

TBE is, what questions it can answer under which circumstances and how the approach can be 

applied, using various evaluations methods. Several approaches have been developed within 

TBE over the years. However, these approaches have not been applied often within the socio-

economic development programmes financed under EU Cohesion policy.  Therefore, the present 

guidance provides examples of how TBE has been used in other intervention fields.  When good 

practice examples are available in the field of the EU Cohesion policy, the guidance material will 

be updated.   

Some of the data collection techniques relevant for TBE, e.g., focus groups, workshops, case 

studies, expert judgments, are explained elsewhere in this source book.   

Users of the guidance are encouraged to refer to the examples and references given before 

applying the approaches for the first time.  The approaches build upon a wealth of experience 

and literature that is not fully reviewed here. Therefore, it would be advisable, especially for 

those who wish to explore TBE in more detail, to refer to additional expertise and other 

specialized literature.   

Definition of Theory Based Evaluation 

Theory-based evaluation is an approach in which attention is paid to theories of policy makers, 

programme managers or other stakeholders, i.e., collections of assumptions, and hypotheses - 

empirically testable - that are logically linked together.   
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These theories can express an intervention logic of a policy:  policy actions, by allocating 

(spending) certain financial resources (the inputs) aim to produce planned outputs through which 

intended results in terms of people’s well-being and progress are expected to be achieved. The 

actual results will depend both on policy effectiveness and on other factors affecting results, 

including the context. An essential element of policy effectiveness is the mechanisms that make 

the intervention work. Mechanisms are not the input-output-result chain, the logic model or 

statistical equations. They concern amongst others beliefs, desires, cognitions and other decision-

making processes that influence behavioural choices and actions. Theory based evaluation 

explores the mechanisms which policy makers believe make the policy effective and compares 

these with research based evidence. 

Theory-based evaluation focuses on this intervention theory; it aims to find and articulate this 

theory, to test it and to improve it, if necessary.   

Theory-based evaluation has at its core two vital components.  The first is conceptual, the second 

empirical. Conceptually, theory-based evaluations articulate a policy or programme theory.  

Empirically, theory-based evaluations seek to test this theory, to investigate whether, why or how 

policies or programmes cause intended or observed results. Testing the theories can be done on 

the basis of existing or new data, both quantitative (experimental and non-experimental) and 

qualitative.  TBE does not apply a hierarchy of research designs and methods; it does not favour 

any over any others, as long as they are rigorously applied. Their choice depends on the 

evaluation design and they should be selected if they are appropriate to answer the evaluation 

questions.   

Theories underlying a policy or programme are often not directly visible or knowable to 

evaluators.They are often not explicitly expressed in official documents.  Evaluators have to 

search for these theories  if they have not been concisely articulated  and explain them in a 

testable way.  Then they have to test them.  Below are briefly presented some approaches to how 

to do this.  The list is not exhaustive. 

Realist Evaluation 

The term realist evaluation was coined by Ray Pawson and Nick Tilley in their book with the 

same title (1997). This methodological approach stresses the importance of CMO (Context, 

Mechanism, Outcomes) configurations basic to policies and programmes. Let us take an example 

of a socio-economic development programme. Such a programme attempts to solve a problem – 
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to create some kind of socio-economic change. The programme works by enabling stakeholders 

to make choices. But choice-making is always constrained by stakeholders' previous experiences, 

beliefs and attitudes, opportunities and access to resources.   

Making and sustaining different choices requires a change in stakeholders' reasoning (for 

example, values, beliefs, attitudes or the logic they apply to a particular situation) and the 

resources (e.g.: information, skills, material resources, financial support) available to them. This 

combination of reasoning and resources is what enables the programme to work and is known as 

a programme ‘mechanism’. The programme works in different ways and sometimes for different 

people (that is, the programme can trigger different change mechanisms for different 

stakeholders).The contexts in which the programme operates make a difference to the results it 

achieves.  Programme contexts include features such as social, economic and political structures, 

organisational context, programme stakeholders, programme staffing, geographical and historical 

context and so on. Some factors in the context may enable particular mechanisms to be triggered. 

Other aspects of the context may prevent particular mechanisms from being triggered. There is 

always an interaction between context and mechanism and that interaction is what creates the 

programme’s results:  Context + Mechanism = Result. 

Because programmes work differently in different contexts and through different change 

mechanisms, they cannot simply be replicated from one context to another and automatically 

achieve the same results. Knowledge about ‘what works for whom, in what contexts, and how’ 

are, however, portable. Therefore, one of the tasks of evaluation is to learn more about ‘what 

works for whom’, ‘in which contexts particular programmes do and don’t work’, and ‘what 

mechanisms are triggered by what programmes in what contexts’.   

A realist approach assumes that programmes are theories incarnate.  That is, whenever a 

programme is implemented, it is testing a theory about what might cause change, even though 

that theory may not be explicit.  One of the tasks of a realist evaluation is, therefore, to make the 

theories within a programme explicit, by developing clear hypotheses about how, and for whom, 

programmes might ‘work’.  The implementation of the programme, and the evaluation of it, then 

tests those hypotheses. This means collecting data, quantitative and qualitative, not just about 

programme results, or the processes of programme implementation, but about the specific 

aspects of programme context that might impact on programme results, and about the specific 

mechanisms that might create change.     
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Pawson and Tilley also argue that a realist approach has particular implications for the design of 

an evaluation and the roles of those benefiting from a programme. For example, rather than 

comparing changes for participants who have benefitted from a programme with a group of 

people who have not (as is done in random control or non-experimental designs), a realist 

evaluation compares mechanisms and results within and between programmes.  It may ask, for 

example, whether a programme works differently in different localities (and if so, how and why); 

or for different population groups (for example, men and women, or groups with differing socio-

economic status). They argue that different stakeholders will have different information and 

understandings about how programmes are supposed to work and whether they in fact do. Data 

collection processes (interviews, focus groups, collection of administrative data, questionnaires 

and so on) should be constructed to collect the particular information that those stakeholder 

groups will have, and thereby, to refute or refine theories about how and for whom the 

programme works. Pawson and Sridharan (2010) present the following methodological steps for 

a realistic evaluation of a programme:  

• Eliciting and surfacing the underlying programme theories 

The first point is that although programme theories 'are easily spotted', these theories are 

best elicited from their procreators and this may involve either: Reading and closely 

analysingprogramme documentation, guidance, regulations, etc., on how the programme will 

achieve its ends, or Interviews with programme architects, managers or practitioners on how 

their intervention will generate the desired change.Programme theories normally flow quite 

readily from these interviews, though some related difficulties should be noted. The first, located 

at the political level, is a tendency to ambiguity in policy discourse. The second problem, located 

nearer the programme practice, occurs when the core theory is either seemingly so obvious or 

buried tacitly in the minds of the programme makers that it can fail to surface in the interview.  

In these situations, persuasion is sometimes needed to encourage practitioners to spell out how 

their actions worm their way into participants’ choices (Pawson and Tilley, 1997). 

• Mapping and selecting the theories to put to research 

Having found a means to elicit the programme theories at work, the next stage is to begin 

to codify or map them. An array of techniques is available for this task, known variously as 

concept mapping, logic modeling, system mapping, problem and solution trees, scenario 

building, configuration mapping, and so on. All try to render the process through which the 
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programme achieves its ends, usually in diagrammatic form. These maps may identify the 

various causes of the problem, the administrative steps to take, the unfolding sequence of 

programme activities and inputs, the successive shifts in dispositions of participants, the 

progressive targeting of programme recipients, the sequence of intervention outputs and results.   

• Formalising the theories to put to test 

After eliciting, mapping and selecting programme theories, the time comes to formalise 

them.  They need to be transformed into a propositional form, as hypotheses suitable for 

empirical research.  Programme theories come to life as insights, brain waves, bright ideas, and 

informed guesses.  Sometimes, they turn out to be wishful thinking and pipe dreams.  What 

evaluation research requires, by contrast, are testable propositions. 

• Data collection and analysis 

Data collection and analysis follows an empirical research (qualitative and quantitative, 

including experimental and non-experimental techniques) in order to understand, test and refine 

policy or programme theories (regarding CMO). Realist evaluators refer to ´interrogating the 

policy or programme theories’; they also stress that whilst it was appropriate to follow custom 

and refer to this stage as ‘theory testing’, these approaches prefer the term ‘theory refinement’.  

The objective is not to accept or reject policy/programme theories.  The mission is to improve 

them. 

Theory of Change 

Carol Weiss (1995) popularized the term 'theory of change'.  She hypothesized that a key reason 

complex policies or programmes are so difficult to evaluate is that the assumptions that inspire 

them are poorly articulated.  She argued that stakeholders of complex initiatives are typically 

unclear about how the change process will unfold and therefore pay little attention to the early 

and mid-term changes that need to happen in order for a longer term goal to be reached.  The 

lack of clarity about the 'mini-steps' that must be taken to reach a long term result not only makes 

the task of evaluating a complex initiative challenging, but reduces the likelihood that all 

important factors related to the long term goal will be examined.  Weiss defined theory of change 

as a way to describe the set of assumptions that explain both the mini-steps that lead to the long 

term goal and the connections between policy or programme activities and results that occur at 

each step of the way.  She challenged designers of complex initiatives, such as EU programmes, 

to be specific about the theories of change guiding their work and suggested that doing so would 
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improve their policies and would strengthen their ability to claim credit for outcomes that were 

predicted in their theory.   

The following steps elicit the theory of change underlying a planned programme. A pre-

condition is that the evaluator works collaboratively with a wide range of stakeholders.   

Step 1:  The focus is on the long-term vision of a programme and is likely to relate to a timescale 

that lies beyond its timeframe.  Its aim should be closely linked to the existence of a local, 

regional or national problem.  For example, a smoking cessation programme might have a long-

term vision of eradicating inequalities in smoking prevalence by 2020. 

Step 2: Having agreed the ultimate aim of the programme, stakeholders are encouraged to 

consider the necessary results that will be required by the end of the programme if such an aim is 

to be met in the longer term.  Within a programme they might, for instance, anticipate a decrease 

in gap between the most and least deprived areas. 

Steps 3 and 4: Stakeholders are asked to articulate the types of outputs and short-term results that 

will help them achieve the specified targets.  These might include reductions in differential 

access to acceptable smoking cessation programmes.  At this stage those involved with the 

programme consider the most appropriate activities or interventions required to bring about the 

required change.  Different strategies of engagement might be used to target pregnant women, 

middle-aged men and young adolescents, for example. 

Step 5: Finally, stakeholders consider the resources that can realistically be brought to bear on 

the planned interventions.  These will include staff and organisational capacity, the existence of 

supportive networks and facilities as well as financial capability.   

Following a collective and iterative process the resulting programme theory must fulfill certain 

criteria: it must be plausible, doable and testable.  It needs to be articulated in such a way that it 

can be open to evaluation; this is only possible where there is a high degree of specificity 

concerning the desired outcomes.  Only then, the theory of change that is elicited should be 

interrogated to ensure that the underlying logic is one that is acceptable to stakeholders either 

because of the existing evidence base or because it seems likely to be true in a normative sense. 

The evaluator then takes the programme map generated through this process and, using various 

data (qualitative and quantitative) collection techniques as relevant, monitors and analyses the 

unfolding of the programme in practice and integrates the findings.   
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Contribution Analysis 

'Contribution analysis' is a performance measurement approach developed within the Office of 

the Canadian Auditor General in the 1990s and it aims to establish the contribution a programme 

makes to desired outcomes. In practice, many evaluations identify whether or not an result has 

been achieved and, if it was, assume the programme can take credit for this.  However, reporting 

on results and proving attribution are two different things.  Attribution involves drawing causal 

links and explanatory conclusions between observed changes and specific interventions. 

Determining whether a result was caused by a programme or other external factors is difficult 

and expensive.  However, demonstrating the contribution of a programme to result is crucial if 

the value of the programme is to be demonstrated and to enable decisions to be made about its 

future direction (Mayne, 2001). 

Rather than attempt to definitively causally link a programme to desired outcomes, contribution 

analysis seeks to provide plausible evidence that can reduce uncertainty regarding the difference 

a programme is making to observed outcomes (Mayne, 2001).The following description is based 

on Mayne (2010) where seven methodological steps are described that form a contribution 

analysis.   

Step 1: Set out the cause-effect issue to be addressed 

First, it is necessary to articulate cause and effect.  The following questions should be posed: 

• Would the expected intervention make a difference to the problem? 

• What aspects of the intervention or the context would lead to a contribution being 

made?  

• What would provide evidence that the intervention made a noticeable contribution? 

• Is the expected contribution plausible given the nature of the intervention and the 

problem being addressed? If not, the value of further analysis needs to be reassessed. 

Step 2: Develop the theory of change  

Developing a prior or initial theory of change for the intervention is the second key step.  

Contribution analysis needs reasonably straightforward, not overly detailed results chains, 

especially at the outset. Refinements may be needed to further explore some aspects of the theory 

of change, but can be added later. 
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Step 3: Assess the resulting contribution story  

At this point, it is useful to critically review the contribution story resulting from the developed 

theory of change, i.e.: 

• To assess the logic of the links and test the plausibility of the assumptions in the 

theory of change:  Are there any significant gaps in the theory?  Can they be filled by 

refining the theory of change?  If not, is it worth continuing?  

• To identify where evidence is needed to strengthen the contribution story:  Which 

links have little evidence?  Which external factors are not well understood?  

• To determine how much the theory of change is contested:  Is it widely agreed?  Are 

specific aspects contested?  Are there several theories of change at play?  

Step 4: Gather existing evidence on the theory of change  

Before gathering new data and information, it is useful and cost-effective to look at the relevant 

existing data and information there is about the theory of change.  The purpose is to provide 

empirical evidence for the contribution story:  evidence on activities implemented, on observed 

results, on assumptions being realised and on relevant external factors. At this point in the 

analysis, a theory of change for the intervention has been developed and the available evidence 

supporting the theory of change collected.  The theory of change has to some extent been tested.  

The significant external factors have also been identified and available evidence gathered for 

them.   

Step 5: Re-assess the contribution story and challenges to it 

The theory of change can be critically assessed in light of the existing evidence: 

• Which links in the theory of change are strong (strong logic, good evidence available 

supporting the assumptions, low risk and wide acceptance) and which are weak? 

• How credible is the story overall?  Does the pattern of outcomes and links between 

them validate the contribution chain? 

• Do stakeholders agree with the contribution story developed? 

• Is it likely that any of the external significant factors have had a noteworthy influence 

on the results observed? 

• What are the main weaknesses in the story? Where would additional data or 

information be useful? 
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Step 6: Seek out additional empirical evidence  

This is the step where the primary data gathering for the evaluation begins, informed by the 

previous steps e.g., step 5 has identified where additional evidence is needed.   

• Evidence is gathered to strengthen the contribution story, using appropriate data 

gathering techniques, such as surveys and reviewing and analysing administrative 

data.  There may be evidence on results occurring, on the validity of the assumptions 

and risks in the theory of change and on significant external factors.   

• From a theory-based perspective, several frequently used data gathering techniques 

can be strengthened: 

 Key informant interviews can both test the theory of change developed and 

elicit alternative theories of change the key informants might have, as well as 

discuss other influencing factors.  Interviewees should be asked what on 

evidence they base their views.   

 Focus groups and workshops can explore a theory of change since there will be 

discussion about how different people see the intervention working.  

Alternative theories of change may emerge and other influencing factors can 

be identified.  They can be used to develop a theory of change and as a way to 

identify evidence on the extent to which the theory of change has been realised 

in practice. 

 Case studies can be used in the same way.  Case studies are powerful as a data 

gathering tool to help confirm or refute a theory of change, or the micro steps 

in a theory of change, showing that the theory is indeed plausible and not just 

based on unsupported beliefs.   

Step 7: Revise and strengthen the contribution story  

Now, the newly collected empirical evidence should be used to build a more credible 

contribution story with strengthened conclusions on the causal links in the theory of change.  

Contribution analysis works best as an iterative process.  At this point, the analysis may return to 

Step 5 and reassess the strengths and weaknesses of the contribution story and decide if further 

analysis is useful or possible.   
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Policy Scientific Approach  

The 'policy scientific approach' covers the following six steps (Leeuw, 2003): 

Step 1: Identify behavioral mechanisms expected to solve the problem  

Searching in formal and informal documents and in interview transcripts can elicit statements 

that indicate why it is believed necessary to solve the policy problem and what the goals are of 

the policy or programme under review.  These statements point to mechanisms; these can be 

considered the ‘engines’ that drive the policies or programmes and are believed to make them 

effective.   

Step 2: Statements that have the following form are especially relevant for detecting these 

mechanisms: 

• ‘It is evident that x .  .  .  will work’ 

• ‘In our opinion, the best way to go about this problem is to .  .  .’ 

• ‘The only way to solve this problem is to .  .  .’ 

• ‘Our institution’s x years of experience tells us that .  .  .’; 

Step 3: Compile a survey of these statements and link the mechanisms with the goals of the 

programme or policy under review 

Step 4: Reformulate these statements in conditional ‘if–then’ propositions or propositions of a 

similar structure (‘the more x, the less y’). 

Step 5: Search for 'warrants' to identify missing links in or between different propositions 

through argumentation analysis.   

Argumentation analysis is a standard tool in logic and philosophy.  It describes a model for 

analysing chains of arguments and it helps to reconstruct and fill in argumentations.  A central 

concept is the 'warrant', the 'because' part of an argument:  it says that B follows from A because 

of a (generally) accepted principle.  For example, ‘the organisation’s performance will not 

improve next year’ follows from ‘the performance of this organisation has not improved over the 

last 5 years,’ because of the principle, ‘past performance is the best predictor of future 

performance.’ The ‘because’ part of such an argument often is not made explicit.  Consequently, 

these warrants must be inferred by the person performing the analysis. 

Step 6: Reformulate these 'warrants' in terms of conditional 'if–then' (or similar) propositions 

and draw a chart of the (mostly causal) links.   

Step 7: Evaluate the validity of the propositions by looking into: 
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• The logical consistency of the set of propositions; Their empirical content, that is, the 

extent to which the theory and, in particular, the assumed impact of the behavioral 

mechanisms correspond with the state of the art within the social/behavioral/economic 

sciences on these mechanisms. 

Evaluating the reconstructed programme theory can be done in different ways.  One is to 

confront (or juxtapose) different theories (like Carvalho & White, 2004, with regard to social 

funds). Another is to empirically test the programme theory by making use of primary or 

secondary data (triangulation), both qualitative and quantitative. A third possibility is to organise 

an iterative process of continuous refinement using stakeholder feedback and multiple data 

collection techniques and sources (in the realist tradition), while a fourth approach is to make use 

of already published reviews and synthesis studies.  These can play a pivotal role in marshalling 

existing evidence to deepen the power and validity of a TBE, to contribute to future knowledge 

building and to meet the information needs of stakeholders. Visualization or mapping software 

can help in this task. There are several techniques for data collection and analysis, for example:  

• Systematic reviews are syntheses of primary studies that, from an initial explicit 

statement of objectives, follow a transparent, systematic and replicable methodology 

of literature search, inclusion and exclusion of studies according to clear criteria, and 

extracting and synthesizing of information from the resulting body of knowledge. 

Meta-analyses quantitatively synthesize 'scores' for the impact of a similar set of 

interventions from a range of studies across different environments. 

• Realist syntheses collect earlier research findings by placing the policy instrument or 

intervention that is evaluated in the context of other similar instruments and describe 

the intervention in terms of its context, social and behavioral mechanisms (what makes 

the intervention work) and outcomes. 
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Introduction 

Monitoring and evaluation are generally treated as wasteful and cumbersome exercises. This 

mistaken view is due to lack of understanding of its importance and functions. A part of this 

apathy is also due to ignorance of the processes of monitoring and evaluation. The main function 

of monitoring and evaluation is to build accountability into the functioning of the government. 

The experience of developed countries, particularly of the Organization for European 

Cooperation Development (OECD) countries during the last 30 years showed that building 

greater accountability within government through monitoring and evaluation will improve its 

overall functioning. The experience of some of the developing countries also revealed the 

significance of monitoring and evaluation in achieving growth. Every government stands on 

three legs namely, a good human resource system, a good financial system and a good 

accountability system. But there is an urgent need for the fourth leg known as good feedback 

system for measuring results of interventions and introducing corrective steps wherever 

necessary.  

Monitoring and evaluation (M&E) has become a complex subject because of the rapid changes 

in the methodologies. Added to this, the implementing agencies are poor in project planning. 

They take for granted the outcomes part and focus only on implementation. Unless M&E is 

incorporated into the project planning and is made mandatory, it will not be taken up seriously. 

This paper provides a brief review of the concepts of M&E and illustrates some of the concepts 

and provides practical approach for watershed project and other projects. The paper is divided 

into five sections. Section I deals with concepts of monitoring and evaluation making a 

distinction between implementation-based monitoring and results-based monitoring. It also deals 

with the complementarities between monitoring and evaluation and reasons for neglecting this 

important aspect in project implementation. Every project will have certain inputs and outputs. 

But the distinction between them is very thin. The distinction between inputs and outputs, on the 

one hand, and outcomes, impacts and benefits, on the other, are clearly brought out in this 

section. Section II deals with the information needs in designing a monitoring and evaluation of 
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system. It focuses on the basic features of indicators and selection of indicators to reflect 

objectives of the project. Data collection strategies and preparation of instruments are also 

examined in this section. Section III examines the new approach in monitoring known as 

participatory approach which may be appropriate for certain types of projects. Monitoring of 

watershed projects is the focus in Section IV. It suggests a two step procedure for monitoring to 

make cost effective. It also focuses techniques of project evaluation by considering discounted 

measures of project worth. Section VI focuses on major conclusions emerging from the 

discussion on monitoring and evaluation.     

I. Concepts of Monitoring and Evaluation  

Monitoring and evaluation are two distinct but related concepts. In a way, both should be treated 

as complementary. The basis for monitoring and evaluation is the need for measuring success 

and take corrective steps in the case of symptoms of failure. If we do not distinguish success 

from failure, we may reward the failure. If we do not understand the reasons for failure, we will 

not be in a position to take corrective steps.   

What is Monitoring?  

As explained above, the government needs a strong feedback system known as monitoring. It is a 

continuous function of the implementing agency which consists of collection of data and 

reporting to the implementing agency on selected indicators to understand progress in the use of 

funds and achievement of the objectives. Information generated from the monitoring system 

provides valuable clues as to where problems are occurring and why operations are succeeding 

or faltering. Since monitoring information is collected and reviewed at regular intervals, areas of 

concern can be addressed as and when they arise and corrective measures can be instituted so 

that chances of project success are greatly improved. A closely related concept to monitoring is 

management information system (MIS) which provides information in an easy to use format to 

keep track project activities and budgets.  

What is Evaluation?  

Evaluation is systematic and objective assessment of an ongoing or a completed project. It has a 

wider scope than monitoring. It focuses on design, implementation and outcomes of the project. 

The aim of evaluation is to determine the relevance and fulfillment of the objectives and 

identifying the impact.  
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Traditional and Results-based Systems of Monitoring and Evaluation  

The traditional approach to monitoring was to focus on implementation aspects and financial 

aspects. The responsibility of monitoring ends with completion of the project in terms of 

financial expenditure and creation of the facility. It never examined while spending the money 

whether the expected outcomes are likely to be realized or not. Over time, the scope of the 

monitoring system is widened to incorporate the aspects of outcomes of the expenditure incurred. 

For instance, when infrastructure is created, expected outcomes will not be realized until it is put 

to use and other complementary requirements are satisfied. Because of this, it is replaced by 

Results-based M&E system which focuses on results in addition to implementation aspects. It 

moves beyond inputs and outputs and focuses also outcomes and impacts.  

The distinction between the two systems can be understood by the major questions each system 

attempts to address. The traditional implementation monitoring addresses the questions: “Did 

they do it? Did they mobilize the needed inputs? Did they undertake and complete the agreed 

activities? Did they deliver the intended outputs”? This approach does not focus much the 

success or failure of the project. On the other hand, the results-based M&E system is designed to 

address the question: “So what“?  What is the use of the infrastructure created? What is the use 

of the facility provided? Is it resulting in expected outcomes? Differences in the two approaches 

are explained in Table 1. 

Table 1. Elements of Implementation Monitoring versus Results Monitoring 

Implementation Monitoring  Results Monitoring 

Just describes the situation before 

intervention 

Uses base line data to describe the situation before 

intervention 

Benchmarks are fixed only for activities to 

be taken up and immediate outputs to be 

realised 

Indicators are identified for outcomes and benchmarks are 

fixed for each of them besides studying the processes of 

implementation 

Data collection is limited to inputs, 

activities, and immediate outputs 

Data collection goes beyond inputs and outputs and 

focuses on how they contribute toward achievement of 

outcomes  

Systematic reporting on the provision of 

inputs  

More focus on perceptions of change among stakeholders 

Systematic reporting on production of 

outputs 

Reporting on progress towards outcomes besides outputs 

Designed to provide information on 

administrative and management issues 

Captures information on success or failure of the strategy 

in achieving the desired outcomes 
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Complementarities between Monitoring and Evaluation  

Having understood the distinction between implementation and result monitoring and evaluation, 

we have to understand how monitoring and evaluation are complementary. While monitoring 

gives information on where a project is at a given time relative to outputs and outcomes, 

evaluation gives evidence of why targets and outcomes are being achieved or not being achieved. 

In other words, evaluation addresses the issue of causality. When a monitoring system sends 

signals that the efforts are going off the track, the evaluation system comes into the picture to 

examine the realities of the signals noted in the monitoring system. If the targeted population is 

not making use of the service provided or there is resistance in adopting an innovation, 

evaluation comes into the picture to identify the reasons.  Thus, evaluation is complementary to 

monitoring. The complementary roles are presented in Table 2. 

Table 2. Complementary Roles of Results-based Monitoring and Evaluation 

Monitoring Evaluation 

Clarifies program objectives Analyses why objectives were or were not achieved  

Links activities and resources to objectives Assesses contributions of activities in achieving results 

Translates objectives into performance 

indicators and sets benchmarks  

Examines implementation process and outcomes 

Routinely collects data on these indicators 

and  compares results with targets  

Explores unintended results, if any 

Reports progress to managers and alerts 

them to problems 

Provides lessons, highlights program potential, and 

offers recommendations for improvement 

 

Monitoring and Evaluation are Distinct but Interwoven Processes  

Though monitoring and evaluation are complementary processes, they are distinct because the 

basic approach is different. Monitoring follows management model with a focus on improving 

day to day operations. Evaluation uses research model to assess the extent to which project 

objectives have been met or surpassed. However, they are most effective as interwoven 

activities. Together they can provide information that will help decision makers choose an 

appropriate course of action for the future of the project or on the direction of future projects. 

Findings of monitoring and evaluation should help decision makers to d3ecide whether they can 

continue the project, either as currently implemented or with some modifications, expand the 

project by increasing the coverage, replicate the project in a new setting or curtail the project and 
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reallocate the resources elsewhere. Both monitoring and evaluation systems are needed for 

decision making and hence they should be incorporated into project planning.  

Why are Monitoring and Evaluation Neglected?  

While both monitoring and evaluation are neglected aspects of project implementation, the latter 

is more neglected than the former. Monitoring exists in some form or other as monitoring data is 

essential for project management. Evaluations are rarely conducted and conducted only when the 

organization is compelled to do it. Several factors are responsible for this. Some managers raise 

financial and time constraints. In some cases, implementers may feel that the project is obviously 

beneficial and evaluation is waste of resources, both money and time. It is argued that these 

resources can be spent fruitfully to expand the project. This reasoning is highly dangerous 

because some projects may succeed in some environments and may fail in others. Committed 

project staff and management believe strongly in the value of the project and ignore the less 

successful aspects of the project and argue that evaluation is not essential.  

The Argument that Evaluation is Costly is not Always True  

One of the reasons offered for ignoring evaluation is that it is costly, but it need not always be so. 

If monitoring data shows some positive results, evaluation can simply focus on examining 

whether it can be attributed to the project. If the monitoring results reveal some negative aspects, 

evaluation can simply examine reasons and rectification measures. It is enough if evaluation 

focuses only on certain measurable indicators.   

Inputs and Outputs as Major Components of Monitoring  

Monitoring focuses on appropriate and timely provision and use of project resources. They are 

called inputs and outputs. Inputs are the material goods and actions necessary to carry out the 

primary activities of the project. These include items to be delivered to the target population, 

training, preparation of project sites etc and timely availability has to be counted as input. 

Monitoring should yield information on procurement and cost of these inputs. Outputs refer to 

goods and services provided to the target population. Output assumptions are those made about 

the target population regarding utilization of goods and services provided. Positive outcomes will 

result only when assumptions about the utilization of the output by the target population are met. 

Output will not ensure impact if the assumptions of the behavior are not met. Information on 

inputs and outputs should be collected regularly and information on input and output 

assumptions periodically. 
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Distinction between Outcomes, Impacts and Benefits  

The terms outcome and impact are used in an interchangeable fashion, but they are distinct. 

Outcomes are the intermediate effects resulting from project outputs. In many projects, outcomes 

take the form of behavioral changes in the target population. These outcomes translate into 

impacts which are more meaningful changes in the condition of the target population and reflect 

the primary objective of the project. Benefits are sustainable changes that a program seeks to 

achieve but which are inevitably influenced by a wide range of other factors. These benefits may 

not be seen until many years after the project is completed. Information on outcomes should be 

collected during the life of the project through ongoing monitoring. To conclude, information on 

inputs and outputs should be collected regularly as part of monitoring system and entered into a 

management information system. Input and output assumptions should also be examined 

although less frequently. Outcomes and impacts should be included in evaluations. Outcome 

data, usually behavioral in nature, and often collected through special studies, is also important 

to monitor with some regularity. 

II. Monitoring and Evaluation should Clarify Project Goals and Objectives   

Monitoring and evaluation should first focus on goals and objectives and should not assume that 

they are clear or realistic. They should answer the following questions: What do the planners 

hope to achieve through the project? How will the resources and activities be used to meet goals 

and objectives? Some goals may evolve during implementation and some may have to be refined 

periodically. Goals are the long term changes that planners expect to occur in people’s lives. 

Goals are not concrete criteria to measure success. To convert them into concrete criteria, they 

have to be broken down into objectives, also known as outputs. Objectives are broken down into 

activities that will contribute to achieving these objectives.  Objectives are operational zed goals 

which specify the results. Objectives must satisfy three conditions. First, they should be 

measurable and must specify the criterion for success in quantifiable terms and a time frame in 

which the results should occur. Second, objectives should be well-defined and each objective 

should be matched with a single indicator for success. There should not be scope for individual 

interpretation of objectives. Third, objectives should be challenging but achievable within the 

specified time frame.  
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Determining Information Needs in Designing Monitoring System  

It is generally not practicable or feasible to monitor every detail that appears on the framework. 

It is necessary to prioritize information needs. In addition to information on inputs, outputs and 

results, it is necessary to monitor project costs for purposes of accountability and subsequent cost 

effectiveness analysis. While ongoing monitoring is essential for project management and 

improvement, periodic evaluations are necessary to draw conclusions about the effects of the 

project on target populations. Evaluations have two important functions: to determine the extent 

to which desired changes have occurred and whether the project is responsible for such changes.  

Selecting Indicators for Monitoring and Evaluation  

An indicator is an objectively verifiable measurement which allows for comparisons over time 

and across populations. The choice of indicators is an important aspect of monitoring and 

evaluation. By collecting information on selected indicators, the efficacy of the project can be 

tracked. By comparing the same indicators over time, it is possible to monitor changes and 

predict effects. Such insights permit the refinement and improvement in achieving goals. Good 

indicators should possess the following features: 

1. Simple: In some cases it is impossible or impractical to get direct indicators. In such 

cases, it is necessary to rely on indirect or proxy indirect indicators.  

2. Clearly defined: It is not sufficient to say that a person is below the poverty line. We 

have to give the definition of poverty line.  

3. Variable: Indicator should vary across subjects and over time. If it does not vary, it 

cannot discriminate between those who benefitted from the project and who could not.  

4. Reliable: It should not be affected by the person who collects data. Weekly income is not 

a good indicator in an area where there is high underemployment.  

5. Quantifiable: They should be presented as ratios wherever appropriate. Though 

percentages and ratios are more useful, actual numbers should be collected and 

maintained.  

Deciding Data Collection Strategies  

There is an ongoing debate on the need for quantitative data collection. It is argued that well-

executed qualitative data can provide reliable information at a fraction of the cost. But qualitative 

data is subjective and hence rigorous training is needed to ensure consistency. Accurate 
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assessment of project impact requires quantitative information. The methods most frequently 

used to collect data are: 

1. Observation: This method is useful for assessing time use patterns or behaviours that are 

relevant to achieving desired outcomes. Proxy measures for socio-economic status are 

often derived from observing the type of house in which a family lives, the material used 

for roofing or the number of large and small livestock owned. While observations offer 

valuable insights, they also introduce opportunities for bias. Outsiders can bias 

observations through selection of non-representative sites, subjects and seasons. Subjects 

introduce their own source of error if they change their behaviour when in the presence of 

the observer.  

2. Key informant interviews and focused group Discussions: Both the approaches are 

same in broad terms. Only experienced persons can adopt this method as there is a need 

for several follow up questions careful recording of the collected information.  

3. Structured surveys: Questionnaires have to be administered by thoroughly trained 

interviewers. Instrument development and sampling are complicated procedures in this 

method.  

4. Direct measurements: Direct measurements are sometimes necessary to observe 

changes. Challenging problems may arise in the collection of information by this method. 

Developing Data Collection Instruments  

Data collection instruments have to be used to elicit and record information. The following steps 

have to be followed in developing data collection instruments: 

1. Draft the content of the instrument based on pre-determined information needs 

2. Pay attention to language 

3. Craft questions carefully 

4. Optimize the sequence of the questions 

5. Make the format easy to follow 

6. Check for consistency between instruments 

7. Pre-test the instrument 

8. Revise the instrument 

 

 



ICAR Short Course on " Tools on Monitoring, Evaluation and Impact Assessment of Rainfed Technologies and 

Development Programmes, 1-10 November, 2017" 

 

27 

 

Drafting Content 

1. Keep it short and simple: Collect only what is needed. 

2. Decide how each piece of information collected will be used. Note that collection of 

information is costly in terms of financial and human resources. 

3. Sometimes it is useful to construct dummy tables anticipated in the questionnaire design. 

It clarifies the type and form of data required and reduces collection of utilized 

information. 

4.  Use filter questions to avoid asking inappropriate questions. Before asking for the depth 

of the bore well, ask whether he has a bore well  

5. Calculate later: Forms should not require any calculations for filling. For instance, instead 

of asking seed rate, ask how much seed is used for his land since extent of land is also 

collected. 

6. Avoid double barreled questions that present two ideas simultaneously. 

7. Avoid hypothetical questions.  

8. Ask for facts, not judgments: Compare the questions: In how many doses have you 

applied fertilizer? Are you applying in adequate split doses? The first question relates to a 

fact ad the second one involves judgment.  

9. For closed-ended questions, the options given must cover each of the major possible 

answers and add “others” category as it is unrealistic to be fully exhaustive. But this 

category should not be used by many.  

10. In questions concerning beliefs, attitudes, or behaviour, you may have to allow for 

multiple responses.   

11. Questions should be kept in an order. Always begin an instrument with questions which 

will build rapport with the respondent.  Group questions by topic. Place open ended 

questions and sensitive questions at the end of the instrument. 

12.  For questions that are asked with response options, it is desirable to include codes on the 

instrument as long as format remains uncluttered.  

13. Pre-test all the questionnaires and revise after pre-testing.     

III. A New Approach in Monitoring: Participatory Monitoring and Evaluation  

In recent years, people’s participation has become a critical concept in development projects. 

Robert Chambers (1997) describes this new approach in his book “Whose Reality Counts”. It 
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starts with people’s knowledge as the basis for planning and goes on expanding it by asking the 

questions: “Who measures results?” and “Who defines success?” The question: “Who Counts 

Reality?” has become as significant as the issue of “Whose Reality Counts”?  

Jackson (1995) defines the concept of participatory impact assessment (PIA) as a process of 

evaluation of the impacts of development interventions carried out under the full or joint control 

of local communities in partnership with professional practitioners. The participation of 

communities extends from the definition of impact indicators, collection of data, analysis of data, 

communication of findings and post-assessment actions designed to improve the impact of 

development interventions in the locality. Narayan Parker distinguish between conventional 

evaluation system and participatory evaluation system by considering five aspects of evaluation 

namely who, what, when, how and why as shown in Table 3. 

Table 3. Differences between Conventional and Participatory Evaluation  

Aspect Conventional Participatory 

Who External experts Community members, project staff 

What Pre-determined indicators of success 

including cost and outputs 

People identify indicators which include mainly 

outputs 

How Focus on scientific objectivity, 

distancing evaluators from other 

participants 

Simple methods adopted to local culture, sharing 

results through local involvement in evaluation 

procedures  

When Usually upon the completion of the 

project 

More frequent, small scale evaluations 

Why Accountability To empower local people to initiate, control and 

take corrective action 

 

  There are two main ways that characterize the nature of participation in monitoring and 

evaluation: by whom it is initiated and conducted and whose perspectives are emphasized. In the 

case of first aspect, the distinction is between externally led, internally led and jointly led. 

Regarding the second aspect, distinction is between which stakeholders are emphasized – all 

major stakeholders, beneficiaries or marginalized groups. Based on these two aspects, we get 

different types of participation in monitoring and evaluation. An example of participatory 

monitoring is provided by the Vietnam Sweden Mountain Development Programme (MRDP). It 

is an ‘Integrated Mountain Development Programme (MRDP) that seeks to regenerate green 

productive uplands in Northern Vietnam. It is based on the principle that ‘people are willing and 

capable of taking responsibility for their own development’. The project established 
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Management Information and Learning System (MILS) which is designed to facilitate the 

exchange of information and experience between participatory organisations at different 

management levels (farm, village, commune, district, province and ministry).       

Translating Participatory Monitoring and Evaluation into Practice  

There will be a researcher who will work as facilitator with Team Members. He will train the 

Team Members. The next step is establishing objectives and indicators. A simple set of criteria 

for determining indicators is based on the acronym ‘SMART’: specific, measurable, action-

oriented, realistic and time-framed.  While deciding the type of data needed, it is essential to 

understand for whom it is intended. If the data is needed for farmer to farmer extension, precise 

scientific data is not needed. The data collected through PM&E will be of little use unless it is 

used for developing macro-level strategies. Local findings create possibilities for organizing data 

that can inform decision makers about why resource users perform in particular ways or adopt 

specific practices. The MRDP programme in Vietnam could be used for annual planning at 

district and provincial levels. 

IV. Monitoring and Evaluation of Watershed Management Projects  

India has 143.30 million hectares of cultivated land of which 57 per cent is rain-fed. This area is 

suffering from several problems like low productivity, land degradation Watershed development 

is an important programme in India for achieving growth in rain fed areas which account for 57% 

of the 140.30 million hectares of cultivated land in the country. It has several goals like 

sustainable development of natural resources, enhancement of agricultural production in a 

sustainable manner, restoration of ecological balance in degraded and fragile rain-fed ecosystems 

by greening these areas through appropriate mix of trees, shrubs and grasses, reduction of 

regional disparity between irrigated and rain-fed areas and creation of sustained employment 

opportunities for the rural community including the landless and thus remove poverty in these 

areas. A major change in the programme came after the recommendations of the Technical 

Committee are implemented. The Committee reported that the achievements were suboptimal as 

they were implemented in a fragmented manner through rigid guidelines without any well-

designed plans prepared on watershed basis.  

The Department of Land Resources (DoLR) under the Ministry of Rural Development (MoRD) 

has been implementing the programme since 2009. It is expected that an extent of 25 million 

hectares will be treated during the Twelfth Five Year Plan period (2012-13 to 2016-17). As    
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mentioned in the Technical Committee Report, planning, monitoring and evaluation are the major 

aspects to be focused for the success of the programme.  

A Two Step Procedure for Monitoring Watershed Projects  

Monitoring of such a programme which covers more than one-half of the cultivated area and 

covers several sectors requires systematic approach. Monitoring, as discussed above, should be 

results-based rather than implementation-based and should also be participatory. Monitoring has 

to be done in two steps. The first step should be e-monitoring in which the status of 

implementation will have to be obtained from the implementing agency through e-mail. The 

second step is to monitor through field survey.  

Step One: E-Monitoring  

A simple format has to be developed and sent to the implementing agency to provide information 

through e-mail. After analysing this information, the monitoring agency has to take up field 

verification of some of activities selected by adopting proper sampling method. The format 

should be simple and should cover both financial progress and physical performance. A simple 

format is provided for guidance. 

Proforma for Monitoring  

(Information to be obtained from the implementing agency) 

Part A: Aggregate Information 

1. Amount sanctioned: 

2. Amount  released by Government of India installment-wise: 

3. Installments received by the department: 

Part B: Scheme-wise Information 

1. Name of the scheme: 

2. Implementing agency: 

3. Physical target:  

4. No. of beneficiaries (if the scheme is beneficiary oriented) 

5. Details of beneficiaries: (District-wise list of beneficiaries with contact numbers & 

address) 

6. Amount released to the beneficiaries: 
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7. Present status of implementation: 

(A) Completed:  ___ (b) Grounded but not completed: ____ (c) Not started the work ___ 

Note: For infrastructure related activities, detailed description of the progress is needed.  

Signature and designation of the officer 

Second Step: Field Survey   

Based on the information obtained at this stage, a plan may be prepared for field visits. If the 

implementation has not commenced, there is no point for field verification. Once it is found that 

some projects have made good progress and there is scope to understand the performance and 

likely results, field visit will be needed. At this stage a detailed questionnaire has to be canvassed 

on a sample basis and use the results for remedial measures. The focus at this stage should be 

whether the anticipated benefits can be achieved.        

Field Survey and Indicators  

Field survey has to start with development of indicators (Table 4) which are derived from the 

objectives of the scheme. As explained above, indicators should be simple, clearly defined, 

measurable, variable, valid and reliable.  After finalizing the indicators, benchmarks have to be 

fixed for these indicators. As there will be differences in agro-climatic conditions in different 

regions, the benchmarks can vary across regions for the same indicator.  

Table 4. List of Indicators Relevant for Watershed Programmes 

Sl. 

No. 

Sector Indicators 

1 Soil Health 1. Soil Organic Carbon  

2. Erosion Reduction Status 

2 Hydrology 1. Rainfall 

2. Stream flow 

3. Groundwater level 

4. Status of water bodies 

5. Drinking water availability 

6. Soil moisture availability 

3 Forest  1. Tree cover 

2. Normalized Differential Vegetation Index 

(NDVI) 

3. survival percentage 

4. Families engaged in agro-forestry 

5. Species richness 
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Agriculture & Horticulture 1. Fallow land brought under cultivation 

2. Crop diversification 

3. Increase in area under HYV 

4. Micro-irrigation 

5. Adoption of integrated pest management 

(IPM) 

6. Integrated Nutrient Management (INM) 

7. Productivity 

8. Cropping intensity 

5 Animal husbandry, dairy & 

fisheries 

1. Increase grass lands on CPRs 

2. Increase in area under fodder cultivation 

3. Shift from open grazing to stall feeding 

4. Animal health camps 

5. Adoption of Artificial Insemination (Al) 

6. Increase in fish productivity 

6 Economic, Financial, Risk & 

Convergence 

1. Total income 

2. Families with increase in income 

3. Distress migration 

4. Credit linkages 

5. Watershed Development Fund as assumed 

7 Process monitoring 1. Status of treatment 

2. Status of drainage line treatment 

3. No. social audits 

4. Participation in Gram Sabha 

8 Formation of Institutions 5. No SHGs formed 

6. No. of Watershed Committees functional 

 

V. Evaluation of Projects and Cost Benefit Analysis  

Cost benefit analysis is a tool for deciding the worth of a project when benefits are spread over 

time and costs are incurred at the beginning or in the initial period. The benefits and costs 

incurred over time have to be converted to initial year so that they can be added. For this we use 

a discount rate. We mainly use three measures for comparing the projects. No single method will 

give all the required information. For instance, ratios will not give the absolute value of the 

project worth. 

1. Benefit cost ratio is the ratio of discounted costs to discounted benefits. First we have to 

discount costs and benefits separately and then find the ratio. 

2. Internal rate of return is the discount rate at which Net present value of benefits is equal 

to the net present value of costs. 
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3. Net present worth of a project is the total value of discounted net present benefits. It gives 

what the project can earn after meeting its costs. 

The calculation of these decision criteria is illustrated for a project in the fisheries sector. 

However, it can be applied for any project by suitably adjusting the data relevant for the sector. 

The example is worked out for a fish pond constructed under subsidy scheme (Tables 5 to 10). 

Table 5. Detailed Estimates of Capital and Operational Costs 

Sl. No. Items Quantity  Rate (Rs.) Amount (Rs.) 

A Capital Cost    

1 Site clearance L/S     20,000 

2 Construction of pond hours 50 4000 2,00,000 

3 Civil works for water supply (inlet & outlet) L/S     30,000 

4 Shed for feed storage Square feet 200 500 1,00,000 

5 Farm equipments (nets, aeration appliances etc.) L/S     30,000 

6 Any other (specify) L/S     20,000 

 Total Capital Cost (A) 4,00,000 

B Operational Cost  

1 Lime (Kg) 500 10 5000 

2 Cow dung (tonnes) 10 1000 10000 

3 Urea (Kg) 125 8 1000 

4 Super phosphate (kg) 250 8 2000 

5 Seed (No) 5000 7 35000 

6.1. Rice Bran (Kg) 2000 5 10000 

6.2 Oil cake (Kg) 5000 10 50000 

6.3 Other feed (Kg) 2000 30 60000 

7 Medicine L/S     20000 

8 Labour expenses (man days) 400 250 10000 

9 Electricity L/S     30000 

10 Transportation L/S     25000 

11 Fuel L/S     15000 

12 Others L/S     27000 

 Total Operational Cost (B)   3,00,000 

 Total  Cost (A+B)   7,00,000 
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Table 6.  Estimates of Output and Value of Output 

Species Duration 

of Cycle 

Density of 

Finger 

linger/ha. 

Survival 

Rate 

Average 

Weight 

Production 

(kgs) 

Farm 

Gate 

Price* / 

kg 

Output 

value in 

Rs.  

 (months)   (kg)    

IMC one year 10000 0.8 0.75 6000 100 600000 

                

Total             600000 

 

Table 7.  Sources of Finance 

Item Amount (Rs.) % to total cost 

Subsidy   50% 

State Government     

Bank loan     

Total Cost of the 

project 

700000  

 

Table 8. Repayment Schedule 

Year Principal Interest Total Amount Repayment Loan Outstanding 

      

      

      

      

      

      

Repayment schedule is needed only when there is bank loan. 

Table 9. Estimates of Project Worth like Net Present Value/BC Ratio/IRR 

Year Incremental 

Output value 

Capital 

Cost* 

Operating 

Cost 

Total 

Cost 

Discount 

Factor for 

Output at 

10% rate 

Discounted 

Benefits 

Discount 

factor for 

total cost 

1 600000 400000 300000 700000 0.909090909 545455 1.0000000 

2 600000  300000 300000 0.826446281 495868 0.9090909 

3 600000  300000 300000 0.751314801 450789 0.8264463 

4 600000  300000 300000 0.683013455 409808 0.7513148 

5 600000 75000 300000 375000 0.620921323 372553 0.6830135 

6 600000  300000 300000 0.56447393 338684 0.6209213 

Net present value = sum of discounted net benefits. 
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Note: 

1. Incremental output is additional output produced after implementing the scheme. In the 

case of new pond; output and incremental   output are the same. In the case of 

renovation, additional output becomes incremental output.  

2. It is presumed that some capital cost has to be incurred once in five years for repairs of 

pond and purchase of equipment. 

3. Discount factor is calculated at 10%. 

4.  Discount factor = 1/1.10 for first year and 1/1.10* 1/1.10 for second year and so on. 

5. Discounted cost = Total cost*Discount factor cost.  

6. Net Present value = Discounted value of benefits - Discounted value of costs. 

7. Similarly discounted benefits= Output Value*Discount factor for Output. 

8. Internal Rate of Return is calculated by trial and error taking higher and higher discount 

rates till the difference between discounted benefits and discounted cost is almost zero. 

In this example, the difference is negligible at discount rate of 41.5%. 

 Table 10. Sensitivity Analysis, if needed (issues of sensitivity have to be realistic) 

S. No.  Aspect of 

Sensitivity 

NPV BC Ratio IRR 

1 10% decline in 

yield 

      

2         

3         

4         

 

VI. Summary and Conclusions  

Monitoring is the fourth leg of the government to ensure accountability. The traditional approach 

to monitoring focuses on only implementation aspects. The results-based approach moves 

beyond inputs and outputs and extends to outcomes and impacts. In simple terms, the former 

addresses the questions: “Did they do it? The latter raises the question: “So what”? 

While monitoring gives information on where a project is at a given time relative to outputs and 

outcomes, evaluation gives evidence of why targets and outcomes are being achieved or not 

being achieved. When a monitoring system sends signals that the efforts are going off the track, 

the evaluation system comes into the picture to examine the realities of the signals noted in the 

monitoring system. 
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Though they are complementary processes, they are distinct because the basic approach is 

different. Monitoring follows management approach and evaluation uses research model to 

assess the extent to which project objectives have been met or surpassed. However, they are most 

effective as interwoven activities. While both are neglected aspects of project implementation, 

evaluation is more neglected than the former. Monitoring exists in some form or other as the data 

is essential for project management. Evaluations are rarely conducted and conducted only when 

the organization is compelled to do it. Several factors are responsible for this. Some managers 

feel that the project is obviously beneficial and evaluation is waste of resources, both money and 

time. This reasoning is highly dangerous because some projects may succeed in some 

environments and may fail in others. Committed project staff and management may believe 

strongly in the value of the project and ignore the less successful aspects of the project and argue 

that evaluation is not essential. 

Monitoring focuses on appropriate and timely provision and use of project resources known as 

inputs and outputs. Inputs are the material goods and actions necessary to carry out the primary 

activities of the project. Outputs refer to goods and services provided to the target population. 

Output assumptions are those made about the target population regarding utilization of goods 

and services provided. Positive outcomes will result only when output assumptions are met. 

Output will not ensure impact if the assumptions of the behavior are not met.  

The choice of indicators is an important aspect of monitoring and evaluation. They have to 

reflect the objectives; they have to be verifiable; and they should be useful for comparisons over 

time and across populations. Good indicators should possess seven features namely: simple, 

clearly defined, quantifiable, variable, valid and reliable. In recent years, people’s participation 

has become a critical concept in development projects. Participatory monitoring differs from 

conventional monitoring in five respects: who (external experts or community members), what 

(predetermined indicators or indicators identified by people), how (scientific objectivity or 

simple methods related to local culture), when (at the end or more frequently) and why (for 

accountability or for empowering people). Monitoring has to be done in two steps. The first step 

should be e-monitoring in which the status of implementation will have to be obtained from the 

implementing agency through e-mail. The second step is to monitor through field survey.  

Results-based monitoring has to follow two-step procedure. A simple format will be sent to the 

implementing agency through e-mail for information on the status of implementation with all the 
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details of schemes, locations and beneficiaries. In the second step, the monitoring agency has to 

take up field verification of some of activities selected by adopting proper sampling method. 

Evaluation has to focus on discounted measures of project benefits and costs.  

Three important measures are net project worth, benefit cost ratio and internal rate of return. Net 

present worth is an absolute measure and gives the discounted net benefits from the project 

during its life time. Benefit cost ratio is the ratio of discounted benefits to discounted costs. 

Internal rate of return is the implicit discount rate which equates present value of benefits to 

costs. Sensitivity analysis is carried out by changing the assumptions on benefits and costs. 
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What is Results-Based Management?  

The aim of Results-Based Management is to improve management throughout a project and a 

program life cycle: from initiation (analysis, project planning and design), to implementation 

(results-based monitoring, adjustments and reporting), and to closure (final evaluations and 

reports, and integrating lessons learned into future programming). By managing better, you can 

maximize the achievement of results, that is, the positive changes you set out to achieve or 

contribute to with your programs or projects. 

Why use Results-Based Management?  

Historically, government departments—and implementing organizations—focused their attention 

on inputs (what they spent), activities (what they did) and outputs (what they produced). While 

information about inputs, activities and outputs is important, it did not tell implementers whether 

or not they were making progress in addressing the issues they had identified. Losing sight of the 

results their programs were aiming to achieve limited the effectiveness of their programming. A 

new management approach was needed to raise the standards of performance and define success 

in terms of actual results achieved. Results-Based Management was introduced to meet this need.  

The focus on activities at the expense of results is what management scholar Peter Drucker, in 

1954, referred to as the “activity trap.” Instead, Results-Based Management requires that you 

look beyond activities and outputs to focus on actual results (outcomes): the changes to which 

your programming contributed. By establishing clearly defined expected results, assessing risk, 

collecting information to assess progress on them on a regular basis during implementation, and 

making timely adjustments, practitioners can manage their projects and programs better in order 

to maximize the achievement of results.  

Cause and Effect Relationships  

At the core of “results based thinking” is the concept of the results chain, a schematic illustration 

of the intended causal relationships between various elements of an intervention over time (Fig 

1). The results chain clearly shows the plausible, causal relationships among the elements, while 
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also clarifying the various cyclical processes and feedback loops planners need to be aware of. 

The basic rationale is to plan from right to left by initially focusing on impacts and intended 

outcome and then identifying the outputs, activities, and inputs required to achieve them. 

Tracking performance then goes from left to right, feeding information back to inputs and 

activities to make necessary adjustments and improvements thus leading to better results. 

 

                            Fig 1. Results Chain 

Focus on Outcomes  

The core of results-based management is its focus on desired outcomes. Outcomes represent the 

intended and direct effects of an intervention. Enhanced outcome-orientation first of all aims to 

improve the relevance and effectiveness of aid. Managing for development results hence means 

going beyond the traditional focus on input delivery and activities and focuses on the 

achievement of outputs and especially outcomes. While it is important to have a vision of desired 

impacts and to include the measured impacts of an intervention in the management cycle 

wherever possible, this is often not realistic on a daily scale. It is therefore recommended that the 

focus lies on outcomes during the project implementation, whereas impacts should be included 

both during project planning and evaluation. 

Coherence with Development Goals and Strategies  

The basis of results-oriented management is a systematic focus during both planning and 

implementation on the development goals of the partners and partner countries. The framework 

is given by national MDGs, national development plans, sector development policies, PRSP 

(poverty reduction strategy paper), etc. The donor’s cooperation strategy and country 

programmes should therefore aim for an “alignment” with national and international 
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development goals and form the reference for the results-oriented management of individual 

projects. 

Planning for Results  

The planning of a project and/or programme should use a logic model that presents the 

hypothetical causal relations between performance (the production and provision of the services 

and goods, i.e. outputs, which the project/programme delivers) and results at outcome and impact 

level. Objective and measurable indicators as well as targets for these indicators should be set for 

outputs, outcomes and impacts. Already during planning a monitoring and evaluation plan has to 

be set up which defines tasks, methodologies, deadlines and responsibilities for monitoring and 

evaluation. 

Monitoring and Evaluation  

There is a continuous monitoring of performance and results with periodic evaluations. This also 

requires continuous data collection using the identified performance indicators and evaluating 

them against the set targets. Moreover, a systematic verification of the cause-effect hypotheses 

which the logic model is based on is undertaken. Report- writing focuses not only on product and 

service delivery, i.e. outputs, but especially on the outcomes achieved. 

Learning and Decision Making  

The insights gained from monitoring and evaluation form the basis for the formulation of lessons 

learned and recommendations for action not only for the following planning period but also for 

future projects in the same sector. 

The Logical Framework Approach (LFA)  

The logical framework approach (LFA) is an analytical and management tool, which helps 

planners and managers to: 

• establish a logical hierarchy of means by which objectives will be reached, 

• identify the potential risks in achieving objectives, sustainable outcomes and impacts, 

• present a summary of the project/programme in a standard format, and 

• Monitor and review the achievements of a project/programme during implementation and 

evaluation with pre-defined indicators. 
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A distinction is usefully made between what is known as the Logical Framework Approach 

(LFA) and the Logical Framework Matrix. The approach involves problem analysis, stakeholder 

analysis, developing a hierarchy of objectives and selecting a preferred implementation strategy. 

The product of this analytical approach is the matrix (the Logframe), which summarizes  

• what the project intends to do, 

• what is the project’s theory of causality in achieving certain development results, 

• what the key assumptions are, and 

• How outputs and outcomes will be monitored and evaluated. 

Two main stages of LFA: Analysis and Planning  

Drawing up a Log frame has two main stages: analysis and planning. These are carried out 

progressively during the identification and formulation phases of the project cycle: 

There are four main elements to the Analysis Stage, namely: 

• stakeholder analysis (= profile of the main “players”), 

• analysis of problems and potentials including cause and effect relationships, 

• analysis of objectives (mental image of an improved situation in the future) including 

means and ends relationships to achieve the objectives, and 

• analysis of strategies (comparison of different options to address a given situation) 

including means and ends relationships within the strategies. This analysis should be 

carried out as an iterative learning process, rather than as a simple set of linear “steps”. For 

example, while stakeholder analysis must be carried out early in the process, it must be 

reviewed and refined as new questions are asked and new information comes to light. In 

the Planning Stage the results of the analysis are transcribed into a practical, operational 

plan ready to be implemented. The results of the analysis stage are used as the basis for 

preparing the Logical Framework Matrix (logframe). In additional to the development of 

the logframe, the following tasks are also conducted at this stage: 

• scheduling of main activities, 

• defining resource requirements and preparing a budget, and 

• developing a project organisation and defining an appropriate monitoring and evaluation 

(M&E) system. 
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Logical Framework Matrix  

Logical framework matrices are the most commonly used format for planning and presenting a 

summary of project strategies. A logframe can be seen as a simplified model presentation of how 

the results of a project or programme are linked. This does not mean that the complexity of 

projects or programmes is ignored but that for easier communication, monitoring, evaluation and 

steering purposes a standardised presentation is applied. In essence, the logframe presents the 

causal link between an intervention (activities, outputs) and its effects (outcomes, impact). The 

intervention consists of the services and goods produced through a project or programme’s 

activities and delivered to the target group. It is useful to break the effect down into direct results 

(called outcomes) and lasting changes in society (called impact). Lastly, the logframe also 

contains a description of the context, i.e. the risk factors that could influence the project and the 

assumptions made in the project design. The Logframe matrix has four columns and usually four 

or five rows, depending on the number of levels of objectives used to explain the means-ends 

relationship of the project (Fig 2). 

