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Life of an Organic Farmer

Though mosquitoes suck my blood without my permission,
They rely after all on our blood donation.

The sharp sugar cane leaves do cut my flesh while weeding,
No pain no gain, plants will grow well, thanks to my bleeding.
Horse flies do harass me too, thinking I'm a donRey,

Or because I'm white , they assume I am a YanKee .
Ants hiding behind the leaves bite me mercilessly,
They save themselves, nothing against me personally.
While sweating liRe a horse, I think [ife is beautiful,

1 don't have to go to the Turkish bath, and that's cool.
Like a soldier, a farmer has to shed sweat and blood.
He may harvest his crop after facing drought or flood .
The monsoon can bring hope, but also devastation,

He prays for it, rains guarantee food for the nation.

A farmer can sow seeds, work hard and hope for the best,
For it is through God's Grace, if one day he can harvest.
In Punjab, wheat and rice are the main cultivation,
The only crops favoured by the green revolution.
Punjabis don't relish rice , it's not their cup of tea,

To grow food we don't eat is a great absurdity.
Organic farmers don't believe in using pesticide
To work against nature is [ike committing suicide .

To pollute soil and water is not sustainable,

And produce pure and safe food, is only sensible.
Multi cropping combined with a wise crop rotation,
Can protect the soil from any deterioration.

Such farming does not rely on petrochemistry,

It provides healthy food for home and the country.
Such farmers who produce their food are self-reliant,
They won't make a fortune, but they are self-sufficient.
Hard work and organic food Reep the farmer healtfry,
If one stays in poor health, what's the point of being wealthy.
Farmers who feed the world are looked upon with contempt,
But when there is a lockdown, they are self-sufficient.
Do boost your immune system in time of pandemic,

Organic food will fielp you along with turmeric.

Darshan Singh Rudel
(Raza Farm, Nurpur Bedi)
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About TIGRZESS

Objectives and Outcomes Jointly Framed by the Consortium Partners

India’s Green Revolution produced significant benefits. The greatest positive impact was felt

in regions and on farmers who were able to harness benefits from the combination of new

technologies, increased inputs and research-led innovation that have characterised agrarian

transformation over the last fifty years. Despite these positive outcomes, there is widespread

agreement that the 2Ist century demands new thinking to address new and emergent

challenges, driven by changes in migration and settlement patterns, new forms of economic

activity, changes in global commodity markets, and significant environmental challenges.

Objectives

1.

To define the requirements and set the policy agenda for a second Green Revolution in
India, framed by demographic changes affecting rural communities and feminisation of
smallholder farming systems.

To develop and strengthen alliances across a carefully selected network of UK and
Indian experts, to build a collaborative, long-term research partnership in sustainable

agriculture that will set India on the path to a second Green Revolution.

Flagship Projects

Objectives were attained through fundamental research, structured into six Flagship Projects.

FP1 Sustainable and Transformative Agrarian and Rural Trajectories (START);
FP2 Crop Sciences: Water Use and Photosynthesis;
o Improving Water Use and Yield Stability in Millet and Sorghum;
o Crop Sciences: Enhancing Photosynthesis;
FP3 Heat and Drought Resilience in Wheat;
FP4 Water Use and Management in a Changing Monsoon Climate;
FP5 Supply Chains: Modelling Water Use for Sustainable Livelihoods;
FP6 Impacting Wellbeing in Rural and Urban Communities: Education, Empowerment
and Entrepreneurship Leading to Improved Human Nutrition;
o Education Food, Nutrition and Empowerment (EFNE);
o Education, Employment, Empowerment and Entrepreneurship (4E);
o Cross-Cutting FP6 Projects are the Mobile Teaching Kitchens and the

Innovation Farm Model.
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Executive Summary

The agricultural system should preserve or augment the natural environment, providing safe
food and social welfare besides being economically viable. Economic, environmental and
social sustainability indicators that allow an integrated farm assessment have increasingly
received considerable attention. The present study is based on a stock-and-flow framework for
a systemic identification and selection of indicators, further aggregated to create a holistic
Comprehensive Farm Assessment Index (CFAI) to assess alternate farming systems in the

select districts of Punjab.

The sample comprised 88 organic and 90 conventional farming plots across three agro-
climatic zones, viz., the North-East (Districts of S.A.S. Nagar, Rupnagar, and Hoshiarpur),
Central (Patiala District) and South-West (Districts of Mansa and Bhatinda) over two cropping
seasons (Rabi 2020-2021 and Kharif 2021). An extensive validated questionnaire was used to
collect the quantitative details of farm inputs, including machinery usage, materials used and
labour, along with their actual and opportunity cost. In addition, qualitative parameters were
built into the questionnaire to measure the contextual aspects of farming in the national
indicator framework of sustainable agriculture. Furthermore, soil samples were collected from

all the farm plots to test the soil’s physicochemical properties.

The results highlight that for 96 per cent of the farmers, agriculture is their primary
occupation. With 100 per cent of irrigated land, around 83 per cent of the organic farmers
plough their own owned land compared to 67 per cent of the conventional ones. Further,
organic farmers are primarily practising on small and marginal farm plots, with 43 per cent
having a second source of income. The one-way ANOVA procedure shows statistical mean
differences between the organic and conventional farming systems on the key production costs
and income for wheat, rice, and cotton crops. The normalised values of social indicators like
the knowledge of best farming practices and their sources, self-reliance in terms of self-borne
costs, health impacts from no usage or organic pesticide usage, and institutional strength due
to advice received from a community or producers’ group and availability of credit are higher
for organic in comparison to the conventional farming system, irrespective of the crops sown
or the agro-climatic zones. Similarly, on the environmental dimension, more biodiversity and
less water contamination were on organic vis-a-vis conventional farms. Overall, the
comparative CFAI highlight that except for paddy cultivation in the North-East region, the
composite indices for organic farming (wheat and cotton) are higher than that for the

conventional systems.



Over the past six decades, farmers in Punjab have been entrapped in an ecologically
unviable cropping pattern and concomitant commercial fallouts. Currently, organic farming is
being promoted and facilitated through central governmental and non-governmental
institutions, however with marginal success in Punjab. If organic agriculture is to play a role in
providing sustainable food security and livelihoods, economic sustainability must be ensured
through effective policy interventions. A participatory approach with local communities,
promoting networks, training and extension services will go a long way in addressing the
impacts on multiple ecosystems and rural incomes. As a way forward, alternate methodological
frameworks can be explored, and good or best organic management practices be documented

and disseminated to achieve environmental sustainability.
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Area
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1. Economic, Social and Ecological Dimensions of Agricultural Systems

A sustainable agricultural system meets numerous goals, including economic viability with
preservation or augmentation of the natural environment, providing food safety