 

Fig 2. The Logical Frame 

The Vertical and Horizontal Logic  

The vertical logic identifies what the project intends to do and clarifies the causal relationships 

(column 1). In a next step, important assumptions (and/or risks) beyond(!) the project’s control 

are specified in column 4.The horizontal logic defines how project objectives specified in the 
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project description will be measured, and the means by which the measurement will be verified 

(columns 2 and 3). This provides the framework for project monitoring and evaluation. 
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Introduction  

Project management involves five major stages such as Project conception and initiation, Project 

definition and planning, Project launch or execution, Project performance and control and Project 

close. Monitoring and Evaluation (M&E) are integral tools for managing and assessing the 

efficiency and effectiveness of investments in projects including agricultural research and 

extension (ARE) system projects. However, monitoring and evaluation of agricultural research 

and extension project performance, outcomes, and impact has been a constant and significant 

challenge for all stakeholders. M&E generally focuses on both - the progress monitoring (input-

output monitoring or target-achievement monitoring) and the process monitoring. The progress 

monitoring emphasizes on physical achievements vis-à-vis targets i.e. performance of associated 

institutions/agencies with respect to activities they are supposed to carry out and the output they 

are expected to generate. While the process monitoring focuses on the steps being followed by 

them in carrying out these tasks, the progress monitoring focuses on the achievement with 

respect to established milestones of physical and financial targets, quality of services and process 

adherence. All these help the project in providing feedback to the top management for timely 

corrective measures to keep the project on right track. Effective Monitoring and Evaluation 

system helps in indicating the path of progress of the project through the project implementation 

process and puts the project on right track by facilitating timely corrective measures, while the 

evaluation system provides information on whether the project has reached the right destination 

(in terms of fulfillment of objectives) and in timely fashion, cost effective way, and through right 

route. This also provides better alternative routes to reach the same destination in a more cost 

effective manner. 

Monitoring is defined as a continuing function that aims primarily to provide the management 

and main stakeholders of an ongoing intervention with early indications of progress, or lack 

thereof, in the achievement of results. An ongoing intervention might be a project, program or 

other kind of support to an outcome. Monitoring helps organizations track achievements by a 
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regular collection of information to assist timely decision making, ensure accountability, and 

provide the basis for evaluation and learning (World Bank, 2017). Evaluation is the systematic 

and objective assessment of an on-going or completed project, program, or policy, and its design, 

implementation and results. The aim is to determine the relevance and fulfillment of objectives, 

development efficiency, effectiveness, impact, and sustainability. An evaluation should provide 

information that is credible and useful, enabling the incorporation of lessons learned into the 

decision making process of both recipients and donors (World Bank, 2017). 

Monitoring vs. Evaluation 

Monitoring Evaluation 

• Routine collection of information • Analysing information 

• Tracking project implementation 

progress 

• Ex-post assessment of effectiveness and 

impact 

• Measuring efficiency • Confirming project expectations 

 • Measuring impacts 

Types of Monitoring 

(i) Results monitoring 

(ii) Compliance monitoring  

(iii) Context (situation) monitoring 

(iv) Beneficiary monitoring  

(v) Financial monitoring  

(vi) Organizational monitoring 

Types of Evaluation 

(a) According to evaluation timing –  

             Formative; Summative; Mid-term; Terminal; Ex-post;  

(a) According to who conducts evaluation –  

              Internal or self; External or independent; Participatory; Joint  

     (c) According to evaluation technicality or methodology     

             Real time; Meta; Thematic; Cluster / sector; Impact 
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Some more methods of evaluation are; 

• Open –ended comments or reactions  

• Objective questions or surveys  

• Task performance measures such as simulation and role plays  

• Multiple choice or similar tests 

• Participant self-assessment 

Why M & E  

The need for monitoring and evaluation could be elaborated with the following questions: 

• Relevance: Whether the objectives and goals match the problems or needs that are being 

addressed? 

• Efficiency: Is the project delivered in a timely and cost-effective manner?  

• Effectiveness: To what extent does the intervention achieve its objectives? What are the 

supportive factors and obstacles encountered during the implementation?  

• Impact: What happened as a result of the project? This may include intended and 

unintended positive and negative effects.  

• Sustainability: Are there lasting benefits after the intervention is completed? 

Framework for M & E: 

The M & E framework usually takes in to account the following views: 

• What is to be monitored and evaluated? 

• The activities needed to monitor and evaluate  

• Who is responsible for monitoring and evaluation activities?  

• When monitoring and evaluation activities are planned? 

• What resources are required and where they are committed? 

• How monitoring and evaluation is carried out (methods)  

Steps in Planning for M & E 

1. Identify players for project design, implementation, and reporting 

 2. Clarify scope, purpose, intended use, audience, and budget for monitoring and 

evaluation.  
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3. Develop the questions to answer in M & E.  

4. Select indicators 

5. Determine the data collection and analysis methods 

What is an Indicator?  

An indicator is a variable that is normally used as a benchmark for measuring program or project 

outputs. It is “that thing” that shows that an undertaking has had the desired impact. It is on the 

basis of indicators that evidence can be built on the impact of any undertaking. Most often, 

indicators are quantitative in nature, however, in some few cases, they are qualitative. 

Most often indicators are confused with other project elements such as objectives or targets. 

Indeed, understandably so. Unlike targets or results which specify the level of achievement, 

indicators do not. For example, in a project on access to safe water, statements such as “an 

increase in the proportion of households reporting the consistent use of chlorinated drinking 

water” or “70% of households reporting the consistent use of chlorinated drinking water” are 

not indicators. Rather, an indicator could be “The proportion of households reporting the 

consistent use of chlorinated drinking water.” 

Importance of Indicators 

Indicators are an important for any project, particularly for monitoring and evaluation 

purposes. Some of the benefits of indicators are highlighted below. 

1. At the initial phase of a project, indicators are important for the purposes of defining how 

the intervention will be measured. Through the indicators, managers are able to pre-

determine how effectiveness will be evaluated in a precise and clear manner. 

2. During project implementation, indicators serve the purpose of aiding program managers 

assess project progress and highlight areas for possible improvement. In this case, when 

the indicators are measured against project goals, managers can be able to measure 

progress towards goals and inform the need for corrective measures against potential 

catastrophes. 

3. At the evaluation phase, indicators provide the basis for which the evaluators will assess 

the project impact. Without the indicators, evaluation becomes an audacious responsibility. 
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Types of Indicators 

The three widely acknowledged types of indicators are process indicators, outcome 

indicators and impact indicators. 

1. Process indicators: are those indicators that are used to measure project processes or 

activities. For example, in a Safe Water project, this could be “the number of chlorine dispensers 

installed at water points” or “the number of households that have received training on 

chlorination of water.” 

2. Outcome Indicators: Are indicators that measure project outcomes. Outcomes are medium 

impacts of a project. For example, in the case of a Safe Water project, outcome indicators could 

be “the proportion of households using chlorinated drinking water” or “the percentage of 

children suffering from diarrhea.” 

3. Impact Indicators: Are indicators that measure the long term impacts of a project, also known 

as the project impact. In the case of the Safe Water project, it could be, “the prevalence of under 

5 mortality.” The following are some indicators for a climate change adaptation project in 

community level which focuses on farmers. 

Process indicators 

1. No of farmers supplied with drought resistant crops 

2. No of community awareness meetings conducted 

3. No of wells/dams constructed 

4. No of farmers enrolled in crop insurance 

5. No. of irrigation systems constructed 

Outcome indicators 

1. Proportion of food secure households 

2. Percentage of malnourished children under-5 

Impact indicators 

1. Employment rates of the region 

2. prevalence of under 5 mortality 
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Types of indicators, Targets and Means of Verification 

Indicators are designed to measure changes over time by pointing the direction of change in 

either the positive, negative, or whether the situation is improving or worsening. Indicators are 

usually numeric. They may contain qualitative data which is usually quantified. 

Developing Indicators for M & E 

After reaching this stage i.e. how to develop the indicators for M & E, one has to have an 

understanding of indicators for appropriate indicators (Kaufman, 2017). 

1. Precise/Well defined: Probably the most important characteristic of indicators is that they 

should be precise or well defined. I other words, indicators must not be ambiguous. 

Otherwise, different interpretations of indicators by different people imply different results 

for each. 

2. Reliable: Reliability here implies that the indicator yields the same results on repeated 

trials/ attempts when used to measure outcomes. If an indicator doesn’t yield consistent 

results, then it is not a good indicator. 

3. Valid: Validity here implies that the indicator actually measures what it intends to 

measure. For example, if you intend to measure impact of a project on access to safe 

drinking water, it must measure exactly that and nothing else. 

4. Measurable: Needless to say that an indicator must be measurable. If an indicator cannot 

be measured, then it should and must not be used as an indicator. 

5. Practicable: In other cases, although an indicator can be measured, it is impracticable to 

do so due to the cost or process constraints. An indicator must be able to utilize locally 

available resources while at the same time being cost effective. 

Selection of Indicators  

In M&E planning, one of the things that managers have to work out are a set of indicators that 

will be used to measure outputs against program goals. Understandably, questions often arise 

regarding what indicators are, their importance and what to consider when choosing them. Here, 

we will take a look at examples of indicators (Table 1 and 2), their types, their importance and 

eventually, how to select appropriate indicators. 
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How to use indicators: 

• Setting performance targets and assessing progress toward achieving them 

• Identifying problems using early warning system for corrective action 

• Indicating whether an in-depth evaluation or review is needed 

Examples of Indicator themes with Illustrations  

Table 1. Issue wise Indicators 

Key issues/questions Indicators  

issues/questions internal to group(s) 

Organizational capacity/group 

processes 

Access to resources (human, financial, technical); leadership, vision 

and understanding of change management (e.g. principles: 

adaptability); cost effectiveness; sustainability(e.g. finance, and/or 

supportive framework for volunteers) 

Cost effectiveness/efficiency  Ratio of cost(including volunteer’s time) to outcomes (e.g. amount of 

energy efficiency measures installed/energy reduction achieved)  

Joint or partnership working Perceptions of value added from working together; early wins; shared 

vision, objectives, strategy & working principles; clear roles & 

responsibilities; trust, recognition of value of different contributions  

issues/questions about outputs, outcomes and impacts 

Relevance  Numbers , percentage and demographic mix of project participants; 

perception of participants and wilder community about relevance of 

projects to their lives and needs 

Effectiveness (interim outcomes and impacts) 

Hearts & minds  Individual and community attitudes/beliefs/values e.g. that climate 

change is/is not caused by human activity; or that increasing 

resilience/reducing CO2 is/is not the right thing to do   

Individual 

agency/empowerment 

People’s beliefs that they can take meaningful action and that change is 

possible(e.g. might include motivation, knowledge & skills, 

intention/commitment, capacity) 

Behaviours /practices More sustainable behaviours (e.g. closing windows, turning off lights 

when not in use, drying laundry naturally rather than tumble drying, 

using public transport rather than the car) 

Community capacity/resilience Community resources( human, technical, and financial); networks/ 

partnerships/collaborations; resident access to and consumption of 

locally grown food, clean energy, water and other resources; use of 

local currency or exchange schemes; number of local business/social 

enterprises/jobs (see Annex three for further examples) 

Social capital Increased interaction between individuals, groups and sectors in 

community, trust, pro-social & environmental norms  

Support base/participation in 

activities/public support 

Numbers of members/ supporters participation in initiatives; 

motivations for participation/ non-participation; trust in community 
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organization/ movement 

Participation in and/or 

influence over local and 

national decision making and 

policies  

Involvement in public decision making( including access to info, 

meaningful consultation, responsiveness of decision makers to local 

people); involvement in petition/lobbying/campaigning of national  

government; changes in relevant policies (e.g. the terms of debates; 

getting issues on policy agenda; policy commitments to change 

Source: ECI et al, 2014 

Table 2. Example of Indicators & Information Collection Methods  

Issue/question & indicators  Information collection method  Frequency (including base 

line) 

Relevance  

Numbers, percentage and demographic 

mix of project participants; perception 

of relevance by participants  

Self-evaluation  

Participant questionnaires  

Community questionnaires 

Annually  

Once at beginning of project 

Every 3 years 

Effectiveness 

Agency ; perception of social norms; 

household energy behaviours 

Participants questionnaires At beginning & end of 

programme  

Impact 

Household energy use Meter readings  Monthly  

Household carbon emissions  e.g. Quicksilver Calculator At beginning of programme 

(for preceding year) and at 

end of programme  

Community energy use  Electricity Network Operator 

If Available  

Annually 

Community carbon emissions e.g. DECoRuM mapping or 

other community scale carbon 

counting tools 

Annually 

Source: ECI et al., 2014 

Methods of evaluation; 

Some examples of evaluation are illustrated in Table 4. 

 

Table 4. Examples of Project Outcome Indicators 
Focus of the 

project 

Development 

Objective  

Stake holders in ARE Project 

Donor – 

World Bank 

Barrower- 

Ministry of 

Agriculture  

Research or 

Extension 

Agency 

Academic 

Institution  

Private 

sector 

Farmer or 

Producer 

Group  

Poverty 

reduction  

X % 

increase in 

poor small 

holder’s 

X % 

increase in 

poor small 

holder’s 

X % increase in 

farm income 

X % 

increase in 

farm income 

Sales of 

crops 

increased 

by x % 

Increase in 

number of 

meals with 

meal or fish 
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household 

real income   

household 

real income   

Productivity  

change
1
 

X % 

increase in 

small holder 

crop 

production 

and farm 

income 

X % 

increase in 

small holder 

crop 

production  

X % of farmers 

have access to 

improved 

varieties  

Number of 

staff with 

improved 

technical 

skills 

Input sales 

increased 

x % by 

year x 

Staple food 

yield 

increase 

Institutional 

development
2
 

Number of 

regions 

covered by 

good quality 

ARE 

services  

Number of 

regions have 

decentralize

d ARE 

services  

Generation and 

transfer of good 

quality 

technologies to 

x% of farmers  

Number of 

staff in 

collaborativ

e ARE 

programme 

X % of 

farmers 

have 

access to 

company 

inputs 

and/or 

services  

Extension 

agents visit 

rural 

communitie

s frequently 

Market 

development 

Farmers 

access to 

markets 

improved 

by x% 

Farmers 

access to 

markets 

improved by 

x% 

Demand of 

high-value 

commodity 

research 

increased  

Change in 

farmers 

ability to 

market 

products  

Number 

of 

productio

n 

contracts 

with 

farmer 

groups 

X% of 

higher price 

from 

vegetables  

Capacity 

building  

X% 

increase in 

farmer 

groups 

participatio

n in 

decision 

making in 

the area 

X% increase 

in 

autonomous 

farmers 

groups’ 

formation in 

the area  

X% increase in 

participatory 

technology 

development 

High level 

of 

participation 

among 

farmers 

Number 

of 

contracts 

with 

farmer 

groups 

increased  

X% increase 

in farmer 

groups 

membership 

Environmenta

l sustainability  

X % of 

farmers 

adopting 

environ 

sound 

production 

practices  

X % of 

farmers 

adopting 

environ 

sound 

production 

practices  

X% increase in 

generation of 

environmentall

y sound 

technologies  

Number of 

trainings to 

extension 

staff in 

environ 

sound 

practices  

X% of 

farmers 

trained in 

safe 

pesticide 

use 

Reduction in 

pesticide 

applications 

or increase 

in land 

under no-till 

Source: IBRD- World Bank, 2005 
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Indicators for a Development project 

M &E indicators for National Mission on Sustainable Agriculture (NMSA) – sub mission on 

agro forestry are as follows:  

• Coverage of area under plantation 

• Number of plants in area/ periphery 

• Soil carbon sequestration 

• Soil organic matter 

• Improvement in livelihood 

• Productivity enhancement of crop & cropping systems etc. 

Conclusions  

Monitoring and evaluation of a research, extension and development project/ programme is an 

essential component which plays a key role in not only documenting the lessons of processes but 

also the factors that make a project a success or failure. It is in this context the stakeholders have 

to prudently plan and execute the M & E process. The crux of whole exercise is in identifying 

the appropriate M & E indicators for the project besides selecting the timing and the agency/ 

team taking up this exercise. The concepts, relevance, typologies and the sequencing of the 

process have been dealt in this paper for the benefit of various users like researchers and 

development agents. 
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1. Why Impact Assessment is needed?  

The public investment is contributing largely in research and development activities which are 

highly accountable. Policy makers desire information and evidence on the efficiency with which 

public funds are allocated and the productivity of these investments. Since a major share of 

investments in agricultural research comes from public funds, research focused on the question 

of efficiency and productivity of these funds has remained at the forefront of the ‘impact 

assessment’ culture in the national and international agricultural research community. 

Governments and donors are increasingly concerned about the productivity of investments. We 

need to demonstrate results and capture impacts in both quantitative and qualitative terms to 

justify the public money invested in agricultural research, education and extension (AREE). In 

this context, monitoring and evaluation (M&E) of AREE assume greater significance. An 

effective impact assessment method would increase the quality of AREE, reduce the cost, 

facilitate in identifying the weak links in the research-to-impact pathways and make the scientists 

aware of the broader implications (or lack thereof) of their actions in AREE besides, guiding 

administrators on future AREE investments. Recent concerns about the structure of evaluations 

stem from several challenges that governments face today. Thus, impact assessment is gaining 

importance among the donors, research managers and policy maker. Evaluation has become 

necessary in the present context, mainly from the point of accountability, especially, due to high 

public investment in welfare and developmental programmes; to arrive at whether the money is 

effectively spent or not? Impact refers to the broad, long-term economic, social and 

environmental effects resulting from AREES. Such effects may be or may not be anticipated, 

positive or negative, at the level of the individuals or the organizations. Evaluation is the judging, 

appraising, or determining the worth, value or quality of AREE, in terms of its relevance, 

effectiveness, efficiency, and impact. High quality monitoring is the foundation of good 
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evaluation and it is also a tool for managing progress on a day to day basis. With latest advances 

in ICT -devices and applications  real time monitoring is being done in many fields which 

generates simple to complex data. Evaluation on the other hand tends to be a very separate 

activity requiring different skills and is carried out by different actors. Thus, followings are the 

power of measuring results as an impact. 

• If you do not measure results, you cannot tell success from failure. 

• If you cannot see success, you cannot reward it. 

• If you cannot reward success, you are probably rewarding failure. 

• If you cannot see success, you cannot learn from it. 

• If you cannot recognize failure, you cannot correct it. 

• If you can demonstrate results, you can win public support(Osborn and Grabler, 1992) 

Regarding millet development is concerned; sorghum (Sorghum bicolor L. Moench) is 

major millet and the fourth largest crop after wheat, rice and maize which are being cultivated by 

resource poor, small and marginal farmers in semi-arid regions of the country. In spite of its 

multiple uses, the area under grain sorghum in India has declined from 18.61 m. ha in 1969-70 to 

5.75 m. ha in 2013-14. However, national average yield of sorghum has doubled since 1980 due 

to adoption of both improved varieties and management practices by the farmers (Pray and 

Nagarajan, 2009). The post-rainy sorghum produce is used both for human consumption and 

fodder for cattle. Thus, it is the key for the sustenance of human and livestock population.  More 

than 5000 frontline demonstrations (FLDs) on sorghum production technologies were conducted 

by ICAR-Indian Institute of Millets Research, Hyderabad in major sorghum growing areas of the 

country (Chari et al., 2008). The several reports indicated that there was significant impact of the 

improved sorghum production technologies mainly on yields. But, not all released varieties and 

cultivation practices resulted in impact, of course; adoption by farmers depends on the varieties' 

suitability to their needs and conditions, the availability of seed and other inputs, the availability 

of information about the varieties, and other factors (Reddy et al., 2010). Impact appeared to be 

strong in the regions/states viz., the Marathwada and the western Maharashtra in the Maharashtra 

State, and in the northern Karnataka state; this area is known as 'Sorghum Bowl' of India (Deb 

and Bantilan, 2003). Although, the area decline in kharif sorghum is more than the rabi sorghum, 

the farmers had very limited options in post rainy-season except sorghum in rainfed areas unlike, 

kharif season. It is a major source of their livelihood in rainfed and dryland areas. However, the 
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productivity and profitability is low in rabi sorghum mainly due to low adoption of improved 

production technologies. This paper highlights how to ascertain impact of the demonstrated 

technologies on agro-economic, farming and farmers’ livelihood aspects, so that the sorghum 

growers can be motivated and built-up confidence for sustainable sorghum cultivation? The 

extend of adoption of these recommended production technologies and socio-economic factors 

are also assessed in order to replicate successful results. 

1. Impact Assessment Based-on Duration 

Generally, impact of AREE programs is being assessed at three levels as mentioned below.  

2.1. Short Term Impact: Those results which are achieved immediately after implementing an 

activity are called as outputs or short-term impact. For example, if we are organizing a workshop 

on human rights, participants who attended it, have now got a clear understanding on human 

rights issues. So, this is an output the project has achieved and it is achieved right after the 

conclusion of the workshop. 

2.2. Medium Term Impact: It can be considered as outcomes or as mid-term results. They are 

not seen immediately after the end of the project activity. But after some time (after 5-10 years), 

when we see some change at the ground level because of the project activity, then it can be 

termed as an outcome. Taking the above example of a human rights workshop, if the participants 

have started to mobilize their community members to seek their human rights, then it is an 

outcome of the project. 

2.3. Long Term Impact: It is usually a long-term result and it may not be achievable even 

during the life cycle of the project. For example, if the community has achieved its goal of 

getting their human rights recognized by the government, then it is an impact created by the 

project though it is usually seen after several years. 

3. Effective Ways of Impact Assessment  

While measuring impact of agricultural research and development, it has to follow various 

appropriated techniques which comprises steps from research outputs to outcomes involves 

estimating two key parameters, the size of the adoption of a research output (as measured by 

production units or social units such as individuals or households) and the average effect size, 

which measures the effect of a research output per unit of adoption compared with a 

counterfactual. The step from outcomes to impacts involves using models (such as economic 

surplus, social accounting matrices or computable general equilibrium) that take into account the 
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equilibrium effects of scaling up the estimated effects per unit of adoption over time and space. 

Mainly, the following three methods are being followed. 

3.1. Treatment and Control Effect: Given the short time to pick up short-term effects and the 

impact of recently developed products, it is used. In case of a few farm practices/technologies 

which are seasonal, adopted and non-adopted farmers’ comparison method in development 

project is followed. 

3.2. Trials with Secondary Data: If, the baseline data are not available or not applicable to 

assess the impact, the technology performance data is compared with secondary data available in 

public domain. 

3.3. Before-and After-Adoption: Participatory impact evaluation mechanism not just to support 

agricultural research in the field through promotion of new technologies and different 

mechanisms to enhance production and marketing, but also serve as an experiment in 

institutional innovation. Ex-post impact assessments involve evaluating the magnitude scale of 

economic and social impacts resulting from the adoption of research outputs (i.e. technologies, 

practices, institutional innovations). As implied by its name, these types of assessments take 

place after the evidence of adoption of technology. This method is widely used in assessing the 

agricultural and rural development process. 

3.4. Common Errors in Impact Measurement: There are some limiting factors in impact 

assessment of agricultural research and development projects. A few of them are highlighted 

below. 

3.4.1. Poor Quality Data: Reliable agricultural statistics are often difficult to obtain, especially 

on a wider scale. AREE programs must have balance data needs between the ideal (and costly) 

and the practical, and must draw data from various sources. Use of the advances in information 

communication technology and its applications for collection, analysis, storage, retrieving and 

dissemination of data will be quite useful in monitoring and evaluation. 

3.4.2. Externalities: Impact assessments rarely try to capture external effects in quantitative 

terms. As a result, certain estimates may be biased by the fact that associated environmental 

costs (or benefits) are ignored, or that government expenditures associated with agricultural 

production (such as subsidies) are excluded. 

3.4.3. Unrealistic or Unspecified Counterfactuals: The counterfactual should identify the 

“next best” technologies or policies that would have been developed and adopted without the 
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assessed AREE program. This is because farmers dynamically respond to available production 

possibilities, and adapt to remain technically efficient given their production frontier. 

Counterfactuals must take account of this and try to capture true “next best” options for farmers, 

including the adoption of alternative innovations that would be produced by other institutions in 

the absence of the given assessed research. 

4. Planning for Impact Assessment  

Frontline demonstrations (FLDs) programme is one of the effective approaches for disseminating 

technology generated through research. In view to assess impact of the agricultural technology, 

planning, program designing and executing are the key elements in this process. Selection of 

area, commodity, resources and inputs have vital role. Apart from these, guidelines for 

implementing field oriented programme like, FLDs need to be devised. Some operational 

guidelines are developed as mentioned below for organizing FLDs on sorghum in different 

sorghum growing regions of the country. 

4.1. Selection of the Farmers: Farmers from the different categories, who are proactive, 

interested, cooperative and responsive, should be selected. The farmers should be restricted to 

20-25 numbers maximum from a single village or from cluster with one technical field 

assistance. 

4.2. Site Selection: Demo sites should preferably be selected on road sides of the village in order 

to get exposure to the maximum numbers of farmers including non-beneficiaries. 

4.3. Field Layout: The field layout should be included farmer’s practice (existing practices) 

along with demo in the same field. The component demonstration and total package 

demonstration need to be conducted separately. The field size for demo should be a minimum of 

0.4 ha. 

4.4. Selection of Technology for Demonstration 

4.4.1. Full Package Demonstrations: Details of practices used under demonstrations should be 

listed out and made available to the audience at the beginning. The farmers’ practices are also 

need to be enlisted at the beginning of the programme. 

4.4.2. Demonstrations on High Yielding Cultivars: The demonstrations should include newly 

developed cultivars or farm practices. Their performance should be compared with local or 

existing practices. All the treatments including management practices should be same except the 

demo technology. 
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5. Execution of Impact Assessment 

5.1. Field Boards and Labels: The trials should be labeled with field boards and plates showing 

name of latest cultivars, date of sowing and fertilizers (NPK) dose, etc. 

5.2. Literature Distribution: Handouts or leaflets on the demonstrated technologies in local 

language should be distributed to the farmers along with critical inputs as a subscription. 

5.3. FLD Monitoring: The monitoring team of experts should assess the trials on different 

parameters including utilization of funds, crop management, field layout, literature distribution, 

etc. 

5.4. Field Book Maintenance: The field book having farmer’s details, layout design, date-wise 

operations, component-wise cost incurred, labour requirement, yield attributes, yield data, etc., 

along with the farmers’ practice (as a check) must be maintained. 

5.5. Data Support: Data need to be generated or collected on physico-chemical properties of 

soil, annual rainfall and district-wise area, production and yield (APY) in addition to the FLDs’ 

data. 

5.6. Linkages with Line Departments: These demonstrations should be focused on bridging 

critical technological gaps. The Strategic Research and Extension Plans (SREPs) or ATMAs 

have identified such district-wise technological gaps for major crops. While preparing plan for 

the FLDs, the SREP of the district may be consulted by the concerned personnel of 

implementing agency. 

5.7. Latest Approach: To enhance capacity of the user through effective tools like, Farm Field 

Schools (FFS) which are being setup at Block / Village level by the ATMA should be 

implemented in the programme. 

6. Highlights of the Results  

By following the above guidelines and procedures, several FLDs were organized and assessed 

their impact and are highlighted hereunder. 

6.1. Frontline Demonstrations on Kharif Sorghum   

In total, 254 frontline demonstrations (FLDs) on sorghum were organized during 209-10 in 29 

districts across the seven-different sorghum growing states viz., Maharashtra, Karnataka, 

Madhya Pradesh, Andhra Pradesh, Rajasthan, Gujrat and Tamil Nadu. Latest sorghum cultivars 

(SPSH 1148, CSV 20, CSV 23, CSH 23 and CSV 17) were commonly undertaken and compared 

with farmers’ cultivar as local check to evaluate and demonstrate their performance in farmers’ 
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fields at different locations. Several such demos were also organized since 2006 in different parts 

of the country (Table 3) 

6.1.2. Highlight of the Results  

The demonstrated improved sorghum cultivars irrespective of the agro-ecological regions 

yielded betteras12 to 67% higher grain yield and up to 64% more fodder yield than the local 

check (Table 1). It was also found to be more economical than the local checks. On an average, 

the demonstrated cultivars could earn net returns of Rs.17, 955/- per ha, which was 56.21 per 

cent more than the local check (Rs. 11,494/- per ha). It was also resulted in to 0.45 more B: C 

ratio from them (Table 2). However, the rate of increase varied at different locations. The higher 

increase in grain yield was368% in Mevad region of the Rajasthan and lowest was12% in 

Vidharbha region of the Maharashtra. Similar trend was observed in case of fodder yields, except 

in the Mevad region (yield increased 1%) because the local cultivars were also performed better 

(Table 1 and 2).    

Table  1. State-wise Yield Gap between FLDs and Farmer’s practice (FP) 

Sl. 

No. 

State Grain yield (t. ha
-1

) Stover yield (t. ha
-1
) 

FLD FP Yield gap (%) FLD FP Yield gap (%) 

1 Andhra Pradesh 3.5 2.45 42 8.6 6.25 38 

2 Rajasthan 1.64 0.35 368 7.82 7.73 01 

3 Gujarat 2.16 1.63 33 6.19 5.02 23 

4 Madhya Pradesh 2.33 1.86 25 7.10 5.26 35 

5 Maharashtra 2.36 2.10 12 8.50 8.08 05 

6 Tamil Nadu 1.22 0.73 67 7.20 4.40 64 

 Mean 2.20 1.52 91.17 7.57 6.12 27.67 

 

Table 2. Economics of Kharif Sorghum Cultivation under FLDs 

Sl. 

No. 

FLD Centre Economic 

Cost of cultivation 

(Rs.ha
-1
) 

Net return 

(Rs.ha
-1
) 

B:C ratio 

FLD FP FLD FP FLD FP 

1 Palem 10900 9125 25162 16830 3.29 2.83 

2 Udaipur 8500 7700 16950 7160 2.74 1.85 

3 Surat 15038 14310 20215 12812 1.34 0.90 

4 Indore 8064 6787 17818 12695 3.21 2.91 

5 Akola 14109 15501 20321 17298 1.44 1.11 

6 Coimbatore 9211 7643 7264 2170 1.70 1.45 

 Mean 10970 10178 17955 11494 2.29 1.84 
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6.1.3. Yield Gaps 

The results show that the grain yield of sorghum was lower under farmer’s practice (1.52t. ha
-1

) 

as compared to FLD’s (2.20t. ha
-1

) indicating a wider gap (45%). However, comparatively lower 

yield gap (21.53%) was found in case of stover yield (Table 5). The cultivars could bridge the 

yield gap in grain (45%) and stover (21.53%) through improved sorghum technologies, kharif 

sorghum farmers could able to produce the maximum grain and stover yields. The demonstrated 

sorghum cultivars showed potential to increase the yields and profits over local one at almost all 

the locations. 

Table 3. Details of Frontline Demonstrations Conducted Since 2006 

Year Varieties/hybrids 

demonstrated 

Area 

covered 

(ha) 

Demos States/locations 

2013-

14 

CSV 22R, CSV 18R, 

PhuleVasuda, Phule Suchitra, 

PhuleRevati, Phule Anuradha, 

PKV Kranti, Parbhani Moti, 

CSV 26R and CSV 29R 

152 341 Maharashtra, Karnataka and 

Andhra Pradesh 

2012-

13 

CSV 22R, CSV 18R, 

PhuleVasuda, Phule Suchitra, 

PhuleRevati, PKV Kranti, 

Parbhani Moti and CSV 26R 

156 280 Maharashtra, Karnataka and 

Andhra Pradesh 

2011-

12 

CSH 16 (in rice-fallows) 50 126 Guntur district of Andhra 

Pradesh 

2010-

11 

CSH23, CSV23, CSV20, 

CSV17, SPH1148, CSH25, 

SU1080, CoS 30, CSV22, 

PhuleYashodha, 

PhuleVasudhaand  CSV18 

250 431 

(125K+306R) 

Maharashtra, Madhya Pradesh, 

Andhra Pradesh, Tamil Nadu, 

Rajasthan, Gujarat 

2009-

10 

CSH23, CSV23, CSV20, CSV 

17, SPH1148, CSH25, PJ1430, 

SU1080, JJ1022,Co (s)28, PKV-

kranti, CSV22Rand  CSV18R 

283 471 

(254K+217R) 

Maharashtra, Karnataka, 

Madhya Pradesh, Andhra 

Pradesh, Tamil Nadu, 

Rajasthan, Gujarat, Uttar 

Pradesh 

2008-

09 

CSH 23, CSV 23, SPV 1616, 

CSV 17, SPV 1753, PJ1430, SU 

1080, JJ 1041, and  JJ 1022 

47.20 90 Karnataka, Madhya Pradesh, 

Rajasthan 

2007-

08 

CSV13, CSV17, CSV19SS, 

SPV1616, SPV1430, NSV13, 

ICSV745, SSV84, GJ40, JJ1041, 

PVK400, PVK801, PVK809 

312 479 Maharashtra, Karnataka, 

Madhya Pradesh, Andhra 

Pradesh, Tamil Nadu, 

Rajasthan, Gujarat, 
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Uttarakhand, Jharkhand, J&K, 

Uttaranchal 

2006-

07 

SPV1616, CSV17 and state 

released cultivars 

271 498 Maharashtra, Karnataka, 

Madhya Pradesh, Andhra 

Pradesh, Tamil Nadu, 

Rajasthan, Gujarat, Uttar 

Pradesh, Jharkhand, 

Uttaranchal 

(Source: Report on frontline demonstrations on sorghum, National Research Centre for 

Sorghum, Hyderabad) 

6.2. Frontline Demonstrations on Rabi Sorghum  

Similarly, several FLDs on rabi sorghum were also organized in major sorghum growing state; 

Maharashtra, Karnataka, Telangana and Andhra Pradesh in the country. Rabi sorghum is mostly 

grown in dryland conditions on residual soil moisture of rainy season.  

6.2.1. Highlight of Results 

During 2013-14, in Telangana, CSV 22R gave 39% more grains yield (1.82 t/ha). Sorghum 

variety viz., CSV 18R yielded higher (2.33 t /ha) grains in Marathawada region of Maharashtra. 

Performance of CSV 29R was found better in terms of grains yield (1.45 t /ha) at Bijapur centre. 

Demonstrated variety; Phule Revati gave higher grain yield (1.87 t /ha) than the local varieties 

viz., maldandianddagadi (0.52 t /ha) in Solapur area. Phule Vasudha was also performed better 

(1.86 t /ha) in Western Maharashtra region. The improved sorghum cultivars increased the grain 

and fodder yields over local check in all the locations. The yield advantages were ranged 

from29% to 194% in grain and 28% to 150% in fodder. Among the locations, the highest yield in 

both grain (1.97 t /ha) and fodder (5.57 t /ha) was observed in Marathwada region of 

Maharashtra (Table 4).  

6.2.2. State-wise Yield Gaps 

It is cleared from Table 5 that the grain yield of sorghum was lower under farmer’s practice (1.06 

t. ha
-1

) as compared to FLD’s (1.64 t. ha
-1

) indicating wider gap (63%), across the states. 

However, lower yield gap (50%) was found in case of stover yields under farmer’s practice (2.69 

t. ha
-1

) as compared to FLD’s (3.93 t. ha
-1

). 
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Table 4. Economics of FLDs on Sorghum 

FLD 

Centre 

Grain yield 

(t.ha
-1

) 

Stover yield 

(t.ha
-1
) 

Cost of 

cultivation 

(Rs.ha
-1
) 

Net return 

(Rs.ha
-1
) 

B:Cratio 

FLD LC FLD LC FLD LC FLD LC 

Parbhani 1.97 0.67 5.57 2.85 14831 44576 14768 3.00 2.00 

Solapur 1.26 0.52 2.72 1.09 14208 20903 7508 2.39 2.10 

Rahuri 1.73 1.04 4.40 2.51 29491 17032 6591 1.58 1.31 

Bijapur 1.45 1.12 2.78 2.19 7867 22136 16013 2.81 2.13 

Tandur 1.83 1.32 4.78 3.73 14102 40250 31176 2.86 2.38 

Mean 1.65 1.27 3.72 2.47 16100 28979 15211 2.53 1.98 

 

Table 5. State-wise Yield Gap between FLDs and Farmer’s practice (FP) 

Location Grain yield (t.ha
-1
) Stover yield (t.ha

-1
) 

FLD LC Yield gap (%) FLD LC Yield gap (%) 

Maharashtra 1.65 0.74 122 4.23 2.15 96 

Karnataka 1.45 1.12 29 2.78 2.19 27 

Telangana 1.83 1.32 39 4.78 3.73 28 

 Mean 1.64 1.06 63 3.93 2.69 50 

 

7. Impact of Improved Post-rainy Sorghum Cultivation in Maharashtra  

Several reports indicated that there is significant impact of the demonstrated sorghum production 

technologies mainly on yields. However, neither the effect of the technologies was ascertained 

adequately on different parameters nor managed effectively. Therefore, a study was conducted to 

ascertain effect of the demonstrated technologies on the following parameters related to agro-

economic, farming and farmers’ livelihood aspects, so that they can be motivated and built-up 

confidence for sustainable sorghum cultivation. The extent of adoption of these recommended 

the production technologies were also assessed. 

• Change in acerage 

• Yield advantages  

• Economic benefits  

• Component-wise adoption of the demonstrated technologies 

• Seed exchange if any 

• Economics of sorghum production 

• Change in sorghum-based crop pattern  
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• Change socio-economic status 

• Employment generation 

• Change in labour use pattern 

• Family-based budget utilization of additional income 

• Non-price benefits of the demonstrated technologies 

• Constraints in technology adoption faced by the farmers 

• Perceptions of the sorghum growers on the technology 

• Spread of the technologies by adopted and non-adopted farmers 

This study was conducted in major post-rainy sorghum growing regions namely, western 

Maharashtra and Marathwada in Maharashtra State, India where the FLDs were conducted on the 

farmers’ fields continuously during five years from 2009 to 2013. The study mainly attempted to 

describe the institutional, social and agro-economic factors in relation to adoption and impact of 

the demonstrated technologies in retrospect (after the-fact). An ex-post-facto survey design was 

employed which involves data collection after a naturalistically occurring event (Fraenkel and 

Wallen, 2000; Casley and Kumar, 1992). Purposive random sampling method was followed for 

selection of respondents out of the participatory farmers of FLDs. Thus, total 100 respondents 

from each region those who were well responsive, cooperative and maintained records of the 

cultivation, were selected randomly, making sample size of 200. 

7.1. Adoption of Demonstrated Technologies by the Farmers  

The adoption level of the demonstrated technologies at pre- and post-demonstration stages were 

ascertained on three-point continuum i.e. full, partial and no with assigning two, one and zero 

score, respectively.  The increase in adoption level was computed on basis of adoption index by 

using the following formula. (AI).Results shows (Table 6) that more than fifty percent adoption 

of three crop cultivation practices like, use of high yielding variety, maintaining plant spacing 

and use of treated seeds or seed treatment was found highly significant over pre-demonstration 

stage. In addition, more than 25% adoption of weed control measures, nitrogen fertilizer 

application, following sowing time and use of proper seed rate was found highly significant. 

While, below 25% adoption was found in pest control, phosphorous and potassium fertilizers 

use, following time of land preparation, application of irrigation and following time of 

harvesting. The use of FYM was going down significantly may be due to the known fact that its 

scarcity and high cost. It reveals that out of fifteen demonstrated practices, five practices namely, 
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use of high yielding variety, maintaining plant spacing, use of treated seeds or seed treatment, 

use weed control measures and nitrogen fertilizer application were found suitable by the farmers 

which can be easily practiced and gave significant results. 

Table  6. Adoption of Demonstrated Technologies by the Farmers after FLD (%) 

Practices / item Western 

Maharashtra 

Marathwada Pooled 

Increased 

adoption 

over pre-

demo stage 

(%) 

‘t’ 

value 

Increased 

adoption 

over pre-

demo stage 

(%) 

‘t’ 

value 

Increased 

adoption 

over pre-

demo stage 

(%) 

‘t’ 

value 

Land preparation in time 12 3.08
*
 9 3.93

**
 10.5 4.65

**
 

Use of high yielding 

variety 

70 14.28
**

 48 

43.37
**

 

58.5 22.44
**

 

Seed treatment 85 23.69
**

 24 9.56
**

 54.5 17.73
**

 

Seed rate 5 2.07
*
 48 48.74

**
 26.5 13.24

**
 

Time of sowing 49 9.51
**

 15 5.74
**

 31.75 10.26
**

 

Spacing 48 10.65
**

 63 20.54
**

 55.25 20.06
**

 

• Nitrogen 

(Urea) 

57 

15.72
**

 

19 

6.8
**

 

37.75 

14.3
**

 

• P2O5 (S. S.P.) 29 6.75
**

 3 2.28
*
 15.5 6.56

**
 

• K2O (MoP) 24 6.12
**

 17 5.62
**

 20.25 8.24
**

 

• FYM -11 1.52
 NS

 -6 2.93
*
 -5.75 2.77

NS
 

Insecticide used 18 5.59
**

 29 10.47
**

 23.5 10.91
**

 

Disease control  03 2.28
*
 5 3.32

*
 3.75 4.02

**
 

Weed control 12 3.73
**

 70 18.29
**

 40.75 12.69
**

 

Irrigations applied 15 5.2
**

 5 3
**

 10 5.88
**

 

Time of harvesting 08 2.36
*
 4 2.73

**
 5.75 3.17

**
 

**Significant at 0.1% and * at 0.5% level, NS = Non significant 

7.2. Yield and Economic Benefits Obtained from the Demonstrated Technologies  

Data in Table 7 indicated that impact of the demonstrated technologies after FLD period in 

Maharashtra in terms of increase in adoption level (27%) resulted into higher net returns (170%), 

followed by grain yield (58%) with better quality (78%) and fodder yield by 26 per cent. It 

enabled to increase area under sorghum of the farmers by 29 per cent. Obviously, 11 per cent 

increase in cost of production was found over the period of five years due to increase in price of 

inputs. It indicates that the demonstrated sorghum technologies were found convenient and 

beneficial to the farmers and therefore, they were continuing with them after FLD period too. 
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Table  7. Indicators of Impact Assessment of Rabi Sorghum FLDs 

Sl. 

No. 

Indicators Western 

Maharashtra 

Marathwada Pooled 

Change 

over pre-

demo 

stage (%) 

‘t’ 

value 

Change 

over pre-

demo 

stage 

(%) 

‘t’ 

value 

Change 

over pre-

demo 

stage 

(%) 

‘t’ 

value 

1 Area of sorghum (ha) 27 3.97
**

 36 4.63
**

 29 5.24
**

 

2 Adoption level 103 31.94
**

 24 41.12
**

 27 45.4
**

 

3 Cost of production 

(Rs./ha) 

11 2.68
**

 11 38.30
**

 11 5.63
**

 

4 Grain yield (q/ha) 78 13.58
**

 28 3.36
**

 58 10.63
**

 

5 Fodder yield (q/ha) 30 6.60
**

 23 7.76
**

 26 9.36
**

 

6 Net returns (Rs./ha) 168 2.24
**

 170 9.95
**

 170 5.46
**

 

7 Benefit-cost ratio 15 1.15
NS

 28 7.96
**

 22 3.2
**

 

8 Quality of grain 42 10.09
**

 136 26.53
**

 78 20.92
**

 

9 Labourer used 133 10.56
**

 43 13.35
**

 19 7.87
**

 

10 Hired labourer 122 7.49
**

 64 12.82
**

 39 11.08
**

 

11 Family labourer 167 5.53
**

 20 7.03
**

 -25 7.86
**

 

**Significant at 0.1% and * at 0.5% level, NS = Non-significant 

7.3. Employment Generation  

Notably, the farmers engaged their family labour as their own resources in cultivation of 

sorghum. It was reported that ratio of the family and hired labour used in the sorghum cultivation 

was 18:08 before five years, which became 25:06 (Table 8). It was shifting towards hired 

labourer by 39%. It may be due to the fact that young family members are not much interested to 

do farm work; rather preferred to do work in non-agricultural sectors. Sorghum is a labour 

intensive crop, which consumed 52 per cent cost for human labour alone out of total cost of 

cultivation. However, sorghum cultivation could provide small employment in the form of 

family labour and depended more on hired labour up to 81 per cent. This draws attention to the 

need of introduction of mechanization in sorghum cultivation, wherever possible. 
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  Table  8. Labour Use Pattern in Sorghum Cultivation 

Labour Pre-demo Post-demo Change over pre-demo stage (%) 

Total 26 

(100) 

31 

(100) 

19 

Hired 18 

(69) 

25 

(81) 

39 

Family 08 

(31) 

06 

(19) 

-25 

  Figures in parentheses indicates percentage 

7.4. Income Utilization Pattern of Sorghum Farmers  

Utilization of additional returns obtained from the improved sorghum cultivation by the FLD 

farmers in Western Maharashtra revealed (Table 9) that the additional returns only helped them 

in spending significantly higher on purchase of household items (111%), on attending more 

social functions (109%), purchase of animals (91%),  in start of new business (86%), making 

bank deposit (77%), increased expenditure on investment in farm development (62%) e.g. field 

leveling, pond construction, well repair work, etc., same for next crop cultivation, health and 

education (52%) and food for their family (39%) which was significantly higher than the pre-

demonstration period. Whereas, increased expenditure on start of new business and making bank 

deposit was not found significant. It is elicited that sorghum being low remunerative crop could 

not support in big investments. 

Table  9. Utilization of Additional Returns Obtained from Sorghum Cultivation 

Sl. 

No. 

Items 

(Human needs) 

Western Maharashtra Marathwada Pooled 

  Change over 

pre-demo 

stage (Rs.) 

‘t’ 

value 

Change over 

pre-demo 

stage (Rs.) 

‘t’ 

value 

Change over 

pre-demo 

stage (Rs.) 

‘t’ 

value 

1 Education 49 13.6
**

 57 9.98
**

 52 16.26
**

 

2 Health 54 18.22
**

 49 6.75
**

 52 15.31
**

 

3 Food 39 10.58
**

 39 1.89
NS

 39 3.76
**

 

4 Purchase of 

animals 

01 1.00
NS

 90 2.35* 91 2.32
*
 

5 Next crop 

cultivation 

53 6.11
**

 45 4.63
**

 52 6.81
**

 

6 New business 02 1.42
NS

 86 3.86
**

 86 3.73
**

 

7 Bank deposit 00 00
NS

 77 1.84
NS

 77 1.83
 NS

 

8 Purchase of 

household items 

62 12.04
**

 111 3.65
**

 111 10.44
**
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9 Investment in 

farm 

development 

13 19.32
**

 63 1.89
NS

 62 1.93
 NS

 

10 Attending social 

functions 

100 16.62
**

 116 3.50
**

 109 11.7
**

 

**Significant at 0.1% and * at 0.5% level, NS = Non significant 

7.5. Association between Socio-economic Traits and Impact of Demonstrated Technologies 

Results (Table 10) indicated that out of thirteen different socio-economic and yield related 

variables namely, family size, duration adoption period of the farmers under FLD programme, 

increased grain yield, net returns and benefit-cost ratio were found highly correlated at 1% level 

of probability. While, variables viz., increased in cost of production was found negatively 

correlated at 5% level of probability and their adoption level was found correlated at 5% level of 

probability with impact of rabi sorghum FLDs organized during last five years from 2009-10 to 

2013-14. It implies that more number of family members and number of years of adoption under 

FLD programme and ultimately increased grain yield, net returns and benefit-cost ratio led 

towards more impact.  

Table  10. Definition, Correlation of Socio-economic Variables and Impact of the Demonstrations 

Code Variable Definition and measurement Mean S. D. Corre. 

(r) 

X1 Age Age of the farmers, measured in years 45.03 9.85 0.016 

X2 Education Formal education acquired by the farmers (if 

illiterate = 0, otherwise = increasing numbers of 

schooling years) 

9.49 4.79 0.063 

X3 Occupation Occupation of farmers as Farming only=1 and 

Farming plus other business = 2 

1.05 0.22 0.190 

X4 Family size Members of farmer’s family living together in 

numbers 

6.00 2.93 0.326
**

 

X5 Land holding Land holdings of farmers measured in hectare 3.51 3.93 0.017 

X6 Adoption 

period under 

FLDs 

Period during which farmers were adopted for 

frontline demonstration programme in years 

1.92 1.45 0.389
**

 

X7 Percentage 

increased in 

area under 

sorghum 

The percentage increase in area of sorghum was 

calculated as a ratio of the increase in the area 

apportioned by the farmer for sorghum in post-

demonstration period over the area in the pre-

demonstration period. 

44.23 76.68 0.115 

X8 Percentage 

increased in 

The percentage increase in adoption level of 

demonstrated technologies was calculated as a 

68.34 65.51 0.169
*
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adoption level ratio of the increase in the adoption level at post-

demonstration period over the adoption level at 

pre-demonstration stage. 

X9 Percentage 

increased incest 

of production 

The percentage increase in operational cost of 

production incurred was calculated as a ratio of 

the increase in operational cost of production in 

post-demonstration period over the operational 

cost of production incurred in the pre-

demonstration period. 

16.36 32.61 -0.096 

X10 Percentage 

increased in 

grain yield 

The percentage increase in grain yield of 

sorghum was calculated as a ratio of the increase 

in the grain yield in post-demonstration period 

over the grain yield obtained in the pre-

demonstration period. 

57.74 48.32 0.279
**

 

X11 Percentage 

increased in 

fodder yield 

The percentage increase in fodder yield of 

sorghum was calculated as a ratio of the increase 

in the fodder yield in post-demonstration period 

over the fodder yield obtained in the pre-

demonstration period. 

23.11 34.59 0.177
*
 

X12 Percentage 

increased in net 

returns 

The percentage increase in net returns obtained 

from sorghum was calculated as a ratio of the 

increase inept returns in post-demonstration 

period over the net returns obtained in the pre-

demonstration period. 

-

23.90 

2066.30 0.833
**

 

X13 Percentage 

increased in 

benefit-cost 

ratio 

The percentage increase in benefit-cost ratio 

obtained from sorghum was calculated as a ratio 

of the increase inept returns in post-

demonstration period over the benefit-cost ratio 

obtained in the pre-demonstration period. 

97.99 275.34 0.471
**

 

8. How to Manage the Impact? 

8.1. Technology Dissemination: The promising results should be disseminated through 

extension activity like, farmers’ day, field days and field visits and explain superiority of the 

demonstrated technologies over their own practices involving maximum number of farmers and 

surrounding areas. The sorghum production technologies developed by the research institutes 

should be disseminated through various Extension agencies of Central and State Agricultural 

Universities and also through on-farm trials. During last five years, more than 35,000 farmers 

and different stakeholders were exposed to the latest sorghum technologies through various 

extension programmes organized by this institute such as short duration trainings, hands-on 

trainings, krishi melas, field day, field visits, video shows, frontline demonstrations, method 
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demonstrations, etc. The following extension programmes were also conducted to transfer of the 

production technologies effectively. 

8.2. Training: In order to build up capacity and popularize the sorghum production technologies, 

regular training of the field extension functionaries of the state department of agriculture and line 

departments, non-governmental organizations and others involved in the transfer of technologies 

of sorghum is organized at IIMR, Hyderabad. Several national level workshops-cum-seminars 

and training programme are being organized. 

9. Conclusion  

From the above deliberation, it can be concluded that to assess the impact of newly developed 

farm technologies, some of the key points need to be take into consideration like, identification 

of new area, commodity, existing resources, suitable tool to assess the impact on various 

parameters and impact management for wide dissemination. As it was mentioned earlier that the 

FLD is one of the important programmes to evaluate and demonstrate the production potential of 

recently released sorghum cultivars in the farmers’ fields. Besides, building confidence of the 

farmers to adopt the latest technologies and valuable feedback to modify the research programme 

based on experience are the important output of the impact assessment. 
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Assessment of Frontline Demonstrations on Oilseeds 

GD Sateesh Kumar  

Principal Scientist, ICAR - Indian Institute of Oilseeds Research, Hyderabad 

Introduction   

Oilseeds are cultivated in an area of 26.5 m ha, with a production of 29.2 m t (DAC, 2016) and 

are the second largest agricultural commodity in India after cereals occupying 14% of gross 

cropped area. They account for three per cent of gross national product (GNP). India is 

contributing to 5.2% of World’s vegetable oil production with 10.2% of World’s edible oil 

consumption. The diverse agro-ecological regions in the country are favourable for growing nine 

annual oilseeds which include seven edible oilseeds viz, groundnut, rapeseed-mustard, soybean, 

sunflower, sesame, niger and safflower and two non-edible oilseeds viz, linseed and castor. 

Around 14 million farmers are involved in oilseed production, majority of who are small, 

marginal and resource-poor in arid and semi-arid regions of the country.  

Even though India ranks first in production of castor, safflower and sesame, second in groundnut 

and linseed, third in rapeseed-mustard, fourth in sunflower and fifth in soybean. The productivity 

of oilseeds as whole in India is low except in case of castor. The major constrains for low 

productivity of oilseeds crops are rainfed cultivation, small operational land holdings, lack of 

varietal replacement (groundnut and sesame), losses due to pests and diseases and non-adoption 

of improved technologies. The AICRP centres and oilseeds Directorates have developed location 

specific improved technologies, which can enhance oilseeds productivity significantly. But, the 

awareness and adoption of these technologies among farmers is very less. Hence, focused efforts 

are required to transfer the existing technologies from research system to the farmers’ fields 

through effective and efficient technology transfer programmes to realize immediate gains to the 

individual farmers and national oilseed production.  

I. Extension Network for Transfer of Oilseed Technology   

The Indian Council of Agricultural Research (ICAR), New Delhi, deals with Extension 

Education also known as first-line extension system. The first-line extension systems involve 

ICAR institutes, State agricultural Universities (SAUs) and Non-Governmental Organizations 
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(NGOs). This first-line extension work supplements and support the extension work of Ministry 

of Agriculture at the centre and state (Prasad, 1993).  

1. Technology Mission on Oilseeds and Impact  

Public sector played a predominant role in increasing the production of oilseeds since 

independence. The Technology Mission on Oilseeds (TMO) launched by Government of India 

(GOI) in 1986, had a significant impact on overall production of oilseeds. The TMO covered 183 

districts in major oilseed growing states. Subsequently, in 1991 this scheme was extended to few 

more potential districts. As a result, the oilseed production that was only 12.8 million tonnes in 

1984-85 had increased to 24.35 million tonnes in 1996-97. This was achieved through area 

expansion of oilseed crops as well as increase in productivity from 684 kg/ha in 1984-85 to 926 

kg/ha in 1996-97. As a result, the dependence on import of edible oil was reduced to the extent 

of hardly 5% in 1995-96 (Singh, 2007). During the TMO period, oilseed area increased by 50% 

and yield by 80%. It was a period of innovations, in bringing new area under oilseeds, 

application of technologies, input supplies, output pricing, development programmes, support 

policies etc (Mruthyunjaya, 2007). In the initial years of TMO, The National Dairy Development 

Board (NDDB) established a large network of oilseed cooperatives with storage and processing 

capabilities. The procurement of oilseeds was also done with the initiative of NDDB, which 

provided better price support for oilseed growers. This kind of support provided by NDDB was 

crucial for the success of TMO till mid-nineties (Hegde, 2007). 

However, after 1996, the production of oilseeds lagged behind to meet out the domestic 

requirements through indigenous sources. The oilseed growers heavily suffered when the price 

of oilseed crops was at very low level and there was no effective market intervention by NAFED 

to give support price to oilseeds. In the late 1990s, oilseed prices have declined relative to that of 

other crops, mainly in response to the earlier increase in domestic oilseed supplies and 

subsequently due to the liberalization of edible oil imports initiated in 1994. The minimum 

support price (MSP) level of food grains have also been raised more than that of oilseeds since 

the mid 1990s. Although the government had regularly supported rice and wheat MSPs in 

several states through direct procurement, price support operations for oilseeds have usually not 

been funded. As a result, increasingly favourable returns from rice and wheat have grabbed area 

away from oilseeds, lowering oilseed production (Hegde, 2007).  
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In the last one decade, in spite of increase in production of vegetable oils, the imports also 

increased from 5.76 m t during 2000-01 to 11.61 m t during 2013-14, mainly to bridge the ever 

increasing demand and supply gap. The per capita consumption of vegetable oil has increased 

from around 10.6 kg/year in 2001 to 14.4 kg/year in 2013-14. 

2. Integrated Scheme on Oilseeds, Pulses, Oilpalm and Maize (ISOPOM) 

To meet the challenges posed through huge demand for edible oils, the DAC started 

implementing ISOPOM, mainly to provide flexibility to the sates in implementation of oilseed 

development schemes, on a regionally differential approach, to promote crop diversification and 

to provide focused approach to the oilseed development programmes from April 2004 onwards. 

Under ISOPOM, the programmes for development of oilseeds are being implemented in 14 

potential states viz, Andhra Pradesh, Bihar, Chhattisgarh, Gujarat, Haryana, Karnataka, Madhya 

Pradesh, Maharashtra, Orissa, Punjab, Rajasthan, Tamil Nadu, Uttar Pradesh and West Bengal. 

These programmes mainly benefit small and marginal oilseed growers, as majority of the oilseed 

area in the country are with these categories of farmers. Under this scheme, assistance is given 

for purchase of breeder seeds, distribution of seed minikits, distribution of inputs and machinery 

etc. In order to disseminate information on improved production technologies among the oilseed 

growers, block demonstrations and Integrated Pest Management (IPM) demonstrations are 

organized through State Department of Agriculture (SDA) and FLDs through ICAR, New Delhi. 

The thrust areas identified for increasing production of oilseeds during X plan are, special 

production programme in areas at the tail end of the command irrigation system, diversification 

of rice-wheat system into oilseeds, convergence of oilseed production programme with 

watershed development programme, cropping systems involving oilseed components, extension 

of oilseed areas in selected regions and improving the seed replacement rate (SRR). 

3. National Mission on Oilseeds and Oil Palm (NMOOP) 

The mission envisages increase in production of vegetable oils sourced from oilseeds, oil palm 

and TBOs from 7.06 million tonnes (average of 2007-08 to 2011-12) to 9.51 million tonnes by 

the end of Twelfth Plan (2016-17). The mission has three mini missions and the mini mission I 

has a target to achieve oilseed production of 35.51 million tones and productivity of 1328 kg/ha. 

The strategy to implement the Mission will include increasing Seed Replacement Ratio (SRR) 

with focus on Varietal Replacement; increasing irrigation coverage under oilseeds from 26% to 
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36%; diversification of area from low yielding cereals crops to oilseeds crops; inter-cropping of 

oilseeds with cereals/ pulses/sugarcane; use of fallow land after paddy /potato cultivation. 

II. Demonstration of Oilseed Technologies 

Field demonstrations conducted under the close supervision of the scientists of the National 

Agricultural Research System (NARS) are called frontline demonstrations (FLDs), because the 

technologies are demonstrated for the first time by the scientists themselves, before being passed 

onto the main stream extension system of the State Departments of Agriculture. The main 

objective of FLDs is to demonstrate the productivity potential and profitability of newly released 

varieties, crop production and protection technologies and remunerative cropping systems in the 

farmers’ fields.  

During demonstration, the scientists are required to study the factors contributing to higher crop 

production, production constraints and thereby generate production data and feedback 

information. FLDs are conducted in a block of uniform land area to have better impact of the 

demonstrated technologies on the farming community and field level extension functionaries. 

For this reasons technologies of local relevance are generally selected. 

The FLDs are being implemented through All India Coordinated Research Projects (AICRP) on 

oilseeds, KVKs and NGOs. The demonstrations are being conducted in a participatory mode on 

real farm situations, with complete involvement of the farmer under different agro-ecological 

situations of the country. The improved technology (IT) are  demonstrated on 0.40 ha plot in 

comparison with farmers’ practice (FP) in order to provide farmers an opportunity to compare, 

evaluate and choose themselves the best practice based on their own criteria. Similarly, the 

Division of Extension Education, ICAR, conducts demonstrations on oilseeds through the KVKs. 

The Zonal Coordinating Units of ICAR monitor these demonstrations. The Division of 

Agricultural Engineering of ICAR, conducts FLDs on improved farm tools and machinery 

through Central Institute for Agricultural Engineering (CIAE), Bhopal involving selected KVKs. 

Apart from these organizations, the SDA of   implementing states also conduct demonstrations 

on oilseeds with major thrust on integrated seed management in collaboration with State Seed 

Corporation, Oilseed Federations, Seed Production Agencies and Government Demonstration 

Farms maintained by SDA. Apart from these, SDA conducts block demonstrations at real farm 

situations at a compact block of 5ha or more in a cluster of villages. The Directorate of Oilseed 
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Development (DOD), Hyderabad is involved in the monitoring of extension activities of State 

Agricultural Departments related to oilseed development. 

III. Technology Adoption  

The major goal of frontline demonstrations is to demonstrate the productivity potentials and 

thereby get new and profitable technologies adopted by the farming community. Adoption of a 

technology is a decision of the farmer to make full use of an innovation as the best course of 

action available. Hence, the technology to be demonstrated should be superior one to the already 

existing alternatives. Diffusion is the process by which an innovation is communicated through 

certain channels over time among the members of the society for whom the innovation 

demonstrated. An innovation is an idea, practice or object that is perceived as new by an 

individual or other unit of adoption. The technologies, practices which are developed by the 

researchers through systematic research are innovations. The innovations may be a full package 

of technology cluster or components of the technological packages namely recommended dose of 

fertilizers, plant protection measures, irrigation, weed control etc and system-based 

demonstrations namely remunerative intercropping systems or beneficial crop sequences. 

However, irrespective of the time period of the idea or practice was originally developed, when a 

person first becomes aware of it, it is an innovation to that person. 

Attributes of Innovations in Technology Demonstration 

Any innovation selected for demonstration has some qualities or characteristics. It is not the 

intrinsic quality, but the quality or character of the innovation or technology visible to the 

farmers for their desired perception is important for technology demonstration and further 

diffusion. Such perceived attributes of technology or innovation are relative advantage, 

compatibility, complexity, trialability, observability and predictability. It may very well be 

generalized that the attributes of an innovation demonstrated, as perceived by the members of the 

social system are positively related to its rate of adoption except for the attribute, complexity of 

an innovation, as perceived by the farmers of a community, which is negatively related to its rate 

of adoption. 

Monitoring and Evaluation 

• Pre-sowing trainings and discussions 

• Timely supply of critical inputs 

• Generating sowing reports 
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• Monitoring team visits during critical stages of the crop 

• Evaluation during the field day at critical stage of the crop 

• Estimation of yield and economics in the demonstration plot and farmers practice plot 

Before conducting of demonstrations, discussions were held with farmers, and wherever 

possible, trainings were organized to impart knowledge and skills required for the smooth 

conduct of envisaged FLDs. All other steps like site and farmer selection, layout of 

demonstration, farmer’s participation and timely provision of critical inputs etc., were followed. 

The sowing reports were generated for each location.  The monitoring teams consisting of 

scientist of various disciplines visited the plots and critically observed the demonstrations. Visits 

of other farmers and the extension functionaries to demonstration plots were organized during 

the field days to disseminate the message at large. The yield and economics were estimated. The 

improvement in seed yield was estimated by the following formula. 

Improvement in seed yield (%) = Yield gain in IT plot (q) compared to FP plot/ yield in FP plot 

(q) × 100 

Partial budgeting technique (Birthal, 2003) was used to estimate additional net returns, cost 

benefit ratio (C: B ratio) and incremental cost benefit ratio (ICBR) of the demonstrations. The 

technology is economically feasible, if the profits are higher compared to those of farmer's 

practice. This could be symbolically represented as: 

TR (I) - TR (F) > TC (I) -TC (F) 

∆R (I) >∆C (F) 

TR = ∑Pi.Yi 

TC = ∑Pj.Xj 

Where TR (F) = Total returns from farmers’ practice plot 

 TC (F) = Total cost recorded in farmers’ practice plot 

 ∆R (I) = Change in the revenue due to improved technology 

∆C (F) = Change in the revenue due to farmers’ practice 

TR (I) = Total returns from the improved technology plot   
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TC (I) = Total cost recorded in improved technology plot 

Pi = Price of the i
th

 output (i =1,...,n) 

 Yi = quantity of the i
th

 output (i = 1,...,n) 

 Pj = Price of the j
th

 input (j = 1,...,n) 

 Xj = Quantity of the j
th

 input (j = 1,..,n) 

Frontline Demonstrations on Castor 

The frontline demonstrations on castor with various technologies recommended for cultivation 

were carried out by AICRP (Castor) and voluntary centres during 2012-13 to 2016-17. As many 

as 1300 demonstrations on whole package technology were conducted under rainfed (428) and 

irrigated (872) conditions. Majority of the demonstrations were conducted in Rajasthan (215) 

followed by Telangana (283) and Gujarat (171). 

Rainfed 

Under rainfed conditions, the demonstrations were conducted in Karnataka (90), Orissa (55) and 

Telangana (283). The demonstrations conducted over the years across the three centres has 

showed yield improvement of 29% with additional net returns of Rs. 4828/ha in IT as compared 

to FP. The BC ratio was 2.07 and 1.90 under the IT and FP plots respectively. The 

demonstrations conducted in Karnataka recorded 55.4% seed yield increase with Rs. 6270/ha 

additional net returns. The B: C ratio was 2.73 and 2.51 under the IT and FP plots respectively. 

Orissa recorded 69.8% seed yield increase with Rs. 6834/ha as additional net returns. The B: C 

ratio was 1.58 and 1.42. In Telangana, the seed yield increase was 21.3% with an additional net 

returns of Rs. 3980/ha. The B:C ratio was 2.10 and 1.92 under the IT and FP plots respectively. 

Irrigated 

Under Irrigated conditions, the demonstrations were conducted in Gujarat (171), Haryana (117), 

Madhya Pradesh (20), Rajasthan (215), Tamil Nadu (157), Telangana (147) and Uttar Pradesh 

(45). The demonstrations conducted over the years across these centres has showed yield 

improvement of 26.4% with additional net returns of Rs. 18322/ha in IT as compared to FP. The 

BC ratio was 3.17 and 2.69 under the IT and FP plots respectively. 
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The seed yield increase as a result of whole package technology over farmer’s practice was 

ranging from 9.6% in Haryana to 86.3% in Madhya Pradesh whereas, in Gujarat, Rajasthan, 

Tamil Nadu, Telangana and Uttar Pradesh, it was 17.5, 23.7, 82.7, 29, and 33.7% respectively.  

The corresponding additional net returns obtained as a result of whole package technology in 

these states were Rs. 8574, 28020, 13309, 23854, 30087, 11168 and 14307ha. The B:C ratio was 

2.91, 3.43, 4.36, 3.40, 3.67, 2.21 and 3.38  with IT plots in the above mentioned states whereas it 

was 2.57, 3.23, 3.64, 2.92, 2.37, 1.89 and 2.88 with FP plots for the same states respectively 

(Table 3). 

Exploitable Yield Reservoir 

It could be observed from the results of whole package demonstrations that there is a vast scope 

for improving the productivity potentials of castor across the states. This vast yield reservoir 

remains untapped and could be harnessed by educating the farmers to adopt the improved 

technologies demonstrated. An attempt has been made to quantify the extent of additional yield 

possible that could be obtained by bridging the gap between yield of improved practices and that 

of farmers’ practices as well as the average productivity of the country. The whole package 

demonstrations conducted across major states from 2012-13 to 2016-17 were considered for 

quantification of the additional production that is possible in castor. As many as 1300 whole 

package demonstrations conducted in the country during the aforesaid period were used for 

quantification of the yield reservoir (Table 4 and Table 5). By bridging the yield gap between IT 

and FP, the castor productivity could be improved by 26% at the national level and the 

production from 18.10 to 23.35 lakh tonnes under rainfed condition. The yield gap between IT 

and state average yield is to tune of 71% and the castor productivity could be increased from 

31.02 lakh tonnes under irrigated conditions.  In Karnataka, Orissa and Telangana, where castor 

is grown as a rainfed crop, the average production can be increased to 0.10, 0.51 and 0.13 lakh 

tones from 0.07, 0.42 and 0.07 lakh tonnes respectively.  
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Table 1. State-wise impact of whole package demonstrations on castor conducted during 2012-13 to 2016-17 under rainfed conditions 

State 

  

Centre 

  

No. of 

demos 

  

Mean seed yield 

(kg/ha) 

Increase in 

seed yield (%) 

  

Cost of cultivation 

(Rs./ha) 

Gross returns 

(Rs./ha) 

Additional net 

returns (Rs./ha) 

  

B:C ratio 

IT FP IT FP IT FP IT FP 

Karnataka Dharwad 90 766 493 55.4 8907 6018 24273 15114 6270 2.73 2.51 

Orissa Bhawanipatnam 55 767 452 69.8 22416 14717 35366 20832 6834 1.58 1.42 

Telangana IIOR 283 1215 1002 21.3 14328 12692 30030 24413 3980 2.10 1.92 

All India    428 1063 824 29 14228 11549 29505 21998 4828 2.07 1.90 

IT=Improved technology; FP= Farmers Practice 

Table 2. State-wise impact of whole package demonstrations on castor conducted during 2012-13 to 2016-17 under irrigated conditions 

State 

  

Centre 

  

No. of 

demos 

  

Mean seed 

yield (kg/ha) 

Increase in 

seed yield 

(%) 

Cost of 

cultivation 

(Rs./ha) 

Gross returns 

(Rs./ha) 

Additional net 

returns (Rs./ha) 

  

B:C ratio 

IT FP IT FP IT FP IT FP 

Gujarat Junagadh 171 3047 2593 17.5 33634 32614 97998 83669 13309 2.91 2.57 

Haryana Bawal 117 3425 3124 9.6 33094 32206 113576 104115 8574 3.43 3.23 
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Madhya Pradesh Chhindwara 20 2609 1400 86.3 17108 11130 74563 40565 28020 4.36 3.64 

Rajasthan Mandor 215 3927 3176 23.7 39943 37551 135836 109590 23854 3.40 2.92 

Tamil Nadu Yethapur 157 1897 1038 82.7 19591 16272 71913 38506 30087 3.67 2.37 

Telangana Palem 147 2141 1660 29 26082 22852 57687 43289 11168 2.21 1.89 

Uttar Pradesh Kanpur 45 2014 1506 33.7 19093 16787 64487 47874 14307 3.38 2.85 

All India    872 2892 2287 26.4 30186 27879 95659 75029 18322 3.17 2.69 

IT=Improved technology; FP= Farmers Practice 
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Table 3. Exploitable yield reservoir in castor  

State No. of 

demos. 

FLD 

average 

yield 

(kg/ha) 

Yield 

gap-I 

(%) 

Average 

yield 

(kg/ha) 

Yield 

gap-

II 

(%) 

Average 

production   

Expected 

production 

IT FP EP-I 

EP-

II 

Gujarat 171 3047 2593 17 2056 48 1414 1661 2096 

Haryana 117 3425 3124 10 1160 195 1 1 1 

Madhya Pradesh 20 2609 1400 86 481 442 2 4 12 

Rajasthan 215 3927 3176 24 1471 167 297 367 792 

Tamil Nadu 157 1897 1038 83 311 510 5 9 29 

Telangana 147 2141 1660 29 543 294 42 54 165 

All India  872 2892 2287 26 1687 71 1810 2288 3102 

IT=Improved technology; FP=Farmer’s practice; Yield Gap-I=Increase in IT over FP expressed in 

percentage; Yield Gap-II=Increase in IT over State average yield expressed in percentage; EP-I= 

Expected production if yield gap-I is bridged through complete adoption of improved practices; EP-

II= Expected production if yield gap=II is bridged through complete adoption of improved practices;   

Frontline Demonstrations on Sunflower 

Kharif 

During kharif, demonstrations were conducted in Andhra Pradesh and Maharashtra under 

rainfed conditions where in Tamil Nadu and Uttarakhand under irrigated conditions (Table 

4). The demonstrations conducted over the years across these centres has showed yield 

improvement of 28.7% with additional net returns of Rs. 10737/ha in IT as compared to FP. 

The B:C ratio was 1.88 and 1.48 under the IT and FP plots respectively. In Andhra Pradesh 

and Maharashtra the seed yield increase was 38.7 and 30.7 respectively. The corresponding 

additional net returns was Rs. 3893 and 12089. The B:C ratio was 1.30 and 1.88 with IT plots  

and 1.14 and 1.23 with FP plots  in the aforesaid states. In Tamil Nadu, the seed yield 

increase was 25.7% with additional net returns of Rs.9751/ha. The B:C ratio was 1.81 and 

1.62 with IT and FP plots respectively. Whereas, in Uttarakhand, the seed yield increase was 

28% with additional net returns of Rs.10634/ha. 
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Rabi/Spring 

The demonstrations were conducted in Andhra Pradesh, Bihar, Haryana, Karnataka, 

Maharashtra, Punjab, Uttar Pradesh, Uttarakhand and West Bengal during rabi/spring (Table 

5). The demonstrations conducted over the years across these centres has showed yield 

improvement of 19.4% with additional net returns of Rs. 7635/ha in IT as compared to FP. 

The B: C ratio was 2.20 and 1.95 under the IT and FP plots respectively. 

Under rainfed conditions, the demonstrations showed seed yield improvement of 38.4% as 

compared to farmers practice. In Maharashtra, the increase in seed yield was 45.2% as 

compared to farmers’ practice. The additional net returns accrued to farmers was Rs. 4995/ha. 

The B:C ratio was 2.00 and 1.66 under IT and FP plots respectively. The increase in seed 

yield was 54.7 and 33.3% in Uttar Pradesh and West Bengal respectively. The additional net 

returns was Rs. 8766 each with B:C ratio of 2.05 and 1.93 under IT and 1.83 and 1.67 under 

FP in the above states. 

Under irrigated conditions, the yield improvement was 13.7%. In Andhra Pradesh, the seed 

yield increase was 19% with additional net returns of Rs. 9210/ha. The B:C ratio was 2.35 

and 2.18 with IT and FP plots respectively. The seed yield increase was 27.4, 14.9, 14.9, 6.1 

and 25.5% with corresponding additional net returns of Rs.5185, 5351, 8922, 4387 and 

12610/ha in Bihar, Haryana, Karnataka, Punjab and Uttarakhand. The B:C ratio was 1.63, 

2.16, 2.32, 2.63 and 3.52 with IT plots and 1.50, 1.99, 2.04, 2.44, and 3.30 with FP plots 

respectively  in the aforesaid states.  

Exploitable Yield Reservoir 

The whole package demonstrations conducted across the states from 2012-13 to 2016-17 

were considered for quantification of the additional production that is possible in sunflower. 

It could be observed from the Table 7 that there lies a vast potential for increasing the 

existing level of production by adopting improved technologies advocated for different agro-

ecological situations. By considering the yield potential that exists between IT and FP, the 

national productivity could be increased by 29% in kharif and 17% in rabi.  The production 

can be enhanced from 4.04  to 5.20 and 7.15 lakh tonnes in kharif and 4.74 and 9.77 lakh 

tonnes in rabi by bridging the yield gap I and II respectively Tables 6a and 6b. 

 



ICAR Short Course on " Tools on Monitoring, Evaluation and Impact Assessment of Rainfed Technologies and Development Programmes, 1-10 November, 2017" 

 

83 

 

Table 4. State wise impact of whole package demonstrations on sunflower conducted during 2012-13 to 2016-17 during kharif 

State 

  

Centre 

  

No. of 

demos. 

  

Mean seed 

yield (kg/ha) 

Increase in 

seed yield (%) 

Cost of cultiva-

tion (Rs./ha) 

Gross returns 

(Rs./ha) 

Additional net 

returns (Rs./ha) 

B:C ratio 

IT FP IT FP IT FP IT FP 

Rainfed 

Andhra Pradesh Nandyal 25 915 660 38.7 21065 17295 27463 19800 3893 1.30 1.14 

Maharashtra Akola 190 850 651 30.7 18016 16335 33816 20045 12089 1.88 1.23 

Irrigated 

Tamil Nadu Coimbatore 85 1987 1580 25.7 37872 33631 68552 54559 9751 1.81 1.62 

Uttarakhand Pantnagar 20 1596 1247 28 17352 14878 59852 46744 10634 3.45 3.14 

All India    320 1204 936 28.7 23487 20913 44174 30862 10737 1.88 1.48 

IT=Improved technology; FP=Farmers practices  
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Table 5. State wise impact of whole package demonstrations on sunflower conducted during 2012-13 to 2016-17 inrabi/spring 

State Centre No. of 

demos. 

Mean seed 

yield (kg/ha) 

Increase in 

seed yield (%) 

Cost of cultiva-

tion (Rs./ha) 

Gross returns 

(Rs./ha) 

Additional net 

returns (Rs./ha) 

B:C ratio 

IT FP IT FP IT FP IT FP 

Rainfed 

Maharashtra Akola 101 1156 797 45 13535 12060 25511 19040 4995 1.88 1.58 

Uttar Pradesh Gorakhpur 90 970 627 54.7 17852 12334 35826 21542 8766 2.01 1.75 

West Bengal Nimpith 305 1237 928 33.3 20149 18107 38424 27607 8776 1.91 1.52 

Irrigated 

Andhra Pradesh Chittor 138 2215 1862 19 31798 29014 75654 63659 9210 2.38 2.19 

Bihar Dholi 38 1511 1186 27.4 24579 20861 39246 30343 5185 1.6 1.45 

Haryana Hisar 40 2489 2166 14.9 22320 21235 50520 44084 5351 2.26 2.08 

Karnataka Bengaluru 366 1921 1672 14.9 28898 28053 63233 53466 8922 2.19 1.91 

Punjab Ludhiana 203 1964 1852 6.1 26830 27192 70038 66013 4387 2.61 2.43 

Uttarakhand Pantnagar 10 1661 1325 25.5 17703 15131 57168 49687 12610 3.23 3.28 

All India    1291 1645 1402 18.4 24426 22800 53761 44500 7635 2.2 1.95 

IT=Improved technology; FP=Farmers practices  
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Table 6a. Exploitable yield reservoir in sunflower in kharif season 

State No. of 

demos. 

FLD 

average 

yield 

(kg/ha) 

Yield 

gap-I 

(%) 

Average 

yield 

(kg/ha) 

Yield 

gap-

II 

(%) 

Average 

production   

Expected 

production 

IT FP EP-I 

EP-

II 

Andhra Pradesh 25 915 660 39 806 14 44 61 50 

Maharashtra 190 850 651 31 409 108 26 34 54 

Tamil Nadu 85 1987 1580 26 1335 49 12 15 18 

All India  320 1204 936 29 680 77 404 520 715 

 

Table 6b. Exploitable yield reservoir in Sunflower in rabi season  

State No. of 

demos. 

FLD 

average 

yield 

(kg/ha) 

Yield 

gap-I 

(%) 

Average 

yield 

(kg/ha) 

Yield 

gap-

II 

(%) 

Average 

production   

Expected 

production 

IT FP EP-I 

EP-

II 

Andhra Pradesh 138 2215 1862 19 806 175 44 52 121 

Bihar 38 1511 1186 27 1422 6 99 126 105 

Haryana 40 2489 2166 15 2138 16 23 27 27 

Karnataka 366 1921 1672 15 514 273 195 224 727 

Punjab 203 1964 1852 6 1436 37 35 37 48 

All India  1291 1645 1402 17 680 142 404 474 977 

IT=Improved technology; FP=Farmer’s practice; Yield Gap-I=Increase in IT over FP expressed in 

percentage; Yield Gap-II=Increase in IT over State average yield expressed in percentage; EP-I= 

Expected production if yield gap-I is bridged through complete adoption of improved practices; EP-

II= Expected production if yield gap=II is bridged through complete adoption of improved practices;   
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Frontline Demonstrations on Safflower  

Whole package demonstrations on safflower were conducted by selected AICRP (Safflower) 

and voluntary centres during 2012-13 to 2016-17, to prove the productivity potentials and 

profitability of improved safflower production technologies. A total of 1479 whole package 

technology demonstrations were conducted in the states of Chattisgarh (89) Karnataka (406), 

Madhya Pradesh (61), Maharashtra (516), Telangana (275) and Uttar Pradesh (132). These 

demonstrations have conclusively proved the superiority of the improved technology over the 

existing farmers ‘practices.  

Rainfed 

Under rainfed conditions, the whole package demonstrations were conducted in Karnataka, 

Madhya Pradesh, Maharashtra, Telangana and Uttar Pradesh.  These demonstrations 

conducted over the years across the centres has showed seed yield improvement of 14.5% 

with additional net returns of Rs. 4635/ha in IT as compared to FP. The BC ratio was 20.6 

and 1.70 under the IT and FP plots respectively. In Karnataka, the seed yield increase was to 

the tune of 21.7% as compared to FP resulting in additional net returns of Rs. 4197/ha. The 

B:C ratio was 2.10 and 1.82 with IT and FP Plots respectively. The demonstrations on 

safflower as compared to chickpea at Annigeri, Karnataka and Anantapur, Telangana has 

resulted in lower seed yield in IT as compared to FP, but the additional net returns were 

higher due to lower cost of cultivation with safflower. The seed yield increase was 29, 28.2, 

43.6 with additional net returns Rs.5551, 5940 and 7742 and /ha in Madhya Pradesh, 

Maharashtra and Uttar Pradesh respectively. The corresponding B:C ratio was 2.12,1.78 and 

1.75 with IT plot and 1.70, 1.53 and 1.30 with FP plots respectively in the aforesaid states. 

Irrigated 

The whole package demonstrations under irrigated conditions were conducted in 

Chhattisgarh, Maharashtra and Uttar Pradesh. These demonstrations conducted over the years 

across the centres has showed seed yield improvement of 35.3% with additional net returns of 

Rs. 7360/ha in IT as compared to FP. The BC ratio was 2.16 and 1.84 under the IT and FP 

plots respectively. In Uttar Pradesh, the seed yield increase was to the tune of 39.1% resulting 

in additional net returns of Rs.11269/ha. The B:C ratio was 2.08 and 1.56 with IT and FP 

plots respectively. The seed yield increase in Chhattisgarh and Maharashtra was 25.7 and 

36.3% respectively. The corresponding additional net returns realized was Rs. 3895 and 

6064/ha respectively. The B:C ratio was 2.13 and 2.23 with IT plots and 1.87 and 2.10 with 

FP plots respectively in the aforesaid states. 
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Exploitable Yield Reservoir 

From the results of demonstrations conducted on improved safflower production technologies 

in different agro-ecological conditions of the country, it could be understood that there lies a 

vast gap between the yield from improved technologies and that of farmers’ practices. An 

attempt was made to quantify this gap in productivity of safflower. The whole package 

demonstrations conducted in Karnataka (361), Madhya Pradesh (61) and Maharashtra (371) 

were considered. It could be seen from the Table 4 that by bridging the gap between IT and 

FP under rainfed conditions, the national productivity could be improved by 25%. On the 

other hand, by bridging the gap that exists between IT and state average productivity, the 

productivity can be increased by 95% at national level. It is possible to increase the 

production of safflower from 0.82 lakh tonnes to 1.60 tonnes by adopting the improved 

technologies without increasing the area under safflower.  Under irrigated conditions, 

safflower production can be increased to 1.72 lakh tonnes at the national level. These results 

imply that productivity of safflower in different states could be improved, if the extension 

efforts of development departments related to safflower are intensified to educate the 

safflower growers to adopt improved production technologies. 
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Table 7. State wise impact of whole package demonstrations on safflower conducted during 2012-13 to 2016-17 under rainfed conditions 

State Centre 

No.of 

demos. 

Mean seed 

yield (kg/ha) Increase in 

seed yield 

(%) 

Cost of 

cultivation 

(Rs./ha) 

Gross returns 

(Rs./ha) 
Additional net 

returns (Rs./ha) 

B:C ratio 

IT FP IT FP IT FP IT FP 

Karnataka 

Raichur (IIOR) 361 1061 872 21.7 13590 13110 28558 23881 4197 2.10 1.82 

Annigeri 45 966 1145 -15.6 13928 26208 31747 38328 5698 2.28 1.46 

Madhya Pradesh Indore 61 927 718 29 14945 16012 31676 27191 5551 2.12 1.70 

Maharashtra Solapur 371 997 777 28.2 16702 15378 33424 26161 5940 1.78 1.53 

Telangana DOR 275 995 1041 -4.4 15197 19984 31157 32926 3017 2.05 1.65 

Uttar Pradesh Mauranipur 5 1248 869 43.6 16659 15851 29110 20560 7742 1.75 1.30 

All India    1118 1013 885 14.5 15119 16251 31113 27610 4635 2.06 1.70 

IT= Improved technology; FP=Farmer’s practices 
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Table 8. State wise impact of whole package demonstrations on safflower conducted during 2012-13 to 2016-17 under irrigated conditions 

State 

 Centre 

No.of 

demos. 

Mean seed 

yield (kg/ha) 
Increase in 

seed yield (%) 

Cost of cultivation 

(Rs./ha) 

Gross returns 

(Rs./ha) 
Additional net 

returns (Rs./ha) 

B:C ratio 

IT FP IT FP IT FP IT FP 

Chhattisgarh Raipur 89 782 622 25.7 11365 10268 24204 19212 3895 2.13 1.87 

Maharashtra Phaltan 145 1271 933 36.3 17247 13768 38523 28980 6064 2.23 2.10 

Uttar Pradesh  Mouranipur 127 1131 813 39.1 18285 15315 38091 23851 11269 2.08 1.56 

All India    361 1101 814 35.3 16162 13449 34841 24767 7360 2.16 1.84 

IT= Improved technology; FP=Farmer’s practices 



ICAR Short Course on " Tools on Monitoring, Evaluation and Impact Assessment of Rainfed Technologies and 

Development Programmes, 1-10 November, 2017" 

 

90 

 

Table 9 a.  Exploitable yield reservoir in safflower under rainfed conditions 

State No. of 

demos. 

FLD 

average 

yield 

(kg/ha) 

Yield 

gap-I 

(%) 

Average 

yield 

(kg/ha) 

Yield 

gap-II 

(%) 

Average 

production   

Expected 

production 

IT FP EP-I 

EP-

II 

Karnataka 361 1061 872 22 634 67 27 33 45 

Madhya Pradesh 61 927 718 29 445 108 8 11 17 

Maharashtra 371 997 777 28 441 126 39 50 88 

All India  798 1022 816 25 525 95 82 103 160 

 

Table 9 b. Exploitable yield reservoir in safflower under irrigated condition 

State No. of 

demos. 

FLD 

average 

yield (kg/ha) 

Yield 

gap-I 

(%) 

Average 

yield 

(kg/ha) 

Yield 

gap-II 

(%) 

Average 

production   

Expected 

production 

IT FP EP-I 

EP-

II 

Chhattisgarh 89 782 622 26 287 173 0 0 0 

Maharashtra 145 1271 933 36 400 218 39 53 124 

All India  361 1101 814 35 525 110 82 111 172 

IT=Improved technology; FP=Farmer’s practice; Yield Gap-I=Increase in IT over FP expressed in 

percentage; Yield Gap-II=Increase in IT over State average yield expressed in percentage; EP-I= 

Expected production if yield gap-I is bridged through complete adoption of improved practices; EP-II= 

Expected production if yield gap=II is bridged through complete adoption of improved practices 

Action Model for Demonstrations 

Frontline demonstration to be a successful dissemination tool for transfer of oilseed technologies 

needs continuous and close interaction of four major components of technology demonstration 

namely multi-disciplinary research team that introduces the technological innovations; change 
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agents of the development departments; technology demonstrator i.e. the farmer and the effective 

use of mass media (ICTs/print media/radio/TV). The suggested model with different steps in 

technology demonstration and stages at which interaction of the four components needed is 

given in Figure 1. 
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Fig 1. Suggested model for conducting effective demonstrations 
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Watershed development is an approach to raise agricultural productivity, conserve natural 

resources and reduce poverty in the world’s semi-arid tropical regions, particularly sub- Saharan 

Africa and South Asia. These areas are commonly of low agricultural potential, suffer land 

degradation, and are often characterized by high levels of food insecurity and income poverty.  A 

principal attraction of watershed development that by capturing rainfall in the wet season, water 

may be available in drier periods offering several potential benefits increasing soil moisture for 

rainfed agriculture, augmenting groundwater recharge for dry season irrigation, or drinking water 

supply, and capturing run-off for storage (e.g., ponds, tanks) for multiple productive or 

consumptive uses (Farrington, Turton, & James, 1999). However, emerging global evidence 

suggests that while watershed is development has delivered significant public benefits there are 

limits and trade-offs to modifying watersheds due to complex hydrological and social systems’ 

interactions (Calder, 2005). For example, in the dryland  areas of India watershed development 

has been associated with extreme social hardship due to changing spatial and seasonal patterns of 

surface water and groundwater access, which often hit the poorest hardest (Calder, 2005, pp. 

139–140). As the two introductory quotes illustrate, while the political priority for watershed 

development remains high in India, the contribution of watershed development to the livelihoods 

of millions of poor rural farmers seems more uncertain. 

Since the 1970s, India has invested significantly in watershed development as a driver of rural 

development (Joshi, Jha, Wani, Joshi, &Shiyani, 2005), partly in an attempt to scale up successes 

from a handful of well-known village-level watershed projects, such as Pani Panchayat, 

Ralegaon Siddhi and Sukhomajri (Turton, Warner, & Groom, 1998). While the focus of 

watershed development in India has modified over the last 20 years from soil conservation to 

water conservation to now include a more participatory planning approach, evaluation studies 

estimating the distribution or magnitude of social impacts from watershed development are often 

unclear or disputed (Kerr et al., 2002; World Bank, 2004). Given that in the region of US$500 

million per year is allocated to watershed development in India, that there is a need to better 



ICAR Short Course on " Tools on Monitoring, Evaluation and Impact Assessment of Rainfed Technologies and 

Development Programmes, 1-10 November, 2017" 

 

95 

 

understand the distribution of social impacts. Improved knowledge will help determine how 

watershed projects affect intended beneficiaries in order to evaluate the performance of current 

watershed projects and to aid the appropriate design of future projects (Farrington et al., 1999; 

Kerr et al., 2002; World Bank, 2004). 

Social benefits commonly associated with watershed development include improved agricultural 

yields and farmer returns, increased access to domestic water and new employment 

opportunities. However, these benefits will vary for different resource user groups located across 

most watersheds. This is partly due to watershed development interventions modifying land use 

impacts on water resources, which may increase upstream water availability while modifying 

downstream water access (Batchelor, Rao, & James, 2000; Calder, 2005; Gosain et al., 2006). 

How such changes impact on resource user groups, who may compete for water for agriculture 

or domestic use, will remain ambiguous while uncertainty surrounds how benefits are distributed 

amongst different user groups. 

Estimating social impacts of a watershed project requires measurement of defined social outcome 

indicators conditional on the same indicators in the absence of a project. This type of analysis is 

rare (Kerr et al., 2002). Identifying and measuring causal linkages of project impacts on poverty 

is challenged by disentangling project impacts from non-project influences such as employment 

trends, crop price shifts, climatic variability, or new legislation. In theory, the impact for a 

household in a treated watershed is the difference between an outcome indicator measured with 

the project and without it. Treated watershed data can be collected in a reasonably 

straightforward manner once outcome indicators have been agreed, tar- gets set and monitoring 

systems put in place. Non-treatment data are more problematic as the data are e�ectively 

‘‘unobserved’’ since an individual or household cannot be both a participant and a non-

participant. While control watershed populations are commonly monitored, a significant 

methodological constraint is matching a treated household with a non- treated household due to 

economic, social or agro-climatic differences. One approach that attempts to overcome such 

problems is propensity score matching (Baker, 2000; Deininger, Hoogeveen, & Kinsey, 2004; 

Heckman, Ichimura, & Todd, 1997, 1998; Jalan & Ravallion, 1999, 2003; Rosenbaum & Rubin, 

1985). 
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Social Impact of Watershed Programs 

The multi-functionality of a WDP as an approach to development entails five sets of larger 

concerns: (a) Stability in production, which may eventually lead to drought-mitigation in the 

long run: (b) Equity in benefit-sharing across space, class, caste, and gender; (c) Viability of 

economic return; (d) Diversity and sustainability of resource use; and (e) Security of access to 

basic resources such as drinking water, food, fuel & fodder, and livelihood. Together these may 

culminate into significant and positive changes in terms of three sets of indicators viz., bio-

physical (environmental), socio-economic and institutional  

Socio-Impact Indicators 

The socio-economic indicators primarily focus on the two aspects of larger concerns, viz. Equity 

(across class, caste/ethnicity, gender), and space, i.e. upper and lower reach). The central 

questions that need to be raised are: Who benefits? How much? and through what kind of 

interventions/investment? These questions need to be asked while examining some of the 

important indicators of socio-economic impacts of the watershed projects. This implies a matrix 

of checklist with the above key questions on the one axis and the specific socio-economic 

indicators on the other.  

Debt Reduction Position  

Assessment of debt reduction position is one of the important objectives of the study. Reduction 

of debt has many social and economic implications. This can help in reducing poverty and 

improving livelihood. With the absence of proper irrigation facility, the crop loss is frequent. 

Telengana region in Andhra Pradesh, Vidarbha region in Maharashtra, KBK region in Orissa, 

and Sourashtra region in Gujarat are some of the glaring examples. The crop loss after huge 

investment in agriculture makes the farmers dependent on moneylenders and intermediaries. 

Many studies on farmers‟ indebtedness have reported that the farmers are victims of money 

lending. They fall under huge debt trap after investing large chunk of money in fertilizer, hybrid 

seed, cultivation operations, etc. without protective irrigation facilities. In such scenario, WDPs 

have helped a lot in providing irrigation facilities for better agricultural operation. It is already 

analysed before that the WDPs have helped improving land use pattern, cropping pattern and 

agricultural productivity, livestock rearing, etc. The positive changes in agriculture, horticulture 

and livestock production have helped better income generation and debt reduction.  
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Involvement of Community Based Organisations (CBOs)  

In watershed development programme it is essential that not only the Private Property Resources 

but also the Common Property Resources are developed, managed and maintained with active 

involvement of the local community. For this to happen, it is highly important that every 

stakeholder in the watershed accepts and implements the recommended management plan and is 

very much involved in the planning, implementation and maintenance phases of the project 

(Sharda, Sikka, Juyal, 2006). To increase participation, several groups like user groups, self help 

groups, common interest groups, watershed committee, watershed association, etc. are formed. 

Due representation is given to all castes. Activities are planned and implemented with the help of 

these groups and these groups take care of the maintenance and sustainability of the activities. 

These groups need to be formed carefully and trained well so that the assets created and benefits 

accrued are sustainable.  

People’s Participation  

Participatory approach is essential in the planning and development of the watershed 

management programme so that it becomes the peoples programme with the government 

participating in it as a facilitator only. Active people’s participation is, therefore, highly critical 

in the success of the watershed program (Kerr et al., 2002, Sreedevi et al., 2004; and Joshi et al., 

2005). The available evidences confirm that there existed a positive relationship between 

people’s participation and benefits from watershed program. The results of this study showed 

that the benefits were the highest from the watersheds where people’s participation was high. At 

majority of the places it was moderate and in few it was conspicuous by absence. The other 

impact indicators were also far ahead in watersheds having greater people’s participation.  

Social Audit  

The exercise of Social audit seems all the more important when the stakes are high both in terms 

of investment and benefit. It also helps in making the program transparent. Social audit is 

conducted jointly by the government and the people, especially by those people who are affected 

by, or are the intended beneficiaries of, the scheme being audited. The scope of social audit:  A 

social audit is conducted over the life span of a scheme or programme, and not just in one go or 

at one stage; It audits the process, the outputs and the outcome and it audits planning, 

implementation, monitoring and evaluation. 
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Management of Common Property Resources (CPR)  

Common Property Resources refer to the resources in which all the villagers have equal rights. 

The villagers maintain, protect and enjoy the usufructs with equal rights and responsibility. They 

however do not have any legal right over the resources. Several common property resources are 

developed under watershed development programme such as pastures, development or 

renovation of water bodies, plantations in common land. While these resources are being 

developed these provide employment to the folks and once it is developed it contributes directly 

towards livestock management and non-farm activities besides agricultural production. The 

Common Property Resources are analyzed and presented here to understand the position in 

regard to the way the community land is used for fodder, fuel wood, etc., their maintenance and 

the role played by the community with regard to CPR.  

Reduced Migration  

The latent aim of this project was also to reduce migration and generate sufficient employment 

opportunity. Migration had completely stopped during the project implementation stage. Since 

employment opportunities in form of labor were available. But after implementation, though 

productivity and income has increased to some extent, it was unable to reduce or stop migration 

altogether. The project was not able to provide alternative employment opportunities to the 

villagers. Promotion of non-farm sector activities like dairy, poultry, goatry was found to be 

negligible which could have provided some employment opportunities. Tree based farming or 

agro-forestry and horticulture can also form a major source to provide employment opportunity 

and reduce migration. But the projects attempted it on a meager scale. Attempt to mitigate 

migration is required on a major scale.  

Women Empowerment  

Empowerment is a multi-faceted, multi-dimensional and multi-layered concept. Women 

empowerment is a process in which women gain greater share of control over resources such as 

material resource, human and intellectual resource, information, and financial resources amongst 

others. According to the Country Report of Government of India, "Empowerment means moving 

from a position of enforced powerlessness to one of power". Since empowerment is a latent 

phenomenon and cannot be measured directly so aspects like participation, mobility, voice in 

decision making in home, community, society were taken into consideration.  
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The World Bank defines empowerment as “the process of increasing the capacity of individuals 

or groups to make choices and to transform those choices into desired actions and outcomes. 

Central to this process is actions which both build individual and collective assets, and improves 

the efficiency and fairness of the organizational and institutional context which govern the use of 

these assets.” In order to enlist active participation of women and vulnerable groups targeted 

activities benefiting these groups economically are suggested by Sreedevi and Wani (2007). 

Harnessing gender power by balancing activities for men and women, farmers and landless 

people was found effective to enhance the impact of community watershed programs (Sreedevi 

and Wani, 2007; Sreedevi et al., 2007).  

Impact on Landless community and Livelihood Improvement  

Landless community should not be ignored in the developmental process. These marginal 

families can be the part of indirect benefits and can be included in the users groups, SHGs and 

other institutions. Most of them are part of SHGs but not included the users groups in the project 

area. It seems that watershed activities have not improved conditions of landless community 

significantly. Apart from some minor labour work, there has not been much to improve their 

livelihood. 

Employment Generation  

According to the watershed guidelines, livelihood promotion is a very important outcome of the 

project. Under this study, additional employment as labor days in considered as a parameter for 

livelihood promotion.  

Poverty Alleviation  

The data with respect to poverty alleviation as directly observed from the field was only made 

available in the state of Assam. According to which there was reduction of poverty level from 45 

percent to 36 percent in the project area. The income generating activities carried out under the 

project helped in providing some regular income. Farrington et al. (1999) also observed that the 

impact of these projects on poverty alleviation and the long-term sustainability was however less 

clear. Even though the results indicate that successful projects have in fact reduced rainwater 

runoff and recharged ground and surface water aquifers, improved drinking water supply, 

increased the irrigated area, changed cropping patterns, crop intensity and agricultural 

productivity, increased availability of fuel and fodder, improved soil fertility and changed the 

composition of livestock.  
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Improvement in Standard of Living  

Successful implementation of the watershed programme is realized in the fact that it brings more 

lands under cultivation, improve the quality of the land thereby the productivity. All the positive 

impacts of WSD are expected to culminate in improved standard of living at the household level. 

People are able to get some regular income perhaps some additional income which leads to 

additional expenditure. Raised income enables a better life in terms of better food, clothes, 

education, health, more spending at the time of festivals and marriages, physical assets and 

amenities acquired.  

Other Impacts: Impact on SMF and LMF  

Watershed Development being a land based activity affects all categories of farmers. Mostly it 

has seen to benefit the large and medium farmers more than that of small and marginal farmers. 

This could be attributed to the fact that large and medium farmers have more land in terms of 

quantity as well as quality and can make investment towards irrigation equipment etc.  

To gauge the differential impact between small and marginal farmers (SMF) and large and 

medium farmers (LMF), study performed in Rajasthan can throw some light. It was examined 

with respect to bio-physical or environmental indicators. SMF seem to have performed better 

with regards to soil erosion, runoff reduction, accruing benefits of drinking water facilities 

whereas large farmers are able to gain more from the irrigation impact of WSD because of their 

better investment capabilities. The benefit of availability of fodder was found to be neutral. 

Whereas, the benefits accrued in terms of fuel and manure were seen to be more to LMF than 

SMF.                                

Conclusion 

Watershed development remains a popular policy instrument for rural development in semi-arid 

areas of many developing countries. While much has been achieved in reducing rural poverty in 

recent years, it is uncertain how watershed development specifically contributes to development 

goals. Improved evaluation of watershed projects is necessary to provide information on what 

works (good de-sign), for whom (beneficiary impact) and how (resource efficiency). This 

analysis has illustrated the steps in applying a propensity score matching method to estimate 

social impacts in one micro watershed in rural Madhya Pradesh, India. The study suggests that 

matching methods are suitable for watershed evaluation though wider implications of these 

results are constrained by the limited scale of the inquiry. Findings indicate that the majority of 
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farmers planting kharif crops are no better off after the project in income terms with no 

significant variation amongst social, income or land stratified groups. The smaller group of rabi 

farmers fare even worse, on average, but significant variation is found across social groups and 

land ownership. This is partly explained by data attrition in matching and the results for rabi 

income impacts must be interpreted with caution. However, the general lack of improvement in 

agricultural returns does not correspond well with own-project evaluations of an 84% in- crease 

in kharif yield and a 60% increase in rabi yield. While these data are not necessarily com- 

parable, this evaluation would, as a minimum, question if reported large yield increases have 

been maintained. Qualitative perceptions of project impacts suggest that impacts were short-term 

and mainly associated with project wage labor; longer term improvements in water access are not 

identified.  

A positive social impact is estimated by a significant reduction in domestic water collection 

times for households with the highest collection times. While this is to be welcomed, these 

households still face considerable collection costs (e.g., physical, opportunity, health) and remain 

excluded from a basic level of domestic water access. It is plausible that the estimated lower 

level of domestic water access may be related to new upstream water conservation structures 

capturing more water, as planned, without fully understanding down- stream water implications 

(Batchelor et al., 2000; Calder, 2005; World Bank, 2004). Under- standing such perverse 

outcomes is beyond the scope of this study but underlines the need for impact evaluation to 

integrate social and bio- physical studies Matching methods represent a useful approach for 

evaluating watershed development impacts subject to policy support and management priority. 

This study underlines that evaluation should be an early and integral component of a program in 

order to fulfill the following requirements: (a) careful estimation of a counter-factual group to 

establish statistical inferences with minimal attrition, (b) construction of measurable 

impact/outcome indicators that can be directly linked to  watershed activities, and which respond 

to beneficiaries priorities, (c) capacity to design, implement, process, analyze and store 

social(and biophysical) data, (d) test project design and triangulate findings through qualitative 

inquiry, (e) determine timing of an evaluation and conditions for sustained impacts, and (f) 

effective dissemination and uptake of results(Baker, 2000).  

 

 



ICAR Short Course on " Tools on Monitoring, Evaluation and Impact Assessment of Rainfed Technologies and 

Development Programmes, 1-10 November, 2017" 

 

102 

 

Monitoring Learning and Evaluation (ML&E) with the Theory of Change 

Shaik N Meera 

Principal Scientist (Agricultural Extension), ICAR - Indian Institute of Rice Research, Hyderabad 

E-mail: meera.shaik@icar.gov.in 

 

Introduction  

Theory of Change (TOC) is essentially a comprehensive description and illustration of how and 

why a desired change is expected to happen in a particular context. It is focused in particular on 

mapping out or “filling in” what has been described as the “missing middle” between what a 

program or change initiative does (its activities or interventions) and how these lead to desired 

goals being achieved. It does this by first identifying the desired long-term goals and then works 

back from these to identify all the conditions (outcomes) that must be in place (and how these 

related to one another causally) for the goals to occur. These are all mapped out in an Outcomes 

Framework. 

The Outcomes Framework then provides the basis for identifying what type of activity or 

intervention will lead to the outcomes identified as preconditions for achieving the long-term 

goal. Through this approach the precise link between activities and the achievement of the long-

term goals are more fully understood. This leads to better planning, in that activities are linked to 

a detailed understanding of how change actually happens. It also leads to better evaluation, as it 

is possible to measure progress towards the achievement of longer-term goals that goes beyond 

the identification of program outputs. 

Theory of Change spells out initiative or program logic. It defines long-term goals and then maps 

backward to identify changes that need to happen earlier (preconditions). The identified changes 

are mapped graphically in causal pathways of outcomes, showing each outcome in logical 

relationship to all the others. Interventions, which are activities and outputs of any sort, are 

mapped to the outcomes pathway to show what stakeholders think it will take to effect the 

changes, and when. Theory of Change provides a working model against which to test 

hypotheses and assumptions about what actions will best bring about the intended outcomes. A 

given Theory of Change also identifies measurable indicators of success as a roadmap to 

monitoring and evaluation.  

Theory of Change is both process and product: the process of working out the theory, mainly in 

group sessions of practitioners and stakeholders led by a capable facilitator; and, as the product 
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of that process, a document of the change model showing how and why a goal will be reached. 

There is a good deal of discussion as to which provides more value to the group process of 

reflecting on the work, surfacing assumptions, creating transparency and building consensus; or 

the product, a sound and complete plan with plausible potential for producing the change desired. 

1. Benefits of Theory of Change in MLE  

As a planning tool Theory of Change helps organizations ask important questions about their 

work. It can strengthen partnerships, support organizational development, and facilitate 

communication. Theory of Change originated as an evaluation tool, and as such it explains the 

pathways of change that lead to the long-term goal and the connections between activities, 

outputs and outcomes that occur at each step along the way. The clarity of purposes, results, and 

strategies that theory of Change delivers sharpens interventions and evaluation designs and 

strengthens the ability of practitioners to take credit for outcomes that were predicted in their 

theory. There are many processes that help organize the components of a project. Almost any 

type of logic model will present the project in terms of resources, activities, short and long-term 

outcomes. These are useful tools, and can help clarify goals and communicate the basics of how 

an initiative works to others. TOC takes theses approaches further: it requires more specificity 

about goals and about the conditions needed to reach them. Therefore, it is hard work and results 

in a more useful guide for our work than other most other processes. Theory of Change will help 

us having a: 

• A clear and testable hypothesis about how change will occur that not only allows us to be 

accountable for results, but also makes our results more credible because they were 

predicted to occur in a certain way 

• A visual representation of the change we want to see in community and how we expect it 

to come about 

• A blueprint for evaluation with measurable indicators of success identified 

• An agreement among stakeholders about what defines success and what it takes to get 

there 

• A powerful communication tool to capture the complexity of your initiative 
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We can use TOC 

• As a framework to check milestones and stay on course 

• To document lessons learned about what really happens 

• To keep the process of implementation and evaluation transparent, so everyone knows 

what is happening and why 

• As a basis for reports to funders, policymakers, boards 

2. Need for TOC  

Challenges in measuring the research-policy interface. There is a wide-ranging literature which 

attempts to grapple with the challenges of measuring research uptake, and particularly its effect 

within the policy field. While there is work that directly considers the linkages between research 

and policy (e.g. Start and Hovland, 2004), there are also useful insights to be gained from the 

related literature that looks at policymaking processes and achieving policy influence: whether in 

diplomatic circles (Steven, 2007), advocacy projects undertaken by civil society organizations 

(O’Flynn, 2009), or in terms of impact evaluations. From this broader literature it is possible to 

draw out a number of characteristics that also resonate closely with the challenge of assessing 

research uptake. Drawing on earlier work by Jones (2011), the key challenges include: 

1. It is often difficult to determine the links between research and influencing activities and 

subsequent changes in policy (particularly ex ante). Policy change is highly complex, and is 

often ill-suited to ‘linear’ or ‘rational’ models. More commonly, policy processes are shaped by a 

multitude of interacting forces and actors  each with their own dynamic and interests. This means 

that the causal links can be particularly complex to understand and measure. 

2. It is difficult to establish causality, especially as identifying a plausible counterfactual is 

problematic. Indeed many research uptake or influencing interventions actively seek 

‘contamination’ (between treatment and potential control groups), such as by encouraging the 

diffusion of ideas and by giving support to networks, alliances and coalitions. While there are 

ways around this (such as by using encouragement designs), 2 experimental and quasi-

experimental methodologies are often seen as unsuitable for evaluating policy influence and 

research uptake. 
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3. ‘Outright success’ in terms of achieving a specific, pre-planned change is mostly rare, with 

objectives modified or abandoned along the way. Plus, there is often an element of subjectivity 

around whether the policy gains are significant (or not), and the extent to which they have been 

co-opted. 

4. Policy change tends to occur over longer timeframes, which may be less suitable to the 

project-orientated timescales of most aid agencies  particularly with the increasing pressure to 

demonstrate results over short time periods. 

5. It is difficult to judge the specific contribution of one organisation to a change, particularly as 

influencing and advocacy tends to be more effective when carried out in coalitions, alliances and 

networks. 

6. It is sometimes difficult to determine how best to interpret the accounts of different actors, 

especially because research uptake and policy influencing involves political and sometimes 

highly contested process 

3. Impact Pathways – Basic Structure  

The outcomes pathway is a set of needed conditions relevant to a given field of action, which are 

placed diagrammatically in logical relationship to one another and connected with arrows that 

posit causality. Outcomes along the pathway are also preconditions to outcomes above them. 

Thus, early outcomes must be in place for intermediate outcomes to be achieved; intermediate 

outcomes must be in place for the next set of outcomes to be achieved; and so on. An outcomes 

pathway therefore represents the change logic and its underlying set of assumptions, which are 

spelled out in the rationales given for why specific connections exist between outcomes and in 

the theory narrative. 

3.1. Applying the Model  

An important first step in the process is identifying a workable long-term goal and long-term 

outcomes. The long-term goal should be something the initiative can realistically achieve and 

that everyone involved understands. A trained external facilitator is best to lead the group to 

consensus and specificity in this process. Once a long-term goal is identified, the group then 

considers: “What conditions must be in place for us to reach the goal? Any such necessary 
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conditions should be shown as outcomes on the Theory of Change pathway, underneath the long-

term outcome. These outcomes act as preconditions to the long-term outcome. The process of 

identifying preconditions continues, drilling down the pathway by posing fundamental questions 

such as: “What has to be in place for this outcome to be achieved?” and “Are these preconditions 

sufficient for the outcome to be achieved?” In these sessions, participants may use markers, 

sticky notes, and chart paper to identify and organize outcomes, surface assumptions, develop 

indicators, and so on. The messy group work is then usually captured by the facilitator in digital 

form, through which the content can be expanded, edited, printed, shared, and otherwise 

managed as the theory continues to be developed. 

3.2. Measuring Change  

The ultimate success of any Theory of Change lies in its ability to demonstrate progress on the 

achievement of outcomes. Evidence of success confirms the theory and indicates that the 

initiative is effective. Therefore, the outcomes in a Theory of Change must be coupled with 

indicators that guide and facilitate measurement. Indicators may be said to operationalize the 

outcomes, that is, they make the outcomes understandable in concrete, observable and 

measurable terms. Ideally, every outcome on the outcomes pathway (below the dashed 

accountability ceiling) should have an indicator, but available resources often make that difficult 

to do. Many groups want to designate priority outcomes – that is, outcomes they know they need 

to measure if the theory is going to hold. These are the outcomes that must be operationalized 

(that is, made measurable by one or more indicators.) At a minimum, every outcome for which 

initial interventions will be designed should have at least one indicator. 

3.3. Evaluation and Monitoring  

As the origins of Theory of Change lie in the field of evaluation and monitoring, developments 

over the years have ensured that Theory of Change continues to be an invaluable method to 

conduct evaluations of many different types of projects and organizations. Often posing theory-

based evaluation questions help to focus evaluation efforts on key concerns. As well, there may 

be a need to pick the right indicators from among the many available, and one can use 

“monitoring questions” to select the indicators that will be most helpful. The monitoring 

questions take the form of “What do we really need to know in order to manage grant-making 

directed to the achievement of this outcome? It is important to understand success beyond just 



ICAR Short Course on " Tools on Monitoring, Evaluation and Impact Assessment of Rainfed Technologies and 

Development Programmes, 1-10 November, 2017" 

 

107 

 

knowing “what works”. Experience has shown that blindly copying or scaling an intervention 

hardly ever works. An important task for monitoring and evaluation is to gather enough 

knowledge and understanding so as to be able to predict  with some degree of confidence – how 

an initiative and set of activities might work in a different situation, or how it needs to be 

adjusted to get similar or better results. We also need to be able to combine evidence from a 

number of studies in order to build a stronger picture of what is taking place, how it is unfolding, 

and, most importantly, how context influences the initiative.  

Just as development of a Theory of Change is a participatory process, a ToC-based monitoring 

and evaluation system can be designed in a participatory way. For example, grant managers can 

be involved in choosing the outcomes of greatest interest to them in their decision-making. 

Similarly, people on the ground can have input into which indicators to use and how to 

operationalize them, choices of instruments and methods of data collection, and which existing 

sources of data may be used in tracking indicators. 

4. Linking Theory of Change with Monitoring & Evaluation 

4.1. Desired versus Actual Outcomes  

A key point about outcomes in a Theory of Change context is that there are intended outcomes 

and actual outcomes. It is the intended outcomes that appear in the Theory of Change diagram, 

modeling the outcomes in pathways that show an underlying causal logic and thereby reveal the 

assumptions inherent in the theory. The theory is not modeling the actual outcomes. We hope 

what actually happens closely resembles the outcomes forecast in the model. The innovation of 

Theory of Change lies (1) in making this distinction between desired and actual outcomes, and 

(2) in requiring stakeholders to model their desired outcomes before they decide on activities, 

tactics, strategies, and other forms of intervention. This approach allows practitioners to make 

choices within an outcomes frame of reference so that the activities can be chosen for their 

potential to achieve the initiative’s outcomes. The task of monitoring and evaluation is to 

determine whether and in what ways the actual outcomes of the work reflect the outcomes 

forecast in the Theory of Change, and whether the assumptions underlying the theory about what 

will work were correct. If the initiative succeeds, having a Theory of Change behind it lends 

support to attribution. Success also confers predictive power on the theory, making it useful to 

any effort to replicate or scale up. 
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4.2. Indicators  

The ultimate success of any Theory of Change lies in the ability to demonstrate progress on the 

achievement of outcomes. Evidence of success confirms the theory, reflects credit on the 

initiative and brings prestige to the proponent. Therefore, the outcomes in a Theory of Change 

must be coupled with indicators that allow measurement. Indicators (see panel at right) may be 

said to operationalize the outcomes, that is, they render the outcomes in concrete, observable 

and/or measurable terms. The relationship of indicator to outcome can be confusing and may be 

clarified with this simple formula “I’ll know [outcome reached] when I see [indicator].” For 

example, “I’ll know that teenagers in the program understand the prenatal nutrition and health 

guidelines when I see program participants identifying foods that are good sources of nutrition.” 

4.3. Developing Evaluation Questions  

Evaluations usually begin with evaluation questions. At the least, Theory of Change helps to 

frame the evaluation questions by clarifying how particular activities are expected to produce 

particular outputs and outcomes. For some evaluators a robust Theory of Change may obviate 

the need for evaluation questions: The theory itself guides the evaluation approach. In cases of 

complex theories cutting across different domains and scales of work, posing theory-based 

evaluation questions may help focus evaluation efforts on key concerns. As well, there may be a 

need to pick the right indicators from among the many available, and one can use “monitoring 

questions” to select the indicators that will be most helpful and expedient. The monitoring 

questions take the form of “What do we really need to know in order to manage grant-making 

directed to the achievement of this outcome?   

Just as development of a Theory of Change is a participatory process, a ToC-based monitoring 

and evaluation system can be designed in a participatory way. For example, grant managers can 

be involved in choosing the outcomes of greatest interest to them in their decision-making. 

Similarly, people on the ground can have input into which indicators to use and how to 

operationalize them, choices of instruments and methods of data collection, and which existing 

sources of data may be used in tracking indicators. 

5. TOC with other Models  

The use of Theory of Change in planning and evaluation has increased exponentially among 

philanthropies, government agencies, international NGOs, the UN, and many other major 

organizations in both developed and developing countries. This has led to new areas of work, 
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such as linking the Theory of Change approach to systems thinking and complexity. Change 

processes are no longer seen as linear, but as having many feedback loops that need to be 

understood. Consequently, Theory of Change is strengthening monitoring, evaluation and 

learning. They are also helping to understand and assess impact in hard to measure areas, such as 

governance, capacity strengthening and institutional development. Innovations continue to 

emerge. Despite the growing ubiquity of Theory of Change, however, especially in the 

development arena, understanding of the approach and the methods necessary to implement it 

effectively are not uniform. In fact, there is evidence of some confusion about what the term 

‘theory of change’ actually means; in some cases, what some program developers describe as a 

Theory of Change is, in essence, simply log frame, strategic plan or another approach that does 

not encompass the complexity of the theory of change approach. 

Practitioners have developed logic models and logical frameworks as strategies and tools to plan 

and evaluate social change programs. While these models well articulate the goals and resources 

of an initiative or organization, they give less focus to the complex social, economic, political 

and institutional processes that underlie social and societal change. Thus, while logic models and 

log frames have developed an Implementation Theory behind their work, they can lack an 

underlying Theory of Change. Theory of Change also contrasts with logic models and log frames 

by beginning with a participatory process to clearly define desired outcomes and to air and 

challenge one another’s assumptions. Theory of Change begins by first working out program 

goals or desired impact and working backwards on outcome pathways, rather than engaging in 

conventional forward oriented “so-that” reasoning. As an example of "so-that" reasoning: a 

grantee decides to increase media coverage on the lack of health insurance among children so 

that public awareness increases so that policymakers increase their knowledge and interest so 

that policies change so that more children have health insurance. In Theory of Change, by 

contrast, the group begins not with its intervention but with its long-term goal and outcomes and 

then works backward (in time) toward the earliest changes that need to occur. Only when the 

pathway has been developed is it time to consider which interventions will best produce the 

outcomes in the pathway.  

Many organizations, including the Rockefeller Foundation and the United States Agency for 

International Development, have used a Results Framework and companion Scorecard as 

management tools. The Results Framework is complementary and adaptable to a Theory of 
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Change-based monitoring and evaluation system. The framework gives the appearance of being 

derived from a well-thought-out conceptual model, even if the conceptual model is lacking. The 

limitations of the Results Frameworks are that they do not show causal connections between 

conditions that need to change in order to meet the ultimate goals. The added value of Theory of 

Change lies in revealing the conceptual model, including the causal relationships between and 

among outcomes, the relationships of activities to outcomes, and of outcomes to indicators. 

Overall, having a Theory of Change helps make explicit the assumptions upon which the Results 

Framework is based. 

6. Usability within the Extension Organizations  

One of the most common questions, with both facilitators and organization staff, is whether they 

have done it “right”, and how can they know if their Theory of Change is a good one? The 

accuracy of the theory will be borne out over time, through ongoing learning and evaluation. 

However, making sure that the Theory of Change established initially is as thorough and specific 

as possible will increase the chance of attaining the desired outcomes. In the early days of 

Theory of Change, Anne Kubisch and others (Kubisch, 1997) established quality control criteria. 

These are: 1. Plausibility. 2. Feasibility. 3. Testability. 

Plausibility refers to the logic of the outcomes pathway. Does it make sense? Are the outcomes 

in the right order? Are the preconditions each necessary and collectively sufficient to reach the 

long-term outcomes and ultimate impact? Are there gaps in the logic?  

Feasibility refers to whether the initiative can realistically achieve its long-term outcomes and 

impact. Does the organization have adequate resources? Does it need partners? Does the scope, 

expectations, or timeline of the theory need adjustment? 

Testability refers chiefly to the indicators: Are they solid and measurable? Will they yield 

sufficient information to make course corrections, and to evaluate the success of the initiative? 

Will they be convincing to necessary audiences? 

A good way to test the theory on the plausibility criterion is to talk through each connection. If 

one stumbles in explaining it, or notices leaps of faith (e.g., good teachers will lead to good 

grades), most likely some preconditions are missing. The test of feasibility is whether the 

organization or partnership is capable of carrying out the activities identified on the pathway. 

This test is enhanced through a thorough airing of the assumptions that go into the theory. Any 

project is rife with assumptions: the strength of Theory of Change is in encouraging participants 
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to make their assumptions explicit. Giving rationales for causal connections on the pathway gets 

at the more specific assumptions around causality from one outcome to another. One can also 

articulate rationales for the specified activities. If the activities are both necessary to the desired 

outcomes and feasible to conduct, then the theory should be deemed feasible. 

“Testability” derives from Theory of Change’s roots in evaluation, where Theory of Change 

continues to focus evaluation resources on answering whether an initiative’s activities are 

achieving the results it set out to achieve. It is in the effort to specify indicators that the 

testability of the theory is demonstrated. Even for the many ToCs that are developed for strategic 

planning or communication or other purposes beyond evaluation, the stronger theory will be the 

one with precise outcome statements that can be matched with accurate indicators. Ultimately, a 

testable theory is one in which any of its component parts--an outcome, an activity, or an 

assumption—has some piece of evidence to demonstrate its veracity. As in many aspects of 

Theory of Change, there is a valuable reciprocity in the relationships between component parts: 

output-outcome, rationale - outcome, outcome-indicator, and so on. Developing indicators helps 

to refine thinking about the outcomes. Conversely, refining or further defining of an outcome 

brings insight about its associated indicators, activities, and rationales. As in any reciprocal 

system, working on one part informs the understanding of its companion parts. 

The characteristics above speak to the rigor and standards for the theory itself. Another measure 

of a good theory, often neglected, is its usability within the organizational culture. A good theory 

in this sense has: • Buy-in and support from leadership and decision-makers for using the theory 

as the basis for planning, team-building, monitoring and evaluation, and communication over the 

life of the initiative. • A core group of people (2 or 3 is enough) who “own” the theory. They 

make sure the theory is graphically understandable, make changes as needed, and take charge of 

the ongoing learning. • A flexible and usable modality for storing and changing all the 

information in the theory e.g., can outcomes in the pathway be easily moved around and 

modified? Can assumptions be added? There are a variety of tools that can be used for storing, 

editing and sharing ToCs. Theory of Change Online is user-friendly and sharable. Do View 

drawing software can be purchased and downloaded. Flowchart software such as Microsoft Visio 

or OmniGraffle have powerful drawing capability but do not easily store all of the rationale, 

assumption, narrative and indicator data. • Strong connections to all the other systems in place 

for strategic/action plans, budgeting, and monitoring and evaluation. 
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7. Case Study of Green Super Rice Project from Bangladesh 

(Note: For academic understanding only – Not to be quoted)  

Drs. Shaik Meera and VP Bhadana from ICAR have participated in MLE workshop in Dhaka 

during 2015. A draft case study is presented in Table 1 for the understanding of readers. Theory 

of Change (TOC) defines the activities, outputs, outcomes and impacts a project aims to achieve 

and the pathways that connect them. This workshop reviewed the GSR TOC and identified as 

how the goals of GSR will be achieved and the roles of various actors. In terms of Monitoring 

Evaluation and Learning of the project the workshop tried to define success and how to measure 

and evaluate it. While undertaking ML&E it delineates the responsibilities, coordination and 

communication etc. 

Table 1. Case Study of Green Super Rice Project from Bangladesh 

Enabling Actions 
Assumption 

and Risks 
Indicators Actors 

To continue breeding new and better GSR 

Flow of elite germplasm from 

CAAS/IRRI to NARES 

R: Pyramiding 

line may not 

have good 

performance 

in the field 

 

R: Improve 

new line may 

not be release 

as a variety 

 

R: New 

breeding line 

may not be 

suitable for 

farmers 

 

R: Release 

variety may 

not be 

accepted by 

farmers 

Number of 

GSR cultivars 

developed and 

shared to 

NARES(Outp

ut) 

 

Number of 

GSR cultivars 

released as a 

variety 

(Output) 

Actor: CAAS 

Actor outcomes: 

Provided new 

improved 

germplasm 

 

Actor: IRRI 

Actor outcomes: 

New lines provided 

multiple stress 

tolerant cultivars 

suitable to Boro 

and T. Amon 

 

Actor: 

BRRI/BRAC/BIN

A 

Actor outcomes: 

Conducted 

adaptation trials, 

PVS (including 

women), MLT, and 

helped to identify 

new improved 

Breeding new materials utilizing the 

elite germplasm 

New GSR inbred and hybrid were bred 

based on the target country’s 

preferences (farmer and consumer) and 

grain quality requirements 

- Boro season, North 

o Cold tolerance at 

seedling stage 

o Lodging tolerance 

o Yield potential of 

10t/ha 

o 130-135 days 

duration 

o Long slender grain 

o Disease resistant 

- Boro season, South 

o Salinity should be 

at 16 ds/m 

o 115-125 days 

duration 

o Yield range of 6 
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t/ha 

o Disease resistant 

- T. Amon season, North 

o 100 days duration 

o Yield range of 6 

t/ha 

o Disease resistant 

- T. Amon season, South 

o Tall seedling height 

o 115-125 days 

duration 

o Photo sensitivity 

o Disease resistant 

cultivars 

 

 

Enabling Actions 
Assumption 

and Risks 
Indicators Actors 

Capacity building 

Human resource 

- Short term training 

o Scientists, Researchers, 

Extension agents, 

Farmers 

- Long term training  

o Students 

A: GSR 

technology is 

economically 

viable 

 

A: GSR 

cultivars meet 

farmers needs 

 

A: Varieties 

deliver 

benefits 

 

A: Political 

stability 

 

R: The 

cultivars were 

not released 

on time 

Number of 

people trained 

(short-term) 

 

Number of 

students 

trained (long-

term) 

Actor: GRiSP 

CAAS, IRRI 

Actor outcomes: 

Funding, 

collaborative 

research, provides 

training to NARES 

 

Actor: BRRI, 

BINA 

Actor outcomes: 

Training of DAE 

personnel and 

young scientists 

 

Actor: DAE, 

BRAC 

Actor outcomes: 

Farmer's training, 

demonstration 

Facilities 

- Screening facilities (phytotron, 

submergence tank rain out 

shelter) 

- Seed processing and storage 

capacity at farmer's level 

- Transport/vehicle 

Number of 

facilities 

provided 

Enabling Actions 
Assumption 

and Risks 
Indicators Actors 

Upscaling 

Seed production 

- BRRIdhan69 

- BINA17GSR 

- Hua565 

A: Varieties 

meet 

stakeholder's 

needs, 

Quantity of 

breeder and 

truthfully 

labeled seeds 

Actor: BRRI, 

BINA 

Actor outcomes: 

Seed production, 



ICAR Short Course on " Tools on Monitoring, Evaluation and Impact Assessment of Rainfed Technologies and 

Development Programmes, 1-10 November, 2017" 

 

114 

 

benefits seen 

by adopters 

 

A: Motivation 

of farmers 

 

A: Seed 

availability 

 

R: Marketing 

problem 

 

R: Climatic 

factors, pest 

attack 

 

R: 

Stakeholders 

do not adopt 

 

R: Cost 

benefit ratio 

produced demonstration 

Quantity of 

foundation, 

certified, and 

truthfully 

labeled seed 

produced 

Actor: BADC 

Actor outcomes: 

Seed 

multiplication, 

demonstration 

Demonstration and field day Number of 

demonstration 

and field day 

organized 

Actor: DAE, 

BRRI, BINA, 

BRAC, BADC 

Actor outcomes: 

Demonstration 

Media to popularized GSR in the 

locality (community radio, mobile apps, 

electronic and print media) 

Number of 

media tapped 

Actor: DAE, 

BRRI, BINA, 

BRAC, BADC 

Actor outcomes: 

Information 

dissemination 

Enabling Actions 
Assumption 

and Risks 
Indicators Actors 

Test and release 

Breeding new materials utilizing the 

elite germplasm 

 

New GSR cultivars were bred based on 

the target country’s consumer 

preferences 

 

Flow of elite germplasm from 

CAAS/IRRI to NARES 

 

Incoming elite germplasm should meet 

the quality data 

 

Involve NARES and farmers in target 

location on accelerating the testing and 

nomination to NCT of GSR cultivars 

 

Testing for release 

A: NARES 

evaluate/test 

the GSR 

cultivars and 

released it 

 

R: GSR 

cultivars did 

not qualify the 

multi-

environment 

trial 

 

R: The 

cultivars were 

not released 

Number of 

GSR cultivars 

breed for the 

specific target 

country 

 

Number of 

GSR cultivars 

sent for the 

specific target 

country  

 

Number of 

GSR cultivars 

tested 

 

Number of 

PVS and 

Actor: Policy 

makers 

Actor outcomes: 

They can decide 

reduction of testing 

time (DG of BRRI, 

BINA, SCA and 

DAE; Chairperson 

of BARC and 

BADC) 

 

Actor: NARES 

Actor outcomes: 

Revise mechanism 

for faster testing 

and decision 

making 
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- Regional, 1 year 

- Farmer’s field/multi-location, 1 

year 

- Purpose variety trial, 1 year 

- NSB release meeting, 6 months 

to 1 year 

 

Tripartrate agreement between India, 

Bangladesh, and Nepal can increase the 

number of varieties to be release since 

climate and requirements of those 3 

countries are the same 

 

Pipeline of GSR releases in Bangladesh 

for the next 3 years are as follows: 

- BRRI (3 varieties in year 2 and 3) and 

HUA565 (year 1) 

- BINA (1 variety in year 3) 

demonstration 

trials 

conducted 

involving 

NARES and 

farmers in the 

target location 

 

Number of 

varieties 

released 

through the 

tripartriate 

agreement 

 

Time duration 

until a variety 

is release 

Actor: Farmers 

Actor outcomes: 

Adoption of 

released cultivars 

 

Actor: Processors 

Actor outcomes: 

Consider 

preferences and 

test of the 

consumers 

 

Actor: BRRI and 

BINA 

Actor outcome: 

Nominate 

 

Actor: SCA 

Actor outcome: 

Positive response; 

test multi-location 

 

Actor: DAE 

Actor outcome: 

Farmer field testing 

 

Actor: MOA 

Actor outcome: 

Policy on releasing 

 

Actor: National 

seed board 

Actor outcome: 

Policy on testing 

Enabling Actions 
Assumption 

and Risks 
Indicators Actors 

Crop management 

Training for water management to boost 

production 

 

Awareness campaigns, field 

demonstrations for crop management 

 

A: GSR 

cultivars meet 

farmer’s need 

 

A: Varieties 

meet 

Number of 

crop 

management 

training 

conducted 

 

Actor: BRRI, 

BINA, BRAC, 

DAE 

Actor outcome: 

Dissemination of 

proper knowledge 
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Involve stakeholders in target location 

in seed production and dissemination of 

GSR varieties 

 

Conducive environment  and better crop 

management support services like 

access to farmer’s loan 

 

Crop management technologies for 

favorable environment of the released 

GSR varieties are already available 

because it is a requirement of the NSB 

before the variety release 

stakeholder’s 

needs, 

benefits seen 

by adopters 

 

A: Varieties 

deliver 

benefits 

 

R: Labor 

shortage 

 

R: Consumer 

preference. 

R: 

Availability of 

water 

Number of 

awareness 

campaigns 

demonstrated 

 

Frequency of 

crop 

management 

support 

services 

provided 

 

Actor: Farmers 

Actor outcome: 

Better crop 

management 

 

Actor: Bank, 

NGOs 

Actor outcome: 

Increasing 

cultivation capacity 
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Insights on Impact Assessment of Digital Extension Strategies  

Shaik N Meera 
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Introduction 

Agricultural Extension Services do play an important role in delivering information, knowledge 

and advice to farmers. However to remain relevant in these changing times, it has to specialise in 

“effectively managing and transferring knowledge or information packages”. Digital 

Technologies can play an important role in supporting extension in this regard. Over the past two 

decades, Governments all around the world have invested heavily in strengthening the digital 

infrastructure. Digital extension applications are supposed to bring new information services to 

rural areas on which, farmers, as users, will have much greater control than ever over current 

information channels. Last two decades have witnessed several digital pilot projects in India. 

Now there is a need to bring rapid transition so as to remain relevant and cater to the emerging - 

information and service needs of farmers. One of the critical factors that contribute to favourable 

digital extension policies is better impact assessment and documentation, which is at present 

lacking. 

1. Why Impact Assessment of Digital Extension?  

Impact of digital extension activities has been questioned always because attributing ‘change’ to 

digital extension interventions was never taken seriously by extension researchers. 

Benchmarking and establishing causality is a fundamental part of result measurement, as we 

want to see what impact a particular intervention has on the target population. In other words, is 

there a causal link between the digital activity that we undertake, and the result we see?  

We should have evidences of use, pattern, purpose, users etc., for ICT / KM activities. Without 

this evidence, ICT experts will promote over simplified success factors such as number of hits 

(say from Google analytics). For example they derive success for `online repositories` based on 

the number of hits directed for every key word on Google. But as extension professionals, we 

know for sure that this doesn’t mean anything. Now the question is how to develop and use 

appropriate methodologies for better impact assessments for ‘soft extension interventions’ such 
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as knowledge based advisories? Do we have sufficient indicators to establish evidence of use of 

ICTs in extension such as: 

• Access - Relative easiness in access due to Digital Extension Strategies, 

• Availability - Quality of knowledge provided through Digital Extension Strategies 

• Appropriateness - comprehensiveness (there is a paradox- while focusing on 

comprehensiveness, we may lose appropriateness to a specific location) 

• Complimentary of knowledge with the existing services/ infrastructure of extension 

organizations 

• Presence of pre-requisite conditions and multiple deliveries and opportunity costs 

• Willingness of partners to uptake (ability of content to value add to their services) 

• Attributing the `knowledge` to productivity/ income/ other gains 

 Understanding the above issues related to use of Digital Extension Strategies is critical 

for extension scientists and field extensionists to fully harvest the potential of Digital 

Technologies.  

2. Basic understanding of Digital Impact Assessments 

 It may seem obvious that there are significant impacts of Digital technologies. However, 

as stated succinctly by ITU (2006): “You want to know the difference information and 

communication technologies make? Try to live without them…”  

Nevertheless, illustrating impacts of ICT statistically is far from simple, for several reasons:  

• There are a number of different ICTs, with different impacts in different contexts and 

countries. They include goods (such as mobile phone handsets) and services (such as 

mobile telecommunications services) which change rapidly over time;  

• Many ICTs are general purpose technologies, which facilitate change and thereby have 

indirect impacts;  

• It is difficult to determine what is meant by ‘impact’. For example, a model proposed by 

the OECD for ICT impacts highlights the diversity of impacts, in terms of intensity, 

directness, scope, stage, timeframe and characterization (economic/social/environmental, 

positive/negative, intended/unintended, subjective/objective); and  



ICAR Short Course on " Tools on Monitoring, Evaluation and Impact Assessment of Rainfed Technologies and 

Development Programmes, 1-10 November, 2017" 

 

119 

 

• Determining causality is difficult. There may be a demonstrable relationship and a 

positive correlation between dependent and independent variables. However, such a 

relationship cannot readily be proven to be causal. 

The impact assessment of digital extension interventions are found on few fundamental 

questions.  

2.1. Why Digital Impact Assessments – this can include both the externally-stated rationale, and 

the internal purpose for the organisation(s) driving the impact assessment.  In most cases, the 

external rationale will be one or more of: a) assessment of what has been achieved from 

investments to date; b) assessment of future development project investments; c) accountability – 

enabling agencies to be held to account for their spending. 

2.2. For whom Digital Impact Assessments – The impact assessments may be carried out either 

for a) decision and policy makers; b) Digital project implementing agencies; d) Digital extension 

project users/beneficiaries; e) other digital extension stakeholders. 

2.3. What are the Indicators of Digital Impact Assessments – a mixture of the indicators the key 

audience are interested in, the indicators easy to measure, and the indicators the assessment team 

is most familiar with?  This may also include identifying the conceptual framework guiding the 

impact assessment; the focus of this Compendium. 

2.4. How to measure Digital Impacts – alongside the specific measurement issues, a key element 

here will be the extent of participation of digital extension users in measurement (and in more 

upstream processes such as selection of indicators). Probably the most important and the most 

overlooked element in the whole process, with some impact assessments being conducted but 

having little impact.   

The basis for understanding the assessment of digital extension projects is the agricultural 

value chain. Till date most of the impact assessment studies focused on any or all of these 

components. 

• Readiness: "e-readiness" assessment typically measures the systemic prerequisites for any 

ICT4D initiative e.g. presence of ICT infrastructure, ICT skills, ICT policies, and so on.  One 

could also assess the strategy that turns these precursors into project specific inputs, and the 

presence/absence of those inputs. 



ICAR Short Course on " Tools on Monitoring, Evaluation and Impact Assessment of Rainfed Technologies and 

Development Programmes, 1-10 November, 2017" 

 

120 

 

• Availability: implementation of the digital extension project turns the inputs into a set of 

tangible ICT deliverables; one can assess the presence and availability of these intermediate 

resources. 

• Uptake: assessment typically measures the extent to which the project's digital extension 

project deliverables are being used by its target population.  Broader assessment could look 

at the sustainability of this use over time, and at the potential or actuality of scaling-up. 

• Impact: as the name suggests, only this focus actually assesses the impact of the project and 

we can divide it into three sub-elements: 

o Outputs: the micro-level behavioural changes associated with the digital extension 

project. 

o Outcomes: the specific costs and benefits associated with the digital extension 

project. 

o Development Impacts: the contribution of the digital extension project to broader 

development goals. 

To some extent and particularly in relation to outputs, outcomes, and development 

impacts  as you move from left to right along the value chain, assessment becomes more 

difficult, more costly but also more valuable.  (Please see the Figure 2 at the end of the chapter) 

3. Global Frameworks for Impact Assessment of Digital Extension 

3.1. Cost-Benefit Analysis (CBA)  

Identifies and quantifies the costs and benefits of Digital Extension projects and offers a logical 

and consistent framework of data analysis that facilitates assessment, decision-making and cross-

project comparison. By making explicit link between inputs and outcomes including 

assumptions, it adds rigour to impact evaluation.  CBA can be used to conduct ex-post financial 

evaluation of implemented projects and/or ex-ante evaluation of alternative investments.  Its 

basic tenet (especially in the context of ex-post evaluation) is to assess the financial sustainability 

and cost-effectiveness of Digital Extension projects. The CBA framework uses traditional 

financial analysis and summary tools such as net present value, discounted cash flow or 

breakeven point to demonstrate the worth of Digital Extension projects once they are 

implemented. It is both a decision making (such as continuity, scalability) and communication 

tool. 
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3.2. Controlled Experiments  

Controlled experiments are able to establish causality by having all the independent variables 

controlled. Therefore, the experimenter can alter a condition and observe the effect. In general, 

digital extension experiments cannot be controlled to the degree necessary to determine a ‘cause 

and effect’ relationship. However, where the conditions are limited, a controlled experiment may 

be possible. 

3.3. Livelihoods Framework  

Strongly rooted in development studies, and recognised by extension researchers, the livelihoods 

framework provides an all-embracing framework for assessing the impact of digital extension on 

individuals and communities: context, assets, institutions, strategies and outcomes. The 

livelihoods framework (often known as the sustainable livelihoods/SL framework) developed 

from the pro-poor and participatory ideologies arising within the development field in the 1980s 

and 1990s.  Its main argument has been that lives of the poor must be understood as the poor 

themselves understand their own lives as a complex of interacting factors. 

3.4. Information Economics  

Provides a firm foundation for analysis of the business (commerce/trade) related impacts of 

digital technologies. It covers the impact of digital technologies on information failures 

commonly-found in developing countries and the related characteristics that make commerce 

slow, costly, risky and intermediated, and make markets and trade relatively slow to develop.  

Overall, it is a very useful approach where business is involved, though easier to apply if focused 

just on one business sector.  Information economics takes an information-centric approach to 

assessment of digital systems, rooted in the information-oriented work of economists such as 

Stiglitz (1988). This sees development activity in terms of transactions, some interchange of 

goods or services and it sees information as required to support the decisions and actions integral 

to all transactions. 

The indicators that could be studied under the Information Economics are: 

• Information Failures: which of these are addressed? 

• Other Characteristics: are process, structural and development characteristics also  

             considered? 

• Specificity: is assessment narrowed to a particular technology and/or a supply chain? 



ICAR Short Course on " Tools on Monitoring, Evaluation and Impact Assessment of Rainfed Technologies and 

Development Programmes, 1-10 November, 2017" 

 

122 

 

• Price: price is a key item of information in many transactions, aggregating other 

information (such as production and coordination costs, supply and demand).  Comparing price 

levels and also price fluctuations before and after ICT adoption can be a valuable impact 

indicator. 

• Transaction Scope: to what extent does the impact assessment cover the informational  

            aspects of all three stages to a transaction?  

3.5. Process Impacts  

Given the variety of digital pilot experiences and services, there is no single agreed-upon impact 

assessment framework. Therefore, a generic framework is used by agencies with a set of 

indicators that may be selected on the basis of the agricultural value chain; thus looking at 

implementation, availability, use, outputs, outcomes and impacts. These indicators may be 

selected on the basis of various criteria and interests. Impact assessment of pilots can be 

approached in two ways: performance indicator based, and framework- (model-) based. 

 

 

 

 

 

 

 

 

 

 

 

 

          Fig 1. Impact assessment of pilots 
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3.6. Econometric Model  

The econometric model attempts to measure the influence of different variables on various 

dimensions of extension service innovation due to digital technologies. Impacts of product and 

process innovation can be gathered on five main dimensions.  

• Impact on productivity and extension costs.  

Indicators include - Costs savings, enhancement in extensionists productivity, higher 

levels of employees’ motivation and Increased extension capacity.  

• Service expansion.  

Indicators include - increasing income of farmers 

Variety of services  

Presence in other regions.  

• Service Quality.  

Indicators include - acceleration of the extension process.  

Skilled  activities.  

Service quality.  

Flexibility in adjusting to farmers needs.  

Delivery speed, Temporal availability and Reliability. 

4. Measuring Digital Knowledge Interventions 

4.1 Knowledge Quality  

One of the most difficult dimensions to be measured could be the knowledge quality. Kane et al., 

(2005) empirically tested the influence of knowledge quality to the effectiveness of knowledge 

transfer. In their definition, knowledge quality is the gap between the knowledge of a source’s 

and a recipient’s. With empirical evidence they argue that superior knowledge will be more 

likely to be transferred from a source to a user than inferior knowledge. To measure the 

knowledge quality in general, potential items can be drawn from a number of influential 

empirical studies on knowledge transfer success.  

The first group of possible measures are as following. 

• Superior knowledge: knowledge to be transferred is advantaged than the existing knowledge of 

recipient (Kane et al., 2005) 

• Tacitness: implicit and noncodifiable accumulation of skills that results from learning by doing 

(Simonin, 1999) 
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• Specificity: transaction-specific skills and assets that are utilized in production processes and 

provision of services for particular customers (Simonin, 1999) 

• Complexity: the number of interdependent technologies, routines, individuals, and resources 

linked to a particular knowledge or assets (Simonin, 1999); 

• Unproven Knowledge: Degree of conjecture on the utility of the transferred knowledge 

(Szulanski, 2000) 

• Embeddedness: A recognized characteristic of knowledge that can be transferred with people, 

tools or routines (Cummings and Teng, 2003) 

• Articulability: the extent to which knowledge can be verbalized, written, drawn or otherwise 

articulated (Cummings and Teng, 2003) 

• Knowledge distance: the degree to which the source and recipient possess similar knowledge 

foundations (Cummings and Teng, 2003) 

4.2 System Quality  

In broad sense knowledge transfer systems are information systems. The quality measures of 

information systems are still applicable to ICT - KT. Thus, the original measures in D&M model 

can be employed. The full set of system quality measures can be found in DeLone and McLean 

(1992). 

4.3 Service Quality  

Service quality is defined as the gap between expected service and perceived service 

(Parasuraman et al.,1985). This is true in ICT - KT context. Measures on service quality can be 

drawn from the general concepts in knowledge management literatures. As discussed in the 

introduction, ICT based knowledge transfer is normally supported by knowledge extentionist as 

a complimentary service to enhance the transfer effectiveness and success. Therefore, the service 

quality should include both E-service quality and extension quality. Further, researchers have 

noticed that the social-cultural factors play an important role in knowledge transfer (e.g. Alavi et 

al., 2006). Both e-service and extension service should not be an exemption of their influence. In 

marketing theory, user’s satisfaction is achieved from entire service they received from different 

means.  

Potential measures of general service quality can be: 

• Knowledge friendly: positive orientation to knowledge exploration, creation and sharing 

(Davenport, 1998) 
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• Clarity: the project terminology is designed toward most effective communication (Davenport, 

1998) 

• Multiple channels: knowledge transferred through multiple channels that reinforce each other 

(Davenport, 1998) 

• Protectiveness: specialised technological, personnel, and price in access to proprietary 

knowledge (Simonin, 1999); 

• Cultural distance: differentials of values, beliefs, language proficiency and alignment between 

individuals (Simonin1999; Cummings and Teng, 2003); 

• Organisational distance: degree of dissimilarity in business practices, institutional heritage, and 

organisational culture between organisations or communities (Simonin, 1999; Cummings and 

Teng, 2003) 

• Source not Perceived as Reliable: Degree to which the donor of the best practice is perceived as 

reliable (Szulanski, 2000) 

• Source lacks Motivation: Motivation of the source unit to support the transfer (Szulanski, 2000, 

Davenport, 1998) 

• Barren organizational Context: Degree to which the organizational context supports the 

development of transfers (Szulanski, 2000, Davenport, 1998) 

• Project priority: different degrees of attention and/or resources can be received in knowledge 

transfer activities (Cummings and Teng, 2003) 

• Transfer activities: establishment and management of administrative structure based on 

assessment of knowledge, and the mechanism to facilitating knowledge transfer (Cummings and 

Teng, 2003) 

4.4 Use and User Satisfaction  

Darr and Kurtzberg (2000) argue that successful knowledge transfer occurs when source 

knowledge is not only shared with but also used by a recipient. Firstly, empirical measures in the 

KM literature on use and user satisfaction can be adopted.  

Use 

• Recipient Motivation: Motivation of the recipient unit to support the transfer (Szulanski, 2000; 

Davenport, 1998) 

• Learning cultural: The need for a culture of learning in an organization or an individual to 

facilitate learning in general, and knowledge transfer specifically (Cummings and Teng, 2003) 
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User satisfaction 

• Recipient’s Absorptive Capacity: Ability of the recipient unit to identify, value and apply new 

knowledge (Szulanski, 2000, Tsai and Tsai, 2005) 

• Recipient’s Retentive Capacity: Ability of the recipient unit to support the routine use of new 

knowledge (Szulanski, 2000) 

4.5 Net Benefit  

DeLone and McLean (1992) proposed a set of measures on the organisational impact in their 

original model and net benefit in their revised model. Most of those measures on the 

organizational impact are rather product/service marketing oriented and lack a general scope. 

Within those measures, Contribution to achieving goals is viewed as an appropriate measure for 

net benefit.  

Davenport (1998) points out that the link to economic performance or industry value is a key 

factor leading to knowledge project success. Following this argument, three potential measures, 

Cost savings, Time savings, Improvement of economic performance or industry value can be 

adopted. 

5. Conclusion 

Impact assessment of Digital Extension approaches largely depend on specific purpose and focus 

of the impact assessment. Qualitative and quantitative methodologies should be combined as 

deemed appropriate in specific conditions. Research questions will determine what 

methodologies can be employed within specific digital projects. The challenge is in adopting the 

methodologies to specific contexts with appropriate adaptations. In any case, the assessment of 

the impact of digital extension interventions/project should be based on the continuous 

interaction between technical and socioeconomic processes. And extension organizations should 

keep evolving the new impact assessment approaches to suit to specific needs of digital 

extension needs. 
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                     Fig 2. Impact assessment of Digital Extension Strategies 
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Introduction  

Agriculture today is evolving in an environment of rapid changes in technology, markets, 

policies, demography and natural environment. These changes pose to the national agricultural 

sectors and rural communities are context specific and complex, and therefore putting new 

demands on all actors in and round the agricultural sector to innovate and develop new ways of 

collaborating to generate knowledge and put it into use at the required pace (Daane, 2010). 

Agricultural Productivity and Sustainability (COM, 2012) also states that increased and 

sustainable agricultural output will be achievable only with major research and innovation efforts 

at all levels.  

Innovation is here defined as the implementation of a new or significantly improved product 

(good or service) or process, marketing method or a new organizational method in business 

practices, workplace organization farmers have a long tradition for sharing of knowledge in 

cooperatives or farmer learning groups, but there is a gap between the provision of agricultural 

research results and the application of innovative approaches in practical farming. 

(http://www.oecd.org/site/innovationstrategy/defininginnovation.htm.). 

Similarly data collection and monitoring and evaluation (M&E) efforts take a great deal of time 

and methodical planning and implementation. In the past, these tasks were performed with paper 

and pen, which made them prone to error, difficult to conduct on a large scale, and high in 

transaction costs. Information and communication technology (ICT) tools, including hardware 

like mobile phones and tablets, applications with the capacity to create digital surveys, and 

software that allows users to upload data to storage facilities in real-time, have reduced the 

conventional challenges associated with remote data collection and M&E. 

New knowledge does not or takes too long time to reach the farmers, and the needs of practical 

farming are not communicated sufficiently to the scientific community. Thus, new collaborative 
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methods and ICT may be important tools to solve some of these gaps by improving access to 

results, knowledge exchange and communication as well as preservation and education. This 

paper summarizes key issues, challenges and lessons derived from literature, case studies and 

practice concerning the role ICT can play in extension systems. It elaborates on recurring issues 

and describes innovative experiences and emerging practices that are enhancing the delivery of 

timely information that fits the needs of farmers. The paper concludes how ICT can contribute to 

the enhancement of the performance of agricultural extension systems 

ICT in Agricultural Advisory and Extension Systems  

Agricultural advisory systems have changed over the past decades, especially in regard to public 

extension, as farmers receive information from a wide range of ICT sources. These changes in 

ICT during the past two decades have been rapid and far-reaching, from the costly, colossal, 

energy-consuming equipment once available to the very few towards the booming and 

continuously changing mobile, wireless, and Internet industries for the many. In the last two 

decades, public and private actors operating in rural contexts in developing countries have 

widened their array of methods for disseminating knowledge through radio programmes, videos 

and other ICT-based methods. ICT has the potential to respond to a number of challenges that 

confront public extension systems. Public extension systems face difficulty in reaching all 

farmers due to the lack of financial capacity and staff to physically meet all farmers and 

communities. This is exacerbated by the fact that farmers are sparsely populated across large 

areas and oftentimes isolated. Strong public extension services only manage to directly reach 

about 10% of the farmer population, and this is even less if operating funds are limited (Bell, 

2015). Another key challenge is that farmers increasingly request specified and varied 

information, as farming is becoming more and more market orientated. Even farming systems in 

relatively homogenous agricultural areas differ in type of crops cultivated, inputs, ratio/labour 

machinery and quality standards used. In order to be truly effective, information and knowledge 

has to be tailored to meet the needs of the individual farmer. Another limitation of public 

extension services is the nonrecurring character of information and knowledge provision to 

farmers. In the most optimal case, the information delivered is updated and renewed by means of 

regular exchanges between extension officers and farmers. However, the disadvantage of this is 

that it is costly and time consuming. The absence of a local facilitator or expert means that these 

efforts do not always result in adoption by the farmer (FAO, 2015).  
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Emerging Practices to Improve the Delivery of Information through ICT  

Presently, a wide variety of approaches are being tried to use ICT to enhance extension services. 

Approaches differ in the format and the means by which the information is transferred; for 

example, by text, voice or picture, and through queries or SMS messages. In some cases, there is 

direct communication between the sender and the farmer. In others, the messages are 

disseminated through a farmer extension worker or a local facilitator that has access to the 

Internet. Some approaches support two-way interaction enabling the farmer to respond to or 

request from the provider. ICT-based extension advisory methods are relevant in areas such as 

preproduction, production, post-harvest and marketing, financial services, and gathering and 

distributing of data. Different tools are suitable for different applications (Saravanan et al., 

2015). In general TV, radio and video are used for awareness creation and transfer of technology. 

Mobile phones are mainly utilized for collecting and disseminating advisory and market 

information, such as prices and location. Web portals provide unique opportunities for 

information sharing and linking with other stakeholders and e-learning is specifically interesting 

for educational purpose. Social media integrates all functions; from providing advice and sharing 

knowledge to creating awareness, linking with other actors, and technology transfer. 

Harnessing Social Media in Agriculture  

The power of the 21st century is now literally in our hands. We have never before had Social 

Media (Fig 1) a powerful tool to connect with millions of people from the comfort of our own 

home, and all around the world. Social media has given power to the voice of the everyday man, 

and whilst that may come with its challenges, the opportunities. Social media is now a 

mainstream form of communication around the world, and continues to grow in popularity with 

the increase in the number of smart phones, and the ease of use whilst on the go.   

It is staggering to believe that in little as two short decades, the evolution of the Internet and 

social media has taken place right before our very eyes. It was only in 1991 that the World Wide 

Web became public, only 15 years since Google was created and only nine years since Facebook 

was invented in a small Harvard dorm room. We now live in a world where wondering about the 

unknown is often followed by the phrase "Google it" and people feel as though they have lost 

their right arm if they don't have their cell phone at the other end of it. There are now 1.5 billion 

users of social technologies in the world, and that number continues to grow (Chui, et al., 2012). 

Limited research available shows that there are increasing trends in farmer and agribusiness 
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uptake in social media as the popularity of 

smartphones increase. Social media refers to 

the means of interactions among people in 

which they create, share, consume and 

exchange information and ideas in virtual 

communities and networks. Kaplan & Haenlein 

(2009) define social media as "a group of 

Internet-based applications that build on the 

ideological and technological foundations of 

Web 2.0, and                                                                             Fig 1. Social media tools 

that allow the “creation and exchange of user-generated  content." 

Types of Social Media 

Twitter  

Twitter is an online social media site and micro blogging service, which limits the messages you 

send to only 140 characters long. Messages or “tweets” give users the power to share and create 

ideas quickly and efficiently across the world. There are now over 500 million users of Twitter 

around the world. Twitter the most useful and enjoyable tool for following agricultural interests, 

networking with other farmers and agribusiness people as well is interacting with entrepreneurs 

and other inspiring people within and outside of agriculture. If farmers want to join up to social 

media, I would recommend this be their first place to go.  

Facebook : Facebook (Fig 2) is one of the most commonly used and known social media 

platforms in the western world. It is most commonly used for individuals to connect with their 

family and friends online and share personal 

information such as photos, updates and more 

with your select group of friends. Privacy 

settings allow your personal pages to be only 

accessed by whomever you choose. Facebook is 

also now widely used for businesses and interest 

groups to build a fan base and also connect and 

interact directly with their consumers and  

                                                   Fig 2. Using Face Book 
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clients. There are now approximately 1.4 billion users of Facebook worldwide which is to be 

useful for farmers and industry to connect with consumers. It is also a useful place for more in 

depth discussions as there is no limit on the number of characters that can be used. Photos and 

other content can also be shared easily. 

YouTube  

YouTube is a video streaming service which allows users to create and upload videos to the 

website which then can be shared to anyone worldwide. There are approximately 1 billion 

unique visitors to the YouTube website each month and 100 hours of video footage is uploaded 

to YouTube every minute. Videos are often more appealing to a lot of people as more of their 

senses are exposed to the content including sound and visuals. There are countless other social 

media platforms in existence such as LinkedIn (professional social networking), Instagram 

(photo sharing platform), Pinterest (Pin board platform for collating ideas), Vine (6 second video 

clip platform) and Blogging (User generated content on subjects of interest). Community radio, 

telecentres, videos, virtual communities of practice and social media enable farmers and others to 

‘gain a voice’ (Table 1). Also, many extension interventions combine ICT channels such as 

mobile phone services with traditional communication channels like radio (USAID, 2010). 

Although positive experiences are numerous, few of the ICT based extension services have 

managed to scale up to a large number of farmers. In the following sections, case studies that 

demonstrate innovative use of ICT are presented. In recent years a lot of social media and other 

ICT tools have been developed (Table 2 and Table 3) which may enable creation, sharing and 

preservation of knowledge: 
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Table 1. Types of ICT’s to achieve various EAS function 

 

Table 2. ICT tools developed for sharing and preservation of knowledge 

Knowledge 

portals:  

These are ICT tools for searching and access to web based knowledge. Knowledge 

portals enable a common platform for delivery of information from diverse sources.  

E-document 

management 

systems  

They are pieces or collections of software that can digitize and store documents in a 

digital format. This ICT tool is used as a database, allowing for searching and sorting 

of the documents collected.  

Data warehouses  These are databases used for reporting and data analysis. It is a central repository of 

data which is created by integrating data from one or more disparate sources.  

Groupware or 

collaborate 

software  

This is software, which helps facilitation of action-oriented teams working together 

over geographic distances by providing tools that aid communication, collaboration 

and the process of problem solving. Additionally, groupware may support project 

management functions, such as task assignments, time-managing deadlines, and 

shared calendars.  

Community of This is a group of people who share a craft and/or a profession. The group can evolve 
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practice (CoP)  naturally because of the members' common interest in a particular domain or area, or 

it can be created specifically with the goal of gaining knowledge related to their field.  

Social 

communities of 

interest  

It is a community of people who share a common interest or passion. These people 

exchange ideas and thoughts about the given interest, but may know (or care) little 

about each other outside of this area.  

Individual 

communities of 

interest  

They are ICT tools for individuals to manage personal knowledge and networks.  

 

Table 3. Software types, evaluated tools (in bold text) and other examples of tools of the different types 

and successful examples of application of the tools, mainly in agriculture 

Software type  Tools evaluated  Successful examples  

Knowledge portals (KP)  Search engines:  

Google, Yahoo  

Slide and document sharing:  

Slideshare  

Video and photo sharing: 

YouTube, Flickr  

VOA3R,  

eXtension,  

Chil  

E-document management 

systems( E-MS)  

Digital libraries:  

Groen Kennisnetin NL, Organic 

E-prints  

Organic Eprints,  

Agriwebinar  

Data Warehouse (DW)  Eurostat,  

FADN  

FADN  

Groupware (GW)  Wikipedia,  

Yammer,  

Crowdsourcing  

British Farming Forum,  

Lego Cuusoo,  

Climate CoLab,  

P&G Connect+Develop,  

Betacup Challenge  

Community of practice (CoP)  ResearchGate,  

Erfaland  

Disease surveillance and warning 

systems,  

IDRAMAP  

Social communities of interest 

(SCI)  

Facebook,  

LinkedIn,  

AgTalk+,.  

E-Agriculture,  
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Google+,  

Ning,  

Quora  

Jeunes-agricultuers,  

E-agriculture,  

Rede Inovar  

Individual communities of 

interest (ICI)  

Wordpress,  

Twitter,  

blogs  

AG Chat  

 

Social media Applications Developed  

There are many applications and ICT-enabled tools for data collection purposes some of other 

prominent examples of use of major social media platforms in agriculture are given Table 4. 

Table 4. Examples of ICT-enabled tools for data collection purposes 

Name of Group/Community/Pages Description Target users Region 

Facebook    

By farmers    

Livestock Information and Marketing 

Centre 

(https://www.facebook.com/groups/Live

stock.TN/) 

Members (farmers, extension 

personnel, scientists, market 

functionaries, consumers ,etc. ) of 

this group share information 

related to livestock production, 

management, marketing, etchant 

separate page is also on Facebook 

related only to marketing of 

livestock(https://www.facebook.co

m/Livestock.Market) 

Agricultural 

stakeholders 

related to 

livestock 

Tamil 

Nadu,I

ndia 

Turmeric Farmers’ Association of India 

(https://www.facebook.com/turmeric.far

mers) 

This page was created by turmeric 

farmers to stabilize price of 

turmeric in the market. Till date, 

the farmers connect through the 

page and share information to 

keep turmeric price stable and 

increase marketing opportunities 

of turmeric. 

Turmeric 

farmers 

India 

Natural farming Development Centre  Members of the group share Farmers Tamil 
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(https://www.facebook.com/groups/Natu

ralFarmingTN/). 

information related to organic 

farming, permaculture, 

hydroponics, aquaponics, Natural 

Repellents, etc 

interested in 

organic and 

zero budget 

agriculture  

Nadu, 

India 

National Ecological Producers 

Association (APNE) 

(https://www.facebook.com/anpe.peru) 

Information related to ecological 

farming is shared through the 

page. 

Farmers Peru 

By extension centres     

Krishi Vigyan Kendra, Namakkal 

(https://www.facebook.com/krishi.nama

kkal 

Krishi Vigyan Kendra, Namakkal 

communicates information related 

to farmers’ training programmes, 

availability of inputs etc. through 

this account 

Agricultural 

Extension 

stakeholders 

South 

Asia 

By extension professional networks    

Agricultural Extension in South Asia 

(AESA) 

(https://www.facebook.com/ 

groups/428431183848161/) 

Members post links to relevant 

publications on extension and 

advisory services, announcements 

of workshops and conferences, 

major policy decisions on 

extension, reports of 

meetings / workshops and blogs 

relevant to the broader theme of 

extension 

Agricultural 

Extension 

stakeholders 

South 

Asia 

Global Forum for Rural Advisory 

Services (GFRAS) 

(https://www.facebook.com/groups/gfra

s/) 

This page provides information 

related to advocacy and leadership 

on pluralistic, 

demand-driven rural advisory 

services. 

AEAS 

Professionals 

and others 

Global 

By extension personnel    

Vivasayam Karkkalam 

(Let us Learn Agriculture) 

(https://www.facebook.com/groups/mad

hualan 

Mr. Madhu Balan, a public 

extension officer started Facebook 

group to cater 

the information needs of famers in 

Farmers and 

others those 

who are 

interested in 

India 
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2012.This group, exchange 

information on improved farm 

technologies, initiates discussion 

with other farmers and 

extension personnel, share 

information and photos on best 

practices by other farmers, 

government schemes, etc. 

Question and answers, information 

on Terrace garden, hydroponics 

are most discussed topics in this 

group. 

agriculture 

Twitter    

Farmers    

AgChat 

(https://twitter.com/agchat) 

The AgChat (Twitter online 

discussion group by the AgChat 

Foundation) started in 2009 by a 

group of American farmers 

is widely used in USA, UK, 

Australia, New Zealand and 

Ireland for facilitating discussions 

of industry issues between 

farmers and agribusinesses 

Farmers, 

entrepreneur, 

farm product 

consumers 

USA, 

UK, 

Austral

ia, 

New 

Zealand, 

Ireland 

Agriculture Proud 

(https://twitter.com/AgProud) 

Twitter handle of Ryan Goodman, 

a young farmer and rancher from 

Montana, 

US. Through his Twitter account 

he shares his experiences of farm 

life and answers questions of 

fellow farmers, agriculture 

enthusiasts, and consumers 

Agriculture 

enthusiasts, 

consumers, 

and fellow 

farmers 

USA 

Extension centres    

USDA The Twitter handle of U.S. Farmers, USA 
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(https://twitter.com/USDA) Department of Agriculture shares 

latest news, events, 

and information in agriculture 

extensionists, 

development 

practitioners 

INGENAES 

(https://twitter.com/INGENAES) 

This Twitter handle of Feed the 

Future initiative Integrating 

Gender and Nutrition within 

Agricultural Extension 

Services shares information and 

gender appropriate, nutrition-

enhancing technologies to 

improve life and livelihood 

of women farmers 

Researchers, 

extensionists, 

farmers 

Global 

Professional networks    

MEAS 

(https://twitter.com/MEAS_extension) 

Twitter handle of the project 

Modernizing Extension and 

Advisory Services shares 

good practice strategies and 

related information to ultimately 

raise farm income and enhance 

livelihood of rural poor  

Development Global 

GFRAS 

(https://twitter.com/infogfras) 

This page provides information 

related to advocacy and leadership 

on pluralistic, demand-driven rural 

advisory services. 

Extensionists, 

development 

practitioners, 

researchers, 

policy makers 

Global 

Source :(Suchiradipta Bhattacharjee, Saravanan Raj, 2016)  

According to Chowdhury (2001), ICTs play an important role in food security through 

facilitating accessibility to related policies and information for market communication, 

improving market profitability, helping farmers to make decisions, increasing diversity in rural 

economies and reducing the cost of living. Some of the success stories of ICT/ICM in agriculture 

are discussed below: 
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Success stories on ICT/ICM in agriculture  

aAQUA: ICT-enabled knowledge services to farmers 

in India 

The aAQUA which stands for almost All 

Questions Answered, evolved quickly into an 

online farmer knowledge exchange platform built 

by young agricultural extension staff. (Malcom, 

2011). aAQUA (Fig 3) is operational since 

December 2003 and demonstrates to    farmers by 

variety of technologies that included mobile 

phones, website and SMS-based services jointly 

by the Developmental Informatics Lab of the 

Indian Institute of Technology-Bombay, Vigyan  

      Fig 3. Home page of aAqua . Source : Malcom ( 2011) 

Ashram and KVK Baramati (NGOs) in Maharashtra. It allows members using a web browser on 

a computer to create, view and manage content in local languages.On                                                                

aAQUA, content is organized in the form of discussion fora based on the types of categories of 

queries posted by farmer or experts. There are 22 fora comprising 6 categories that included 

crops, animals, KVK recommendations, farmer schemes and market information etc. The fora 

are open to all users for browsing without any charges for non commercial use (Malcom, 2011).  

Marketing and distribution of agricultural produce: 

One of the applications using ICT for agricultural marketing is Agmarknet which is discussed 

below: 

Agmarknet: an agricultural marketing information system: In India in order to provide an effective 

information exchange on market price, the Directorate of Marketing and Inspection, Department 

of Agriculture & Cooperation, Ministry of Agriculture, and the Agricultural Informatics 

Division, National Informatics Centre, Ministry of Communications & Information Technology, 

collaborated to create the Agricultural Marketing Information Network (Fig 4). The project aims 

at establishing an efficient nationwide system for the collection and dissemination of market 

information, and computerizing data on market fees, market charges, storage and modes of 

transportation (www.agmarknet.nic.in). 
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                 Fig 4. Agmaket Portal 

Community e-centres to improve agricultural productivity: 

Rural access to ICT through community e-centres can be used to improve agricultural 

productivity by connecting the rural poor to direct markets, and by giving them ready access to 

information on the prices of inputs and products. In villages around Pondicherry, villagers 

operate local “knowledge centres”, which are part of a network of telecentres established by the 

Swaminathan Foundation. These operators adapt data and information from public sources for 

their own weather bulletins, which they post on notice boards for the local fishermen. The 

telecentre also broadcasts appropriate information over loudspeakers, to benefit those who are 

illiterate, and publishes a local newsletter. 

Another example is the e-Choupal model (Fig 5), established by a private Indian tobacco 

company. These telecentres are operated 

by ITC-trained local farmers, and provide 

the agricultural community with access to 

good practices in agriculture and market 

prices for commodities.  

 

 

 

 

Fig 5. e-Choupal (http://telecentresap.org/meeting/cmap2007/India_Presentation_eChoupal.pdf) 
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Public-private partnerships in e-agriculture: stakeholder roles and incentives: 

A public-private partnership is an initiative formed and operated jointly by a Government or a 

public sector entity and one or more private sector companies, non-governmental organizations 

or civil society organizations. Some examples of public-private partnerships in Asia include the 

e-Choupal centres, Life Lines-India, Krishi Vigyan Kendra, and the Kisan Call Centres in India; 

the Commonwealth of Learning supported Lifelong Learning for Farmers Project in various 

countries; the Grameenphone Community Information Centers in Bangladesh; and the e-Haat 

Bazaar in Nepal. 

Principles and Process to Strengthen the Delivery of Information through ICT  

To successfully improve extension systems with ICT, a number of context conditions have to be 

met. First of all, success of ICT is dependent on the knowledge of people on how to use devices 

and navigate the Internet. For example, hosting web portals and e-learning platforms requires 

advanced technical knowledge and computer skills. The same applies for app-development. 

Second, ICT only achieves impact when the mode used corresponds to the interest and capacity 

of the user group. Web portals, e-learning and text-based SMS messages are only useful for 

literate farmers, whereas video, voice-based advisory services and community radio are more 

suitable for illiterate people. The tools selected have to match the purpose, content and clientele. 

Moreover, integrating traditional media and new ICTs can expand the reach of extension, but a 

high adoption rate requires farmers to be engaged in determining relevance and developing 

content and allowed to interact with information/service providers (Francis and Addom, 2014). 

Third, it is important to realise that ICT does not generate content but acts as a vehicle to 

disseminate it. People make use of the services provided only when the content is of interest to 

them. This is more probable when services are timely, specific, contextualised and targeted. 

Moreover, ICT based services alone are not enough? They create greater synergy when 

combined with other extension methods like farmer field schools and demonstrations. To achieve 

widespread impact, institutionalising ICTs is therefore necessary (Christoplos, 2010). There has 

been an assumption that with the ‘right’ technological investment, extension agencies will 

achieve new objectives and become more sustainable. However, innovations within ICT must be 

adapted to prevalent constraints, such as institutional structures, human and financial capital 

constraints, in order to be scaled up and successfully implemented (Christoplos, 2010). 
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For ICTs to successfully enhance extension Saravanan et al. (2015) suggest the following steps 

for implementation, each step depends on the situation and judgment of the extension 

organisation: 

Successful Implementation of ICT  

The first action of the organisation/ministry/agency that is going to use ICT-based extension 

should be an assessment of the needs of the target community. 2 To adapt, monitor and evaluate 

ICT enabled services it is important to conduct benchmark surveys before introduction. 

Benchmark surveys also help to get a good overview of the actual situation. 3 Based on the needs 

assessment and benchmark surveys, localised and customised content needs to be developed.  4 

ICT tools need to be selected and developed, in such a way that they correspond to the desires 

and needs of the target group. 5 The target audience should be sensitised on the presence of the 

services and how to access them. 6 The newly developed ICT-based services are introduced and 

used in extension. 7 To ensure sustainability of the services, it is recommended to search for 

partnerships with stakeholders present in the target area or seek for integration of the services in 

the public agricultural extension system. 8 Monitoring and adaptation is important, especially in 

the beginning of the project. Modifications should be made when the project does not correspond 

to the needs of the audience. 9. Finally, an impact assessment should be realised to determine the 

degree of success of the project. 

Challenges for Promoting ICT in Extension  

Despite the promise and potential of ICT in extension services, there are numerous challenges 

facing ICT as an extension strategy, which can be seen in the list below: 

1. One key challenge is the scaling up of ICT in extension services. Many ICT interventions fail 

to scale up and achieve widespread adoption due to market fragmentation and the lack of 

financially sustainable business models that will attract private sector investments in innovative 

solutions for small-scale agriculture (World Bank, 2016). Rather than assuming that an ICT 

approach will always be cost-effective and yield a better outcome, there is a need for a more 

understanding of the underlying institutional environment and constraints (World Bank, 2016). 

2. Complex and dense information, such as nuanced information on agricultural practices and 

inputs, have to be converted into ICT - based messages (Aker, 2011). To transform these into 

SMS messages or videos requires the capacity to summarise complex information into concise 
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3. Whereas the expansion of mobile phone access has been rapid and commercially self-

sustaining, even among many of the poor, the same does not hold for the Internet. In the long 

run, however, the Internet can have an even greater impact on rural growth. Much depends on 

finding sustainable business models that encourage its spread in the poorest parts of the world 

(World Bank, 2016). 

4. Even with the information provided from the ICT intervention, it is not guaranteed that the 

farmer will act upon this information because of the inaccessibility of alternative markets and the 

complex interlinked relationships between buyers and sellers in low-income developing 

economies (World Bank, 2016). 

5. Communicating information in the national language might lead to misunderstanding or low 

adoption rates, as in many rural areas farmers only speak local languages. In regard to adoption 

rates, integrating traditional media and new ICTs can expand the reach of extension. However, to 

achieve high rates of adoption, farmers need to be engaged in determining the relevance and 

content that will be shared and distributed to other farmers (Francis and Addom, 2014). This also 

relates to the capacity of the farmer to search information. Even if the information is simple and 

the message is fast and timely, reception depends on farmers’ understanding of the phone, 

computer or any other medium used. This holds also for the extension worker or call centre agent 

sending the information; in case farmers respond with questions he or she must be able to search 

the answers and respond in an understandable way (USAID, 2010). 

6. Another challenge is the diversity of farmers. Having the potential to tailor and personalise 

messages, ICT initiatives can reach a diverse and large number of farmers. However, this 

requires good knowledge of the user group. 

To make sure that not only the entrepreneurial young farmers receive the information it is 

important to differentiate between the farmers in a community. For example, women and elderly 

often have lower literacy and schooling rates than young men. This requires the development and 

use of adapted information and training materials. In this respect, audio-visual tools are more 

likely to offer opportunities to reach women farmers (Quisumbing and Pandolfelli, 2009). 

Pros and Cons of various Interventions 

The Table 5 below attempts to list some of the major types of interventions and the advantages 

and constraints that may be faced in the use of each ICT interventions. 

 



ICAR Short Course on " Tools on Monitoring, Evaluation and Impact Assessment of Rainfed Technologies and 

Development Programmes, 1-10 November, 2017" 

 

144 

 

Table 5. Advantages and Constraints of various ICT Interventions 

Intervention Advantages Constraint Evidence 

Text messages to beneficiaries Wide reach; can be 

accessed on any 

device 

Cost of SMS; lower 

phone ownership 

among target groups 

(poor, women); 

restricted to shorter 

messages 

Can improve clinic 

attendance and 

adherence to 

prescribed care (Lester 

RT, 2010) 

Text messages to health care 

providers 

Wide reach; can be 

accessed on any 

device  

Cost of SMS; may be 

difficult to retrieve if 

provider receiving 

many messages a day 

Modest benefits, may 

need more evidence 

Structured SMS for data 

collection  

Wide reach; can be 

accessed on any 

mobile device 

Training needs for 

structured SMS; 

incorrectly formatted 

messages may be 

rejected  

Clearly more efficient 

and faster than paper 

methods and can 

improve data quality 

(Habiba et al., 2012) 

Use of PDAs/Smartphones for 

data collection 

Can have validation 

built in, run 

offline/online, 

transmit data  

Cost of devices, 

power 

Trails using mobile 

phone technology-

tools reported 

reduction in correct 

diagnoses when 

compared to the 

standard ( Free, C., 

2013 ) 

Use of smart phones by health 

workers 

Can run many 

applications; 

greater storage 

space; increasing 

smartphone 

ownership 

Greater power needs; 

may require longer 

training 

Trails using mobile 

phone technology-

tools reported 

reductions in correct 

diagnoses when 

compared to the 

standard ( Free, C., 

2013 ) 
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Use of mobile money Easily send micro 

payments to many 

beneficiaries 

Requires agent 

network to convert to 

cash (may be limited 

to urban); high fees; 

cash could be used 

for other purposes 

Feasible to implement, 

clearly has ability to 

reach out into rural 

areas 

Use of e-Vouchers Avoid handling 

cash; easy to 

distribute 

Need system to 

validate and redeem 

Feasible to implement, 

clearly has ability to 

reach out into rural 

areas 

Videoconferencing/telemedicine Can access expert 

opinion from 

anywhere 

Requires 

connectivity; may 

have greater 

bandwidth 

Feasible to implement, 

clearly has ability to 

reach out into rural 

areas. More evidence 

needed to show 

effectiveness 

Source : (CMAM, 2014) 

Challenges:  

Despite the promise of ICT to address many of the issues there are constraints which may restrict 

the ability of these solutions to go to scale as widely as necessary to achieve maximum impact. 

So we have to address to ensure optimal impact. 

Sustainability: Efforts should be made to ensure that there is a path for incorporation into a larger 

programme for support, funding and scale up, if the results of the programme are promising, for 

instance, assuring an organized approach to the implementation of ICT interventions that 

includes a pilot phase, implementation, impact research and then evaluation which includes a 

cost-benefit analysis, and makes recommendations on the scale up and institutionalization of the 

innovation by governments.  

Ongoing operational costs to maintain the use of the ICT solution (airtime, hardware 

maintenance, etc.) need to be considered. Many pilot projects involving the use of mobile 

technology for health/nutrition programming have not been sustained beyond initial grant 

funding due to lack of foresight and planning for financial sustainability. At the same time, lack 
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of national level ownership by MOH in many projects has also made the initiatives hard to 

sustain in the long run.  

Lack of infrastructure: This can be in terms of proper facilities to store commodities such as 

vaccines, as well as lack of power to charge mobile phones or laptops. Although great strides 

have been made to improve mobile network coverage, it is not uncommon to find villages and 

primary health facilities where one cannot get a signal sufficient to consistently transfer data via 

General Packet Radio Service (GPRS).  

Conclusion  

Policymakers and other stakeholders need to be aware of how appropriate ICT-based instruments 

can help to influence agricultural practice as well as support efforts and initiatives to promote 

food security and sustainable agriculture. To realize the full potential of ICT-enabled agriculture, 

Governments need to provide the following: 

(a) A sound, market-oriented ICT regulatory framework;(b) Incentives such as a sound business 

and taxation environment to encourage investor and donor involvement in ICT infrastructure 

development in Asia and the Pacific;(c) The preconditions for interregional collaboration in Asia 

and the Pacific through, for example, the introduction of common standards and ICT-based 

monitoring and forecasts; (d) Support to research institutions and other nonprofit organizations 

that use ICT tools to assess and transmit commodity prices, thereby allowing markets to emerge; 

(e)  Initiatives that combine existing media channels, such as rural radio stations, with ICT to 

match potential local demand with global content and to distribute the information widely in the 

relevant languages. 
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Introduction  

As conventional livestock production practices are frequently criticized in the context of food 

safety concerns and animal disease outbreaks, there is growing consumer demand to move away 

from the widespread use of antibiotics and feed additives and to strengthen animal welfare 

standards. This has led to the concept of organic meat and milk consumption by the public. With 

increasing concern for animal welfare and environmental preservation world over, different 

countries are now looking for alternative livestock production systems, which follow natural 

process of animal production with utmost regards for food safety and food security.  Organic 

animal production system is emerging as an effective alternative to address all these issues. 

Many health conscious consumers are now looking for organic meat and milk as an alternative to 

traditionally produced meat and milk. Owing to this, the demand and scope for organic livestock 

products is increasing both in developed as well as developing countries. In India, there are 

bright prospects for tapping this opportunity to develop it into a business model in Animal 

Husbandry sector. 

Though organic crop production and certification system is reasonably well established in India, 

the organic livestock sector is in its budding stage. Organizations such as APEDA and BIS along 

with research establishments like ICAR are taking efforts to establish the protocols and promote 

organic livestock production in India and to explore the possibilities of exporting organic 

livestock products. 

Under Indian context, there are about three schools of thought about the relevance of organic 

farming for India. The first one simply dismisses it as a fad or craze. The second category, which 

includes many farmers and scientists, opines that there are merits in the organic farming but we 

should proceed cautiously considering the national needs and conditions in which Indian 

agriculture functions. They are fully aware of the environmental problems created by the 

conventional farming. But many of them believe that yields are lower in organic cultivation 

during the initial period and also the cost of labour tends to increase therein. The third one is all 
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for organic farming and advocates its adoption wholeheartedly. They think that tomorrow's 

ecology is more important than today's conventional farm benefits (Manisha Gaur, 2016).  

However, among many other issues, the profitability of organic farming vis a vis conventional 

farming, is the crucial one from the point of view of the Indian farmers, particularly the small 

and marginal. 

Organic food production is more labour intensive since the farmers do not use pesticides, 

chemical fertilizers, or drugs. Organic certification is expensive and organic feed for animals can 

cost twice as much. Organic farms tend to be smaller than conventional farms, which means 

fixed costs and overhead must be distributed across smaller produce volumes without 

government subsidies. But as the markets for organic products get matured and certified organic 

products gain consumer confidence, these products fetch premium price which can nullifying the 

higher costs involved in production and certification. 

Benefits of Organic Foods: 

The way in which the food we eat is produced or raised can have a major impact on our health as 

well as the environment. Organically produced foods often have more beneficial nutrients, such 

as antioxidants, than their conventionally-grown counterparts and people with allergies to foods, 

chemicals, or preservatives often find their symptoms lessen or go away when they eat only 

organic foods. Organic produce contains fewer pesticides. Chemicals such as fungicides, 

herbicides, and insecticides are widely used in conventional agriculture and residues remain on 

(and in) the food we eat. Organic food is often fresher because it doesn’t contain preservatives 

that make it last longer. Organic produce is often produced on smaller farms near where it is 

sold. 

Organic farming is better for the environment. Organic farming practices reduce pollution, 

conserve water, reduce soil erosion, increase soil fertility, and use less energy. Farming without 

pesticides is also better for nearby birds and animals as well as people who live close to farms. 

Organically raised animals are not given antibiotics, growth hormones, or fed animal 

byproducts. Feeding livestock animal byproducts increases the risk of diseases like mad cow 

disease (BSE) and the use of antibiotics can create antibiotic-resistant strains of bacteria. 

Organically-raised animals are given more space to move around and access to the outdoors, 

which help to keep them healthy. Organic meat and milk are richer in certain nutrients. Results 

of a 2016 European study show that levels of certain nutrients, including omega-3 fatty acids, 
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were up to 50 percent higher in organic meat and milk than in conventionally raised versions. 

Organic food is GMO-free. Genetically Modified Organisms (GMOs) or genetically engineered 

(GE) foods are plants whose DNA has been altered in ways that cannot occur in nature or in 

traditional crossbreeding, most commonly in order to be resistant to pesticides or produce an 

insecticide. 

Organic Certification  

Production of crops or livestock organically without validation or auditing has limited reach to 

the consumers. The consumers of organic products cannot always verify the production practices 

followed by the organic producers and hence they need authenticity to rely upon. Certification of 

organic products and processes serves this purpose and improves the consumer confidence and 

there by widens the market for the organic produce. In India, guidelines for organic livestock 

rearing have been finalized very recently and very few organic certifying agencies have been 

accredited by APEDA to take up organic livestock certification as per NPOP guidelines.  

Organic Certification allows a farm or processing facility to sell, label, and represent their 

products as organic. The organic brand provides consumers with more choices in the 

marketplace. The NPOP certification protects consumer through ‘India Organic’ seal. Any 

organic operation violating the organic regulations faces enforcement actions, which can include 

financial penalties or suspension/revocation of their organic certificate. The process of becoming 

organically certified can be expensive, but it is an essential step for farmers and manufacturers 

wanting to meet the growing demand for certified organic food among the quality conscious 

consumers which fetches premium price for their produce. Going organic and getting certified 

provides several benefits to producers, marketers consumers as it: 

• Provides for product differentiation 

• Ensures product's value 

• Protects consumers from fraud 

• Boosts consumer confidence 

• The NPOP requires certification of agricultural and livestock products making an organic 

label claim 

• Assures organic integrity from production to consumption 
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Certification of Organic Sheep for Meat Purpose  

Production of organic meat from sheep involves a three stage systematic certification process 

right from production of fodder under organic conditions, rearing of sheep as per organic 

livestock guidelines and production of meat from organically reared animals. This way, a farmer 

or entrepreneur who wants to produce and market livestock products like meat, milk etc., needs 

to be certified for 

i. Fodder or grazing land certification 

ii. Livestock certification  

iii. Product processing certification if he wishes to make value added livestock products.  

Certified organic fodder production or certification of grazing land is in similar lines to 

the certification of crops which is fairy established in India. Organic certification of livestock 

products (value added milk. Meat products etc.)  are considered in the similar category as that of 

certification of processed foods and other value added food products which requires organic 

processing certification. The broad guidelines for organic livestock production under National 

Programme for Organic Production (NPOP) of India are as under: 

Organic management plan: 

Before starting organic livestock farming, producer has to make a detailed organic 

management plan and present it to the certifying agency for approval. 

Breed /Strain selection: 

Local breeds / strains which can easily be acclimatized to local climatic conditions shall 

be preferred over the exotic breeds 

Source / Origin: 

Initial stock should be sourced from organically certified units. If the animals are 

introduced from non-organic units, they should undergo mandatory conversion period as 

specified for each category of livestock/ poultry. 

Housing and management: 

Livestock and poultry shall be maintained under natural conditions as far as possible.  This shall 

include utilizing natural breeding methods, housing and management conditions to minimize 

stress, health management system to prevent diseases.  Minimum shaded as well as open area as 

specified for each category of livestock / poultry shall be followed. 

 



ICAR Short Course on " Tools on Monitoring, Evaluation and Impact Assessment of Rainfed Technologies and 

Development Programmes, 1-10 November, 2017" 

 

152 

 

Conversion period:  

Animals brought from non-organic sources shall undergo conversion period as specified for each 

category of livestock and poultry. During the conversion period the animals should be 

maintained under organic conditions. After completion of conversion period, the animals can be 

sold as organic. 

Feeding:  

Livestock and poultry shall be provided with organically produced feed during the entire rearing 

period. The agriculture land committed for cultivation of feed / fodder crops intended to be used 

as feed for livestock and poultry shall be organic.  The overall feeding practices shall satisfy the 

daily nutrient requirements of the concerned animals. Feed additives and supplements used for 

feeding shall be from natural sources and as permitted under organic livestock guidelines. 

Healthcare:  

The organic livestock & poultry, in general, should follow the basic principles of preventive 

health and productivity management wherein the focus would be on preventing diseases, 

detecting underlying fertility and production problems and its correction primarily on correcting 

management, nutrition and sanitation. Antibiotics and other allopathic drugs are not permitted. 

For purpose of treatment and prevention of diseases and under-performances, herbal/ phyto-

therapeutic (excluding antibiotics), homeopathic or ayurvedic products shall be preferred to 

allopathic veterinary drugs or antibiotics, provided that their therapeutic effect is effective for the 

species of animal and the condition for which the treatment is intended. Antibiotic and other 

allopathic drugs can be used when other modes of cure are not effective to save the life of the 

animal and in such cases withdrawal periods as prescribed for each drug should be strictly 

followed. Hormonal treatment and use of growth promoters shall not be permitted. All 

vaccinations required by law of the land shall be permitted. 

Breeding and Management: 

The preference for reproduction shall be through natural methods, although artificial 

insemination may be used. Embryo transfer techniques and the use of hormonal reproductive 

treatment shall not be used unless prescribed for therapeutic purpose directed towards correcting 

the physiological problem. The breeding techniques employing genetic engineering shall not be 

used. 
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Manure and urine management:  

Manure and urine excreta collection and management practices in the organic livestock & 

poultry farm are a critical component. The collection, handling and disposal of the dung and 

urine from shed, paddock, open run or grazing areas shall be implemented in a manner that 

minimizes soil and water degradation, does not significantly contribute to contamination of 

water, optimizes recycling of nutrients and does not include burning or any practice inconsistent 

with organic practices. 

Transport:  

During transport, the producer shall prevent stress, injury, hunger, thirst, malnutrition, fear, 

distress, physical & thermal discomfort, pain, disease during the transport and shall observe all 

the conditions set in law of the land for animal transportation.  Animals must be fit for the 

intended journey. All necessary arrangement shall be made in advance to minimize length of the 

journey and meet the animal’s need during the journey. Means of transport as well as the loading 

and unloading facilities must be designed, constructed, maintained and operated so as to avoid 

injury and suffering and ensure the safety of the animals. 

Slaughter:  

The slaughter of livestock and poultry shall be undertaken in a manner, which minimizes stress 

and suffering, and shall be in accordance with the territorial/ national rules framed for the 

purpose. Minimum age of slaughter for each species of livestock should be followed as 

prescribed for the respective species. 
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Introduction  

Effective monitoring and evaluation (M&E), vital for tracking and measuring results and 

throwing light on the impact of development interventions, remain challenging. Over the past 

decade, development organizations have faced external pressure to become more effective, and 

many of them have launched agendas for results-orientation. The international endorsement of 

the Millennium Development Goals (MDGs) in 2000 has given additional impetus to the quest 

for results and for demonstrating their achievements. While monitoring and evaluation (M&E) is 

recognized to be a key element in understanding and effectively tracking and documenting the 

results of development interventions, it is also admitted that there is a general need to improve 

M&E in development work. M&E methods and guidelines have received much international 

attention, but the problems of putting M&E into practice and drawing lessons from field 

experience, have been less studied. 

As far as completed projects are concerned, with very few exceptions, the M&E systems have 

been poorly developed and implemented at the field level. Weaknesses in M&E are traced back 

to the design of the M&E system, particularly the absence of clearly identifiable monitorable 

indicators and a lack of ownership and participation by the stakeholders. M&E systems often 

reflect shortcomings in the description of project objectives, components and implementation 

arrangements. Delays in conducting complicated baseline surveys and impact assessment, and in 

operationalizing the M&E system, are weaknesses often encountered during project 

implementation. 

Guiding principles for result-oriented project M&E systems can be summarized as follows: 

� From identification/concept note through project preparation, appraisal, implementation 

and beyond, focus attention on all relevant stakeholders  

� During project preparation, invest adequate time and resources in M&E system design, 

with provision for refinement and evolution over the course of implementation 
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� Ensure that the performance indicators are appropriate to their respective hierarchical 

level along the results chain. 

� Undertake updating of baseline data early in project life, i.e. during start-up 

� Start implementation of the M&E system only when competent staff is in place 

� Ensure that clear institutional linkages are established between those responsible for 

operating the M&E system and others charged with implementing specific project 

components or sub-components 

� Keep in mind that M&E is first and foremost a tool for project management.  

The authors believe that for M&E to play a useful role in project work.  

Uniqueness of Livestock based Projects in the Perspective of M&E  

Growing populations, urbanization, and economic growth in developing countries have led to an 

increased demand for high-value agricultural commodities, including livestock (Delgado et al., 

1999; Hall et al., 2004). The size and nature of demand varies by region and country. 

Investments in agriculture, livestock and rural development tend to be complex, due in part to the 

unique characteristics of the sector:  

(i) Farming is highly location-specific and has close links with the life of rural people;  

(ii) Crop and livestock production are complex biological processes frequently in the 

hands of large numbers of family units;  

(iii) Output is influenced greatly by climatic conditions and  

(iv) The private sector is essentially responsible for all investment, production and 

marketing in the sector.  

These characteristics have also led to a variety of approaches to packaging investments in 

agricultural and rural development into discrete projects. The approaches can be clustered, inter 

alia, into area-based; natural resource-based, sector/sub-sector-based; integrated rural 

development, community driven development, and lately also into sustainable livelihood 

projects. Also, Community Driven Development (CDD) projects have evolved in an effort to 

increase the participation of communities in a demand-led set of interventions. Such projects had 

in the past focused on improving village-level infrastructure. However, CDD is now applied in a 

much broader sense, aimed at establishing linkages between rural communities, local 

governments and the private sector, and empowering communities to plan and implement 

development activities consistent with their priority social and economic needs. In more recent 
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CDD projects, local communities are accorded an active role in monitoring and evaluation of the 

implementation and outcome of these activities. Rural Livelihood Projects apply the CDD 

approach to mobilize the rural poor into participatory institutions through which they can 

accumulate assets, access finance, linking to market, and build skills to link to employment. As 

result of the increase in demand for livestock and livestock products, and the consequent market 

changes, supply channels have become increasingly complex confronting poor smallholders with 

several challenges. In terms of inputs, feeds are scarce, of poor quality and expensive, and there 

are major challenges with breeding and animal health services delivery. Markets for livestock 

products are constrained by weak linkages to farms, low investment in infrastructure, and the 

absence of a supportive policy and regulatory environment (McDermott et al., 2010a). 

Nevertheless, growing local and informal markets also provide opportunities for value addition 

by the poor, not just as farmers, but also as input suppliers, livestock producers, labourers and 

employees, market agents and retailers (Kaitibie et al., 2008). The involvement of women in 

different segments of the chains can play an especially critical role in creating wider and deeper 

development impact. Although these markets provide opportunities for some, inequalities and 

power differences that exist among the value chain actors mean that these opportunities are not 

always realized by the poor. 

Rationale, Objectives and Research Questions  

Traditionally, agricultural research and development was conceived of as a linear process where 

technology was developed in the research centres, transferred by extension workers and adopted 

by farmers, popularly called the ‘pipeline model’. The system is characterized by top–down, 

centralized, monolithic and isolated structures (Leeuwis, 2004). Empirical evidence revealed 

several missing links between and among the actors in this system (Agbamu, 2000; 

Uzuegbunam, 2001). Farmer and private sector involvement were also reported to be weak.  

It is increasingly recognized that agricultural innovation is not a linear process, but is rather a 

very dynamic, iterative and complex process (Leeuwis, 2004). The innovation system approach 

offers a holistic, multidisciplinary and comprehensive framework for analysing the innovation 

process, the roles of actors and their interactions, emphasizing wider stakeholder participation, 

linkages and the institutional context of innovation and innovation processes (World Bank, 

2006). It also helps to explore complex relationships among heterogeneous agents, social and 
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economic institutions, and endogenously determined technological and institutional 

opportunities.  

Likewise, the Value Chain (VC) approach helps to understand the complex, multilayered and 

open socio-technical VC systems (Anandajayasekeram and Gebremedhin, 2009), as VCs are not 

only influenced by a number of diverse actors, but also are continuously shaped and reshaped to 

adapt to changing conditions. Traditional R&D approaches employ a linear M&E model 

grounded in the idea of a single, perfectly knowable reality so that change can be planned and 

controlled. Such approaches and tools are not suitable for innovation systems and VC projects, 

due to their complex, nonlinear and participatory nature.  

The use of ‘innovation platforms’ (IPs) as mechanisms to stimulate and support multi-

stakeholder collaboration has gained ground in Agricultural Research for Development (AR4D) 

in the last few years (Lynam et al., 2010; Nederlof et al., 2011; Tenywa et al., 2011; Nederlof 

and Pyburn, 2012). An innovation platform is a space for learning and change. It is a group of 

individuals (who often represent organizations) with different backgrounds and interests: 

farmers, traders, food processors, researchers, government officials etc. The members come 

together to diagnose problems, identify opportunities and find ways to achieve their goals. They 

may design and implement activities as a platform, or coordinate activities by individual 

members (FARA, 2007; Njuki et al., 2010; Nederlof et al., 2011). Although IPs were initially 

mainly used in R4D programs to make the development and use of knowledge more effective, 

their potential to link VC actors and overcome market failures is making use of IPs within the 

context of VCs popular in development discourse (van Rooyen and Homann, 2009; Nederlof et 

al., 2011; Nederlof and Pyburn, 2012). Thus, an important question arises “What is needed is an 

M&E framework that takes into consideration the inherent complex characteristics of innovation 

systems, IPs and VC approaches?”  

The objective of developing this M&E framework is twofold:  

� Firstly, in the context of research for development (R4D) projects, it is meant for joint 

learning among project teams and the actors by assessing their performance and to get a 

better insight on the underlying issues in order to adapt a course of action; 

� Secondly, it serves as a tool to generate research-based evidence for the effectiveness of 

IPs in livestock systems across different contexts.  
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The main research question that will be answered through generating information using the 

M&E framework is: 

� How do we monitor and evaluate the performance of IPs, their contribution to the 

performance of VCs and the pro-poor outcomes that emerge? 

Sub-questions include: 

• How do we define and measure the performance of IPs and what factors influence this? 

• How does IPs affect the performance of livestock VCs? 

• In what circumstances does IPs lead to more sustainable and equitable (poor and women) 

benefits for VC actors? 

• How do the context and livestock systems affect the functioning of IPs and consequently 

their influence on the VCs?  

• What factors influence the sustainability and repeatability of IPs? 

• What are the implications of the above for project design and implementation? 

The Analytical Framework  

Systematically measuring the impact of a development program or project involves the 

application of an analytic or logical framework (logframe) in which indicators is classified as 

performance indicators and results indicators. In results-based systems, relatively greater weight 

is attached to indicators that are used to measure impact than to performance indicators, which 

are comparatively cheap and easy to monitor. This represents a departure from conventional 

M&E.  

Performance indicators are used to measure the effective use of inputs to generate outputs, and 

to compare the actual effects of the inputs to their expected effects. Inputs are the financial, 

physical, and human resources that are employed by the project to produce outputs. Outputs are 

the project’s products – the goods and services produced by introducing the inputs. Monitoring 

performance by determining how effectively and efficiently inputs are converted into outputs 

consists largely of book keeping and analyzing financial records to produce financial reports and 

data that are entered into financial and management information systems. This information is 

used for cost-benefit analysis, and to calculate the costs per unit of output and a variety of input-

output ratios that are used for financial reporting and in periodic progress reports.  

Results indicators are generally classified as outcomes and impacts. Outcomes are changes in 

people’s behavior often through their response to incentives that result from their access or 
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exposure to project outputs. Optimally, these behavior changes will advance the intended goals 

or impacts of the project. Impacts are the ultimate effects of the project, whether intended or 

unintended. Monitoring these higher-level effects of a program is significantly more involved 

than examining the information internally available in financial and management information 

systems, and entails soliciting information from clients and beneficiaries about how the program 

has affected them. It is important to correct any misapprehension that results indicators are 

monitored after performance indicators, for no such sequence applies. Results need to be tracked 

throughout the program’s implementation so that corrective action can be taken mid-course – for 

instance identifying intended beneficiaries who are not being reached and determining why. This 

tracking of early results addresses a traditional weakness in M&E that is attributable to the time 

lag between when project outputs are provided and when higher level outcomes are or are not 

achieved.  

The Indicators 

There is an abundant literature regarding the selection of appropriate indicators, and extensive 

lists have been prepared suggesting suitable indicators for monitoring different types of projects. 

These are useful reference materials, but in many cases, impractical to apply. Not only are there 

hundreds of indicators, but also, the data that underpin them usually cannot be secured with the 

necessary precision or regularity. When choosing indicators, the starting point should be the 

question “Is this proposed indicator measurable?” This helps considerably in the quest to identify 

a minimum list that requires the lightest of M&E structures. Even so, the range of possible 

indicators is still sizeable, which reflects the fact that the M&E systems still have to satisfy the 

needs of a broad range of users, and that their needs are not identical by any means. Table 3 is 

there to serve as a checklist  a menu from which a selection of indicators can be picked. The 

actual selection of indicators should be a reflective and participative activity involving the key 

stakeholders who are most intimately associated with the project design and implementation  not 

an imposition of demands from outside. The FAO/WB Sourcebook outlines a systematic 

approach that can be adopted to help prioritize the most critical indicators that need to be 

selected. It provides examples of how the methodology can be applied and used for different 

ARD subsector programmes. 

It should be noted that the number of indicators and the data required to compute them can grow 

rapidly. Even though there will always be good reasons for which the list of indicators needs to 
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be expanded, there are also good reasons for starting small and making use of whatever data are 

available before collecting more. The Sourcebook strongly encourages the idea of integrating 

statistical capacity building into national M&E programmes from the beginning, so as to ensure a 

reliable supply of core statistics from which the required indicators can be extracted. 

The methodology for selecting indicators is initially introduced in the context of a project-level 

M&E system, but the process is the same even if one is working on indicators for monitoring a 

national poverty reduction strategy. The starting point is to establish a framework using the 

widely used logical framework approach (logframe). In very simplified terms, this is a 

conceptual device that describes the project in terms of its intended goal or impact. In order to 

achieve this impact, people’s behaviour is expected to have changed in a way that will help with 

the achievement of the project goals. These behavioural changes are known as the project 

outcomes, and it may take several years before they become apparent. In order for these 

outcomes to occur, the project must generate outputs (goods and services). These outputs in turn 

require that the necessary combination of inputs (financial, physical and human) become 

available at the right time, place and quantity. Thus, in reverse order, the inputs will generate 

outputs, which will yield outcomes and eventually an impact. For example, the aim or goal of the 

project may be “to increase agricultural revenues, particularly of the poorest households, through 

the introduction and use of small-scale irrigation.” In order to achieve the expected yield 

increases, farmers must have access to and start using, the irrigation services. Farmers would 

have to change their agricultural practices and learn how to manage and control water supply 

(outcomes). The degree to which farmers change their behaviour might be best measured by 

monitoring “adoption rates” of the new practices. Increasing adoption rates may require the 

project to facilitate the creation of the necessary infrastructure, to organize a farmers’ awareness 

programme, including extension visits, demonstration plots and radio programmes, etc. These 

project outputs will only be generated if the necessary inputs are made available in the right 

quantity and at the right time, and with the knowledge of how to implement and use them. 

The logframe is well known as a tool for project design and is a useful aid to better understand 

the logic that defines the development process. It has, however, a second application, which is to 

provide the framework for developing a project M&E system that includes all stages of the 

project from beginning to completion and beyond. Once the logic of the project had been defined 

using the logframe, it should then, in principle, be a relatively simple process to monitor progress 
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at each of the four levels. This idea has immense appeal because it helps to reduce the 

information needs for monitoring the project’s success down to a relatively small number of key 

indicators – which, as already noted, is a desirable feature. 

The Sourcebook presents a list of 86 core indicators which are used to measure early, medium-

term, and long-term outcomes. The list includes the core data requirements needed to construct 

the indicators and the data sources from which the information is derived. The first 20 indicators 

are sector-wide, followed by a list for monitoring agricultural and rural subsectors, including 

crops, livestock, fisheries and aquaculture, forestry, rural microfinance and small and medium 

enterprise finance, agribusiness, agricultural research and extension, and irrigation and drainage. 

These are followed by a list of thematic indicators for community-based rural development, 

natural resources management, land policy and administration, and policies and institutions. The 

selection of this menu of 86 indicators was an iterative process which involved validation in five 

developing countries (Cambodia, Nicaragua, Nigeria, Senegal and Tanzania) where the 

relevance and feasibility of a larger set of indicators was reviewed by country M&E practitioners 

and statisticians, including Development Partners.  

The Data Framework 

It is clear that even the lightest of monitoring systems can make extensive demands on the data 

supply system. In order to meet the needs of monitoring at each of the four levels (inputs, 

outputs, outcomes and impact), the M&E system needs to draw on information coming from a 

variety of different sources. It is not just that each level requires different indicators, but also that 

the requirements in terms of periodicity, coverage and accuracy vary according to the level of 

indicator. Input indicators are required to inform short-term decision-making. They therefore 

need to be produced frequently and regularly  possibly once every 1-6 months. The same applies 

to output indicators, but here the reporting period can likely be longer, say, one year. As one 

moves further up the results chain and starts to collect more information about clients rather than 

the servicing institution, the task of data collection becomes more complicated, the tools less 

reliable, and the results more questionable. To counteract this, it is advisable to use information 

from different sources and use different methods to arrive at a reasonable estimate of the 

outcome under review. On the other hand, the timeframe can be relaxed a little. Time must be 

allowed for clients to become aware of and start using public services. One may see little 

evidence of outcomes for the first few years. Therefore, it may be acceptable to build a 



ICAR Short Course on " Tools on Monitoring, Evaluation and Impact Assessment of Rainfed Technologies and 

Development Programmes, 1-10 November, 2017" 

 

162 

 

programme around the reporting schedule of, for instance, 1-2 years. But it is important that the 

process is initiated at the very beginning of the project with a view to using the first report for 

establishing the baseline situation. The evaluation of the eventual impact comes much further 

down the line – often years after the project has been completed. Although the time frame may 

be more relaxed, the analytical challenge is not, and from the data collection perspective, 

experience teaches us that it is vital that the outline on how the project is to be evaluated is 

agreed from the very beginning, since it may involve setting up an experimental design to try to 

isolate the “with/without” project effect. 

Performance Indicators and key parameters 

A performance indicator is an observable or measurable characteristic that depicts the level of 

achievement of an intended result. A good indicator is Clear (precise and unambiguous); 

Relevant (appropriate and timely); Economic (available at reasonable costs); Adequate 

(sufficient to access performance); and Monitorable (can be independently verified)—better 

known as the CREAM criteria (Kusek and Rist, 2004).  

M&E at the innovation platform level 

Within the context of a VC, an IP is a mechanism to stimulate and enhance interactions, 

coordination, coherence, mutual learning and collective action among actors along the chain. As 

outcomes at the VC level are directly related to the outputs and outcomes of the IP, a rigorous 

assessment of how processes, outputs and outcomes at the IP and VC levels interrelate is needed. 

This is discussed in detail below:  

Processes at the IP level 

Drawing on the literature (FARA, 2009; Njuki et al., 2010; Nederlof et al., 2011; Adekunle and 

Fatunbi, 2012), key principles that underlie well-functioning and effective IPs are: 

� they are inclusive and follow participatory processes; 

� there is a common vision and an agreed set of operating modalities; 

� members are committed and have adequate incentives to participate; 

� diversity of members capabilities, capacities, resources, skills, knowledge, interests and 

needs are acknowledged; 

� there is efficient and effective communication; knowledge and information sharing; joint 

identification of challenges/opportunities and, options to address them through joint 

action; and 
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� there is an appreciation for learning-by-doing and M&E.  

These principles of best practice can be translated into various processes related to the 

establishment, functioning and management of IPs, and to building relations for an environment 

conducive to sustain them. These processes, key parameters and respective indicators are 

outlined in Table 1. All these indicators would be gender disaggregated as appropriate. 

Table 1. IP processes, key parameters of change, and indicators 

IP-processes Key parameters Indicators* 

Establishment of the 

IP 

Member 

identification 

Mechanism/ tool used for member identification, 

including focus on women and poor 

Member inclusion Mechanism/ tool used for inviting and including 

potential members in the IP 

 Mechanism/ tool used for ensuring poor and women are 

included/ participate in IP 

Articulation of 

objectives, issues  

being addressed and 

roles 

Whether and how articulated and defined? 

IP Monitoring 

Evaluation and  

Learning strategy   

Whether developed and how? 

Members capacity 

need  

identification and 

strategy  

development to 

address it 

Whether capacity needs assessed? If yes, methods used? 

Process  

Management 

Members 

participation at  

critical times and 

events of IP 

Mechanisms/ tools  used to ensure participation of key 

actors, including women, at each event 

VC constraints, 

opportunities  

and intervention  

prioritization  

Criteria & methods used to identify constraints and 

opportunities in the VC & possible solutions/ 

interventions 

Method used to prioritize 

Members’ 

knowledge and 

skills  

identification and 

utilization 

Type of mechanisms/tools used to integrate IP actors’ 

knowledge and skills in innovation process 

Diversity of knowledge sources accessed and used by 

actors 

IP facilitation and 

management 

Who is the facilitator and process of facilitator 

selection/identification 
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IP members satisfaction on facilitator’s: competence 

(knowledge, skill & attitudes) 

mechanisms/tools used to facilitate knowledge sharing 

and communication 

mechanisms/tools used to ensure transparency of process 

and decisions 

Mechanisms/tools used to create mutual respect, 

openness, and constructive interaction 

Mechanisms to fund the functioning of the IP 

Coalition  

building 

Resource 

mobilization 

Strategies used to mobilize resources, endorsement and 

support from IP members and beyond 

Resources/time allocated by different actors to  IP 

related actions and  

activities 

* Note: these are process indicators, which are qualitative in nature and descriptive; they 

monitor IP processes, i.e. whether they took place or not and the quality of the process, not the 

output or result of the processes as such. 

Outputs at the IP level  

Outputs at the IP level refer to products or deliverables from activities at the platform level. 

Based on key processes and mechanisms presented in the preceding subsection, IPs are expected 

to lead to an actor coalition with increased interaction, linkages and communication among its 

members, a well-functioning platform, and enhanced human and institutional capacity (Table 2). 

Table 2. IP outputs, key parameters of change, and indicators 

IP-outputs Key parameters Indicators 

Actor coalition Platform composition and 

diversity 

Composition of IP including the actors 

experience, expertise, capacity and, 

competence 

Representation of 

marginalized groups 

Number and percentage of VC actors 

representing the poor and/or marginalized 

(e.g. women) 

Extent to which IP actors 

participate and articulate 

needs and feedback to IP 

Number of needs expressed by members for 

VC and capacity development and, channels 

used 

Increased interaction, 

linkages and 

communication amongst 

actors 

Patterns of interaction, 

linkages and social capital 

among actors and/or their 

organizations 

Changes in frequency of interaction 

Changes in actor networks and linkages for 

men and  

women 

Exchange of information on 

critical issues related  to VCs 

Number of instances when information 

(related to VCs-technology, market, policy 
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etc.) is exchanged, what kind of information 

was shared and, channels used 

Functioning IP Identification of priority 

constraints and opportunities  

in VC 

Representation of concerns and priorities of 

individual actors in action plan 

Satisfaction level of members in terms of 

integration of their concerns and priorities 

in planning 

Intervention plans/strategies 

for VC innovation 

Identified and tested technical and 

institutional options to address the priority 

constraints in VCs 

Systematic planning and 

action-reflection  

Joint action plan for VC development 

Joint activities initiated by IP members 

Activities and events organized for 

reflection and joint learning 

Enhanced  

capacity 

Capacity building methods, 

process and tools 

Identified capacity needs among the IPs 

members 

Number and types of capacity building 

strategies implemented based on the 

assessment 

 There are many priority indicators for livestock sector based projects monitoring. They 

are shown in Table 3.  

Table 3. Menu and priority indicators for livestock sector 

A. Sector-Wide Indicators for livestock based projects and rural development 

Early 

outcome 

1. Public spending on livestock sector as a percentage of 

GDP from the agriculture sector 

2. Public spending on livestock sector input subsidies as a 

percentage of total public spending on agriculture 

3. Percentage of underweight children under five years of 

age in rural areas 

4. Percentage of population who consider themselves 

better off now than 12 months ago 

Medium-term 

outcome 

5. Food Production Index 

6. Annual growth (percentage) in livestock sector value 

added 

Long-term 

outcome 

7. Rural poor as a proportion of the total poor population 

8. Percentage change in proportion of rural population 

below national poverty line 

9. Percentage of the population with access to safe or 

improved drinking water 

10. Consumer Price Index for food items  

11. livestock sector exports as a percentage of total value 

added in agriculture sector 
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12. Proportion of under-nourished population 

13. Producer Price Index for food items 

14. Ratio of livestock to arable land area and to total land 

area of the country 

15. Percentage change in unit cost of transportation of 

livestock products 

16. Percentage of rural labor force employed in livestock 

sector 

17. Percentage of rural labor force employed in non-farm 

activities 

18. Percentage of the labor force underemployed or 

unemployed 

19. Annual growth rate of household income in rural areas 

from livestock sector activity (percentage) 

20. Annual growth rate (percentage) of household income 

in rural areas from non-agricultural activity 

B. Specific indicators for Subsectors of livestock sector and Rural Development 

1. Livestock 

Early 

outcome 

21. Indicators of access, use, satisfaction with respect to 

livestock services 

Medium-term 

outcome 

22. Annual growth (percentage) in value added in the 

livestock sector 

Long-term 

outcome 

23. Livestock birth rate 

24. Percentage increase in yield per livestock unit 

25. Percentage change in livestock values 

2. Fisheries and Aquaculture 

Early 

outcome 

26. Indicators of access, use, satisfaction with respect to 

fisheries/aquaculture services 

27. Water use per unit of aquaculture production 

Long-term 

outcome 

28. Capture fish production as a percentage of fish stock  

29. Share of small-scale fishers in the production of fish 

30. Percentage of total permitted catch earmarked for local 

fishing communities as rights 

31. Annual percentage change in production from 

aquaculture farms 

3. Agricultural Research and Extension 

Early 

outcome 

32. Indicators of access, use, satisfaction with research and 

extension advice 

33. Public investment in agricultural research as a 

percentage of GDP from the agriculture sector 

Long-term 

outcome 

34. Percentage change in yields resulting from improved 

practices, for major crops of the country 

35. Change in farmer income as a result of new 
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technologies (by gender) 

4. Agribusiness (agricultural marketing, trade and agro-industry) 

Early 

outcome 

36. Indicators of access, use and satisfaction with respect 

to agribusiness and market services, 

37. Percentage change in number and value of activities 

managed by agroenterprises 

38. Percentage of agroenterprises adopting improved/ 

certified hygiene/food management system 

Medium-term 

outcome 

39. Percentage change in sales/turnovers of agro-

enterprises 

Long-term 

outcome 

40. Percentage change in number of agricultural inputs 

outlets 

41. Percentage increase in private sector investments in 

agriculture 

42. Percentage increase in market share of 

cooperatives/agribusiness enterprises 

C. Indicators for Thematic Areas Related to Agriculture & Rural Development 

1. Community-based Rural Development 

Early 

outcome 

43. Access, use, satisfaction with respect to services 

provided by community-based rural development organizations 

44. Percentage of farmers who are members of 

community/producer organizations 

45. Proportion of community/producer organizations 

capable of meeting the production and marketing needs of their 

members 

46. Proportion of producer organizations/NGOs with 

functional internal system of checks and balances 

47. Percentage change in number of community 

associations exercising voting power in local government 

budget 

Long-term 

outcome 

48. Percentage increase in number of local enterprises in 

rural area 

2. Natural Resource Management 

Medium-term 

outcome 

49. Withdrawal of water for agricultural as a percentage of 

total freshwater withdrawal 

50. Percentage change of land area formally established as 

protected area 

51. Percentage change in soil loss from watersheds 

Long-term 

outcome 

52. Percentage change of farm l and under risk of 

flood/drought 
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Application of the framework should allow comparison of the IP performance across contexts, 

commodities and livestock species (e.g. by making use of the framework in various projects and 

programs). It should further allow lessons for designing and implementing future projects 

involving IPs around livestock VCs. We are aware that the impact pathways and contexts in 

which IPs and VCs operate are different across different countries and livestock species. In 

addition, the resources that are available for M&E also vary by project. Usually, impact is 

assessed using the ‘five capitals’ of the livelihoods framework, i.e. human capital, financial 

capital, social capital, physical capital and natural capital. The impact areas and parameters that 

have been selected are derived from these capitals, i.e. income, food and nutrition security, and 

physical and natural assets.  
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Introduction  

Out of total cultivated area of around 140.30 million hectares in India, only 60.86 million ha is 

irrigated and the remaining 79.44 million ha is rainfed. Rainfed crops account for 48 percent area 

under food crops and 68 percent of the area under non-food crops. Rainfed areas are generally 

endowed with fragile resource base and low productivity. Majority of the inhabitants are 

resource-poor and are obliged to eke out an existence in harsh biophysical and socio-economic 

environments. They are subjected to climate change through extreme weather events, decrease of 

water availability and decrease in agricultural productivity. The problem to be addressed is the 

limited access to and exchange of, information and knowledge related to agriculture and food 

security at local, national, and regional levels. The productivity improvements in rainfed areas 

shall be achieved through adoption of established technologies by farmers. This can be done by 

supporting efforts of researchers, extensionists and farmers working in rainfed areas through 

increased knowledge exchange and sharing (CRIDA, 2007 and 2009). 

Adoption of Technologies 

Adoption is, “the mental process an individual passes from first hearing about an innovation to 

final adoption” (Rogers, 1962). It is always an individual decision process. Information and 

learning are argued to be central to the adoption process. Among other factors, whether to adopt 

a technology or not depends on the profitability of the technology, farmer education/learning, 

and other observed and unobserved differences among farmers and across farming systems (Suri, 

2009). Risk aversion discourages adoption, as uncertainty will always be greater for the new 

technology than for the old (Marra et al., 2003). Risk is a major factor limiting the adoption of 

new innovations (Lindner et al., 1982; Lindner, 1987; Tsur et al., 1990; Leathers and Smale, 

1992; and Feder and Umali, 1993). For a new technology to be successful, extension efforts and 

training /trailing of the technology need to be in place, and the needed inputs must be procured. 

Designing technologies that can be implemented by households with labor and land constraints, 

notable correlated with poorer households, is a continued need of extension programs (Jones, 
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2005). Extension, promotion and marketing programs by government workers and/or the private 

sector can be positively related to adoption (e.g. Marsh et al., 2000; Llewellyn et al., 2003). 

Reasons for non-adoption of dryland agricultural technologies were discussed at length and are: 

irregular and inadequate rains, inadequate finance, non-availability of inputs, lack of improved 

implements, high cost and complexity of certain practices and lack of guidance (Wasnik, 1988; 

Farooque, 1990). Age, farming experience were found to be non significant; while education, 

annual income were positively significant with the adoption of package of improved agricultural 

practices of dryland farmers in the Bellary district of Karnataka (Padmaiah et al., 1992). Farm 

size was positively significant with the adoption of recommended dryland agricultural 

technologies of dryland farmers in Aurangabad district of Maharashtra (Dakhore et al., 1993).  

Prologue about KVK, CRIDA  

Krishi Vigyan Kendra (KVK) Rangareddy district was established in 1977. It is attached to the 

Central Research Institute for Dryland Agriculture (CRIDA) Hyderabad. The main objectives of 

KVK are: 

• To transfer the latest agricultural technology to the practicing farmers, farmwomen, rural 

youth and field level extension functionaries through need based, skill-oriented training on 

the basis of work experience, following the principles of ‘learning by doing’ and ‘teaching 

by doing’. 

• To demonstrate the worth of improved farm technologies on farmer’s fields through 

conducting Frontline Demonstrations (FLDs) on various mandatory crops of the district. 

• To test and verify the technologies in the socio-economic conditions of the farmers through 

on-farm trials with a view to find out whether technologies suited to the micro-farming 

situation. 

• To create awareness and popularizing improved farm technologies through Field Days, film 

shows, exhibitions, Farmers Days, study tours etc. 

• To develop close functional linkages between various district / state level development 

departments and institutions, NGOs, credit organizations and rural people for quicker 

transfer of technology through operating collaborative programmes.  

Study Results  

The study was conducted in Mirzapur village of Pudur mandal of Rangareddy district of 

Telangana. This village is KVK adopted since June, 2011. A sample of 40 farmers was selected 
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purposively for data collection. The data was collected using a pre-tested interview schedule 

from the farmers. Focus group discussion and interviews were conducted to elicit data from 

farmers. 

a) Socio-economic and Personal characteristics of Farmers: 

From the selected farmers’ (n=40), 70 % of them are above the age of 40 and 65 % 

having land holdings below three acres; 55 % had no education; 62 % had less than 30 

years farming experience; 42 % had annual income below Rs.25,000/- and 35 % have 

annual income ranging between Rs.25,000-40,000. The main crops in the village are 

paddy, cotton, maize, sorghum, pigeon pea and vegetables.             

b) Sources of Farm Power: 

Source of Farm power Percentage 

Bullocks 27.5 

Pump set or oil engine 25 

power tiller 10 

tractor 10 

Others (Please specify) 0 

 

c) Livestock Possession: 

Livestock Possession Percentage 

Cows 25 

Buffaloes 12.5 

Goats 12.5 

Lamb 2.5 

Poultry 5 

 

d) Mass Media Exposure: 

Mass Media Exposure Percentage 

Radio 7.5 

Television 72.5 

Newspaper 12.5 

Agricultural books 2.5 

Agricultural information material 0 

Agricultural magazines 5 
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e) Extension Contact: 

Extension contact Percentage 

AEO 70 

AO 70 

Scientists(KVK) 82.5 

Veterinary Scientists  30 

Others 2.5 

 

f) Adoption of Technologies/Livelihood Interventions: 

Crops/ 

Technology 

S. 

No. 

Proposed KVK 

Technologies/ 

Interventions 

Adoption Reasons for 

Adoption 

Constraints 

in Adoption 
n % 

Sorghum 

 

1. Shoot fly management in 

Sorghum 

 

30 

 

75 

 

Following early sowings and 

increased seed rate along with 

soil application of Carbofuron 

@ sowing time. Ease of 

operation.  

 

-- 

Pigeon pea 

2. Pigeon pea wilt tolerant 

variety PRG-158 

36 90 Wilt tolerant. Good yields, 

fetching good market price.  

 

-- 

3. IPM in Pigeon pea 

 

26 65 Using neem oil, bird perches 

and chemicals.  

 

Pheromone traps 

and NPV not 

readily available.  

 

Maize  

4.  Production technology in 

Maize 

36 90 Following spacing, fertilizer 

& pesticide recommendations 

correctly now. Previously 

used excess fertilizer doses.  

-- 
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5.  Stem borer management 

in Maize 

39 97.5  Scrupulously following 

Monocrotophos spray 

@1.6ml/lt. at 10-12 DAS.  

-- 

6.  Zero till Maize after rice 10 25              

-- 

       

Weed problem 

and less yields 

override cost and 

time savings.  

Cotton  

7.  Spacing and fertilizer 

management in Cotton 

39 97.5  Following recommended 

spacing's and fertilizer doses.  

-- 

8.  Management of sucking 

pests in Cotton (Stem 

application with 

Monocrotophos and 

Verticillium spray)  

35 87.5 Convinced of the reduced use 

of Monocrotophos along with 

less labour requirement.  

-- 

Tomato 

9. Tomato nursery raising in 

pro-trays & shade net 

(income from it)  

 

36 90 Cost saving by reducing the 

seed rate for production of 

seedlings per acre.  No weed 

problem. 

Shade nets protect from direct 

heat and germination will be 

good.  

 

-- 
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10. Drip Irrigation system 

 

37 92.5 Savings in water. Less 

problem of weeds.  

 

-- 

Fodder 

11. Demonstration of 

perennial fodder hybrid 

Bajra Napier CO-4  

 

38 95 Lustrous green growth of 

fodder. Higher milk yields.  

 

-- 

12. Perennial fodder hybrid 

Bajra Napier APBN-1  

 

13 32.5 -- Leaves are spiny 

and coarse in 

texture. 

 

Discussion  

Technologies/Interventions of KVK are as such very good and proven. During the period of 

KVK operation (2011-14), more than 80% adoption is recorded for almost all technologies like 

farm machinery, varietal evaluation, IPM, home science, fodder and feed management, micro 

irrigation using drip and sprinklers and NRM activities. However, with withdrawal of KVK 

some of the technologies/interventions becomes out of reach (impractical), particularly those that 

requires capital on the part of farmer. Eg: machinery, mulch material and NRM work. It means 

to say that for continuous adoption, additional working mechanisms need to be in place like 

extend hand holding for few more years, form groups for ease of operation and develop 

confidence of farmers so that, they can continue even when projects from outside terminate. 

Farmers should be advised to realize that returns are more than investments in the long run 

especially in NRM activities in drylands.  
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g) Impact of KVK Interventions on the Productivity of major Irrigated crops in Yenkepally: 

Sl. No. Crops Yield Before 

(q/acre) 

Yield After 

(q/acre) 

% change 

Kharif 

1.  Maize  6.5  10.2  57  

2.  Cotton  4.3  6.7  56  

3.  Sorghum  5  7  40  

4.  Paddy  16  22  38  

5.  Red gram  2  3.1  55  

6.  Tomato  4  6.2  55  

Rabi 

1. Maize 3 4 33 

2. Paddy 19.7 22.3 13 

3. Tomato 6 8 33 

 From the above table, significant productivity increase was observed especially in case of 

maize, cotton, red gram and tomato in major irrigated crops in kharif. 

h) Impact of KVK Interventions on the Productivity of major Rainfed crops in         

 Yenkepally: 

S. No. Crops Yield Before 

(q/acre) 

Yield After 

(q/acre) 

% change 

Kharif 

1. Maize 7 11 57 

2. Cotton 5 7 40 

3. Paddy 18.3 25.5 39 

Rabi 

1. Tomato 8 10 25 

 From the above table, significant productivity increase was observed especially in case of 

maize, cotton and paddy in major rainfed crops in kharif.  

i) Knowledge Gap Analysis of Adopted and Non-adopted farmers as a result of KVK 

Interventions: 

Statistic/ 

Parameter  

Knowledge score of 

Adopters  

Knowledge score of 

non adopters  

Difference in 

Knowledge scores  

Mean 25.1
B

  18.1
A

  7 

         

Range  13 to 33 2 to 33   
AB

 vary significantly at 1% level of significance 

(p value=0.000151) 
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From the above table, there is a significant difference in knowledge score of 7 between adopters 

and non-adopters. 

j) Knowledge levels of Adopted and non-adopted farmers as a result of KVK   Interventions: 

Sl. No. Level of 

Knowledge 

Adopted 

farmers 

Non-adopted 

farmers 

Knowledge 

gap (%) 

    

1. High (23-33)  29  72.5 14 35 37.5 

2. Medium (12-

22) 11  27.5 15 37.5 -10 

3. Low (0-11) 0  0 11 27.5 -27.5 

 Total 40  100 40 100  

 From the above table, high level of knowledge exists among majority of adopted farmers, 

while, medium level of knowledge is high among non-adopted farmers. 

k) Income levels of farm women 

Sl. No. Major Activity Income (Rs.) Approximation Basis 

Before After 

1.  Tailoring and Zardosi work 100 400 

2.  Preparation of Phenyle  100 400 

3.  Baking products  100 300 

4.  Preparation of iron rich recipes  50 200 

 Most of the activities were done by the women for themselves and their family. But not as a 

marketing venture. On an average, they could save three to four times the money which they 

normally would have expended in the absence of the activity.  

Conclusion 

• Farmers’ Knowledge about dryland technologies is very good. But needs to be translated 

to adoption, which requires more concerted efforts in establishing mechanisms and traits 

like ready availability, ease of use, less cost, less labour and time consuming etc. of 

different technologies and its components. 

• The challenge is to take the technologies from Awareness-Knowledge stage to Practice-

Adoption stage. 

• The feasibility vis-à-vis workability of technologies is decided by farmers at trial stage 

itself (Awareness-Interest-Evaluation-Trial-Adoption stages). 

• Row ratios, intercrops, spacing, fertilizer and chemical recommendations are by far, 

easily and readily adopted by farmers. 
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• Any technology/components of technology buying, owning and using (adopting) remain 

a bottleneck (far and distant) to majority of dryland farmers.  

• Good crop varieties almost always show highest adoption by farmers with little 

dissemination efforts required by extension.  

• Adopters had better knowledge and adoption rates over non-adopters in both the adopted 

villages.  

• Productivity of farmers increased several fold with KVK interventions. 

• Income levels of farm women increased three to four times based on the enterprise after 

adopting KVK interventions. 
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1. Introduction 

Geographical Information System (GIS) and Remote Sensing tools and techniques are part of the 

Geospatial methods used extensively for survey, planning, design, development and assessment 

of innumerable processes, phenomena and for program implementation. In 1980s the concept of 

GIS was rolled out as a consequence of development and improvement of computing skills. The 

advent of space satellites fuelled the possibility of space-based remote sensing at the same time. 

At present satellite data obtained from remote sensing satellites form an important input for 

analysing temporal change in natural processes like rainfall, temperature, normalized difference 

vegetation index (NDVI), land use-land cover change (LULC and LCCC), soil erosion, 

agricultural production, drought and flood, monsoon activity etc., besides many others. India has 

developed the capability of developing and launching its own remote sensing, 

telecommunication and weather satellites. Data obtained from these are being used extensively 

for various applications in the country. For this lecture a short study of use of GIS and RS tools 

and techniques for watershed development and management is being presented, as rainfed 

agriculture is dependent on judicious use of limited water available in the region for agriculture. 

Rainfed agro-ecological regions (AER) which encompass the semi-arid tropics (SAT) and hot 

dry and moist sub-humid regions of India includes over 95.09 m ha (28.98%) under the semi-arid 

climate and 3.19 m ha or 1 % of the land area under the transitional climate. Watershed-based 

development has been accepted as the template for agricultural development and economic 

planning of this region. In peninsular India average annual rainfall is 500 mm (300-800 mm), 

which occurs in 45-50 rainy days. Over 50% of this rainfall occurs by way of thunderstorm that 

lasts for a few hours. Considering such a rainfall pattern, it is essential to harvest, store and use 

rainwater for undertaking agriculture and other allied activities for the rest of the year. Intensive 

rainfall events induce severe soil erosion in bare or sparsely vegetated land that is common in the 

region.  
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Watershed Development and Management Program was initiated during 1980s to address these 

limitations of the rainfed AER (Planning Commission, 2001). Soil and Water Conservation 

Structures (S&WC) viz., check-dam, stone weirs, contour bund, live bunds, vegetative cover, 

key-line plantation, grass way etc. were planned to provide impediments to overland - runoff 

which induce soil erosion and depletion of nutrients from agricultural fields. Structures were laid 

to guide runoff to designated farm ponds and tanks for water harvesting on the surface, besides 

impounding water for facilitating deep percolation for groundwater recharge. Thus, Watershed 

Development Program (WDP) was considered the most comprehensive program for achieving 

agricultural and ecological sustainability in the rainfed regions in India. As India envisages 

sustaining an agricultural growth rate of 4.0 to 4.5 per cent in order to reduce food insecurity and 

poverty, while increasing rural purchasing power, it is essential to strive for achieving 

sustainable development through watershed development.  

2. Watershed Development Program (WDP) in India 

One of the primary reasons, in favor of watershed-based development in rainfed AER, is the 

enormous cost of major water projects like the under-construction Narmada river-valley project. 

Hence emphasis was shifted to augmenting water resources through small and decentralized 

projects and the WDP for rainfed regions in rural India, have remained the accepted strategy for 

rural transformation. Watershed Projects have been undertaken under six major national 

programs, viz. Drought-Prone Area Program (DPAP), Desert Development Program (DDP), 

National Watershed Development Project for Rain-fed Area (NWDPRA), Watershed 

Development in Shifting Cultivation Areas (WDSCA), Integrated Watershed Development 

Project (IWDP) and Employment Assurance Scheme (EAS) etc. by four Central Ministries of 

Govt. of India namely, Ministry of Rural Development (MORD), Agriculture (MOA), 

Environment & Forestry (MOEF) and Water Resources (WR). Significantly, 70 per cent of funds 

for watershed development in India are being spent under these six major programs. There are 

also, a lot of commonality in the WDP undertaken by these four ministries, in view of which, a 

inter-ministerial sub-committee (1999) evolved a common approach and principles for 

undertaking of WDP in India. The Perspective Plan of India envisages an holistic and integrated 

development of rainfed areas in the country on watershed –basis to cover app. 63 million ha at an 

estimated cost of Rs. 76,000 crore or USD 1520 m (Planning Commission, 2005). A Technical 

Committee Report submitted to the Department of Land Resources (MORD) in January 2006 
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(Parthasarathy, 2006), estimates that at current level of outlay, it may take 75 years to complete 

watershed treatment in India. The Committee opined that if S&WC measures needed to be 

completed by 2020, the Government must allocate Rs. 10,000 crore (USD 20 m) annually for the 

purpose till then.  

3. Evaluation of impact of Watershed Development Program (WDP) in India 

Most of the studies undertaken to evaluate the impact of package of practices implemented under 

WDP have been based on qualitative data with some quantitative information for which 

econometric analysis had to be performed. All the studies faced two major problems due to 

which their scope of analysis was restricted. Firstly, baseline information of watershed villages is 

extremely difficult to obtain from Project Implementing Agencies (PIA) as there were no 

systematic methods or process put in place to collect and archive them; hence meaningful 

evaluation was always difficult. Next, periodic monitoring of WDP was neither undertaken by 

PIA nor the funding agency. As a consequence, most evaluation studies were forced to report on 

qualitative information only. These problems had been widely discussed and in more recent 

WDP, amendments have been made and a definitive process has been put in place to avoid 

similar problems. P.K. Joshi et al (2005) undertook meta-analysis of over 311 watershed projects 

and documented efficiency, equity and sustainability benefits. The authors point out that mean B: 

C ratio of a watershed program in the country was quite modest at 2.14. Internal rate of return 

was 22 % that was comparable with many other rural developmental programs.  

To address these lacunae with reference to evaluation of sustainability of watershed projects in 

India, two research projects were undertaken at CRIDA under the Ad-hoc scheme and the ICAR 

National Fellow Scheme of the author to develop a methodology (Kaushalya et al., 2013) and a 

toolkit for evaluation of watershed development projects in the peninsular region of India since 

2004 (Kaushalya et al., 2006 a& b, 2007, 2009, 2010). For this purpose, tools of Geo-informatics 

like GIS, Remote sensing techniques, DGPS and Spectro-radiometer were used to supplement 

information generated from actual field survey, soil analysis and socio-economic survey 

conducted in the selected watersheds and villages. Databases were created in MS-Access and 

thematic maps were drawn using ArcGIS.  Multi-spectral satellite data were procured from 

NRSA for pre-project period i.e., 1998 and post-project periods, i.e., 2004 to 2006. The satellite 

imageries were interpreted to understand the processes of change using various indicators. A 



ICAR Short Course on " Tools on Monitoring, Evaluation and Impact Assessment of Rainfed Technologies and 

Development Programmes, 1-10 November, 2017" 

 

182 

 

methodology was thus developed to generate baseline information for pre-project period for 

various parameters from field and satellite data which were in turn, used as sustainability 

indicators to assess sustainability of watersheds projects. In Figure 1 the modular scheme of the 

evaluation study has been depicted. The impact of non-implementation of WDP was compared in 

an untreated watershed in the vicinity for a clearer understanding.   

4. Pre-field Activity  

For evaluation of Watershed Development Projects (WDP) it is essential to select watersheds 

based on some pre-determined criteria. For our study in the AESR 7.2, five treated and an equal 

number of untreated micro-watersheds were selected in the districts of Rangareddy and 

Nalgonda in AP. The watersheds are located in the rural-urban divide zone at a distance 70 km 

from Hyderabad Urban Center. The pre-field activities undertaken prior to evaluation of the 

watersheds have been described in brief here.  

4.1. Selection of watersheds    

Our objective was to analyse which programs and agencies had implemented a sustainable 

watershed project in the study area. Hence projects developed by various agencies like the Dept. 

of Agri, Govt. of AP, - a line dept., NGO, research organization like CRIDA, MANAGE, NIRD, 

etc. was chosen for the study. As each of these PIA lay emphasis on various aspects, the outcome 

of the projects are very different. To capture these variations leading to difference in outcome of 

WDP five treated micro-watersheds were selected in five villages namely, Chintapatla near 

Ibrahimpatnam in Yacharam Mandal, Pamana in Chevella Mandal and Dontanpalli in 

Shankarpalli Mandal, Channareddiguda in Manchal Mandal, all in Rangareddy district and 

Gollapalli in Chintapalli Mandal in Nalgonda District.  
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Fig.1. Methodology to monitor & evaluate sustainability of watershed projects.  
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4.2. Characterization of resource base in selected watersheds  

The resources available in the various watersheds were surveyed and mapped using ArcGIS. 

Detail of this technique has been added in a later section in this paper.  

4.3. Identification of core issues that affect agriculture in watersheds  

After reconnaissance survey of selected watersheds and discussion with key informants, core 

issues that impact agriculture in the selected watersheds were identified. As these need to be 

addressed first to achieve sustainable development, the evaluation study and methodology is 

developed to address these issues 

4.4. Identification and construction of relevant sustainability indicators  

Based on the core issues, relevant indicators were developed to evaluate the various aspects of 

sustainable development. A set of fifty indicators was developed to evaluate the watershed 

projects under the NF scheme. 

4.5. Methodology for identifying critical indicators   

A methodology was developed to identify critical indicators for evaluating sustainability of 

watershed projects. The merits of this methodology are that it is helps in a quantitative evaluation 

that facilitates comparison of situation between two watersheds besides enabling mapping thus 

making the evaluation process easy, objective and useful. Wherever direct indicators were 

unavailable, surrogate indicators were developed and used for evaluation.  

5. Field Activity  

Fieldwork is an integral and crucial part of the study. At the initial stage a reconnaissance 

survey was undertaken in each of the watersheds identified for study. A transact walk was 

undertaken to survey the selected watersheds and villages for agricultural resource 

characterisation. A DGPS was used to geo-reference all resources and boundaries in the 

study area. Soil sampling sites and S&WC structures were also geo-referenced. Soil samples 

were brought to lab for analysis. In the next phase interviews of farm households were 

carried out using two structured questionnaires.  
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5.1. Watershed Survey - Transact Walk  

5.2. Geo-referencing of sites using DGPS  

A Trimble DGPS (Differential Global Positioning Systems) unit consisting of a base and a rover 

unit was used for geo-referencing the GCP, soil sampling sites, soil profile sites and S&WC 

structures in the study area. The unit was also used to update landholding boundaries that had 

changed owing to sub -division and fragmentation of land after mapping of the original cadastre 

(Fig 2).  

       

 

               Fig 2. Geo-referencing a check-dam in Pamana village near Chevella, RR District. 

5.3. Measuring spectral signatures & collection of ground -truth information-  

On an average more than a dozen visits was required to be taken for collection of ground truth 

information and for verification of the same in the field in each site annually during the study. 

Several of these trips were exclusively undertaken during cropping season for collection of 

spectral signatures of crops to facilitate interpretation of satellite data with reference to crop 

cover, change in land use and land cover and resultant NDVI conditions. A Spectral Library was 

developed to store typical spectral signature of various objects on ground during various seasons 

for facilitating interpretation of satellite data. Figure 3 indicates the use of a spectro-radiometer 

in the field.  
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  5.4. Soil sampling  

Mapping of soil fertility status is an essential requirement for analysing impact of improved 

practices implemented under watershed development projects. Over 450 soil samples were 

collected from various sites in the study area and analysed for 12 physico-chemical and 

biological parameters in the lab using standard methods.  

 

                        

      Fig 3.  Using a handheld spectro-radiometer (Analytical Instruments Ltd. USA) to collect spectral    

                  signature from paddy field at early growth stage in Gollapalli village                           

 

5.5. Soil profile study 

One typical soil profile was cut in each of the study site for establishing a baseline for facilitating 

long-term sustainability studies.  

5.6. Socio-economic survey 

Two questionnaires were specifically prepared for conducting socio-economic surveys at 

household and village-level in each of the study area. The questionnaire was structured in a 

manner so as to collect information for each for each of the sustainability indicator identified for 

the purpose. Wherever direct indicators were not available, information for surrogate indicators 

were collected.  
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5.7. Participatory Rural Appraisal (PRA) 

A PRA was conducted specifically to identify core issues that affect agriculture in each of the 

watershed village.   

6. Activities undertaken in Laboratory 

The study involved several activities to be undertaken in the GIS, Soil Chemistry & Soil Physics 

Labs. While the interpretation and analysis of satellite data was undertaken in the GIS lab, 

storage and preparation of soil samples for analysis and finally batch-wise, analysis of soil 

samples was carried out in the Soil Physics and Soil Chemistry labs at the institute.  

6.1. Applications in ArcGIS for analyzing sustainability of watershed projects -  

One of the highlights of the research program was the application of GIS technique for 

evaluation of impact of LMP on rainfed agriculture. Watersheds were delineated and mapped 

using ArcGIS (ver. 9.0) software (Fig 4). All corollary data had to be collected and collated 

before preparation of map overlays for the study. Thematic maps for various aspects like slope, 

soil fertility status, cereal yield, etc., were prepared for deriving sustainability indicators (Fig 5). 

Map overlay of two or more themes helped in deriving numeric value for Sustainable Indicators. 

For instance, to evaluate impact of S&WC measures on soil fertility status and crop yield, 

overlay of maps of treated micro-watershed (TMW) with slope, soil macro - nutrient status. 

Correlation of location of S&WC measures with NDVI was deemed essential. Overlay of village 

cadastre over this outlay helped in quantifying the designated Sustainable Indicator. Other maps 

like NDVI derived from satellite data or land use and land cover maps helped in deriving and 

quantifying other sustainable indicator in a similar manner essential for evaluating NRM status 

in each land holding in the watershed.  

6.2. Use of Geographical Positioning System (GPS) 

An important highlight of the study likes the geo-referencing of various aspects of land 

management practices (LMP), natural resources management (NRM) and agricultural production 

systems (APS). After post-processing of GPS control points collected in the field, the data were 

imported and overlaid on the ArcGIS coverage and satellite data of the study areas. Using GPS 

points obtained using a Trimble GeoXT DGPS unit, a Digital Terrain Model (DTM) were 

prepared for each of the micro-watersheds. GPS units were used to update field boundaries in the 

village cadastre, to site S&WC structures in the watershed maps and satellite imagery and for 
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preparing soil characteristic maps for the study. An important aspect of use of DGPS unit was its 

help in creation of a geo-referenced database that is absolutely critical for undertaking long-term 

sustainability studies in future.    

 

Fig  4. Delineating watershed boundaries using ArcGIS 
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   Fig  5. Map overlay to derive sustainability indicators of soil fertility and slope.   

6.3. Interpretation of satellite data  

For evaluating sustainability of watershed projects it was essential to compare the situation 

prevalent prior to implementation of WDP with the post implementation scenario. For this 

purpose, satellite data were procured from NDC, NRSC located in Hyderabad. Digital satellite 

data of IRS – 1D LISS III were procured for the pre–project period study for generating baseline 

info. As WDP were initiated in 1999 and 2000 in the study period, satellite data of two seasons 

viz., pre- and post monsoon data for 1998 and 1999 were procured from NRSA and interpreted 

using ERDAS Imagine (ver. 9.0). Analysis was undertaken to understand change in land use and 

land cover, drainage network, spread in extent of water bodies, NDVI, degradation of land, soil 
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erosion, etc. The satellite data were also used to update maps that which had been mapped in 

1970-71. The new road network, rail alignment and river network had to be mapped using 

Virtual GIS – a module of ERDAS software and incorporated into ArcGIS for preparing the 

DTM and for surface analysis of study area. The sustainability indicators pertaining to slope, 

NDVI, deforestation, change in land use and land cover, crop diversity etc., could be obtained 

only from the satellite data. Periodic study of the situation in subsequent years was facilitated in 

a similar manner. Satellite data of IRS 1D were procured for the period 2000 to 2004. For 2005 

and 2006 IRS P6 LISS III data were procured. To analyse change that had occurred in 2006, 

satellite data of IRS P6 LISS 4 - MX with 5 m resolution was procured and studied. To facilitate 

interpretation of satellite data handheld portable spectro-radiometer was used to collect spectral 

reflectance in fields. Use of remote sensing technique in the present study was found to be 

absolutely essential not only for increasing our understanding of various nuances of agriculture, 

but also to interlink the impact of various aspects of NRM on agriculture (Kaushalya et al., 2016 

a, b).    

6.4. Studies on soil fertility status   

Over 450 composite soils samples collected from the farmers’ field in the ten micro-watersheds 

during 2005 and 2006 were analysed for 12 physico-chemical parameters. Soil samples were 

shade – dried, ground and sieved with 0.5 mm sieve and a sample of 50-100 gm was taken and 

stored for carrying out analysis for OC content. The rest of the soil was again sieved with a 2 mm 

sieve and a sample of 250 gm was drawn for undertaking the rest of analysis. Soil physico-

chemical parameters analysed were pH, EC, CEC, Organic Carbon content, major nutrients - N, 

P, K, micro-nutrients Cu, Fe, Mn and Zn. Biological properties analyzed were Microbial 

Biomass Carbon (MBC) and Dehydrogenase assay (DHA).  

6.5. Creation of Database for field and watershed - related data 

As mentioned earlier, the entire study helped to generate a large volume of data that was required 

to be archived in a format that would be readily usable at a subsequent period. As a result, a 

digital framework was developed and the data generated from each of the sub-program was 

stored utmost case has been taken to a relive the data which would be critical for developing 

applications at a later date.  The database consists of socio-economic, soils and land management 

related information that were used to prepare GIS coverage for socio-economic analysis and 
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evaluation of LMP and WDP. The database is compatible with other national databases and 

could be easily shared and integrated.  

7. Evaluation of agricultural sustainability in watershed projects 

The methodology created facilitates evaluation of impact of WDP on state of agriculture, 

cropping pattern, soil fertility status, water availability, rural livelihood options and economic 

condition of farm households in treated micro-watersheds. The impact can be compared with the 

situation prevalent in an untreated micro-watershed in the vicinity. It was assumed that such a 

comparison would help in a rational understanding of impact of improver practices as extraneous 

advantages or disadvantages of geographical, topographical or economical situations to both or/ 

either of the micro-watersheds could be nullified.     

7.1. Thematic mapping, overlay & analysis – application of GIS 

Various natural resources like soil, vegetation or agriculture pattern are depicted in maps 

prepared in GIS environment. Satellite data are used to study land use land cover pattern over a 

temporal resolution. Figure 5 indicates how natural resources are depicted in the form of 

thematic maps.  

7.2. Land use and cover change studies (LCCS)  

The land cover change were identified and mapped for deriving baseline data for constructing the 

sustainability indicators (Fig  6).  

8.0. Development of Jal-DSS for monitoring and evaluation of watershed projects  

During the 3
rd

 term of ICAR-National Fellow scheme awarded to me (2005-2016), we automated 

the methodology developed for spatial evaluation of watershed projects into a DSS for 

monitoring and evaluation of watershed projects. This is a first of its kind in India. The 

highlights of the DSS are that it has been developed using Open-Source GIS tools and R 

Statistics which essentially means that it can be used by anyone without access to proprietary 

GIS software.  The DSS has been named Jal-DSS, meaning WATER Kaushalya et al., 2016 (c). 

It uses multidisciplinary indicators to evaluate watershed projects while indicating the weak-

links in a watershed project that could be corrected during implementation phase by the project 

implementing agencies. The DSS could be used by students and researchers to understand the 

working of watershed projects, by watershed project implementing agencies to monitor the 
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performance of the project and take corrective measures when required and by funding agencies 

to assess the efficacy of watershed projects. Jal-DSS has been coded in Java and all necessary 

software have been bundled and a copy has been placed at CRIDA website 

<www.crida.in/Jal.DSS.zip/ for dissemination.  
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9.0. Conclusion 

In order to evaluate sustainability of WDP, it is essential to undertake a multidisciplinary 

approach using the tools indicated in this document. Soil fertility status was evaluated in 

conjunction with socio-economic conditions prevalent in the selected watersheds. Application of 

GIS & Remote Sensing was found to be useful to geo-reference sustainability indicators and in 

construction of baseline information for pre- watershed development period so as to facilitate a 

comparison of progress made. Study of ten micro-watersheds in the five villages in AESR 7.2 

undertaken during 2005-2015 indicated that watershed development program has positively 

impacted rainfed agriculture although marginally. It was seen that most villages are 

predominantly peopled by marginal and small farmers and any rural development programs 

including WDP must be fine–tuned for them, if agricultural sustainability has to be achieved.  

Automation of technology like Jal-DSS could help in implementing interventions in a short 

period of time which was not possible earlier. GIS and Remote Sensing tools and techniques 

facilitate robust and objective evaluation of impact of NRM interventions like watershed 

projects.  

 

 

 

 

 

 

 

 

 

 

 

                            Fig 6. Land utilization pattern in Chintapatla village in pre-and post monsoon periods    

                                      prior to, and after implementation of WDP in the village. 
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Sustainability Indicators for Impact Assessment of Integrated Farming 

Systems 

 

V Maruthi 

Principal Scientist (Agronomy), Division of Crop Science,  

ICAR - Central Research Institute for Dryland Agriculture, Hyderabad - 500059 

 

Measuring and monitoring agricultural sustainability is a dynamic concept and measuring 

sustainability at the farm level can be most precise, policies at the higher levels (such as national) 

increasingly are affecting at the lower levels (such as farm). It is necessary to understand the 

interaction between all levels of components. The level of analysis chosen can be a significant 

influence on the diagnosis of sustainability. At the field level, particular soil management, 

grazing and cropping practices will be the most important determinants of sustainability. At the 

farm level, sustainable resource use practices need to support a sustainable farm business and 

family household. At the national level, there may be broader pressures on the use of agricultural 

land from non-farming sectors, and at the global level, climatic stability, international terms of 

trade and distribution of resources also become important determinants. Component 

combinations in an Integrated Farming System are specific to each farmer and vary with the 

management factors, his/her attitude towards others, access to resources and market etc. Based 

on the experiences, farmers diversify.   

Criteria under ecological, economic and social aspects of agricultural sustainability were 

identified. Ecological criteria comprise the use of nutrients and organic materials, water, energy, 

and environmental effects, while economic criteria include farmers’ livelihood systems, 

competition, factor productivity, and relative value of external inputs. Food security, building 

indigenous knowledge, and contribution to employment generation are social criteria. Indicators 

allow for comparisons between farms’ performance in the economic, social and environmental 

aspects of their production. Indicators also inform policy makers about the current state and 

trends in farm performance or sector performance. Sustainability performance measures can be 

used as input for policy tools and stimulate better integration of decision-making.  

The ‘sustainable efficiency’ indicator can be used to compare and rank farms. Besides, in view 

of the fact that biophysical and socioeconomic conditions of countries are different to each other, 

those indicators, which are developed and used in one country, may not applicable to other 
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countries. Improved farm-level social and economic sustainability indicators are:   

• Enhances farmers’ quality of life  

• Increases farmers’ self-reliance  

• Sustains the viability/profitability of the farm  

• Improves equity, ‘socially supportive’   

• Increased yields and reduced losses while i. Minimizing off-farm inputs ii. Minimizing 

inputs from non-renewable sources iii. Maximizing use of (knowledge of) natural 

biological processes iv. Promoting local biodiversity/‘environmental quality’  

Growing various complementary components together may not make the farm    sustainable as 

is observed in case of farmers reaping bumper harvests, yet they suffer because of the market 

price instability. Same may not be the case every year. Hence the ‘sustainability’  varies from 

region to region, location to location, in consonance with the changing times and  from farmer to 

farmer.  

 Value addition: Dale Carnegie in his book “How to stop worrying and start living“  wrote ‘If 

 fate hands over lemons, make lemonade’ this was true in case of a farmer who soon after he 

 bought a piece of land realized that his land is filled with bushes and rattlesnakes. He left the 

 land in disappointment. However, one day he realized that the snake venom used in medicines 

 seems to be very expensive, rattlesnake skin is a prime input for handbags etc besides that there 

 is lot of demand for its meat. Slowly he ventured in to extracting snake venom, by products with 

 the help of some people and became rich.   

 Market Stability: Farmers in general are influenced by many social factors and grow the same 

 crop as other farmers of the village grow.  Then whole of the crop harvest comes to the market at 

 the same time causing glut. However, defining ‘glut’ is difficult. As the local market cannot 

 support the produce lot, the farmers have to venture into state markets to avoid drop in the 

 market prices. But the poor market intelligence, economic burden obstructs the farmers from 

 enterprising but allows different layers of middlemen to snatch away the benefits, leaving the 

 farmers debt ridden. 
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 Measurement of Indicators 

Measuring some of the social and ecological indicators is difficult as they involve  advanced 

infrastructure while others i.e., social and economic indicators are very simple to calculate. 

Therefore it is important that if the technology replicates on its own,suggests that it has long term 

sustainability.   

 Conclusion  

 The sustainability indicators for assessing the impact of IFS can be pinpointed only for a short 

 term since they vary with the innumerable factors like region, religion, location, climate, country, 

 diet, sentiments, taboos, leadership etc. and the list of factors continue…… 
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Impact Assessment and Evaluation of Operational Research Project of 

AICRPDA 

 

G Ravindra Chary, KA Gopinath and B Narsimlu 

All India Coordinated Research Project for Dryland Agriculture 

ICAR - Central Research Institute for Dryland Agriculture, Hyderabad - 500059 

 

Introduction  

Rainfed agriculture in India is practiced in diverse agro ecologies (arid, semiarid, sub-humid, 

humid and per humid climates; diverse soil types, rainfall situations and production systems) 

covering about 56% of the net cultivated area, contributing 40% country's food basket with an 

area of 87% under coarse grain cereals and pulses, 80% of horticulture, 77% of oilseeds, 60% of 

cotton, and 50% of fine cereals including rice, wheat, maize, sorghum etc. Further, rainfed 

regions also support 60% of livestock and 40% of human population. Due to yield plateuing in 

irrigated agriculture, the higher agricultural production and productivity leading to second green 

revolution is expected in rainfed areas to ensure nutritional security and agricultural 

sustainability. Appropriate technologies including crop diversification; developing crop 

genotypes with high and stable yields coupled with abiotic and biotic stress tolerance; location 

specific soil and water conservation measures, alternate land use systems and integrated farming 

systems have to be evolved and promoted through a participatory approach. Increasing resource 

use efficiency for enhancing system productivity is pivotal for maintaining the productivity 

levels in rainfed agriculture. 

All India Coordinated Research Project for Dryland Agriculture (AICRPDA)  

The Green Revolution in mid-sixties, though a boon to Indian agriculture, ushered in era of wide 

disparity between productivity of irrigated and rainfed agriculture. Alarmed by such a situation, 

during Fourth Plan (1969-74), the emphasis was to focus attention on hither to neglected farmers 

of the dryland regions to participate meaningfully in the agricultural development process. This 

socio-economic imbalance led to a serious rethinking and a comprehensive network research 

program was initiated to stabilize the performance of the then introduced hybrids of coarse 

cereals in rainfed region and to moderate the periodic drought related adverse impact on total 

agricultural productivity. Further, droughts of mid-sixties catalyzed the Govt. to invest on 
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dryland research significantly. In1970 the ICAR launched All India Coordinated Research 

Project for Dryland Agriculture (AICRPDA) at Hyderabad, in collaboration with the Canadian 

International Development Agency (CIDA) with 23 centres and Co-coordinating Cell at 

Hyderabad. At present, AICRPDA has 19 main centers, 3 sub-centres, 5 voluntary centres and 8 

ORP centres located in 17 states and spread in diverse rainfed agro-ecologies. AICRPDA is the 

only project with the mandate to test the technology in farmers’ field. At each center, location-

specific research based on natural resource management and socioeconomic status was the 

hallmark of the programme.  

Operational Research Project (ORP)  

In AICRPDA, the significant milestone was introduction of the concept of Operational Research 

Project (ORP) in 1976fortechnologyassessment,refinementandtransfer.To address this, 8 ORP 

centres were initiated at 8 main centres viz. Ranchi, Bangalore and Hoshiarpur in 1976, 

Anantapur, Hisarand Arjia in 1984, Solapur in 1985 and Indore in 1986.Subsequently, the main 

and ORP centres at Ranchi and Hoshiarpur were shifted to Chianki and Ballowal Saunkhri. 

The concept of Operational Research Project (ORP) was a trusted feedback to the research 

system on adoptability of dryland technologiesby farmers as a wingto selected centres with a 

CIDAfinancial support. ORP was recommended as an integral part of the existing dryland 

research center. The centre for ensuring continued research support and feedback to the Dryland 

centre administers it. Hence, the staff provided to ORPwas minimal. There has been no attempt 

to provide staff with specialization in any particular discipline, as farmers expected to carry'}' out 

our recommendations without relying on "expert". Afeedback from Travelling Seminar 

Participants (AICRPDA, 1984) revealed that emphasis should be on the need for treating the 

technology transfer objective of the Dryland Project as an integral part of the research program. 

In fact, the entire dryland project is based on the assumption that research will be transferable to 

dryland farmers. ORP with its feedback strategy can have a strong influence on maintaining a 

relevant research program. The research and transfer program then must be integrally linked. The 

transfer programs must be rigorous in their observations, analysis and reporting because, if they 

lack required rigor, the scientific validity of the total program will suffer. Thus, "Research in 

Operational Research". The specific objectives of ORPs are to test, adopt and demonstrate the 

new agricultural technologies on farmers' fields in a whole village or in a cluster of few 
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contiguous villages/ watershed areas: to determine the profitability of the new technologies and 

their pace or spread among the farmers; to identify the constraints both technological and socio-

economic which are barriers to rapid change; and to demonstrate group action as a method of 

popularizing modem technologies at a faster rate (Prasad and Byra Reddy,1991). Successive 

Quinquennial Review Teams (QRT Reports 1990, 1996 and 2001) appreciated the role of ORPs 

in rapid transfer of technologies by improving the research output through appropriate feedback. 

The approach of ORPs to local problems is by and large in a demonstration mode with emphasis 

on improving crop productivity, thus focus is commodity oriented while their need of the hour is 

Farming Systems oriented. Similarly the processes adopted by ORPs have yet to tap the fullest 

potential of participative methods of research and extension. To this extent the approaches have 

been more or less top-down. The QRTs have recommended the ORPs to work on diversification 

of rainfed agriculture besides conducting participatory on-farm research on a watershed basis. 

The review teams have also emphasized on trials of soil and water conservation and ground 

water recharge in ORP villages. The literature pertaining to ORPs in dryland areas is by and 

large confined to impact studies (AICRPDA Annual Reports, 2003). The missing link is the 

information on the role of ORPs in the changing scenario particularly in projects like Technology 

Assessment and Refinement through Institute - Village Linkage Programme (NATP- ICAR, 

1999-2005) that has a mandate to assess and refine the technologies. 

The emerging issues/needs vis-a vis role of ORPs Rainfed regions are characterized by diverse 

agro-climates (arid, semiarid, sub-humid and per humid) and production systems, drought prone, 

fragile soil-landscape continuum with poor soil and land quality, scarcity of water (surface, sub-

surface and ground water) and resource poor socio-economic settings. The growth rate in rainfed 

regions was high before 1990s while it witnessed negative or zero rates during 1995 to 2005. 

There is a general consensus that since opportunities for further agricultural growth in irrigated 

regions is less, the only option left is to produce more from rainfed regions in order to realize 3 

to 4 per cent growth rate per annum from agriculture sector as envisaged in XIPlan (Vision 2025- 

CRIDA, 2007). This demands more focus on enhanced utilization of natural, material, human 

and financial resources in rainfed agriculture. To achieve this, the approach should be a paradigm 

shift from "Input and Policy centric" during green revolution to the present “Resource 

Management and Policy Centric". The research under AICRPDA network centers has been 
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focusing to address the location specific problems considering agro-ecological characteristics, 

predominant rainfed production systems and socio-economic settings with specific emphasis was 

on soil conservation and rain water management, evaluation of crops/varieties, cropping/farming 

systems and contingency planning, integrated nutrient management, tillage and farm machinery 

and alternate land use systems. In the last few years, more focus was given on cropping/farming 

systems, tillage and integrated nutrient management, alternate land use systems for 

diversification and efficient implements on a template of resource management particularly rain 

water management.Addressing natural resource management issues vis a vis the twin problems 

of climate change and land degradation in rainfed agriculture is need of the hour. Emerging 

modern tools like remote sensing, GIS and Information Communication Technologies (ICTs) 

and appropriate changes in policies governing pricing and export of agricultural commodities 

need to be pursued rigorously. Such initiatives call for taking a close look at the situation and 

making required structural adjustments so as to evolve processes to enhance the effectiveness of 

ORP as an institution. This requires an understanding of the prevailing perceptions of ORP by 

different stakeholders. Creation of awareness among them about the need for a change and 

development of their capacity for change management. In other words, it is necessary to make 

sure the relevance of ORPs in these areas and to prepare them to take on the challenges in the 

changed local and global scenario. This necessitated studying on the content and approach of the 

ORPs so that the livelihood issues are addressed in a holistic manner while dealing with natural 

resource management options in rainfed agro ecosystem. Adopting a more participative research 

and extension agenda will help address and integrate livelihood issues with natural resource 

management in this fragile agro ecosystem. 

Action Research 

Action research is a group of research methodologies that pursue action (or change) and research 

(or understanding) at the same time. In most of its forms it does this by using a cyclic or spiral 

process and alternates between action and critical reflection and in the later cycles it 

continuously refines the methods of data collection and interpretation in the light of the 

understanding the developed one in the earlier cycles. It is thus an emergent process, as it 

increases the understanding and an iterative process, as it converges towards better 

understanding of what happens. In most of its forms it is participative and qualitative. In view of 
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this, a study was undertaken the ICAR-AP cess project on Capacity building of ORPs-An Action 

Research was initiated with the major objectives to build the capacity of ORP for meeting the 

changing needs of integrating NRM research and livelihood issues and to institutionalize a 

process to enhance the effectiveness of ORP. The outcome of the study is briefly presented 

below. 

The Study Process 

The study process describes the method adopted in the process of capacity building. This is a 

carefully planned participatory study to realize the set objectives. The entire process is divided 

into four phases viz. Sensitization phase, consultation and modification phase, capacity building 

phase, action research phase and evaluation phase. 

a. Sensitization Phase  

A format was designed to elicit response from ORP scientists on the need to add value in terms 

of content and capacity to the ORPs. Once the feedback was obtained through structured 

questionnaire, sensitization workshop was organized for ORP scientists. Issues related to 

technical, financial, infrastructure, institutional, HRD and policy were discussed during the 

workshop. 

b. Consultation and Modification Phase  

Following the sensitization phase, a Technical Workshop was organized to discuss with ORP 

technical programme with the scientists from main center, ORP and CRIDA. An Expert 

facilitated this workshop focusing on amendments to the present ORP programmes keeping in 

view challenges faced by rainfed agriculture. The outcomes of the workshop are presented in 

relation to the objectives set out for the workshop: Link between the AICRPDA center and the 

ORP, Enhancing the effectiveness of ORP, Integration of NRM and livelihood issues rainfed 

agro ecosystem, and feedback. 

c. Capacity Building Phase 

In this phase, it was proposed to put the selected ORP scientists on a continuous learning and 

capacity building module. There were periodical interactions and workshops for required 

attitudinal and behavioral changes besides the skills required to arrive at participative research 

and extension plan. In order to evolve new paradigm of policy research beyond technical 

research, analysis of technology adoption, diffusion scenario, up scaling of successful 
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technologies etc. were needed. To fulfill these envisaged activities, the following information 

was sought from the ORP scientists. 

First to understand the technology adoption and diffusion process in ORPs, it was felt necessary 

to obtain information on various technologies that are adopted both by ORP farmers and other 

farmers (Category -I); technologies that are adopted by ORP farmers and not by other farmers 

(Category -II) and technologies that are not adopted by either ORP farmers or by other farmers 

(Category-III). Category I Technologies for Participatory Extension Plan and for Category II 

and III technologies for Participatory Research Plan and Institutional analysis. In continuation to 

the Sensitization Phase and Consultation and Modification Phase during the firstyear, it was felt 

that the effectiveness of ORPs depends on several factors to facilitate technology adoption 

amongst the farmers. It was also determined by considering whether such technologies diffused 

beyond target farmers i.e., other farmers in the ORP villages or farmers in the surrounding non-

ORP villages. For explicit information on this, the details on technology adoption and diffusion 

under three categories from the 8 ORPs were given. In this phase, as suggested by their viewers 

views, one ORP i.e., Hanjagi, Solapur was selected for action research. 

The scientists from the ORPs were continuously under interaction with the project team for the 

following purposes. 

a. Modification of the technical content of the ongoing programme 

b. Emphasizing both exogenous and endogenous knowledge bases 

c. Extension management or local extension management by locally existing Community 

based organizations (CBOs/Self Help Groups (SHGs)/Village Organizations 

(VOs)/Panchayat Raj Institutions (PRls). 

d. Evolving and building the Support Systems through participatory research plan to fill the 

gap in technology adoption. For this, much of the external assistance will be through 

financial arrangements like revolving funds etc. 

e. Enhancing the level of diversification at family level 

 The characteristics of agricultural technologies and techniques to be diffused affect 

adoption (Napier, 1990; Pearce et al., 1990; Thomas et al., 1990). Similarly, socio-economic 

characteristics (ICAR, 1988) (Grewal and Joshi, 1991), cultural definitions (Rogers, 1983), 

institutional constraints (Napier, 1991) and lack of appropriate training strategies (Chowdhary, 
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1991; Kidd, 1991) are the other factors that affect upscaling of technology. In order to evolve 

new paradigm of policy research beyond technical research, analysis of technology adoption, 

diffusion scenario, upscaling of successful technologies etc., were needed (Ravindra Chary et al., 

2006). To fulfil these envisaged activities, the following information was sought from the ORP 

scientists. 

• For Participatory Extension Plan: Relevant in case of Category-I technologies 

(Technologies that are adopted by ORP farmers and diffused to other farmers): This requires 

analysis of the technologies including those from other sources for upscaling. Information was 

sought on: successful technologies in ORP that are originated form AICRPDA Main Centre 

and from other source (non-AICRPDA source), successful technologies and the technologies 

that include one each from AICRPDA and non-AICRPDA sources with particular emphasis 

on natural resource management (NRM). 

• For Participatory Research Plan: Relevant in case of Category-II (Technologies that are 

adopted by ORP farmers but not diffused to others farmers) and Category- III (Technologies 

that are not adopted either by ORP farmers or by others); Scientists from AICRPDA Main 

Centre analysed the reasons for non-adoption by personal interview or group discussion for a 

particular technology with the farmers in the ORP village and obtained details. For this, 

information was sought for all the technologies tried in ORP. Besides this, analysis of existing 

village based institution analysis was also done to gain an understanding about the roles they 

could play in technology diffusion. 

The details of response on the technologies for a participatory research and extension plan 

from 8 ORP centes was summary of the feedback were obtained in the following format. 

Participatory Extension Plan 

Category I-Technologies adopted by ORP farmers and not diffused to others 

ORP 

centre 

IMC RWM Varieties +Practices  CS FM INM WM ALU Total 

           

           

Total           

IMC: In situ moisture conservation; RWM-Rainwater management; practices-time of sowing; 

CS- Cropping systems; FM- Farm machinery; INM-Integrated nutrient management; WM - 

Weed management; ALU- Alternate Land Use Systems 
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Participatory Research Plan 

Category II-Technologies adopted by ORP farmers and not diffused to others 

ORP 

centre 

IMC RWM +Practices  CS FM INM WM ALU Total 

          

Total          

 

Category III - Technologies not adopted by ORPfarmers or by others 

ORP 

centre 

IMC RWM Varieties  +Practices CS FM INM ALU FS Total 

           

Total           

 

Analysis of Technologies: The Analysis of the various categories of technologies under 

different themes for support systems is presented below. 

• Category I technologies generally need little or no support for adoption by ORP and other 

farmers. They are essentially those that are ready for large scale up scaling. However, the 

process of up scaling them may offer important learnings relevant to institutions and policies 

that may be of value for dealing with category II and III technologies. Examining the kind of 

support required for encouraging large scale up scaling of Category I technologies will help 

formulate research on support systems. 

• The reasons for non adoption of technologies in Category II & III were analyzed with respect 

to the support system in terms of research, institutions and policies. A production system-

wise classification of such technologies is presented in the following matrices. 
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Category- II Technologies 

Theme Support system 

Institutional Policy Research Others 

Refinement New Initiative 

IMC Groundnut based 

Rice based 

Rabi sorghum 

based 

Maize based 

Pearl millet 

based 

Fingermillet 

based 

Soybean based 

Pearl millet based 

Rice based 

 

Groundnut based 

Rice based 

Rabi sorghum 

based 

Pearlmillet 

based 

--- --- 

RWM Groundnut based 

Rice based 

Rabi sorghum 

based 

Soybean based 

Rice based 

Rabi sorghum 

based 

Groundnut based 

--- --- --- 

Varieties Soybean based 

Rice based 

Rabi sorghum 

based 

Groundnut based 

Fingermillet 

based 

Soybean based 

Rabi sorghum 

based 

Groundnut based 

Maize based 

Pearlmillet based 

Pearlmillet 

based 

Maize based 

Pearlmillet 

based 

--- 

Other 

practices 

Rice based 

Rabi sorghum 

based 

Maize based Rabi sorghum 

based 

Maize based --- 

FM Groundnut based 

Rice based 

Rabi sorghum 

based 

Maize based Groundnut based 

Rice based 

Rabi sorghum 

based 

--- --- 
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Maize based 

Pearl millet 

based 

Fingermillet 

based 

Soybean based 

Pearlmillet 

based 

INM Soybean based Soybean based 

Groundnut basedRice 

based 

--- Rice based --- 

WM Rice based --- Rice based --- --- 

ALU Rice based 

Rabi sorghum 

based 

Maize based 

Soybean based 

Rice based 

Rabi sorghum 

based 

Maize based 

Soybean based 

--- Rice based 

Maize based 

--- 

FS --- Groundnut based --- --- Finger 

millet 

based 

CS Rabi sorghum 

based 

Maize based 

Fingermillet based 

Maize based 

Rabi sorghum 

based 

Maize based 

Rice based 

Rice based 

Rabi sorghum 

based 

Fingermillet 

based 

--- 

 

A careful look at matrix laid out for Category II technologies suggests that most technologies did 

not diffuse from ORP villages to other villages because of lack of institutional and policy 

support. 
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Category – III Technologies 

Theme Support system 

Institutional Policy Research Others 

Refinement New Initiative 

IMC Groundnut 

based 

Maize based 

Fingermillet 

based 

Soybean based 

Groundnut 

based 

Rabi sorghum 

based  

Maize based 

Fingermillet 

based 

 

Rice based 

Rabi sorghum 

based 

 

Rice based 

Rabi sorghum 

based 

Soybean based 

Rabi sorghum 

based  

Maize based 

 

RWM Groundnut 

based 

Maize based 

 

Groundnut 

based 

Rabi sorghum 

Based 

Pearlmillet 

based 

Groundnut 

based  

 

--- --- 

Other 

practices 

--- Maize based --- --- --- 

FM --- --- Maize based --- --- 

WM --- --- --- Maize based --- 

ALU Groundnut 

based 

Rice based 

Maize based 

Pearlmillet 

based 

Groundnut 

based 

Groundnut 

based 

Rabi sorghum 

based 

Rabi sorghum 

based 

Maize based 

Pearlmillet 

based 

Rice based 

Pearlmillet 

based 

CS Rabi sorghum 

based 

 

--- Rice based Rabi sorghum 

based 

Rice based 

--- 
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• Category III technologies are perfect cases requiring refinement in order to be adopted by 

farmers. Generally these need a re-look by the scientists keeping in view of the farmer 

preferences and constraints. Hence, ORP needs to bring them to the notice of the scientists 

working in AICRPDA main center. This can be achieved by facilitating face to face between 

Main centre scientists and farmers. This will help providing direct feed back to research 

system. 

• Category III technologies (see the matrix), also desire a greater policy and institutional 

commitment, particularly certain NRM technologies that involve investment in creation of 

physical assets for utilization of rain water (water harvesting, recycling, farm ponds) etc in 

order for them to diffuse on a large/community scale. Equally, efforts are needed in research 

initiatives and refinements to the existing technologies in view of addressing changing 

scenario of rainfed agriculture in the respective domains. The process of refinement and 

diffusion can be hastened for Category II and III technologies by adopting participatory 

technology development process. The support required in terms of credit/input availability, 

knowledge/information would also help faster diffusion. 

• It can be summarily inferred that the reasons for non-adoption of NRM technologies are 

more to do with lack of proper institutional and policy support and hence the solution for 

such problems does not lie in mere research. It also indicates that technology transfer in 

rainfed agro-ecosystem is not merely communicating the research outputs to farmers, but a 

function of creating favourable policy and institutional environment in order to facilitate 

higher adoption and wider diffusion. For instance, rainfed agriculture suffers from shortage 

of labour. Since many of the NRM technologies like community based SWC measures are 

labour and energy intensive, institutions such as custom hiring centres and policies like 

linking rural employment guarantee programmes with watershed development activities 

would help faster uptake of technologies. Most NRM technologies also need community 

approach for deriving tangible benefits. Therefore, there is need for arriving at community 

level consensus for adoption of such technologies. Women self-help groups (SHGs), Rytu 

Mitra Groups (RMGs like in Andhra Pradesh) could play vital role in adoption. 
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d. Action Research Phase 

Once the capacity building programme began, the action research phase also started 

simultaneously. During this phase, participatory research and extension plans were grounded in 

the fields in ORPs. 

e. Evaluation Phase : The project was continuously monitored during its period. However, to 

know the impact of the interventions made during the project a specially designed questionnaire 

was circulated to all the ORP centers and feedback was obtained. All the centers agreed that the 

interventions helped to improve the linkage between the AICRPDA main center and ORPs. 

Several measures were undertaken by ORP and main centers to bring about convergence with 

line departments, community based organizations. This helped to improve the visibility of the 

work going on in ORPs and AICRPDA main centers. The ORPs began to increasingly adopt 

participative measures in planning process. This also helped in better implementation of the plan. 

More and more capacity building programmes and stakeholder engagement initiatives were 

taken up across the ORP centers. ORP centers addressed the necessity of diversity better by 

integrating livestock and horticulture with cropping. Another major contribution of the project 

was that the ORPs began to adopt a host of participative tools such as focused group discussions, 

exposure visits, field days and farmers' fairs. 

Impact of Different Interventions  

The impact of different interventions on crop productivity and economic returns in different 

villages adopted by ORP centres, for example in the villages adopted by Arjia and Bengaluru, 

centres is presented in Tables 1, 2 & 3. 

Table 1. Impact of ORP programme in adopted village of Arjia 

Intervention Area covered (ha)/ 

(No. of farmers) 

Adopters Non adopters 

Net returns 

(Rs/ha) 

B:C 

ratio 

Net returns 

(Rs/ha) 

B:C 

ratio 

In situ moisture conservation 5.60/14 28650  3.16  16968  2.58  

Rainwater harvesting and efficient 

utilization with or without MIS  

41.0 /82  41718  2.91  14140  2.19  

Soil and water conservation/watershed 

programmes  

12.5/50  17750  2.08 4600  1.21  

Integrated farming system – Crop- 

livestock (cow/ buffaloes)  

48. 5 ha, 42  22045  2.58  12701  1.84  
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At Bengaluru, the overall adoption of different interventions ranged from 4-42% with increase in 

productivity ranging from 680144%. The B: C ratio with adoption of improved crop varieties 

was 3.0 and 3.5 with INM practices. The gross cropped area in the adopted villages increased by 

21% (542.89 ha) compared to baseline year. Similarly, the cropping intensity increased 

from125% to 150% in the ORP villages (Table 2 & 3). 

Table 2. Impact of ORP programme in adopted village of Bengaluru  

Agro-climatic Zone  RWM CS INM EV 

Zone – 5 Eastern dry zone 

(ORP area)  

A  P1  P2  A  
P

1  
P2  A  P1  P2  A  P1  P2  

42  113  3.13  19  
6

8  
3.11  4  101  3.5  27  144  3.0  

A= adoption; P1= increase in productivity; P2= profitability; A and P1 in % and P2 is B:C ratio  

 

Table 3. Impact of ORP programme in adopted village of Bengaluru Impact of Action Research 

 

 

 

 

 

 

 

The action research processes could really able to converge programmes/schemes for 

implementing NRM programmes (at Arjia through DRDA, MGNREGA etc.), rainwater 

harvesting and reuse through farm pond technology (at Indore linking with state govt. 

programmes); participatory technology development linking with KVK and ATMA (at Arjia 

through Farmers' Field Schools), linking with CRIDA through MoRD, GOI, sponsored Farmers 

Participatory Action Research Programme (at Arjia, Ananatapur, Solapur and Bangalore). The 

tangible benefits were also observed at ORP, Ballowal-Saunkhri, ORP, Ranchi, ORP, Bangalore, 

where developing linkages with line departments/strengthened the ORP activities with other 

institutions (Ravindra Chary et al., 2009). This was much needed in the sense that, the technical 

personnel and financial resources are meager with ORPs to address the larger and emerging 

issues in rainfed agriculture even at a particular ORP's recommendation domain, to implement 

Category Total holding size (ha) Gross cropped area (ha) Cropping intensity (%) 

(Baseline) (After ORP) (Baseline) (After ORP) (Baseline) (After ORP) 

Marginal  122.24 122.24 153.00 183.24 125 150 

Small  180.25 180.25 225.31 270.25 125 150 

Medium  56.40 59.40 70.50 89.40 125 150 

Large  - - - - - - 

Overall 362.09 366.09 448.81 542.89 125 150 
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participatory technology extension and development plans. For example natural resource 

management technologies like rainwater harvesting and reuse, are capital intensive, only can be 

upscaled by linking with ongoing programmes like watershed development, MGNREGA etc., 

and further need soft loans to the farmers to adopt efficient water use methods through micro 

irrigation etc. which need diesel pump, sprinkler/drip systems. For large upscaling of improved 

varieties, improved agrotechniques, dryland horticulture etc., converging with national 

programmes like National Mission on Sustainable Agriculture (NMSA), National Food Security 

Mission (NFSM), Rashtriya Krishi Vikas Yojana (RKVY), National Horticulture Mission 

(NHM), PMKSY (Pradhan Mantri Krishi Vikas Yojana) etc. and state programmes like Krishi 

Bhagya of Karnataka etc. would be complementary and very effective in achieving the mandate 

of ORPs. Further, promoting seed village programmes, capacity building of farmers linking with 

ongoing programmes of KVKs, ATMA, SAMETI, and NGOs etc would largely benefit both the 

farming communities and ORPs to enhance participatory extension plans. 

The process of capacity building under the action research /learning cycle the project has also 

largely adopted the action learning process (Fig 1). Thus, this process is now ingrained in the 

minds of the stakeholders. This will go a long way in sustaining the spirit of action research 

beyond the conclusion of this project. 

 

  Fig 1. The action research/learning cycle 

Conclusion 

The action research in rainfed agriculture areas needs redefining the approach with prioritized 

programme planning, effective implementation, monitoring and evaluation. For wider upscaling 

and scaling out of the rainfed technologies, the action research programmes should blinked with 

the ongoing local schemes/programmes of state/central governments. A convergence approach 

with the research, education and extension programmes of the local institutions/ 
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agencies/organizations/communities engaged in rainfed agriculture developmentis essential. 

Further,  policy research on support systems is needed  to find out which kind of community 

organizations are ideal for upscaling Category-I and II technologies; ii) for which type of 

financial incentive is required for adoption and retention of Category I and II technologies, 

whether revolving funds, bank loans or contributory approach; iii) whether the technologies that 

are not being adopted for want of labour would be adopted if and only labour was made available 

and iv) to think about such technologies, that emerge out of informal research and document the 

outcome of such research, for validation and upscaling. 
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Introduction 

The rainfed regions of India are characterized by aberrant behaviour of monsoon rainfall, eroded 

and degraded soils with multiple nutrient and water deficiencies, declining ground water table 

and poor resource base of the farmers as major constraints for low and unstable yields in rainfed 

areas. In addition to these, climate variability including extreme weather events resulting from 

global climate change poses serious threat to rainfed agriculture. In global perspective, the rain-

fed agriculture is continued to play an important role for food security and sustainable 

agricultural development (Wani et al., 2009, Rockstrom et al., 2007). Rainfed or dryland 

agriculture is prominent in India, accounting for about 56% of the total cropped area and 

contributes 87.5% coarse cereals, 87.5% pulses, 77% oilseeds and 65.7% cotton of the country’s 

total production (Shalendra Kumar et al., 2015). The rainfed lands are also the areas that are 

prone to the ill-effects of climate change and experience hardships like drought and frequent crop 

failures. Further, the Indian climate, which is predominantly tropical and subtropical with 

monsoonal high intensity rains encourages degradation of the land mass. In rainfed regions, due 

to the temporal and spatial variability and due to skewed distribution of rainfall, crops invariably 

suffer from moisture stress at one or the other stages of crop growth (Srinivasarao et al ., 2015) . 

Water conservation is the panacea for the constraints of rainfed farming. The successful 

production of rainfed crops largely depends on how efficiently soil moisture is conserved in-

situor the surplus runoff is harvested, stored and recycled for supplemental irrigation and these 

are inevitable options to sustain rainfed agriculture in climate change scenario. 

In climate change scenario more number of extreme rainfall events, monsoonal breaks, shift in 

onset and withdrawal of monsoon etc. may likely to occur. There is need to trap the runoff 

generated from extreme rainfall events. The harvesting of excess rainfall (runoff) and recycling 

is an important adaptation strategy to mitigate the counter balance of climate change 

impact. This note presents various field evidences from on farm experiments and demonstrations 

on soil and water conservation measures. 
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Soil and Water Conservation Techniques 

Insitu  soil and water conservation techniques improve the soil physical properties, increases the 

infiltration and converts rainwater to available soil moisture to crops. The in-situ water 

harvesting techniques can be implemented on any piece of land and is affordable to most 

smallholder farmers in developing countries (Wani et al., 2003; Sreedevi et al., 2004). In situ 

moisture conservation measures can be easily adopted by the small farm holders due to lesser 

cost (Srinivasarao et al., 2015). The details of few insitu moisture conservation techniques are 

mentioned in the Table 1. The exsitu moisture conservation techniques are farmponds, jalkhunds, 

percolation ponds, checkdams groundwater recharge structures etc. The experiments on insitu 

and exsitu moisture conservation techniques were conducted at various parts of the country has 

proved the significant impact on natural resource conservation and crop yield. 

 

Table 1. Insitu soil and water conservation techniques for rainfed regions 

 
S No Greenwater use technique Description 

1 Conservation furrow A conservation furrow at 45 days after sowing can be  opened with 

bullock drawn implements in between twopigeonpea rows in finger 
millet/groundnut + pigeonpea (8:2) intercropping systems. 

2 Broad bed and furrow Broad bed and furrow system involves preparation of broad bed of 

90-120 cm, furrow of 45 cm and sowing of crop at row spacing of 30 

cm. 

3 Ridge and furrow planting Ridges and furrows are made with bullock drawn plough across the 

slope in June at the onset of monsoon. The width of furrow is 45 cm 

and height is 20 cm. 

3 Furrow irrigated raised bed Furrow and raised beds were made 1:4 ratio. Each raised bed 3 rows 

of soybean in kharif and 3 rows of wheat was sown in rabi season.  

5 Set furrow Open the furrows at a spacing of 135 cm in the crop fields by the 

tractor drawn plough and incorporate the crop residues of previous 

crop and glyricidia cuttings(5 t/ha) and close the furrow by wooden 

plough and sow the seeds in the furrow opened by the wooden 

plough. 

6 Ridge planting Pearl millet or maize is sown on ridges with the help of ridger seeder. 

The ridges are formed at spacing of 60 cm at bottom and 15cm at the 

top. 

7 Contour bunding bunds of 0.6 m2 constructed across the slopes with the spacing of 40-

60 m. 

8 compartmental bunding bunds of 0.6 m2 constructed around the plot with the plot size of 100-

400 m2 

9 Land levelling Fill the depressions, and reduce the slope and convert it uni 

directional slop of less than 2%. 

10 Sub soiling During summer deep tillage with chisel plough breaks the hard pan 

and helps in infliltration of the rainwater into the lower layer of soil 

from where it is not easily lost by evaporation 
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 Bio Physical Indices for Impact Assessment of Soil and Water Conservation technologies 

The biophysical indices are hydrological indices, water availability indices, soil erosion and 

sedimentation indices and land improvement indices 

Hydrological Indices 

• Ratio of runoff volume before and after 

• Ratio of peak runoff rate before and after 

• Changes in duration of flow in the stream (i.e. enhanced perenniality of flow) 

Water Availability Indices 

• Changes in surface water storage e.g. pond, tanks capacities etc. 

• Changes in groundwater table (as observed from open wells). 

• Increase in water yield/recoupment. 

• Change inperenniality (duration of water availability over the year) 

Soil Erosion and Sedimentation Indices 

• Changes in soil loss. 

• Changes in sediment yield of ponds/tanks 

• Silt deposition in channel bed behind structures in   ponds/tanks 

Land Improvement Index (LLI) 

Land Improvement Index (LII)  

Land use and Productivity Indices (Biological indices) 

 a.     Crop Yield Index (CYI) 

              Average yield in the watershed (q/ha) 

CYI =  ------------------------------------------- 

Average yield in the area (q/ha) 

  
b.     Crop Productivity Index (CPI) 

Where, 

n = total number of crops in watershed 

yi = average yield of i
th 

crop in watershed 

ϒi = average yield of i
th
 crop with standard package of practices 
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       c. Crop Diversification Index (CDI) 

           CDI  =  

Where, 

Pi = Proportion of area sown under ith crop in comparison to 

total cropped area 

n = Total number of crops in the watershed. 

Higher value of CDI is a measure of better diversification 

       d.     Cropping Intensity Index (CII) 

                         Gross cropped area of watershed 

CII   =  ---------------------------------------x 100 

Total watershed area 

 e.     Crop Fertilization Index 

Indicates extent of fertilizers (NPK) applied to the crop in comparison to  recommended   

level of nutrients in that crop. 

 f.     Cultivated Land Utilization Index (CLUI) 

 Cultivated land utilization index is defined as the number of days during which the crops 

occupied the land in a year divided by 365. It indicate that how land has been put to use 

for inter cropping and multiple cropping system. 

          Where, 

i = 1, 2,3…………..n 

n = Total number of crops 

ai = Area occupied by the i
th

 crop 

di = Days that that i
th

 crop occupied 

A = Total cultivated land area available during the 365 days period 

g. Biometric Measure of Trees 

    Important growth parameters of trees - Plant height, Girth, Biomass, Survival Percentage. 

 h.  Induced Watershed Eco Index (IWEI) 

        Induced Watershed Eco-Index is an index showing the additional area under vegetation   

         that included crops, pasture and grassland, horticultural and forestry plantation in the   

         watershed 
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    Additional area brought under perennials during project period 

       IWEI =  ---------------------------------------------------------------- 

Total watershed area 

      The watershed management programmes were evaluated with the above mentioned indices. 

     Table 2. Assessment of Soil and Water Conservation technologies in rainfed areas 

  Indices Data required Procedure 

1 Ground 

water 

recharge 

Recharge of well 

(Water table data in 

the wells ) 

     Impact of on Ground Water Recharge will be assessed 

from the collected data about rainfall , land use, cropping 

pattern, ground water recharge structures, water 

harvesting structures in the watershed from the 

implementing agencies/villages/secondary sources. 

2 Erosion 

Status 

Change in top soil 

layer and quality) 

     Survey of water harvesting structures / soil conservation 

measures will be done to know about deposited soil over 

years with respect to catchment/watershed area. Volume 

of soil deposited behind the structure will be divided by 

catchment area and year to know soil loss per ha per 

year. 

3 Vegetative 

coverage in 

watershed 

i. Crown/canopy 

coverage, 

ii. Grass yield 

iii. Fuel, fodder and 

other non-timber 

products 

iv. Status of its 

availability to the 

community 

     To be assessed from pre and post project Satellite 

imageries and ground truthing. It  will be extended to 

whole cluster depending on availability of 

data.  Working out grass yield, fuel and fodder 

availability from available data. 

4 Design and 

Estimate 

Adequacy of cost 

of treatment 

Durability and 

Sustainability 

     Information about design details of structures (SWC and 

WHS) constructed in watershed will be evaluated 

by   Hydrological evaluation of peak flow adequacy 

• Cost of structure/ cu-m of water 

• Structural design for its durability. 

• Assess maintenance schedule for 

sustainability. 

5 Area under 

crop 

Change in net sown 

area, Wasteland 

brought into 

cultivation, 

Cropping intensity 

data 

    Primary as well as secondary survey will be used to 

estimate the net area sown with different crops during 

pre-project and different years of project implementation 

and post project.  Change in area under crop cultivation 

during different years of the project implementation will 

also be worked out. Result will be extended for the 
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whole cluster using satellite and ground data depending 

on feasibility. 

6 Crop 

production 

Estimate in crop 

yield (Pre and post 

watershed 

data and also year-

wise data analysis 

within the 

watershed project 

period and beyond) 

   Yield data of different crops will be collected and 

analyzed for determination of pre-project and post 

project implementation scenario in respect of area 

production and productivity of different crops. 

     Depending upon the response trend in yield of the 

individual crops projection will be made beyond the 

project period. 
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Results Framework Document, Indicators for Assessment of Scientific 

Performance and Productivity of Institutes 

 

Mohammed Osman 

ICAR - Central Research Institute for Dryland Agriculture, Santoshnagar, Hyderabad – 500 059 

 

Introduction  

In the Joint Session of Parliament held on 4 June 2009, the then Honorable President of India 

Smt. Pratibha Devisingh Patil had outlined 13 important measures to be initiated by the 

Government of India in the next hundred days.
[1]

 ‘’Establishing Mechanism for performance 

monitoring and performance evaluation in Government on a regular basis ‘’ was one of the 

measures to be initiated by the Government. This was followed by the approval of an outline of a 

Performance Monitoring and Evaluation System (PMES) for Government Departments by the 

Prime Minister on September 11, 2009.
[2]

 

The PMES system was established with a view to assess the effectiveness of Government 

Departments in their mandated functions which involves the preparation of a Results Framework 

Document (RFD) by each Department every year,
[3][4][5]

 highlighting its objectives and priorities 

for the financial year against pre-specified targets at the end of each year. 

The Performance Management Division, Cabinet Secretariat was set up by the Government of 

India in January 2009.
[6]

  The Division was established with a view to assess the effectiveness of 

Government Departments in their mandated functions. Reporting to the Cabinet Secretary, Dr 

Prajapati Trivedi was made the first secretary,
[7]

 Performance Management
[8][9]

 with a mandate to 

roll out the PMES. In the year 2013 (fourth year of implementation) the system was extended to 

80 Departments/Ministries with around 800 responsibility centres (autonomous organizations / 

subordinate offices/ attached offices).
[10]

 

The basic goal of the RFD is to ensure that the organizations serve the purpose for which they 

were created. There is a need to fix realistic targets of success indicators which can easily be 

achieved and not dependent on external funding. The general recommendations for any 

organization are as follows: 
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• Select only core objectives (3-4) for which the institute/organization is mandated for.  

• Under each objective, the “Action Points” should be limited to 2-3. 

• Not more than 3-4 Success Indicators (being executed on long term basis) /Action Points 

should be included.  

• Action Points/Success Indicator should be under the control of the concerned institute 

and should not involve extraneous factors such as funding from a foreign agency, access 

of technology by a firm/manufacturer for licensing/MoU, etc., on which the 

institute/organization has no control. 

• The Section 6 of RFD documents should contain the broad outcomes and the expected 

impact the institute/organization will have at National/State/District level in the area it is 

mandated for.  

            The RFD contains six sections and a model of ICAR -CRIDA is given below: 

Section 1: Vision, Mission, Objectives and Functions 

Vision 

Sustainable agricultural production systems in rainfed regions ensuring enhanced income and 

livelihood security to farmers and landless. 

Mission 

Ensuring enhanced growth and sustainability of rainfed agriculture through the application of 

basic, applied and strategic research outputs combined with institutional and policy innovations. 

Objectives 

• Enhancing resilience of Indian agriculture to climate change and variability    

• Strengthening human resources and knowledge dissemination among stakeholders 

• Increasing resource use efficiency in rainfed agriculture with focus on rainwater 

management 

• Improving productivity and profitability in rainfed farming systems 
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Functions 

• To undertake basic and applied research  for sustainable rainfed farming systems  

• To provide leadership and co-ordinate network research with state agricultural 

universities for generating location-specific technologies for rainfed areas including 

climate resilient agriculture 

• To undertake capacity building  of all stakeholders in  rainfed agriculture 

• To act as a repository of information on rainfed agriculture and provide policy 

backstopping 
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Section 2. Inter se priorities among Key Objectives, Success Indicators and Targets 

Sl. 

N

o 

Objectives Weigh

t 

Actions Success Indicators Uni

t  

Weigh

t 

Target / Criteria Value 

Exce-

llent 

Very 

Good 

Goo

d 

Fai

r 

Poo

r 

100% 90% 80% 70

% 

60

% 

1 [1] Enhancing 

resilience of 

Indian 

agriculture to 

climate change 

and variability    

 

35 [1.1] 

Undertaking 

basic and 

strategic 

research in 

agriculture and 

allied sectors 

for  tolerance  

to biotic and 

abiotic stresses     

[1.1.1] Development/identification of varieties/ 

breeds for climate resilience in different locations  

No.   5 10 9 8 6 5 

[1.1.2] Number of adaptation and mitigation 

strategies identified/ developed/ evaluated 

No. 5 8 

 

7 6 5 4 

[1.2] Agro - 

climatic 

analysis       

[1.2.1]Preparation of state level agro climatic 

atlases  

Dat

e 

2 Februar

y 15, 

2017 

Februar

y 28, 

2017 

March 

5, 

2017 

Marc

h 15, 

2017 

Marc

h 31, 

2017 

[1.2.2] Agromet advisories issued   No. 6 48 

 

44 40 36 32 
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[1.2.3]Crop-weather-pest bulletin/models/ tools/ 

indices/ calendar /maps etc.  

No. 3 15 10 8 7 6 

[1.3]Technolog

y 

demonstrations 

to cope with 

current climatic 

variability   

[1.3.1]Technology demonstrations conducted 

/technologies evaluated   

No. 8 400 375 350 325 300 

[1.4]Human 

resource 

development    

[1.4.1]Awareness building for farmers through    

trainings and exposure visits 

No. 3 130 120 110 

 

100 90 

[1.4.2]Training programmes organized for 

personnel involved in technology generation and 

transfer 

No. 3 30 25 20 15 10 

2 [2]Strengtheni

ng human 

resources and 

knowledge 

dissemination 

among 

stakeholders 

18 [2.1]Organizing 

HRD 

programmes for 

different 

stakeholders   

[2.1.1]Training/Seminar/symposium/workshop/su

mmer and winter school organized  

No. 9 25 

 

23 21 19 17 

[2.2]On farm 

research   

[2.2.1]OFTs/FLDs conducted  No. 9 200 175 150 125 100 
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3 [3]Increasing 

resource use 

efficiency in 

rainfed 

agriculture 

with focus on 

rainwater 

management 

 

18 [3.1]In situ 

conservation 

and ex situ 

harvesting and 

recycling of 

rainwater  

[3.1.1]Practices evaluated/ developed  No. 6 6 

 

5 4 3 2 

[3.2]Maintenan

ce and 

improvement of 

soil quality 

[3.2.1]Technologies for improving soil health and 

enhancing nutrient use efficiency 

No. 6 7 

 

6 5 4 3 

[3.3]Developme

nt of cost 

effective and 

energy efficient 

farm 

implements/ 

tools 

[3.3.1]Prototypes developed/ improved/evaluated  No. 4 3 2 1 0 0 

[3.4] District 

Agricultural 

contingency 

plans 

[3.4.1]Updation/ Interaction meetings  No. 2 10 8 6 4 2 

4 [4]Improving 

productivity 

and 

11 [4.1]Developme

nt and 

evaluation of 

[4.1.1]Efficient crops and cropping systems 

identified/ developed  

No. 6 3 2 1 0 0 
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profitability in 

rainfed 

farming 

systems 

 

improved crops 

and cropping 

systems  

[4.2]Identificati

on of profitable 

rainfed farming/ 

alternate land 

use systems 

evaluated  

[4.2.1]Number of systems/ germplasm  

identified/developed/ evaluated    

No. 5 4 

 

3 2 1 0 
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Section 3. Trend Values of the Success Indicators 

Sl. 

No 

Objective Action(s) Success Indicator(s) Unit  Actual 

Value 

of 

FY 

14/15 

 

Actual 

Value 

for 

FY 

15/16 

 

Target 

Value of 

FY 

16/17 

Projected 

Value for 

FY 17/18 

Projected 

Value for 

FY 18/19 

1 [1]Enhancing 

resilience of 

Indian 

agriculture to 

climate change 

and variability    

[1.1]Undertaking 

basic and 

strategic research 

in agriculture and 

allied sectors for  

tolerance  to 

biotic and abiotic 

stresses     

[1.1.1]Development/ identification of varieties/ breeds 

for climate resilience in different  locations  

No. 10 10 9 9 9 

[1.1.2]Number of adaptation and mitigation strategies 

identified/ developed/ evaluated 

No. 8 8 7 7 7 

[1.2]Agro - 

climatic analysis      

[1.2.1]Preparation of state level agroclimatic atlases  Date 

1 

 

2 

February 

28, 2017 

February 

28, 2018 

February 

28, 2019 

[1.2.2]Agromet advisories issued   No. 48 48 44 44 44 



ICAR Short Course on " Tools on Monitoring, Evaluation and Impact Assessment of Rainfed Technologies and Development Programmes, 1-10 November, 

2017" 

 

232 

 

[1.2.3]Crop-weather-pest bulletin/models/ tools/ 

indices/ calendar /maps etc.  

No. 8 15 10 12 12 

[1.3]Technology 

demonstrations to 

cope with current 

climatic 

variability   

[1.3.1]Technology demonstrations conducted 

/technologies evaluated   

No. 383 378 405 410 410 

[1.4]Human 

resource 

development    

[1.4.1]Awareness building for farmers through    

trainings and exposure visits 

No. 136 149 155 160 160 

[1.4.2]Training programmes organized for personnel 

involved in technology generation and transfer 

No. 55 51 60 65 65 

2 [2]Strengthening 

human 

resources and 

knowledge 

dissemination 

among 

stakeholders 

[2.1]Organizing 

HRD 

programmes for 

different 

stakeholders   

[2.1.1]Training/Seminar/symposium/workshop/summer 

and winter sc hool organized  

No. 25 25 25 27 27 

[2.2]On farm 

research   

[2.1.2]OFTs/FLDs conducted  No. 201 64 180 185 185 

3 [3] Increasing 

resource use 

efficiency in 

rainfed 

[3.1]In situ 

conservation and 

ex situ harvesting 

and recycling of 

[3.1.1]Practices evaluated/ developed  No. 6 6 6 6 6 



ICAR Short Course on " Tools on Monitoring, Evaluation and Impact Assessment of Rainfed Technologies and Development Programmes, 1-10 November, 

2017" 

 

233 

 

agriculture with 

focus on 

rainwater 

management 

rainwater  

[3.2]Maintenance 

and improvement 

of soil quality 

[3.2.1]Technologies for improving soil health and 

enhancing nutrient use efficiency 

No. 7 6 7 7 7 

[3.3]Development 

of cost effective 

and energy 

efficient farm 

implements/ tools 

[3.3.1]Prototypes developed/ improved/ evaluated  No. 3 2 2 2 2 

[3.4] District 

Agricultural 

contingency plans 

[3.4.1] Updation/ Interaction meetings  No. - - 8 8 9 

4 [4]Improving 

productivity and 

profitability in 

rainfed farming 

systems 

[4.1]Development 

and evaluation of 

improved crops 

and cropping 

systems  

[4.1.1]Efficient crops and cropping systems identified/ 

developed  

No. 3 3 2 2 2 

[4.2]Identification 

of profitable 

rainfed farming/ 

alternate land use 

systems evaluated  

[4.2.1]Number of systems/ germplasm  

identified/developed/ evaluated    

No. 8 7 6 6  
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Section 4 (a). Acronym 

Sl. No. Acronym Description 

1. CGIAR Consultative Group on International Agricultural Research 

2. DSS Decision Support System 

3. FACE Free Air CO2 Enrichment 

4. FATE Free Air Temperature Enrichment  

5. FLD  Front Line Demonstration 

6. IMD India Meteorological Department  

7. KVK Krishi Vigyan Kendra 

8. NAAS National Academy of Agricultural Sciences  

9. NICRA National Initiative on Climate Resilient Agriculture  

10. OFT On Farm Trials 

11. SAU State Agricultural University 
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Section 4(b). Description and Definition of Success Indicators and Proposed Measurement Methodology 

Sl. 

No

. 

Success Indicator Description Definition Measureme

nt 

General Comments 

1.  Development/ identification of varieties/ 

breeds for climate resilience in  different 

locations 

State of art facilities like 

phenomics, FACE and FATE and 

other advanced techniques will be 

employed in identifying the 

germplasm tolerant to biotic and 

abiotic stresses.  Similar efforts 

will be made in case of livestock 

and fisheries for identifying 

breeds/species tolerant to various 

stresses   

Germplasm/ 

varieties/ livestock 

breeds / fisheries 

species that can 

tolerate biotic and 

abiotic stresses  

Number of 

germ-plasm/ 

varieties/ 

livestock 

breeds / 

fisheries 

species   

Increased frequency of 

occurrence of weather 

aberrations has 

necessitated the need 

for identifying tolerant  

germplasm/ varieties/ 

livestock breeds / 

fisheries species  

2.  Number of adaptation and mitigation 

strategies identified/ developed/ evaluated 

Promising technologies relating 

to conservation of soil, water and 

energy will be tested on farm for 

coping with long term dry spells 

and to mitigate negative impacts 

of climate change  

 

Technologies that 

can cope with 

extreme weather 

conditions 

Number Increased frequency of 

extreme climatic 

conditions calls for 

development of 

location specific 

strategies that can 

minimize risk/losses 

3.  Preparation of state level agro climatic 

atlases  

Collection of micro-level data 

(crop and weather) wherever 

available will be analyzed for 

preparation of tables and maps.  

This will be useful for 

understanding crop-weather 

State level 

schematic 

diagram/plan 

based on long 

term crop and 

Number Atlases prepared based 

on long term will 

assist policy makers, 

researchers and line 

departments in taking 
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relations as well as weather 

aberrations at micro level 

weather data  appropriate decisions 

4.  Agromet advisories issued   The meteorological information 

received from IMD and other 

sources will be fine-tuned to 

prepare location and crop specific 

agro-advisories keeping in view 

the rainfall, soil and crop status of 

the region 

Agronomic 

activities and 

contingency 

measures to be 

employed based 

on weather 

forecast  

Number Issuing of weekly 

advisories will enable 

the primary and 

secondary 

stakeholders to take 

timely and appropriate 

measures  

5.  Crop-weather-pest bulletin/models/ tools/ 

indices/ calendar /maps etc.  

The database developed on crops, 

pests and weather conditions 

would be analyzed to forecast the 

incidence of pest and diseases.  

Decision Support Systems (DSS) 

would be developed as a ready 

reckoner for taking up timely 

control measures 

Scientific 

information in 

user’s friendly for 

decision making 

Number Models developed by 

correlating long term 

weather with crop pest 

and diseases for 

different locations  

6.  Technology demonstrations conducted 

/technologies evaluated   

Proven climate resilient 

technologies related to agriculture 

and allied sectors will be 

demonstrated on farmers’ fields 

to cope with aberrant weather 

conditions across 150 locations in 

the country 

Technologies to 

mitigate weather 

aberrant 

conditions  

Number of 

demonstratio

ns  

Demonstrations 

conducted will help in 

mitigating the weather 

aberrant conditions 

and also will serve as a 

model for upscaling in 

other areas 

7.  Awareness building for farmers through    

trainings and exposure visits 

Under NICRA project, it has 

been envisaged to educate the 

primary and secondary 

stakeholders by conducting 

numerous training programmes 

and frontline demonstrations 

Exposure to 

advanced 

techniques in 

understanding and 

managing climatic 

Number of 

programmes   

Skill enhancement of 

primary and secondary 

stakeholders 
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across the country with the help 

of SAUs and KVKs 

risks 

8.  Training programmes organized for 

personnel involved in technology 

generation and transfer 

Training programmes organized 

for extension personnel to 

facilitate transfer of technology to 

farming community. 

Enhancing the 

knowledge of 

scientists and 

officials in 

understanding 

climatic variability 

and coping 

strategies  

Number of 

training 

programmes   

Human capital 

development in coping 

with changing climatic 

scenario  

9.  Training/Seminar/symposium/workshop/s

ummer and winter school organized  

Seminar/symposium/workshop/su

mmer and winter school will be 

organized for exchange and cross 

fertilization of recent advances in 

rainfed agriculture among various 

researchers, policy makers, 

farmers, extension agencies and 

civil society organizations, etc.  

This will enable reduction in time 

lag in transfer of technology from 

lab to land 

Knowledge 

sharing and 

dissemination  

Number Exchange of ideas and 

information among 

different stakeholders 

on recent advances in 

rainfed agriculture 

10.  OFTs/ FLDs conducted  Proven rainfed technologies 

relating to soil, water and 

nutrient, variety and energy 

management options will be 

showcased in farmers’ fields for 

educating and up-scaling through 

line departments 

Demonstration of 

promising 

technologies  

Number Transfer of locations 

technologies in a 

participatory mode and 

their up-scaling 

11.  Practices evaluated/ developed  Practices related to in situ and ex 

situ rainwater conservation will 

Methods of 

conserving/harvest

Number  The success of rainfed 

agriculture lies in 
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be evaluated at farm and farmers’ 

fields for improving rainwater 

productivity 

ing and storing 

rainwater  

efficient methods of 

rainwater conservation 

and harvesting of 

excess runoff 

12.  Technologies for improving soil health 

and enhancing nutrient use efficiency 

Evaluation of tillage, crop residue 

management (soil cover) and 

nutrient management practices 

will lead to identification of best 

practices for yield, nutrient use 

efficiency, carbon sequestration 

and soil quality improvement 

 

The main function 

of the soil is to 

supply all 

essential nutrients 

in available forms 

and in adequate 

quantities  for 

plant growth  

Number  Majority of the rainfed 

soils are not only 

thirsty but are also 

hungry.  Efforts are 

made to modify/ 

improve the soil 

properties for optimum 

plant growth 

13.  Prototypes developed/ imp-

roved/evaluated  

Crop production and productivity 

in rainfed areas is constrained by 

narrow sowing window and lack 

of availability of suitable farm 

implements and tools. The 

profitability in rainfed areas is 

under decline due to increased 

costs of inputs and labour wages.  

Small farm mechanization is one 

of the options to overcome these 

constraints. The institute along 

with its network centres will  

design and develop crop and soil 

specific farm implements, which 

will reduce drudgery and 

consumption of energy 

Development of 

cost effective, 

energy efficient 

and labour saving 

farm implements  

Number  Due to paucity of 

labour it is difficult to 

carry out agricultural 

operations in time 

because of narrow 

window which, 

necessitates 

development of 

farmers’ friendly  tools 

and implements.   
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14.  District agriculture contingency plans 

 

 

 

 

The institute has prepared 614 

district agricultural contingency 

plans in collaboration with 

SAU's, KVK's, and ICAR 

institutes. These plans will be 

updated and will also be validated 

by organising state level meetings 

These plans deal 

with weather 

aberrations like 

drought, floods, 

cyclones, heat 

/cold waves, frost, 

hailstorms etc. 

Number These plans are 

dynamic in nature and 

need modifications on 

regular basis. 

These plans would be 

beneficial to the 

planners and 

secondary 

stakeholders for taking 

up appropriate timely 

measures. 

15.  Efficient crops and cropping systems 

identified/ developed  

Location and crop specific 

agronomic practices for different 

crop and cropping systems in 

various agro-ecological regions in 

India will be evaluated and 

developed which will help in 

bridging the   yield gap 

 

Productive and 

profitable crops 

and cropping 

systems matching 

to the soil and 

climatic 

conditions  

Number Need to come up with 

profitable crops and 

cropping systems 

keeping in view the 

demand and supply 

situations at 

local/national/internati

onal levels 

16.  Number of systems/ germplasm  

identified/developed/ evaluated    

Integrated farming systems 

involving crops, trees and 

livestock will be identified across 

the country.  These systems will 

be evaluated keeping in view the 

productivity, profitability and 

ecosystem services 

 

Harnessing 

synergy of 

different 

components like 

crops-trees-

livestock, etc  for 

risk minimization  

Number Systems approach for 

maximizing profits 

and adapting to 

changing climatic 

scenario 
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Section 5. Specific performance requirements from other departments that are critical for delivering agreed results 

Location 

Type 

 

State 

Organization 

Type 

Organization 

Name 

Relevant Success 

Indicator 

What is 

your 

requirement 

from this 

organization  

Justification 

for this 

requirement 

Please 

quantify 

your 

requirement 

from this 

organization 

What 

happens if 

your 

requirement 

is not met 

National/ 

international 

NA CG IAR 

Institutes  

International Development/identification 

of varieties/ breeds for 

climate resilience in 

different locations 

  

Germplasm  To have a 

broad range 

of germ-

plasm for 

screening  

25% We may 

miss some 

adapted 

sources in 

the screening 

process  
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 Section 6. Outcome/Impact of activities of Department/Ministry 

Sl. 

No. 

Outcome / Impact  

 

Jointly responsible  for 

influencing this outcome / 

impact  with the following  

department(s)/ 

ministry(ies) 

Success Indicator(s) Unit 2013-

2014 

2014-

2015 

2015-

2016 

2016-

2017 

2017-

2018 

1. Increased productivity 

and livelihoods in 

rainfed areas/ dryland 

regions    

- Increased productivity of dryland 

crops in the target 

domain/operational area of the 

Institute  

 

% 3 2 2 2 2 

Increased household income of    

dryland farmers in the target 

domain/operational area of the 

Institute due to adoption of 

improved technologies 

% 5 5 5 6 6 

2. Human Resource 

Development   in the 

field of dryland 

agriculture and climate 

change  

 Number of programmes   No. - 20 25 28 29 

Note: Percent increase over base year (2009-10)  
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Summary 

Result Framework Document as one of the performance, monitoring and evaluation tool was 

used by ICAR for monitoring and evaluation of various Institutes.  ICAR adopted the RFD 

format and extended to all the ICAR institutes with effect from April 1, 2011.  The rating of the 

ICAR-CRIDA institute in the past four years i.e., 2011-12, 2012-13, 2013-14 and 2014-15 is 

furnished below which indicate an improvement in the overall performance and can be viewed 

on the CRIDA website (http://www.crida.in/RFD/RFD-ACH-2014-15.pdf). The reporting format 

to ICAR and the process of estimating composite score is annexed (Annexure – I)  

Year Score (%) Rating 

2011-12 90.7 Very Good 

2012-13 93.3 Very Good 

2013-14 96.0 Excellent 

2014-15 96.6 Excellent 
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Total Composite Score: 98 

    Rating: Excellent  
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Soil Quality Indicators and Their Assessment 

KL Sharma 

Principal Scientist and Former National Fellow (Soil Science),  

ICAR - Central Research Institute for Dryland Agriculture, Santoshnagar, Hyderabad - 500059  

E-mail: kl.sharma@icar.gov.in 

 

Introduction  

Sustaining soil quality is the most effective method for ensuring sufficient food to support life. 

Only after the most basic physiological needs of air, water, and food are satisfied, humankind 

begin to consider their safety and other qualities of life, such as the environment in which they 

live. But in many countries of the world, including the most developed country like United States 

of America, soils are being degraded at an alarming rate by wind and water erosion, 

desertification, and salinization resulting from misuse and improper farming practices. Soils once 

degraded cannot be renewed over the short term and most definitely not within one generation. 

Depending upon the kind of soil, it may take about 30 to more than 1000 years to form one inch 

of topsoil by natural processes. Soil is the resource, most people do not think about on a daily 

basis; especially where society becomes more diversified and fewer people are directly involved 

in agriculture. Often, it takes a catastrophic event, such as the droughts, and subsequent dust 

storm, highly erosive rainfall events, or famine to highlight the importance of soil resource.   

Soils of any undisturbed ecology do not face problems such as poor physical conditions, low 

organic matter, and low fertility. With the intensification of agriculture, without giving any due 

attention to its physical, chemical and biological attributes, mankind has overexploited the soil - 

a precious natural resource. The recurring reckless use of the soil has resulted in tremendous 

decline in its quality. In a natural course, soils have the capacity to restore their original status 

after combating all kinds of the disturbances over a period of time. This inherent property of soil 

is termed as resilience. For the same amount of rainfall received, a better soil can support the 

crops in a better manner compared to its counterpart, which is of poor quality. Now the question 

comes that ‘what is a better soil’? In a simplest manner, a soil can be termed as ‘better’, if it is 

deep, contains adequate amount of organic matter, have good structure, low bulk density, good 

infiltration rate and hydraulic conductivity, good fertility /nutrient status, neutral soil reaction, 

optimum biological activity, etc. In other words, better soil from the viewpoint of combating 
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drought is one, which can retain more moisture and support good crop for a longer duration 

during intermittent droughts. Hence, periodical monitoring and assessing and improving soil 

quality become inevitable for higher and sustainable productivity. 

Sustaining soil quality is the most effective method for ensuring sufficient food to support life. 

Only after the most basic physiological needs of air, water, and food are satisfied, humankind 

begin to consider their safety and other qualities of life, such as the environment in which they 

live. But in many countries of the world, including the most developed country like United States 

of America, soils are being degraded at an alarming rate by wind and water erosion, 

desertification, and salinization resulting from misuse and improper farming practices. Soils once 

degraded cannot be renewed over the short term and most definitely not within one generation. 

Depending upon the kind of soil, it may take about 30 to more than 1000 years to form one inch 

of topsoil by natural processes. Soil is the resource, most people do not think about on a daily 

basis; especially where society becomes more diversified and fewer people are directly involved 

in agriculture. Often, it takes a catastrophic event, such as the droughts, and subsequent dust 

storm, highly erosive rainfall events, or famine to highlight the importance of soil resource.   

Soil Quality and Soil Health  

Much like air or water, the quality of soil has a profound effect on the health and productivity of 

a given ecosystem and the environments related to it. However, unlike air or water, for which we 

have legislated quality standards, the definition and quantification of soil quality are complicated 

by the fact that soil is not directly consumed by humans and animals, as are air and water. Soil 

quality is often thought of as an abstract characteristic of soils which cannot be defined because 

it depends on external factors such as land use and soil management practices, ecosystem and 

environmental interaction, socioeconomic and political priorities and so on (Doran et al., 1999). 

Perceptions of what constitutes a ‘good’ soil vary depending on individual priorities for soil 

function and intended land use. The term soil quality and soil health are often used 

interchangeably in the scientific literature and popular press, with scientists in general preferring 

soil quality and producers preferring soil health. Some prefer the term soil health because it 

portrays soil as a living, dynamic organism that functions holistically rather than as an inanimate 

mixture of sand silt and clay. Other prefers the term soil quality and descriptors of its innate 

quantifiable physical, chemical, and biological characteristics. Soil health may be considered as 
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the state of the soil at a particular time equivalent to the dynamic soil properties that change in 

the short term (Singer and Ewing, 2000). In contrast, soil quality may be considered as soil 

usefulness for a particular purpose over a longer time scale, equivalent to intrinsic or static soil 

quality.  

Defining Soil Quality   

The term and concept of soil quality evokes various responses depending on our scientific and 

social backgrounds. For some, soil quality evokes an ethical or emotional tie to the land. To 

others, soil quality is an integration of soil processes and provides a measure of change in soil 

condition as related to factors such as land use, climate patterns, cropping sequences and farming 

systems. Historically, soil quality meant suitability or limitations of a soil for a particular use. 

Presently, soil quality has been defined by some scientists as the ‘fitness for use’ and by others as 

the “capacity of the soil to function” (Doran and Parkin 1994; Karlen et al., 1997).  Seybold et 

al. (1998) defined the soil quality as ‘the capacity of a specific kind of soil to function, within 

natural or managed ecosystem boundaries, to sustain plant and animal productivity, maintain or 

enhance water and air quality and support human health and habitation. 

Five soil functions as descried by Karlen et al. (1997) are given below: 

1. Sustaining biological activity, diversity and productivity; 

2. Regulating and partitioning water and solute flow; 

3. Filtering, buffering degrading, immobilizing and detoxifying organic and inorganic materials, 

including industrial and municipal by–products and atmospheric decomposition; 

4. Storing and cycling nutrients and other elements within the earth’s biosphere; and 

5. Providing support of socioeconomic structures and protection for archaeological treasures 

associated with human habitation. 

Collectively, the functions are evaluated with respect to their capacity to sustain plant and animal 

productivity, maintain or enhance water and air quality, and support human health and habitation 

in determining soil quality (Doran and Parkin, 1994). Quality with respect to soil can be viewed 

in two ways: (1) as inherent properties of a soil; and (2) as the dynamic nature of soils as 

influenced by climate and human use and management. With respect to inherent properties, a soil 

is a result of the factors of soil formation-climate, topography, vegetation, parent material and 
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time. Each soil, therefore, has an innate capacity to function, e.g., some soils will be inherently 

more productive or will be able to partition water much more effectively than others. The second 

view of quality relates to the dynamic nature of soils as influenced by human use and 

management. For example, a farming system that does not protect the surface layer from erosion 

results in the loss of clay and other finer sized soil particles, organic matter, nutrients and other 

beneficial properties. In most cases, this eroded soil would be functioning at less than its original 

potential for agricultural production, and its condition or health would be considered impaired or 

of a lesser quality. This view of soil quality requires a reference condition for each kind of soil 

with which changes in soil condition are compared and is currently the focal point for the term 

‘soil quality’. 

Soil Quality Indicators  

Soils have chemical, biological and physical properties that interact in a complex way to give a 

soil its quality or capacity to function. Thus, soil quality cannot be measured directly, but must 

be inferred from measuring changes in its attributes or attributes of the ecosystem, referred to as 

indicators. Indicators of soil quality should give some measure of the capacity of the soil to 

function with respect to plant and biological productivity, environmental quality and human and 

animal health. They should also be used to assess the change in soil function within land use or 

ecosystem boundaries.  According to Dalal and Moloney (2000); and Doran and Parkin, (1994), 

the effective indicators should have following characteristics. 

Important Characteristics of Soil Quality Indicators  

The indicator should: (1) Respond to the  change in management practice and provide trends 

over time  (2) integrate soil physical chemical and biological properties and processes (3) be 

easily measured (4) have expected or threshold values (5) have low error associated with 

measurement (6) be stable in short term to enable measurement (7) not be required to be 

frequently measured (8) be cost effective (9) have the ability to be aggregated from paddock or 

site to farm/catchment region.(10) be mappable in space and time (11) have community 

acceptance and involvement. 

The suite of indicators used for assessing soil quality can vary from location to location 

depending on the kind of land or land use, soil function and the soil forming factors. Some of the 

soil physical, chemical and biological properties suggested as soil quality indicators are listed in 
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Table 1 (Singer and Ewing, 2000). Soil organic matter is one of the most useful universal 

indicators of soil quality, because it interacts with other numerous soil components and 

influences other soil properties. There are also descriptive indicators, which are inherently 

qualitative and can be used in assessing soil quality. Some of the descriptive indicators include 

soil crusting/surface sealing, rills, gullies, ripple marks, sand dunes salt crusting and standing or 

ponding water. Crop yield (grain or biomass production), plant vigor, rooting patterns, and other 

aspects of the crop have been used as indicators of soil quality. Crop yield is an important 

indicator because it gives information about the interacting soil properties of the system as a 

whole as in a bioassay. The dimension of scale influences soil quality assessments in both space 

and time. The area of consideration can be as small as a 'point’ on the landscape, a research plot, 

or as large as a nation or the world. Time frames are important because of the effect of climate, 

soil moisture conditions, human actions, stage of plant growth, and other factors that give rise to 

temporal variability in indicator status. 

Table 1. Important Soil Quality Indicators 

Physical indicators 
Chemical indicators Biological indicators 

Field, farm or watershed indicators 

Aeration 

Aggregate stability 

Bulk density 

Clay mineralogy 

Colour 

Consistence (dry, moist, 

wet) 

Depth of root limiting layer 

Hydraulic conductivity 

Oxygen diffusion rate  

Base saturation percentage  

Cation exchange capacity 

Contaminant availability 

Contaminant concentration 

Contaminant mobility  

Contaminant presence 

Electrical conductivity 

Exchangeable sodium 

percentage 

Nutrient cycling rates 

Organic carbon 

Microbial biomass carbon 

C and N  

Total biomass 

       Bacterial  

       Fungal 

Potentially mineralizable N 

Soil respiration 

Enzymes activity: 

     Dehydrogenase 
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Physical indicators 
Chemical indicators Biological indicators 

Particle size distribution 

Penetration resistance 

Pore conductivity 

Pore size distribution 

Soil strength  

Soil tilth  

Structure type 

Temperature 

Total porosity 

Water holding capacity 

pH 

Plant nutrient availability 

Plant nutrient content 

Sodium adsorption ratio 

 

 

     Phosphatase 

     Arlysulfatase 

Biomass C/total organic carbon 

Respiration /biomass 

Microbial community fingerprinting  

Substrate utilization 

Fatty acid analysis 

Nucleic acid analysis 

Regional or National Indicators 

Desertification 

Vegetative cover 

Water erosion  

Wind erosion 

Siltation of rivers and lakes 

Sediment load in rivers 

Organic matter trends 

Acidification 

Salinization 

Changes in water quality 

Changes in air quality  

Productivity (yield stability) 

Taxonomic diversity at the group level 

Species richness/diversity 

Keystone species and ecosystem 

engineers 

Biomass, density and abundance 

 

Critical Limits of Soil Quality Indicators:  

Critical levels have been defined as the level below which crop production declines rapidly. 

Pierce and Larson (1993) proposed defining limits for the indicators that represent a desired level 

of quality and then show when the soil is at risk or out of control. The lower limit of critical level 

is one at which the degradation rate is high but the trend can be reversed. Efforts should be made 
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that degradation should be checked at critical levels. 1. If it reaches at critical level 2. Yield 

levels go down to sub economic level and land use essentiality needs to be changed. If traditional 

land use system continues, soil will reach to critical level 3 and this will be irreparable stage. 

Using the critical levels of the indicators, five degradation/ limitation classes have been 

suggested for various indicators. The limitation classes are assigned relative weighting factor. 

The kind of limitation classes with corresponding weighting factor could be: None (1), slight (2), 

moderate (3), severe (4), extreme (5). Critical levels defined for one location   may not be much 

effective for another location because of diversity of soil types/ orders, variation in climatic 

conditions, eco-regions, types of crops and cropping systems. Hence, it is important that critical 

level should be location specific, and it should be defined by relating productivity to soil 

attributes. To cite an example, Lal (1994) has illustrated that for rooting depth, the ranges of 

indicator for class ‘none’ to ‘severe’ vary from 150 to 20 cm. Similarly for bulk density, values 

for ‘none’ to ‘severe’ for heavy textured soils range from 1. 2 to 1.5 Mg/ M
3 

and for light 

textured soils it varies from 1.3 to 1.6 Mg/ m
3
.
  

 Similarly, examples for other indicators have 

also been cited.  For soil consistence, if it is loose, it comes under category ‘none’, for harsh or 

extremely hard, it comes under ‘extreme’, for texture it is ’none’ for loam   and ‘extreme’ for 

clay or sand, for permeability, it is ‘none’ for rapid and ‘extreme’ for very rapid or very slow, for 

mean weight diameter (MWD), it is ‘none’ for aggregate size >2.5 mm and ‘extreme’ for size < 

0.5mm. The limitation category of soil is taken as ‘none’ for soil having texture strong sub-

angular blocky to crumb and category will be ‘extreme’ for massive or single grain structure ,  

for pH , it is  ‘none’ for  6.0-7.0  and extreme for pH either  <5.0 or >8.2,  for Sodium 

Adsorption Ration ( SAR) , it is ‘none’ for  SAR 10.0 and extreme for >20.0,  for EC,  the 

limitation class is ‘none’ for < 3.0 ds/m  and ‘extreme’ for  > 10.0 ds/m , in case of%  organic C 

in surface soil  , the limitation class is ‘none’ for 5-10% and ‘extreme’ for <0.5% . In case of 

biomass C, the category is ‘none’ if   biomass C > 25% and extreme for category < 5.0%. 

Similarly for moisture retention capacity , the limitation  category of  the soil is  ‘none’  for 

available water capacity  > 30 cm and extreme for < 2.00 cm, for hydraulic conductivity, the 

limitation category will be ‘none’ for > 2.0 cm /  hr and   will be ‘extreme’ for < 0.0002 cm /hr, 

for infiltration rate , it is ’none’ for infiltration rate   >5.0 cm /hr  to  extreme  for < 0.5 cm/hr. 

For nutrients, sufficiency and deficiency can be determined based on the nutrient removal pattern 

of the species and the expected yield. Lal (1998) has reported that in the state of Haryana in 
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India, the order of severity of first three soil physical constraints for productivity was crusting > 

Wind Erosion > Water logging. Hence, these need to be addressed at priority for ensuring higher 

productivity. The critical limits for soil fertility indicators are given in Table 2. 

Table 2. Critical Limits (Classes) for Soil Fertility Indicators 

Sl. No Soil Nutrients Critical limits (classes) 

Low Medium High 

1 Organic carbon (%) <0.5 0.5-0.75 0.75 

2. Available N (kg ha
-1
) <280 280-560 >560 

3. Available P (kg ha
-1

) <11 11-25.0 >25.0 

4. Available K (kg ha
-1
) <120 120-280 >280 

5. Available Sulphur (kg ha
-1

) <20 20-40 >40 

6. Available Fe (mg kg
-1
 soil) <4.5 -- -- 

7. Available Zn (mg kg
-1
 soil) <0.6 0.6-1.2 >1.2 

8. Available Cu (mg kg
-1

 soil) <0.3 0.3-1.0 >1.0 

9. Available Mn (mg kg
-1
 soil) <3.0 --. -- 

10. Available Boron (mg kg
-1

 soil) <0.5 --. -- 

Source: Takkar and Biswas, 1999 

Similarly, critical limits have been defined for pH and electrical conductivity which can be 

effectively used for during the process of amendment of soils such as application of lime, 

gypsum, iron pyrites, elementary sulphur etc. 

Soil Related Problems in Rainfed Areas 

Rainfed soils suffer from a variety of problems that limit successful crop production.  The 

problem arises due to the nature and properties of the soils.  Soil erosion by water and wind, 

nutrient depletion by cropping, salinization by irrigation and compaction and hard setting (crust 

formation), are the common problems seen in dry lands. 
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i) Erosion  

In India, the states of Gujarat, Maharastra, AP, Tamil Nadu, and Kerala are the worst sufferers of 

erosion.  It is estimated that out of 175 m ha of degraded land, water erosion alone accounts to 90 

m ha. In this process nearly 6,600 m.tonnes of nutrient rich topsoil is removed and transported to 

the ocean annually.  Wind erosion is mostly seen in Rajasthan. Removal of vegetation cover, 

introduction of intensive agriculture (growing of crops one after the other), uncontrolled and 

excessive grazing by animals, large and unprotected fields (fields without   barriers) lead to 

several problems. 

ii) Low Organic Matter and Nutrient Depletion 

Rainfed soils have low cropping intensity compared to irrigated ones. These soils are low in 

organic C. High temperature mediated fast oxidation of organic matter further aggravates the 

situation. Since the organic matter is the storehouse of many nutrients, low organic matter results 

in poor soil fertility and poor physical conditions. Apart from that, because of the poor 

economical condition of the dry land farmers, relatively small quantities of fertilizers are added 

to soils.  Intensive cropping results in nutrient depletion (loss). Nutrient uptake by plants is 

mostly higher compared to nutrients added through fertilizers. On the whole, rainfed soils are of 

low fertility status.  

iii) Salinization by Irrigation  

Soil salinity is mostly associated with dry land soils especially in Vertisols.  Low rainfall in 

rainfed areas results in accumulation of salts on the surface of soils, which in turn results in 

salinity. Secondary salinization may also develop due to irrigation. 

iv) Hard Setting or Crust Formation 

Crust formation is a serious problem in Alfisols. Hard setting or crust formation results in 

difficulties in seeding and causes a delay in emergence of plant, and root growth is restricted. 

The germination of small seeded crops such as pearl millet, sorghum and ragi are most affected. 

v) Other Major Soil Related Constraints 

The other major soil related soil related constraints in rainfed regions are; accumulation of 

CaCO3 in the upper 150 cm of the soil, week to moderate profile development, low biological 

activity (microbial activity) low water holding capacity (except in black soils), poor aggregation 

because of low organic matter in soil and low soil depth (shallow soils except deep black soil), 

poor workability and less infiltration rate and low drainage especially   in black soils. 
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Soil Fertility Status in Rainfed Areas  

Soils in the rainfed regions constitute diverse orders with extreme variability in origin, parent 

material, water retention and nutrient status.  In addition to the parent material, climatic variables 

like rainfall, temperature and sun- shine influence the type and key properties of soils in a given 

region.  Accordingly, soils within arid and semiarid areas show variation in terms of physical and 

chemical properties. 

In general, Alfisols and Vertisols are low in organic matter (OM) status. As mentioned above, 

organic matter is the storehouse of many plant nutrients and it strongly influences the biological 

and productive capacity of soils. However, the near exhaustion of organic matter mediated by 

climate and other management practices has made these soils highly impoverished. A 

comprehensive survey of N status of Indian soils revealed that 62.5 per cent of the districts are low 

and 32.6 per cent of the districts are of medium fertility class. Phosphorus is another important 

element whose deficiency is wide spread and constraints productivity of rainfed crops. It was 

reported that deficiency of P is widespread in Vertisols (Swindale, 1982). Vertisols are developed 

on granite and sedimentary rocks are more prone to P deficiency. Based on current information, 

deficiencies of potassium are not serious, except in some coarse textured soils. Sulphur availability 

is considered to be sub-optimal in vast majority of the un-irrigated soils where oilseeds and pulses 

are more grown. The status of micronutrient deficiency of Indian soils in general and of soils in 

SAT region in particular has been reviewed by Katyal and Rattan (1990) and Katyal and Sharma 

(1991). Zinc deficiency has been most commonly reported. These reports are based on analytical 

data generated on benchmark soils.  Crops such as groundnut and chickpea also exhibit iron 

deficiency chlorosis.  Poor native fertility coupled with growing of crops with low or no fertilizer 

application leaves a net negative balance of nutrients in most soils of the semi-arid tropics.   

The Role of Integrated Nutrient Management:  

• Minimization of dependence on inorganic fertilisers. 

• Improvements of soil physical health i.e. soil productivity (soil structure, bioactivity, nutrient 

exchange capacity, and WHC.) 

• Improvement of fertiliser use efficiency. 

• Safe disposal of various obnoxious organic wastes by making their effective use, and ensuring 

environmental safety. 
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Effect of INM, Residue Recycling, Tillage and other Management Practices on Crop Yield 

Sustainability and Soil Quality Improvement 

The basic objective of integrated nutrient use is to reduce the inorganic fertilizer requirement, to 

restore organic matter in soil, to enhance nutrient use efficiency and to maintain soil quality in 

terms of physical, chemical and biological properties. Bulky organic manures may not be able to 

supply adequate amount of nutrients, nevertheless their role becomes important in meeting the 

above objectives. Though several experiments were conducted on drylands on the integrated 

nutrient management, most of the data available are on crop yields only. Recent comprehensive 

reviews on prospects of organic farming in rainfed areas, integrated nutrient management and 

strategies for in situ generation of organic matter in a non- competitive way have been given by 

Sharma et al., 1999; Katyal et al., 1999 and Singh et al., 1998.  

There is meagre information available on the impact on soil quality. The results of the various 

studies conducted on integrated nutrient management are summarized as under. Results revealed 

that mean yield of finger millet over a 9 year period was similar in an Alfisol at Bangalore with 

optimum N, P, K application or with 50% NPK through combined use of fertilizers with FYM 

applied at the rate of 10 t ha
-1.

   From the viewpoint of sustainability, this treatment proved quite 

effective.  The effect was positive (>3 t grain ha
-1

) during eight out of nine years.  However, sole 

application of fertilizer could sustain the effect only during four out of nine years. The beneficial 

effect of FYM and loppings of Calotropis procera at the rate of 15 to 20 t ha
-1

 improved the soil 

physical properties, particularly the moisture storage under rainfed conditions. It also benefited the 

N mineralization and soil nitrogen regime. Application of FYM @ 20 t ha
-1

 every alternate year 

resulted in 60% build up of soil organic matter over a five year period. The effect of organic 

amendments on soil physical properties was particularly noticeable when the amendments were 

incorporated in the sub-surface layer viz., 20-25 cm depth. 

Combined use of crop residues and inorganic fertilizer showed better performance than sole 

application of residue. Use of crop residue in soil poor in nitrogen (Bangalore) showed significant 

improvement in the fertility status and soil physical properties. Continuous addition of crop 

residues for five years enhanced maize grain yield by 25%.  Organic matter status improved from 

0.5% in the control plots to 0.9% in plots treated with maize residue at 4 t ha
-1

 year
-1

. In Alfisols at 

Hyderabad, use of crop residues in pearl millet and cowpea not only enhanced the yields but also 
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made appreciable improvements in stability of soil structure, soil aggregates and hydraulic 

conductivity. At Akola, crop residue application increased sorghum grain yield by 26% in sorghum 

+ pigeon pea intercropping system. Incorporation of residues increased the yield of upland rice at 

Ranchi by 41% over a base yield of 4.4 q ha
-1

. In Entisols at Varanasi centre, lentil yield was 

almost doubled and sesame yield increased many folds. Growing of short duration legumes such 

as, green gram, and cowpea in widely spaced crops (castor) and ploughing back the same in the 

soil after picking the grains resulted in an advantage of 30 kg N ha
-1

 on fertilizer basis in Alfisol at 

Hyderabad. 

Loppings (leaves + twigs) of nitrogen fixing trees such as Leucaena and Glyricidia on an average 

contain more than 3 per cent N on dry weight basis. These trees can be grown either on bunds or in 

one corner of the field to generate phytomass to supply nutrients. Application of the loppings of 

these trees either alone or in conjunction with inorganic fertilizers gave excellent results in 

enhancing the yields of crops such as sorghum and sunflower (Rao and Singh, 1988; Sharma and 

Srinivas, 1997; Narkhede et al., 1984; Narkhede and Ghugare, 1987).  The conjunctive use of urea 

and organics (1:1) such as Leucaena and Glyricidia had significant effect in enhancing the grain 

yield of sorghum to the extent of 1.69 t ha
-1

 and 1.72 t ha
-1

 respectively.  This approach indicated 

that 50% of the fertilizer requirement can be met through the application of green leaves and twigs 

of these trees (Sharma and Srinivas, 1997). Results of a long-term study conducted on soil quality 

improvement revealed that the application of gliricidia loppings proved superior to sorghum 

stover and no residue treatments in maintaining higher SQI values. Further, increasing N levels 

also helped in maintaining higher SQI. Among the 24 treatments, the SQI ranged from 0.90 to 

1.27. The highest SQI was obtained in conventional tillage (CT) + gliricidia loppings (GL) + 90 

kg N ha
-1

 (CTGLN90) (1.27) followed by CTGLN60 (1.19) and minimum tillage (MT) + sorghum 

stover (SS) + 90 kg N ha
-1

 (MTSSN90) (1.18), while the lowest was under minimum tillage + no 

residue (NR) + 30 kg N ha
-1

 (MTNRN30) (0.90) followed by MTNRN0 (0.94), indicating 

relatively less aggradative effects. The application of 90 kg N ha
-1 

under minimum tillage even 

without applying any residue (MTNRN90) proved quite effective in maintaining soil quality 

index as high as 1.10. The key indicators, which contributed considerably towards SQI, were 

available N, K, S, microbial biomass carbon (MBC) and hydraulic conductivity (HC). On 

average, the order of relative contribution of these indicators towards SQI was: available N (32 
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%), MBC (31 %), available K (17 %), HC (16%), and S (4 %). Among the various treatments, 

CTGLN90 not only had the highest SQI, but was most promising from the viewpoint of 

sustainability, maintaining higher average yield levels under sorghum-castor rotation.  From the 

view point of SYI, CT approach remained superior to MT. To maintain yield as well as soil 

quality in Alfisols, primary tillage along with organic residue and nitrogen application are 

needed (Sharma et al., 2005). 

Major Possible Approaches Suggested for Improving Soil Quality and Ensuring Sustainable 

Yields in Drylands 

The following are the major possible approaches suggested for drylands:  

� Diagnostic balanced fertilization  

� Capitalization of “Legume effect” 

  (a) Inter cropping with legumes 

  (b) Crop rotation with legumes 

� Conjunctive use of organics and chemical fertilizer 

   (a) Surface residue management with slow decomposability 

               (b)  Green leaf manuring  

    (c) In -situ green manuring / in-situ generation of manure  

               (d) Organic manuring             

   (e) Biofertilizers 

   (f) Tree based nutrient cycling – agro-forestry/ alley cropping 

� Adopting soil water conservation practices/Land treatments-Watershed approach  

� Conservation agriculture / reduced tillage approach  

Assessment of Soil Quality 

In the last two decades, soil quality has been a subject of prime concern among the   researchers, 

state administrators and diverse ecological organizations. The Soil Quality Institute (SQI) of 

USDA - Natural Resources Conservation Service (NRCS) has developed a quantitative tool (the 
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Soil Quality Card Design Guide) and a qualitative tool (the Soil Quality Field Test Kit Guide) for 

soil quality assessment in the field (Ditzler and Tugel, 2002). These initiatives have been 

meritorious for world agriculture, but the concrete mode of application of the two Guides 

(quantitative or qualitative) suffer from some confusions generated by utilization of the notion 

“soil quality” instead of “soil fertility”. As we discussed earlier, the quality indicators give 

information about the quality of soil in relation to soil features: good or bad for agriculture or 

viticulture, or fruit growing, lawn or woods. The standard protocols for the analysis of important 

soil quality parameters   are listed in Table 3. 

Soil Health Score Card 

Preparation of soil health card is a qualitative approach, which depicts both the capacity of a soil 

to perform certain functions (infiltrate, decompose, cycling of nutrient and others) and soil 

attributes (structure, soil colour, root morphology, earthworms and others). In the scorecard, each 

soil health indicator is operationized to conform to the following subject rating scale: Healthy: 

Performance of function is optimal and structure is normal; Impaired: An abnormality in 

function and /or structure; Unhealthy: Severe restriction or inability to perform normal function, 

severe deformity or loss of structure, disabled.  In the scorecard’s soil health scale, the majority 

of indicator properties are directly measured by the senses (look, smell, or feel). Indicators of soil 

health vary in quality or character rather than in a specific measurable quantity. The scale used in 

the scorecard does not measure the exact magnitude of difference among healthy, impaired, and 

unhealthy categories, meaning that the scale is at the ordinary level of management.  The 

standards methods/protocols of analyzing or testing the soil for different parameters are 

presented in Table 3. However, the information pertaining to the Farmer’s based soil health score 

card can be computed from Table 4.  
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Table 3. Protocol for Measurements of Soil Quality Indicators 

Sl. 

No. 

Indicator Protocol Reference 

Physico-chemical and Chemical Indicators 

1 pH 1:2 soil water suspension McLean, 1982 

2 Electrical conductivity Soil solution Rhoades, 1982 

3 Organic carbon Wet digestion Walkley and Black, 

1934 

4 Available nitrogen Kjeldahl method Subbaiah and Asija, 

1956 

5 Available phosphorus 0.5 M NaHCO3 extraction Olsen et al, 1954 

6 Available Potassium Neutral normal ammonium 

extraction 

Hanway and Heidal, 

1952 

7 Exchangeable calcium Ammonium acetate extraction Lanyon and Heald, 

1982 

8 Exchangeable magnesium Ammonium acetate extraction Lanyon and Heald, 

1982 

9 Available Sulphur 0.15% CaCl2 extractable 

method 

Williams and 

Steinbergs, 1959 

10 Micronutrients viz., Zinc, Iron, 

Copper and Manganese 

DTPA-TEA-CaCl2 extraction, 

ICP detection 

Lindsay and Norvell 

(1978) 

11 Available Boron DTPA-Sorbitol extraction, ICP 

detection 

Miller et al, 2001 

Biological Indicators 
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Sl. 

No. 

Indicator Protocol Reference 

12 Dehydrogenase assay Triphenyl tetrazolium chloride 

(TTC) method 

Lenhard, 1956 

13 Microbial biomass carbon Fumigation – incubation 

method 

Jenkinson and 

Powlson, 1976 

14 Microbial biomass nitrogen Fumigation – incubation 

method 

Jenkinson and Ladd, 

1981 

15 Labile carbon KMnO4 oxidation method Weil et al., 2003 

Physical Indicators 

16 Bulk density Soil core method Blake and Hartge, 

1986 

17 Mean weight diameter Wet sieving method Yoder, 1936 

van Bavel, 1949 

18 Hydraulic conductivity Constant head method Klute, 1965 

 

Table 4. Farmer based Assessment for Soil Health Score cards (Scale corresponding to healthy (3-4); 

impaired (1.5-2.5) and Unhealthy (0-1) 

 

1. Earthworms 

0  Little sign of worm activity 

2  Few worms holes or casting 

4  Worm holes and casting are numerous 

11. Soil fertility 

0 Poor fertility, nutrient don’t move and potential is 

very low. 

2  Fertility not balanced and needs help 

4 Fertility is balanced, nutrients available, and 

potential is high. 

2. Erosion 

0 Serve erosion, considerable topsoil moved and 

gullies formed. 

12. Feel  

0   Soil is mucky, greasy or sticky. 

2 Soil is smooth or grainy and compressed when 
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2  Moderate erosion, signs of sheet and rill erosion 

and some top soil blows    

4 Little erosion evident, topsoil resist erosion by 

water and wind 

squeezed. 

4   Soil is loose, fluffy, and opens up after   being 

squeezed. 

 

3.Tillage 

0 Plough scours hard and soil never works down. 

2  Soil grabs plough, is difficult to work, and 

needs extra passes 

4  Plough field in higher gear and soil flows  and 

falls apart and is mellow 

13. Surface crust  

0 Soil surface is hard, cracked when dry, and 

compacted 

2 Surface is smooth with few holes and has thin 

crust. 

4 Surface does not crust, is porous, and digs easily 

with hand. 

4. Soil Structure 

0  Soil is cloddy with big chunk or is dusty    and 

powdery 

2 Soil is lumpy or does not hold together. 

4 Soil is crumbly and granular. 

14. Surface cover 

0 Soil surface is clean, bare, and residue is removed 

or buried following harvest. 

2 Surface has little residue, it is mostly buried. 

4 Surface is trashy, lots of mulch left on top or 

cover crop used. 

5. Colour (moist)  

0 Soil colour is tan, light yellow, orange, light 

gray. 

2 Soil colour is brown, gray or reddish 

4 Soil colour is black, dark brown or dark gray 

 

15. Hardness  

0 Soil is hard, dense or solid, and will not break 

between two fingers. 

2 Soil is firm and break up between fingers under 

moderate pressure. 

4 Soil is soft and crumbles under light pressure. 

6. Compaction 

0 Soil is tight and compacted, cannot get into it, 

and there is a thick hard pan. 

2 Soil packs down, thin hardpan or plough layer. 

4   Soil stay loose, does not pack, and there    is no 

hard pan 

16. Smell.  

0 Soil has a sour, putrid, or chemical smell. 

2 Soil has no odour or mineral smell. 

4 Soil has an earthy, sweet, fresh smell. 

 

7. Infiltration 

0 Water does not soak in; it sits on top or runs off. 

2 Water soaks in slowly and is slow to dry out. 

4 Soil drains at good rate for crops, and water 

17.Soil texture  

0 Texture is a problem; extremely sandy, clayey, or 

rocky. 

2 Texture is too heavy or too light but presents no 
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moves through. problem. 

4 Texture is loamy. 

8. Drainage 

0 Poor drainage, soil, if often waterlogged or 

oversaturated, 

2 Soil drains slowly and is slow to dry out 

4 Soil drains at good rate for crops, and water 

move through. 

18.Aeration  

0 Soil is light, closed, and there are almost no pores. 

2 Soil is dense and has a few pores. 

4 Soil is open, porous, and breathes. 

 

9. Water retention  

 

0 Soil dries out too fast and is droughty. 

2 Soil is drought prone in dry weather. 

4 Soil holds moisture well and gives and takes 

water easily. 

 

19.Biological activity  

0 Soil shows little biological activity, no signs of 

soil microbes 

2 Moderate biological activity; some worm like 

threads, moss, and algae. 

4 Biological activity is high; white worm like 

threads, moss and algae are plenty. 

10. Decomposition  

0 Residue and manure do not break down in soil. 

2 Slow rotting of residues and manures. 

4 Rapid rotting of residue and manures. 

20. Top soil depth  

0 Subsoil is exposed or near surface. 

2 Topsoil shallow. 

4 Topsoil is deep. 

 

Computation of Soil Quality Indices 

Dynamic soil quality can be measured and used to compare different practices on similar soils or 

temporal trends on the same soil by developing a consistent framework or assessment tool that 

identifies positive, negative or neutral trends (Karlen et al., 2001). This view of soil quality 

requires a reference condition for each kind of soil with which changes in soil condition are 

compared and is currently the focal point for the term ‘soil quality’. A valid soil quality index 

would help interpret data from soil measurements and show whether management and land use 

are having the desired results for productivity, environmental protection and health. Both 

quantitative and qualitative soil quality indices have been proposed. Qualitative measures of soil 

quality tends to be more subjective in their measurement, but can be assessed more easily and 

sometimes be more informative. 
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Minimum Data Sets for Identification of Indicators 

The minimum data set (MDS) for evaluating soil quality is the smallest set of chemical, physical, 

and biological indicators that account the variability in the whole soil data set at each site 

obtained through multivariate statistical techniques. Considering basic soil functions, numerous 

soil analyses might be required to fully characterize the soil/plant system. But, use of a minimum 

data set (MDS) reduces the need for determining a large number of indicators to assess soil 

quality. The MDS are designed in such a way that quantitative attributes can be measured 

quickly for more responsive land use or management decisions. The soil properties to be 

included in a MDS must be sensitive to changes in soil management, soil perturbations, and 

inputs into the soil system. Each selected property must also be easily and reproducibly 

measurable. The selection of MDS parameters should be based upon a wealth of soil 

management research that relates soil attributes to soil function and ideally relates management 

practices to soil attributes.  

Larson and Pierce (1991) reported that the approaches frequently employed for soil quality 

evaluation were i) comparative, in which performance is evaluated in relation to alternatives 

(e.g., land use management), and ii) dynamic assessment, in which the performance of a system 

is rated by measuring the changes in soil quality attributes over time. Some of the common 

statistical approaches used to identify soil quality indicators are: linear or multiple regression 

analysis, pedo-transfer functions, standardized scoring functions based on threshold limits and 

baseline values and rating factors based upon soil related constraints to crop production. The 

principal component analysis (PCA) is another useful multivariate statistical tool which had the 

advantage of generating relationships among many correlated variables into a few principle 

components (PCs). The screened parameters can be classified as soil quality indicators with 

respect to the specific soil functions. Cameron et al., (1998) suggested the use of a simple 

scoring approach, to help users decide whether to accept or reject a potential soil quality 

indicator for degraded or polluted soils: A = sum of  (S, U, M, I, R), where A: Acceptance score 

for indicator, S: Sensitivity of indicator to degradation or remediation process, U: Ease of 

understanding of indicator value, M: Ease and/or cost effectiveness of measurement of soil 

indicator, I: Predictable influence of properties on soil, plant and animal health, and productivity, 

R:Relationship to ecosystem processes (especially those reflecting wider aspects of 
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environmental quality and sustainability). Each parameter in the equation was given a score (1 to 

5) based on the user’s knowledge and experience of it. The sum of the individual scores gave the 

level of acceptance (A) score, which can be ranked in comparison to other potential indicators, 

thus aiding the selection of indicators for a site. For example, soil bulk density may receive the 

following score (S = 4 out of 5, U = 4 out of 5, M = 5 out of 5, I = 3 out of 5, and R= 2 out of 5) 

giving A values of 18/25 (72%). Particle size, on the other hand, may only get an A value of 

10/25 (40%) (S=1, U=3, M=2, I=2, and R=2). In this case, one should select soil bulk density to 

be one of the indicators for soil quality assessment. Rezaei et al., (2006) selected two MDSs by a 

procedure that used two different combinations of indicators. The MDS1 included only soil 

chemical and physical properties; and MDS2 utilized soil properties and landscape function 

analysis indices. They used Pearson correlation coefficients to determine the eligible dependent 

variables for inclusion in the second step. Then Principal Component Analysis (PCA) was 

employed as a data reduction tool to select the most appropriate indicators of site potential for 

the study area from the list of indicators generated in Step 1, and finally multiple regression 

analysis was considered to be an appropriate tool to assess how well the selected minimum data 

sets represent management goals e.g., yield or soil erosion. Expert opinion was also considered 

for chosen minimum data set. Minimum data set variables were chosen from the available data 

according to consensus of the project investigators, recommendations in the literature and 

common management concerns of the region or particular soil type. 

Principal Component Analysis Technique 

Principal component analysis method, being one of the robust techniques for selection of 

effective variables, helps in i) dimensionality reduction, ii) determination of linear combinations 

of variables, iii) choosing of the most useful variables, iv) visualization of multidimensional data, 

v) identification of underlying variables and vi) identification of groups of objects. These entire 

features knitted together make this PCA a powerful multivariate statistical tool to select the most 

appropriate soil quality indicators potential for the study area from the list of indicators 

generated. Principal components (PCs) for a data set are defined as linear combinations of the 

variables that account for maximum variance within the set by describing vectors of closest fit to 

the n observations in p-dimensional space, subject to being orthogonal to one another 

(Dunteman, 1989). Generally standardized PCA of all soil parameters is performed which shows 
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statistically significant differences between management systems. The PCs receiving high eigen 

values represent best variation in the systems. Therefore, only the PCs with eigen values ≥1 are 

examined. Additionally, PCs that explain ≥5% of the variability in the soils data are included 

when fewer than three PCs possess eigen values ≥1. Under a particular PC, each variable is given 

a weight or factor loading that represents the contribution of that variable to the composition of 

the PC. Only the highly weighted variables are retained from each PC for the MDS. Highly 

weighted factor loadings are defined as having absolute values within 10% of the highest factor 

loading or ≥0.40 (Wander and Bollero, 1999). When more than one factor is retained under a 

single PC, multivariate correlation coefficients are employed to determine if the variables can be 

considered redundant and, therefore can be eliminated from the MDS (Andrews et al., 2002b). If 

the highly weighted factors are not correlated (assumed to be a correlation coefficient <0.60) 

then each of them is considered important, and thus, can be retained in the MDS. Among well 

correlated variables, the variable with the highest factor loading (absolute value) is chosen for 

the MDS. Once, all of the MDS indicators are chosen, a final check for correlations (between PC 

indicators) lead to selecting one replacement indicator (from the originating PC) for an indicator 

pair with correlation coefficients ≥0.70 (in very few instances). Multiple regressions of PCA-

MDSs are also performed using management goal variables as the dependent variables. Each 

management variable, in turn, serves as the dependent variable while the MDS comprised the 

independent variables. This step serves as a check of how well each MDS represent the selected 

goals for the management systems for a given crop and crop rotation. 

Indicator Transformation (scoring) 

After determining the variables for the MDS, every observation of each MDS indicator is 

transformed for inclusion in the SQI. For transforming, two techniques are followed: linear 

scoring and non-linear scoring (Andrew et al., 2002a). 

Linear Scores 

Indicators are ranked in ascending or descending order depending on whether a higher value is 

considered “good” or “bad” in terms of soil function. For ‘more is better’ indicators, each 

observation is divided by the highest observed value such that the highest observed value 

receives a score of 1. For ‘less is better’ indicators, the lowest observed value (in the numerator) 

is divided by each observation (in the denominator) such that the lowest observed value receives 
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a score of 1. For many indicators, such as pH, P, and Zn, observations are scored as ‘higher is 

better’ up to a threshold value (e.g. pH 6.5) then scored as ‘lower is better’ above the threshold 

(Liebig et al., 2001). 

After performing these steps, to obtain soil quality index (SQI), the weighted MDS indicator 

scores for each observation were summed up using the following function:  

)(
1

i

n

i

i SWSQI ×=∑
=

 

where,  Si is the score for the subscripted variable and Wi is the weighing factor obtained from 

the PCA. 

Non-linear Scores 

For this method, indicators are transformed using non-linear scoring functions constructed using 

curve fit equation. The shape of each decision function, typically some variation of a bell-shaped 

curve (‘mid-point optimum’), a sigmoid curve with an upper asymptote (‘more is better’), or a 

sigmoid curve having a lower asymptote (‘less is better’), is  determined according to agronomic 

and environmental function using literature review and consensus of the collaborating 

researchers. For example, scoring included upper asymptote sigmoid curves or ‘more is better’ 

functions for soil organic matter, total organic carbon, and total nitrogen); a lower asymptote or 

‘less is better’ function for sodium adsorption ratio (SAR) (dependent on electrical conductivity 

(EC); and variations on ‘mid-point optimum’ curves for soil pH, P, EC, exchangeable Ca (as a 

proportion of CEC).  

Indicator Integration into Indices 

Andrew et al., (2002a) recorded three ways of indicator integration for soil quality indices: an 

additive SQI (ADD SQI); a weighted additive SQI (WTD SQI); and a hierarchical decision 

support system (DSS SQI). For all the indexing methods, SQI scores for the management 

treatments are compared. Higher index scores are assumed to mean better soil quality. 
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Additive Index 

The additive index is a summation of the scores from MDS indicators. From these summed 

scores, the ADD SQI treatment means and standard deviations are calculated. 

Weighted Additive Index  

Once transformed, the MDS variables for each observation are weighted using the PCA results. 

Each PC explains a certain amount (%) of the variation in the total data set. This percentage, 

standardized to unity, provides the weight for variables chosen under a given PC. Then the 

weighted MDS variable scores are summed for each observation and the treatment means and 

standard deviations are calculated. Thus, soil quality can be computed after identifying the 

predominant indicators and integrating them in to a single index i.e., soil quality index (SQI). 

Steps for Improving Soil Quality, Productivity and Sustainability  

Soil quality improvement must focus on improvement of soil structure, nutrient capacity and 

cycling mechanism, available water capacity and soils life support processes. Maintenance and 

enhancement of soil organic matter content are very important aspects of improvement of soil 

physical, chemical, and biological properties. The strategies for maintaining and improving soil 

quality must focus on: (1) reducing further degradation and (2) counteracting the ill effects of 

degradation already occurred by following pro-ecology management practices such as mulch 

farming   techniques, conservation tillage while maintaining residues on soil surface, cover crops 

and green manuring, strengthening nutrient cycling mechanisms, diversified cropping systems 

and periodic application of organic amendments.  Further deterioration in soil quality can be 

effectively checked by following the appropriate land use system, suitable crop rotation and 

combinations, fertility management with special emphasis on limiting nutrients and balanced 

fertilization, choice of appropriate type of fertilizers, lime and gypsum application depending 

upon the situation and low cropping intensity. Among all these practices, choice of appropriate 

land use based upon land capability classification is most important.  Lal (1994) has suggested 

following steps to keep watch on soil quality ensure the level of indicators to desirable limits. 

i. Enhancement of soil structure:  The soil structure can be enhanced by mulch farming 

conservation tillage with special emphasis on maintenance of residue on soil surface. 
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ii. Improvement in soil organic matter: Soil organic matter  can be increased by application 

of organic wastes, residue recycling, green manuring and by following conservation 

tillage  

iii. Reduction in compaction: For reducing the compaction , conservation tillage , guided 

traffic  and plowing the soil at appropriate moisture  are important 

iv. Improving the nutrient cycling: For improving the nutrient cycling, technological options 

such as agro-forestry, conservation tillage, multiple cropping, and organic matter 

application   are recommended  

v. Enhancement of soil fertility: For enhancing soil fertility, balanced fertilization based on 

the principle of expected yield   and limiting nutrient, growing of legumes in combination 

with cereals and recycling of organic wastes are important. 

vi.  Managing of soil acidity: For managing the soil acidity, lime application, choice of 

appropriate types of fertilizers and use of acid tolerant varieties and crops are important. 

vii. Salinity and alkanity management: To solve this problem suitable cropping systems such 

as rice based rotation to enhance leaching, gypsum application in alkaline soils and 

application of amendments are recommended. 

Besides these, the following points are suggested for effective soil quality improvement, 

assessment, monitoring and awareness among the communities with special emphasis on small 

and marginal land holders. 

• Rejuvenation and reorientation of district soil testing labs in terms of infrastructure, 

capacity for sample handling, adequate and trained man power.  

• Periodical assessment of soil quality and issue of soil health cards to small and marginal 

farmers. Recently, Honorable Prime Minister, has  emphasized to  issue soil  health cards 

to  138 million  farm holders in a phased manner which  need lot of infrastructure and 

trained man power .   

• More focus on agricultural management practices which enhance soil organic matter  

such as INM, application of organic manures (composts, FYM, vermi-composts), legume 

crop based green manuring, tree-leaf based green manuring, crop residue recycling, 

sheep-goat penning, organic farming, conservation tillage and crop residue recycling, 

inclusion of legumes in crop rotation  etc. 
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• Development and promotion of other bio-resources for enhancing microbial diversity and 

ensuring their availability 

• Site specific nutrient management and ensuring availability of balanced multi-nutrient 

fertilizers and customized fertilizers, if necessary. 

• Enhancing the fertilizer use efficiency through precision farming 

• Amendment of problematic soils and improving their quality to a desired level 

• Land cover management to protect the land from high intensity rains and extremes of 

temperature 

• Creation of special statutory bodies for Soil Health and Land Management at Central and 

State level with specified mandate and targets 

• Mass awareness programmes about importance of land, water and soil resources and their 

protection and maintenance through electronic and print media and school curriculums. 
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1. Introduction 

Agriculture contributes to 14% of the Indian GDP and supports the livelihood of two-thirds of 

the population. In India around 61% of cultivable area is under rainfed cultivation, which is most 

vulnerable to vagaries of weather. Despite tremendous technological developments, vagaries of 

weather continue to plague the agriculture production. Any shortfall in agricultural production 

will have its cascading effect on the economy of the country. In recent times, climate change and 

variability are confounding the troubles already faced by Indian agriculture and the farming 

community. Loss in crop production and farm income due to unexpected weather hazards is 

beyond the carrying capacity of resource poor farmers of the country. With the growing 

commercialization of agriculture, the magnitude of crop loss due to unfavourable weather 

hazards is increasing leading to suicides of farmers. The State and National governments on their 

part are coming to the rescue of farming community by implementing various relief measures 

like reduction or suspension of land revenue taxes, loan waiving, relief from calamity relief fund 

etc.  

As agricultural yields are highly variable due to vagaries of weather, crops have to be covered 

under agriculture insurance for compensating yield losses and reduce the poverty of farming 

community. In India, since 1972 agricultural insurance has evolved as an adaptation strategy to 

mitigate/manage weather related risks in agriculture. However, experiences with traditional 

agricultural insurance schemes have shown that this approach is not often suitable in developing 

countries. In recent years, weather index insurance contracts in agriculture have emerged as an 

alternative to traditional agricultural (or crop) insurance. 

2. Risks in Agriculture 

Though risks in agriculture are numerous, weather risks, biological risks and price risks are the 

most predominant ones in agriculture (Hess et al., 2002; Bryla et al., 2003 and Skees et al., 

2005). Agricultural risks can range from independent (like localized hail storms) to highly 

correlated or covariant (example: Price risks or widespread drought). Weather risks are broadly 

of two types viz. sudden, unforeseen events (thunder storms) and cumulative events occurring 
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over extended period (example: drought). The adverse impacts of either of these two types vary 

according to the crop, crop variety and time of occurrence of the event. Some of the weather 

risks in agriculture are: Drought, excess rainfall or floods, high temperature, low temperature 

events like frost and freeze, high winds and hail storms etc. 

2.1 Weather Risk Management 

Farmers in developing countries have always been exposed to weather risks, and for a long time 

have developed a variety of weather risk management (WRM) techniques for reducing, 

mitigating and coping with weather risks (Dercon, 2002). Traditional risk management covers 

actions taken both before (ex-ante) and after (ex-post) the risky event occurs (Siegel and 

Alwang, 1999). Mitigation, coping and transfer are the major strategies in agricultural risk 

management.  

3. Agricultural Insurance 

Agricultural insurance is a means of protecting the farmers against financial losses suffered due 

to unforeseen and non-preventable weather risks (AIC, 2008). It is a financial mechanism in 

which loss of crop yields suffered by farmers in a particular area are borne by farmers in other 

areas (as premiums), so that burden of loss can be distributed among a large number of farmers. 

In agricultural insurance the reserves of premiums accumulated in good years are used to pay the 

indemnities in bad years. 

3.1 Crop Insurance Products  

Crop insurance products can broadly be classified into two major groups: Indemnity-based 

insurance and Index insurance. 

I. Indemnity-Based Crop Insurance: 

There are two main products in the Indemnity - based crop insurance. They are: 

(i) Damage-based indemnity insurance (or named peril crop insurance): Damage-based 

indemnity insurance is the crop insurance in which the insurance claim is calculated by 

measuring the percentage damage in the field soon after the occurrence of the damage. The sum 

insured may be based on production costs or on the expected revenue. Where damage cannot be 

measured accurately and immediately after the loss, the assessment may be deferred until the end 

of the crop season. Damage-based indemnity insurance is best known for hail, frost, heat wave, 

deficit or excess rainfall. 
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(ii) Yield-based crop insurance (or Multiple Peril Crop Insurance, MPCI): Yield-based crop 

insurance is coverage in which insured crop yield is established as a percentage of the farmer’s 

historical average yield. The insured yield is mostly between 50 to 70 percent of the average 

farm yield. If the realized yield is less than the insured yield, an indemnity (the amount payable 

by the insurer to the insured) is paid equal to the difference between the actual yield and the 

insured yield, multiplied by a pre-agreed value. Yield-based crop insurance protects against 

multiple perils, meaning that it covers many different causes of yield loss (it is generally difficult 

to determine the exact cause of yield loss). 

II. Index-Based Crop Insurance: 

Index based insurance products for agriculture represents an attractive alternative for managing 

weather risks. Currently there are two types of index insurance products viz., Area yield index 

insurance and weather index insurance (WII), as distinguished by Skees(2003) 

(i) Area yield index insurance: In Area yield index insurance, the indemnity is based on 

the realized average yield of an area such as a block or district, not the actual yield of 

the insured farmer. The insured yield is established as a percentage of the average 

yield for the area of the whole village or group of villages. An indemnity is paid if the 

realized yield for the area is less than the insured yield regardless of the actual yield 

on a policyholder’s farm. This type of index insurance requires historical yield data of 

the area. 

(ii) Weather Index Insurance (WII): In WII, the indemnity is based on realization of a 

specific weather parameter measured over a pre-specified period of time at a 

particular weather station. The insurance was structured to protect against realization 

of either very high or very low indices that are expected to cause crop losses. For 

example, the insurance can be structured to protect against either too much or too 

little rainfall. An indemnity is paid whenever the realized value of the index exceeds a 

pre-specified threshold (when protecting against excess rainfall) or when the index is 

less than the threshold (when protecting against deficit rainfall). The indemnity is 

calculated based on a pre-agreed sum insured per unit of the index. 

Skees (2003) argues that weather based indices are usually preferred to yield based 

indices, as in developing countries the quality of historical weather details better than 
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quality of yield data, and weather events, especially deficit or excess rainfall, are the 

major sources of crop losses in many regions. 

4. Main features of Weather Index-based Insurance  

The essential feature of WII is that the insurance contract responds to an objective parameter 

(e.g. rainfall or temperature) at a referred weather station during an agreed time period. The 

parameters of the contract are set so as to correlate, as accurately as possible, with the loss of 

yield of a specific crop suffered by the policyholder. All policyholders within a defined area 

receive payouts based on the same contract and measurement at the same weather station, 

eliminating the need for in-field assessment of yield loss. 

In order for the underlying index to be a sound proxy for loss, it has to be based upon an 

objective measure (for example, rainfall, wind speed, temperature) that exhibits a strong cor-

relation with the variable of interest (in this case, crop yield). Additionally, the weather variable 

that can form an index must satisfy the properties: i) Observable and easily measured, ii) 

Objective, iii) Transparent, iv) Independently verifiable, v) Reported in a timely manner, vi) 

Consistent over time and vii) Experienced over a wide area. 

Important features of a WII contract are: 

• A specific meteorological station is named as the reference weather station. 

• A strike or trigger weather measurement is set (e.g. cumulative rainfall), at which the contract 

starts to pay out. 

• A lump sum or an incremental payment is made (e.g. Rupees per mm of rainfall above or below 

the trigger). 

• A limit or exit of the measured parameter is set (e.g. cumulative rainfall), at which a maximum 

payment is made. 

• The period of insurance is stated in the contract and coincides with the crop growth period; it 

may be divided into phases (Maximum three), with each phase having its own triggers, 

increment and limit. 

4.1 Advantages and Disadvantages of Weather Index based Insurance 

Though the development and application of weather index insurance (WII) is still in its early 

stages, the advantages and disadvantages of WII were well-documented (World Bank, 2005; 

USAID, 2006; IFAD and WFP, 2010). Some of the relative merits and demerits of the WII are 

presented below (IFAD, 2010).  
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Advantages of WII: 

In comparison to the traditional damage based agricultural insurance, WII has advantages on the 

following aspects: 

Transparency: An Index Insurance contract usually allows the policyholder to have direct access 

to the information on which the payouts will be calculated. Hence, WII is more transparent to the 

clienteles.  

No on-farm loss adjustment: This is the primary advantage of index insurance, as on-farm loss 

adjustment is quite complex and costly.  

Lack of adverse selection: “Adverse selection” occurs when potential insured parties have 

hidden information about their risk exposure that is not available to the insurer, who then 

becomes more likely to erroneously assess the risk of the insured. As a result traditional 

insurance encourages high-risk producers to insure, while risk and premium are calculated 

on the average producer. However, in Weather Index based insurance all the insured 

farmers within the defined area have the same insurance payout conditions, regardless of 

their specific risk exposure (USAID, 2006). Hence, insurers and clients benefit from 

reduced adverse selection. 

Lack of moral hazard: “Moral hazard” refers to a phenomenon that the insured person’s optimal 

decision may change as a result of purchasing the insurance, because the insurance 

contract reduces the loss associated with the insured event. Such changes in behaviour will 

normally increase the probability of the insured event occurring or increased severity of 

loss (Ashan et al., 1982). In WII, individual farmers who are trying to influence claims 

will not get any benefit and all farmers in the defined area are treated equally for payment 

of pay outs or indemnity. 

Addresses correlated risks: Index insurance works best where there are correlated and 

widespread risks like drought. In traditional insurance, perils such as drought are 

challenging to insure. 

Low operational and transaction costs: Index insurance requires limited individual underwriting 

(Client assessment). It can be distributed, or sold out and claims can be settled, at 

relatively lower cost than in traditional insurance. 
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Rapid payout: Measurement of meteorological data from a reference weather station, with no 

field loss adjustment, allows for providing rapid payouts to the clients in WII than in 

traditional agricultural insurance. 

Despite the merits of weather index based insurance mentioned above, acceptance WII by 

farmers is of slow due to the following disadvantages: 

Disadvantages of WII: 

• Basis risk: Basis risk is a key constraint in WII and it has suppressed the growth of WII. 

Basis risk is the difference between the actual crop yield at farm unit level and yield 

projected by the weather index. As a result of basis risk a farmer experiencing yield loss, 

may not receive a payout, and a payout may be triggered without any loss being 

experienced. Index insurance works best where losses are homogeneous in the defined 

area and highly correlated with the indexed peril. Diaz Nieto et al., (2006) mentioned 

three important types of basis risk, which are mentioned as under: 

• Spatial or geographical basis risk: A geographical basis risk represents the risk that 

result from the difference between weather patterns at reference weather stations and the 

locations of farmers. Local variations in the weather (e.g. rainfall) within the area 

surrounding a reference weather station are responsible for geographical basis risk. 

• Temporal basis risk: It results from inter-annual variations in crop phases, and the 

insurance phases are not temporally aligned with the intended crop growth stage. 

• Product or crop specific basis risk: It means that the sensitivity to weather events varies 

across crop types due to different crop characteristics. Crop losses can be caused by many 

factors including weather. Where there is no clear-cut and strong relationship between 

yield loss and the indexed weather peril, risk can be high. WII is most likely to work, for 

rainfed crops and at severe levels of the risk event, when losses may be more widespread 

and homogeneous. 

• Limited perils: WII normally covers only one, or sometimes two, weather perils. 

Although this reduces the cost of operation compared to the multi peril crop insurance 

(MPCI), the product may not provide broader and enough coverage to more number of 

weather risks that are affecting the crop loss. 

• Replication or Scalability: The triggers, limits and increments of a specific product  that 

were worked out for a reference weather station will not be valid for another reference 
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weather station and they need to be adjusted to reflect the weather parameters of that new 

weather station. Different product designs are required for different crops (or at least 

generic crop types).  

• Requirement of Technical expertise: WII requires considerable technical work in its 

implementation and sustaining. Technical capacity and expertise in agro-meteorology are 

required, particularly during the initial design phase for new products, and also in 

operationalising the products. 

• Lack of weather data: WII depends on the availability of quality weather data, which 

drastically vary from country to country. In developing countries, the shortage of 

historical and real-time weather data is often a major hurdle for design of WII products. 

4.2 Collection of Weather Data for Weather Index based Insurance 

The data used for constructing the weather indices should satisfy quality requirements, 

including: 

• Reliable and trustworthy ongoing daily collection and reporting procedures; 

• Periodic checks and quality control; 

• An independent source of data for verification (e.g. surrounding weather stations). 

The general criteria for weather data requirements for WII applications (ISMEA, 2006) are 

specified as follows: 

• At least 20 years of historical weather data; 

• Limited missing values and out-of-range values (preferably less than 3 per cent missing 

data from the entire dataset); 

• Availability of a nearby weather station for fall-back verification purposes; 

• Consistency of observation techniques – either manual or automated; 

• Limited changes in instrumentation/orientation/configuration; 

• Integrity of weather-data recording procedure; 

• Little potential for measurement tampering. 

 Beyond the quality of data, definition of the boundaries of the area(s) covered by the 

weather station(s) is critical, so that WII contracts can be written for specific areas tied to a 

specific weather station. A general rule of thumb is to consider a specific WII contract 
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marketable within a 20-km radius of the weather station; but in many cases the applicable area is 

smaller. The more the terrain varies, the more the acceptable distance from a station decreases. 

Modalities must be defined for weather data collection and dissemination during the contract 

coverage period. Insurance and reinsurance industries tend to require the use of automated 

weather stations and availability of fallback verification measurements from nearby stations with 

comparable weather patterns. Manual measurement of weather variables (e.g. through manual 

rain gauges) is usually not regarded as sufficiently reliable and secure. As a result, low-cost, 

automatic weather stations are being implemented in some WII initiatives. Even if manual 

observation of weather risks are taken, all weather parameters should be taken at the same time 

for controlling hampering of weather data, as various weather variables are linked by specific 

relationship. 

4.3 Collection of Agricultural Data 

Agricultural information is the second most important component of the contract design equation 

of WII. The data on productivity (yield), and description of the agricultural production practices 

carried out in the areas is also necessary. Unfortunately, the availability of quality yield-data 

series of adequate length and at the appropriate spatial level is a major problem. However, lack 

of quality yield data does not pose as serious a problem as lack of good weather data, since it is 

still possible to find alternative approaches to estimate yield data. One possibility is to simulate 

synthetic yield-data series through crop growth simulation models. Information such as crop 

varieties adopted, planting dates, management practices, related costs, risk profiles, historical 

recollection of the impact of the peril, and the most sensitive phases in crop life are essential in 

designing a meaningful WII contract. 

4.4 Technical Issues Concerned to the Design of Weather Index 

Diaz Nieto et al., (2006) mentioned the following technical requirements for the index insurance 

scheme to have a positive impact on farmers’ livelihood. 

• The weather index should be easily understood and well defined; 

• It should take account of crop sensitivity at different growth stages; 

• It should take account of the relationship between soil texture and rainfall effectiveness; 

• It should define a protocol that reflects the actual planting date as closely as possible; 

• It should ensure that the insured pays the price of spatial variation in risk; 

• It should enable accurate estimation of the probability of the risk event.  
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• Reliability of the institution providing the weather data; 

• Transparency and absence of corruption; 

• Adaptation of the product to farmers’ needs; 

• Communication and training for farmers and field staff. 

5. Design and Validation of Weather Index based Insurance Products 

The objective of the contract design is to define a structure that effectively captures the 

relationship between the weather variable and the potential crop loss and to select the index that 

is most effective in providing payouts when losses are experienced, eliminating basis risk as far 

as possible. The set of possible index combinations is unlimited, and numerous structures have 

been developed in the relatively short history of WII. Weather index-based contracts can be 

classified according to many different parameters (Table 1). 

Table 1. Examples of parameters used for WII contracts 

Contract parameter Options 

Triggering values of weather variable Cumulative 

Average 

Maximum 

Minimum 

Period covered by index Entire life cycle of crop 

Fractions of crop life cycle 

Number of phases into which covered period is divided Usually 1 to 3 phases 

Start of coverage period Fixed 

Dynamic 

Payout structure Incremental 

Lump sum (single value payout) 

 

One of the most commonly adopted structures is that of a continuous payout triggered and 

limited by a cumulative measure of the weather variable (e.g. rainfall) for each of the different 

crop growth stages, is discussed as follows. 
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Payout Parameters in a WII contract – An example 

Using the drought coverage case represented in Figure 1 as an example, the parameters that 

characterize an incremental payout structure can be defined as follows: 

• Trigger: Threshold above or below which payouts are due. In this example, payments are due 

when the calculated value of the index is below the trigger level (300 mm). 

• Limit: Threshold above or below which no additional incremental payout will be applied. In 

this example, the maximum payout is paid if the calculated value of the index is 

equal to or below the exit threshold (100 mm). 

• Tick: Incremental payout value per unit deviation increase from the trigger. With a maximum 

payout (the insured sum) of 12000, a trigger of 300 mm and an exit of 100 mm, the 

monetary value of each deficit mm of rainfall below the trigger is: 12000 / (300 

mm-100 mm) or 60 per mm 

Contract design is probably the most challenging part of developing a pilot program and local 

insurance companies, usually have no expertise to carry out the design. WII pilot developed with 

the involvement of specialists of research organization is encouraged.  

 

                 Fig 1.  Payout structure of a WII drought contract 
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5.1 Weather Index Insurance:  Indian Experience  

An impressive repository of historical weather data, high dependency of country’s agricultural 

production on rains and huge pool of scientific resources place India in the forefront of piloting 

of weather index insurance.  

Pilot Weather Risk based Crop Insurance 

The first pilot on weather index insurance in India and also in the developing world was carried 

out in 2003 by ICICI Lombard. This which was followed by pilots on weather risk index-based 

insurance by Agriculture Insurance Company of India (AIC) and IFFCO-Tokio, both during 

2004. Building on the existing weather risk insurance products, the Government asked AIC in 

2007 to design the Weather risk-Based Crop Insurance Scheme (WBCIS) as a pilot. An example 

of the product for multi-phase deficit rainfall and consecutive dry days is presented in Table 2. 

Table 2. Illustration of WBCIS in Kharif groundnut at Mahaboobnagar, Telangana during 2004 

    Crop: Groundnut Season: Kharif     

              

        PHASE-I PHASE - II PHASE – III 

1 

A. 

 Rainfall 

Volume 

PERIOD 
21st June to 15th 

July 

16th July to 

15th Aug 

16th Aug to 

30th Sept 

TRIGGER I  (<)                  80 mm 160  mm 80  mm 

TRIGGER II (<)                40 mm 80 mm 40  mm 

EXIT 20 30 20 

RATE I  (Rs./ 

mm) 
25 25 25 

RATE II (Rs./ 

mm) 
75 60 75 

Max. Payout 

(Rs.) 
2500 5000 2500 

    
 

TOTAL 

PAYOUT (Rs.) 10000 
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1 

B. 

Rainfall 

Distribution  

(Consecutive 

Dry Days) 

PERIOD 1st July to 31st August 

TRIGGER 

DAYS (>=) 
20 

25 
30 

PAYOUT (Rs.) 1500 3000 5000 

        
TOTAL 

PAYOUT (Rs.) 
5000   

Rainfall of less 

than 

2.5 mm in a day  shall not be considered as a rainy day; and multiple payouts 

considered 

              

      
Max. Payout 

(Rs.) 15000 
    

          

 

5. CRIDA’s Contribution to WII 

AIC has signed a MOU for generating weather indices for three crops viz., wheat, groundnut and 

cotton with CRIDA, having a network project All India Coordinated Research Project on Agro-

meteorology (AICRPAM) generating crop and weather data for more than 20 years in important 

crops at 25 of cooperating centre and having huge inter disciplinary scientific staff strength. 

Scientists of CRIDA identified critical phenological stages for temperature in wheat and for 

rainfall in groundnut and cotton. Thresholds of average maximum and minimum temperature in 

critical phenological stages of wheat were worked out in different varieties of wheat at eight 

cooperating centres for generating weather indices (Venkateswarlu et al., 2013). Likewise, 

thresholds of cumulative rainfall in critical stages of groundnut at four centres and cotton at three 

centres were worked out to serve as indices at the respective centres (Rao et al., 2013). 

Thresholds of weather parameters in wheat and groundnut are illustrated in Tables 3 and 4. 

These thresholds serve as triggers and temperature above these limits cause yield reduction in 

wheat at respective centres. Likewise rainfall below these limits will cause reduction in yield of 

groundnut at respective centres/districts.  
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Table 3. Thresholds of Temperature at Critical Stages for Obtaining Optimum Wheat Yield at 

different Locations 

 

Centre  Maximum temperature (°C) Minimum temperature (°C) Stage 

Kanpur  25.6 - 27.5 9.9 - 11.3 Milk 

Faizabad  32.0 14.0 Dough 

Anand  26.9 - 28.1 9.9 - 11.0 Milk 

Ranichauri  13.8 - 16.3 2.9 - 5.3 Jointing to Anthesis 

Raipur  29.7 - 31.7 15.1 - 15.8 Milk 

Ludhiana  20.0 - 31.3 6.4 - 15.4 Booting to Maturity 

Udaipur  28.4 10.8 Dough 

Ranchi  25.1 - 27.2 8.7 - 9.8 Milk 

 

Table 4. Thresholds of Rainfall in critical stages for obtaining optimum yield of groundnut at 

Anantapur, Anantapur district, Bangalore and Anand 

 

Station/District  Variety  Rainfall (mm)  Critical Stage  

Anantapur  

TMV-2  191.4  Pod initiation to Maturity  

Robut 33-1  224.3  Pod initiation to Maturity  

Anantapur District  -  171.0  Pod initiation to Maturity  

Bangalore  

DH 3-30  118.7  Pod initiation to pod filling  

Robut 33-1  108.7  Pod initiation to pod filling  

TMV-2  155.7  Pod initiation to pod formation  

JL -24  138.4  Pod initiation to pod formation  

K-134  122.3  Pod initiation to pod formation  

Anand  

Robut 33-1  318.8  First seed to harvest  

GG-2  469.0  First seed to harvest  

Gaug-10  174.3  First seed to harvest  
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Other indices like cumulative dry days, water requirement satisfaction indices in groundnut and 

cotton were worked out. Efforts are on to develop weather indices in some more crops and 

horticulture systems. 

7. Conclusions 

Weather risk is assuming importance in agriculture due to climate change. Agriculture insurance 

has been identified as one of the risk management strategy for adapting to the climate change. In 

contrast to the traditional crop insurance scheme, weather index based insurance is gaining 

prominence because of its transparency, low operational costs and fast pay out mechanism. Yet, 

there are major constraints associated with weather index products that need to be successfully 

addressed. Foremost among the constraints is high basis risk. There is an urgent need to bring 

down basis risk arising from insufficient network and spread of weather stations besides 

improving relationships between the weather triggers and yield loss. Finally, there should be an 

in-depth research (on a continuous basis) of the associated weather risks for various crops grown 

in the country. 
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Monitoring and Evaluation of Environmental Projects
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Introduction 

Enhancing human welfare is the ultimate goal of development planning by the governments and 

other organizations. Investments, use of physical, material and human resources, are planned and 

executed with a view to achieve certain objectives. These investments often take place in the 

form of ‘projects’. A project can be described as a set of well thought out sequence of activities 

aimed at achieving some pre-defined objectives within a specified time-frame. The benefits from 

a project can flow for a particular time period or sometimes can even be for a very long time. 

However, the fundamental principle of economics says that resources are always limited relative 

to the ends they are supposed to meet. Thus, there is a need to allocate and use resources in a 

manner that maximizes the utility. When the resources being spent belong to the society, it is 

even more needed to ensure that the resources are spent properly. Thus, there is an increasing 

need for using the resources available in the most efficient manner. 

Many public investments are bundled in the form of projects. Though these can be classified as 

either economic or environmental based on the purpose, most projects have a combination of 

economic, environmental and social effects. When the environmental effects are dominant, they 

can be called environmental projects. It is however difficult to imagine projects that have 

economic effects or environmental effects solely. After all, the very existence of human beings is 

critically dependent on the health of the environment around. 

Fortune & White (2006) describe a sustainable investment project as a discrete investment 

activity, with a specific starting point and a specific ending point, intended to accomplish 

specific economic, social and environmental objectives simultaneously. It comprises a well-

defined sequence of investments, which are expected to result in a stream of specific benefits 

over time. World Bank Group (1996) defines a project as a capital investment for developing 

facilities in order to provide goods and services, while United States Environmental Protection 

Agency (2002) states that a project involves the utilization in the near future of scarce or at least 

limited resources in the hope of obtaining in return some benefits over a long period of time. 
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In order to ensure that the project progresses as planned and results in impacts that are expected, 

monitoring and evaluation have become integral part of project management. In the simplest 

terms, monitoring involves making a periodical review of the project in terms of budgets spent, 

resources used and other milestones met as specified in the project plan. It can also involve 

assessing the impacts that might have been expected while the project is still in progress. 

Evaluation on the other hand involves examining whether the project has achieved its objectives 

in terms of whether the intended impacts are achieved and how big or small these impacts are in 

relation to those actually intended to be achieved. 

Usually, the project evaluation is done at three different stages of a project. At the beginning of 

the project, an evaluation of the project is done based on certain informed assumptions regarding 

the possible impacts and the temporal flow of these benefits. Such an exercise is referred to as ex 

ante evaluation. This analysis, when done for different candidate projects, will be useful in 

selecting a set of projects that are likely to maximize the returns to investment. Monitoring, on 

the other hand, is done during the course of the project and evaluations done at the end of the 

project and is called ex post evaluation. 

Monitoring 

As mentioned earlier, monitoring is done while the project is being implemented in order to take 

measures that will enhance the effectiveness of the project activities. It involves all levels of 

management and comprises both planned reports on progress and routine intra-project 

communications as well as the learning that occurs. It can either be done by an independent third 

party agency or by the implementing or funding agency. In any case, involvement of the 

implementing agency in monitoring is important as the purpose is to accept that lessons that will 

enable mid-course corrections. In fact, it is desirable to have a monitoring plan in the project 

proposal itself in terms of the variables to be monitored, any intermediate impacts likely to be 

created, the definition and/ description of these variables to be monitored along with the 

measurement methods and sources of data, periodicity of monitoring and the persons or agencies 

responsible for undertaking this activity. 

Evaluation 

Evaluation refers to the process of establishing facts about if the intended objectives of the 

project are met and the degree to which these objectives are met. The project proposal should 

specify the impacts that are expected from the project activities in terms of the nature and 
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quantum of impact and the target regions and / or groups of people. Both ex ante evaluation and 

monitoring will provide useful links to the final evaluation of the project. Though monitoring 

and evaluation have traditionally been seen as two different activities, the recent thinking 

considers both as a part of a single system concerned with improvement of project design and 

execution. 

The evaluation of any project basically involves comparison of costs associated with 

implementation of the project and the costs and benefits accrued attributable to the project. 

While the identification of the costs associated with the project implementation are relatively 

easier, identification of costs and benefits that result out of the project activities can prove to be 

challenging, especially when the project interventions affect the environment. This is what 

distinguishes monitoring and evaluation of the environmental projects from that of other 

projects. 

Any evaluation programme must be able to examine (i) whether and how the project activities 

are relevant in the specified area or target groups, (ii) whether the intended results have been 

achieved and what activities of the project have been responsible for the results and the reasons 

for non-achievement of results, (iii) whether the resources have been spent in the best possible 

way and the scope for improvement in the efficiency (iv) whether the resulting impacts have 

been of the desired magnitude and are relevant to achieve the longer term goals that the project is 

supposed to address and (v) whether and how the project continues to have positive impact even 

after completion. It is also important to deal with the reasons for success or failure of the project 

in the evaluation report so that the relevant learnings can be taken to designing the subsequent 

projects. 

Both monitoring and evaluation share the common goal of enhancing project effectiveness, 

efficiency and sustainability of the impacts. Thus, a proper monitoring and evaluation is possible 

only when they are given adequate importance at the project planning itself. It is also important 

that the project implementing agency own such a monitoring and evaluation plan so that the 

learnings are acted up on more readily. 

The purpose of monitoring and evaluation can be summarized as below: 

1. To ensure that planned objectives or results are achieved 

2. To strengthen the project management 

3. To enable common understanding about the project among different stakeholders  
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4. To contribute to better understanding and to advance the project design and execution 

5. To ensure transparency and accountability, and  

6. To mobilize public and political support 

Both monitoring and evaluation depend heavily on the indicators of performance. In case of 

monitoring, the relevant indicators can be obtained both from within the project execution unit 

and from the area of action. The former contains indicators related to financial progress and 

physical progress and the latter contains information on the relevant outputs, outcomes and 

impacts depending on the nature of the project. The indicators selected are to be relevant, 

measurable, responsive to the project interventions, stable, and acceptable to the stakeholders. 

In case of evaluation, the costs and benefits associated with project activities have to be 

identified, quantified and monetized before they are compared to make a comment on the 

viability of the project. There is a clear need to identify the boundaries of the project 

intervention. The comparison can be made either following a ‘with and without’ approach or a 

‘before and after’ approach or a combination of the two. In case of environmental projects, 

developing counterfactual scenario as to what would have happened in the absence of the project 

in question may sometimes be more relevant and useful. The following are some of the key steps 

in execution of a project evaluation: 

• Put in place a plan for evaluation as part of a larger M&E plan. This also involves having 

a bench mark survey done to capture the information at the beginning of the project. 

• Identify the key interventions and the impacts that they are expected to create in terms of 

key indicators (e.g. crop yield, crop acreage, water table depth, etc), target locations and 

human groups. 

• Determine the temporal flow of costs and benefits 

• Specify how these indicators are to be measured. 

• Identify the spatial and temporal externalities and if possible quantify them. 

• Monetize all the negative and positive impacts 

• Compute project worth measures such as net present value (NPV), benefit-cost ratio 

(BCR), internal rate of return (IRR) etc (see Gittinger (1982) for details). 

• Perform a sensitivity analysis of these economic measures with a range of numbers for 

key impact indicators 
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• Give a description of all those impacts which are difficult to quantify (e.g. downstream 

effects of soil erosion control, protecting the biodiversity of a region etc) 

Approaches to Economic Valuation of Impacts 

The process of evaluation of environmental projects is served immensely by what is popular as 

Environmental Impact Assessment (EIA). The development of natural resource economics as a 

specialized area of interest within economics has contributed immensely to identification and 

valuation of costs and benefits associated with an environmental project. EIA coupled with 

evaluation of impacts can aid in selecting the best-bet project among the alternatives, assessing 

the utility and viability of the activities that an EIA might have suggested at the project 

formulation stage and finally in performing an economic evaluation of the project after 

completion. 

When the impacts include the changes in production and productivity only, it is relatively easier 

to identify, quantify and monetize using economic theory and relevant methods such as 

economic surplus analysis (For details about this method, see Alston et al., (1995). When the 

impacts also include significant environmental changes, it becomes difficult to identify and to 

put an economic value on those benefits. There have been evolved a number of approaches and 

methods in the recent past to quantify the economic value of environmental impacts or services. 

The following are some of the approaches and methods that will be of relevance and use while 

evaluating environmental impacts. 

• When the production changes are significant and result in price changes also, non-

distorted market prices can be used wherever available. If the latter are not available, one 

can use surrogate market approaches, apply shadow prices. 

• When the environmental changes are related to altering or relocating existing habitats, 

approaches such as opportunity cost approach, replacement cost approach, land value 

approach or contingent evaluation may be followed. 

• Travel cost approach and contingent evaluation methods are applied in case of 

environmental effects related to recreation facilities. 

• Replacement or relocation cost approach and use of estimated costs associated with 

prevention of ill-effects on human health can be followed in case of projects affecting air 

and water quality.  Approaches like the human capital, loss of earnings and medical costs 

are used when the projects have significant implications to human health. Cost 
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effectiveness analysis is also applied in case of the projects influencing certain 

environmental and health aspects. This analysis is especially relevant when deciding on 

the choice of alternative projects with the same goal. For example, if a given acreage of 

crop land can be brought under irrigation by several different projects, cost effectiveness 

analysis is more relevant. The technique is also useful when quantifying the economic 

value is more difficult as, for instance, in case of those projects involving altering or 

relocating the existing religious places. 

While conducting an economic evaluation of environmental projects is more technical and needs 

significant capacity, it is equally important and useful to involve stakeholders in the process. 

Some of these economic measurements can be supplemented with a set of easily measurable 

indicators that the stakeholders can easily understand and appreciate. Involvement of 

stakeholders in identification and measurement of such indicators will enhance the acceptance of 

the results of project evaluation by donors, implementing agencies and the political leadership as 

well. If such indicators based evaluation is strongly correlated with the more formal 

measurements, it is even possible to save efforts on the latter especially when the capacity or 

resources available for a formal evaluation are limited. 

Examples of indicators of agricultural projects with considerable environmental effects 

1. Watershed or Natural Resource Management: crop productivity (change and variability), 

ground water status, availability of drinking water, irrigation, cropping intensity, fodder 

availability etc 

2. Biodiversity: Number of crop and weed species observed, number of animal species 

(including insect species) observed in a given ecosystem, number of species saved from 

extinction, etc 

3. Integrated Pest Management: Reduction in the quantity of chemical insecticides, natural 

enemies of insect pests observed within a given crop or cropping system, diversity within 

a crop field (due to inter-crop, trap crop, barrier crop etc), reduced sickness related to 

exposure to chemical insecticides etc 

4. Irrigation: Area irrigated, crop yields, cropping pattern, cropping intensity, habitat lost 

because of inundation, assets lost, power generation, etc 

5. Climate change: Emissions per unit of output, yield stability or resilience, reduction in 

erosive coping, etc. 
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Some other Issues 

Even if one has given the most possible care and attention in drawing up a proper monitoring and 

evaluation plan, the following bottlenecks can still be encountered. 

• As already mentioned, monitoring and evaluation is skill intensive and it is difficult to 

find human resources capable of performing this task. Investment should therefore be 

made in capacity building. 

• The project management should provide for adequate financial and other resources even 

from the beginning of the project so that the project performance can be enhanced. 

Mechanisms to act up on the learnings arising from the monitoring should be put in place. 

• It is sometimes difficult to define a time horizon on the flow of benefits from the project. 

In such cases, it is a usual practice to include the annuity value of the benefits flowing 

into perpetuity which may result in a bias. Also, selection of discount rates while 

computing the project worth measures may prove to be challenging.  

• There is a need to be careful about selecting indicators of impact. It is desirable to select 

those indicators that are directly influenced by the project interventions. For example, it 

is better to assess the impact on the crop yield rather than on profits if the intervention is 

related to change in management practice. If yield gains are accompanied by price 

decline, higher profits are not ensured in which case tracking profits would give a 

different picture though the interventions are successful. 

• Economic analysis is limited in its scope and capacity to arrive at economic measures on 

the benefits when the project activities interfere with the cultural, religious, ethical and 

traditional value systems. 

• It is to be borne in mind that it is difficult to draw a physical and temporal boundary to 

the impacts on environment that some projects might lead to. Therefore, it is more 

important to define the conceptual and analytical boundaries for the evaluation 

framework so that the results are taken with that aspect in mind. 
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1. Introduction 

Impact Assessment is an assessment of change that can be attributed to a particular intervention, 

such as a project, program or policy. In contrast to outcome monitoring, which examines whether 

targets have been achieved, impact assessment involves counterfactual analysis. The 

‘counterfactual’ measures what would have happened to beneficiaries in the absence of the 

intervention, and impact is estimated by comparing counterfactual outcomes to those observed 

under the intervention. In other words, they look for the changes in outcome that are directly 

attributable to a program. Counterfactual analysis enables evaluators to attribute cause and effect 

between interventions and outcomes.  

Impact Assessments (IAs) are formal, evidence-based procedures that assess the economic, 

social, and environmental effects of a project, program or policy. Impact assessments can focus 

on specific themes, such as social impact assessments and gender impact assessments. Impact 

assessment helps people answer key questions for evidence-based policy making: what works, 

what doesn’t, where, why and for how much? Impact assessment helps by  

• Informing policy makers about potential economic, social, and environmental 

ramifications 

• Improving transparency so that contributions to sustainability and "better regulation" are 

disclosed  

• Increasing public participation in order to reflect a range of considerations, thereby 

improving the legitimacy of policies 

• Clarifying how public policy helps achieve its goals and priorities through policy 

indicators 

• Contributing to continuous learning in policy development by identifying causalities that 

inform ex-post review of policies 

The International Initiative for Impact Evaluation (3ie) defines rigorous Impact Evaluations as: 

'analyses that measure the net change in outcomes for a particular group of people that can be 

attributed to a specific program using the best methodology available, feasible and appropriate to 
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the evaluation question that is being investigated and to the specific context'. Impact evaluation 

helps people answer key questions for evidence-based policy making: what works, what doesn’t, 

where, why and for how much? It has received increasing attention in policy making in recent 

years in developing countries. It is an important component of the armoury of evaluation tools 

and approaches to improve the effectiveness of aid delivery and public spending  in improving 

living standards. Impact evaluation is now being increasingly applied in areas such as the 

agriculture, energy and transport. 

2. Assessment of Impact 

Estimation methods broadly follow evaluation designs. Different designs require different 

estimation methods to measure changes in outcome from the counterfactual. In experimental and 

quasi-experimental evaluation, the estimated impact of the intervention is calculated as the 

difference in mean outcomes between the treatment group (those receiving the intervention) and 

the control or comparison group (those who don’t). This method is also called randomised 

control trials (RCT). The single difference estimator compares mean outcomes at end-line and is 

valid where treatment and control groups have the same outcome values at baseline. The 

difference-in-difference (or double difference) estimator calculates the difference in the change 

in the outcome over time for treatment and comparison groups, thus utilizing data collected at 

baseline for both groups and a second round of data collected at end-line, after implementation of 

the intervention, which may be years later. 

Impact Evaluations which have to compare average outcomes in the treatment group, 

irrespective of beneficiary participation (also referred to as ‘compliance’ or ‘adherence’), to 

outcomes in the comparison group are referred to as intention-to-treat (ITT) analyses. Impact 

Evaluations which compare outcomes among beneficiaries who comply or adhere to the 

intervention in the treatment group to outcomes in the control group are referred to as treatment-

on-the-treated (TOT) analyses. ITT therefore provides a lower-bound estimate of impact, but is 

arguably of greater policy relevance than TOT in the analysis of voluntary programs. 

3. Inferential Statistics  

Inferential statistics or statistical induction comprises the use of statistics to make inferences 

concerning some unknown aspect of a population. The aim of this section is to draw inferences 

about a population from a sample. 
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Sampling Distribution 

For example, consider a very large normal population (one that follows the so-called bell curve). 

Assume we repeatedly take samples of a given size from the population and calculate the sample 

mean ( , the arithmetic mean of the data values) for each sample. Different samples will lead to 

different sample means. The distribution of these means is the "sampling distribution of the 

sample mean" (for the given sample size). This distribution will be normal since the population 

was normal. (According to the central limit theorem, if the population is not normal but 

"sufficiently well behaved", the sampling distribution of the sample mean will still be 

approximately normal provided the sample size is sufficiently large.) 

Thus, the mean of the sampling distribution is equivalent to the expected value of the statistic. 

For the case where the statistic is the sample mean: 

 

where µ  is the mean of the population distribution of that quantity. 

The standard deviation of the sampling distribution of the statistic is referred to as the standard 

error of that quantity. For the case where the statistic is the sample mean, the standard error is: 

 

where σ is the standard deviation of the population distribution of that quantity and n is the size 

(number of items) in the sample. 

Null Hypothesis:  It is a statement about population parameters, which is tested for possible 

rejection under the assumption that it is true.  

Although it was originally proposed to be any hypothesis, in practice it has come to be identified 

with the "nil hypothesis", which states that "there is no phenomenon", and that the results in 

question could have arisen through chance. 

For example, if we want to compare paddy yields of two districts, a null hypothesis would be 

that the mean yield of district-A is same as the mean yield of district-B, and therefore there is no 

significant statistical difference between them: 

H0: µ1 = µ2  

Where,  H0  =  the null hypothesis  

µ1 (mu 1) =  the mean yield in district-A, and  

µ2 (mu 2) =  the mean yield in district-B   
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Alternative Hypothesis: This is complementary to null hypothesis. When a null hypothesis is 

formed, it is always in contrast to an implicit alternative hypothesis, which is accepted if the 

observed data values are sufficiently improbable under the null hypothesis. The precise 

formulation of the null hypothesis has implications for the alternative. If one wants to test null 

hypothesis that mean yield of district-A is same as the mean yield of district-B then alternative 

hypothesis could be: 

i) mean yield of district-A is not same as the mean yield of district-B – leads to two 

tailed test i.e. µ1 ≠ µ2. 

ii) mean yield of district-A is < mean yield of district-B – leads to left tailed test i.e. µ1 < 

µ2.  

iii) mean yield of district-A is > mean yield of district-B – leads to right tailed test i.e. µ1 

> µ2. 

Level of Significance:  It is the percentage chance that null hypothesis is rejected though it is 

true. If the null hypothesis is true, the significance level is the probability that it will be rejected 

in error. This chance of committing error arises due to fluctuations in sampling. Popular levels of 

significance are 5% and 1%. 

Example 

 

5% Level of Significance: It means there is 5% chance that we reject null-hypothesis though it 

is true. Consider the above example. Say we rejected null hypothesis and concluded that the 

mean yield of district-A is not same as the mean yield of district-B at 5% level of significance on 

the basis of sample scores. It implies that there is 5% chance that mean yield of district-A is 

same as the mean yield of district-B in the population and we concluded wrongly that they are 

not same. 
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1% Level of Significance: There is 1% chance that we reject the null hypothesis, though it is 

true. Consider the above example. Say we rejected null hypothesis and concluded that the mean 

yield of district-A is not same as the mean yield of district-B at 1% level of significance on the 

basis of sample scores. It implies that there is 1% chances that mean yield of district-A is same 

as the mean yield of district-B in the population and we concluded wrongly that they are not 

same. 

4. Testing of Hypothesis - Small Sample Tests 

The aim of this section is to draw inferences about a population from a sample 

4.1 Two Sample t-Test 

Let µ1, µ2 are the mean outcomes in treatment group and control group populations and  ����� and ����� 
are mean outcomes of random samples of sizes n1 and n2 drawn independently from the 

populations of treatment group and control group. 

Assumptions: 

i) Population from which samples are drawn is normal. 

ii) The samples are drawn independently and at random. 

iii) Population standard deviations (S.D.s) are equal 

Constraints:  

i) Common population S.D. is not known 

Null Hypothesis:  H0 : µ1 = µ2  

Outcome in treatment group is equal to outcome in control group. 

Test statistic:  

  

Where, pS  is Pooled S.D. 

    

With (n1 + n2 − 2) degree of freedom. 
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2

2
s  may be computed using a similar formula. 

Conclusion: If calculated t is greater than t table value for df)2nn( 21 −+ at required level of 

significance, the null hypothesis is rejected. It is concluded that there is significant difference 

between two means with respect to character under consideration. Otherwise null hypothesis is 

accepted. 

Example:  PI of NICRA project wanted to see whether there is any difference in yield of maize 

crop between NICRA adopted village and a neighbouring village in a drought year. A sample of 

10 maize farmers was drawn at random from each village. The yields (in t/ha) obtained by the 

sampled farmers are as under. 

NICRA village 3.6 3.7 3.3 4.5 4.4 3.9 2.9 3.2 3.5 4.1 

Neighbouring village 2.2 2.6 1.8 3.4 2.8 2.3 3.6 1.7 2.7 2.9 

 

The difference in yield between the villages may be attributed to NICRA interventions. Make a 

statement about the significance of the difference.  

Solution:   

i) sample sizes are n1 = 10, n2  = 10 

ii)     H0 : µ1 = µ2  

           H1 : µ1 ≠ µ2 

iii) Test Statistic 

1x = 3.71, 2x =2.6  

																											��� = 0.387           ��� = 0.27       pS = 0.328 

                      t  =    
��.
���.���
�.���� �

��� �
��

 = 4.33 

Conclusion: t (Cal) = 4.33 is greater than t Table value i.e. 2.88 at 1% level of significance.  

Hence null hypothesis is rejected and concluded that the difference is statistically significant. 

It can be inferred that NICRA interventions had positive impact and built resilience against 

drought. 
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4.2 Paired t-Test 

When to use paired t-test:  

The sample sizes should be equal and the two samples are not independent (sample observations 

are paired together). For example difference in performance of a group of farmers before and 

after training may be tested using this test. Let µ1, µ2 are the performances before and after 

training. A random sample of size n is drawn from the group of farmers who undergone training. 

Let 
1i

x and 
2i

x  are the pair of observations pertaining performance before and after training 

respectively on i
th
 (i=1, 2, ...n) sampled farmer. 

Assumptions: 

i) Population from which samples are drawn is normal. 

ii) The paired sample is drawn at random. 

iii) Population S.D.s are equal 

Constraints:  

i) Sizes of the samples are equal 

ii) Common population S.D. is not known 

Null Hypothesis : H0 :  µ1 = µ2  

There is no difference in performance before and after training 

Test statistic:   

n

S

d
t

d

2
=              with (n − 1) degree of freedom.  

where,  ∑
=

=
n

i
id

n
d

1

1
  and   21 iii xxd −=  

( )
2

1

2

1

1
∑

=

−
−

=
n

i
id dd

n
S  

Conclusion: If calculated t is greater than t table value for (n-1) df at required level of 

significance, the null hypothesis is rejected. Otherwise null hypothesis is accepted. 

Example: A paddy farmer found his field affected by BPH. He selected 15 hills at random and 

marked them. He recorded the number of insects per hill. He sprayed a chemical to control the 

insect. Two days after the spray, he again recorded the number of insects per hill. The number of 

insects per hill before after the spray is as under.  
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Hill No. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

Before Spray 52 46 49 58 41 38 44 35 36 43 31 55 46 47 50 

After spray 12 18 14 9 8 15 11 14 10 8 12 5 13 4 8 

 

Test whether the chemical was effective in controlling the BPH! 

Solution: 

H0: The chemical is not effective in controlling the BPH and the reduction in 

insect count is due to fluctuations of sampling. 

H1:  The chemical is effective in controlling the BPH  

Computation of Test Statistic:  d = 34  and  
2

d
S = 91.57 

76.13

15

57.91

34
==t  

Conclusion: t (tab) value for 14 degree of freedom 5% level of significance is 2.14. Here we find 

that t (cal) is > t (tab).  Hence, null hypothesis is rejected at 5% level of significance and it is 

concluded that the chemical is effective in controlling the BPH.  

5. Testing for Impact of a Programme on Adoption of Technology  

Proportion: The proportion of individuals having a particular characteristic is the number of 

individuals possessing the characteristic divided by total number of individuals. Suppose we 

create a variable that equals 1 if the individual has the characteristic and 0 if not. The proportion 

of individuals with the characteristic is the mean of this variable because the sum of these 0s and 

1s is the number of individuals with the characteristic. 

Test of Significance for Difference of Proportions  

Testing of the Null Hypothesis  H0: 21 PP =  (the population proportions are equal)  

against Alternative Hypothesis  H1: 21 PP ≠  (the population proportions are not equal). 

 

The test is performed by calculating z statistic and comparing its value to the percentiles of the 

standard normal distribution to obtain the observed significance level. If this probability value is 

sufficiently small, the null hypothesis is rejected.  



ICAR Short Course on " Tools on Monitoring, Evaluation and Impact Assessment of Rainfed Technologies and 

Development Programmes, 1-10 November, 2017" 

 

309 

 









+−

−−
=

21

21

11
)ˆ1(ˆ

0)ˆˆ(

nn
PP

PP
Z  follows N(0,1) 

Where 1P̂ and 2P̂  are the estimated proportions computed from samples of size 1n  and 2n , 

respectively.  

P̂  is the proportion of individuals having the characteristic when the two samples are pooled 

together.  
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Example: A KVK claims that adoption of technology is more in the village adopted by them 

compared to neighbouring village. Independent random samples of size 40 has been drawn from 

each village. The estimated proportions (on the basis of samples) are 0.7 and 0.4 for the KVK 

adopted village and neighbouring village respectively. Please verify the claim of the KVK? 

Solution:  

H0: 21 PP =  

H1: 21 PP ≠  

55.0
4040

)4.0*407.0*40(ˆ =
+

+
=P  

70.2

40

1

40

1
)55.01(*55.0

4.07.0
=









+−

−
=Z  

Conclusion: Calculated Z (2.70) falls in the rejection region, as Z table value is 1.96 at 5% level 

of significance. Therefore null hypothesis is rejected and the claim of KVK is admitted. It is 

further concluded that  that adoption of technology is more in the village adopted by the KVK 

compared to neighbouring village.   
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• Offers ideas for turning  evaluations into learning processes 
 
Making evaluations results significant to the primary intended users 
of development programmes and act as ready reckoner for stake 
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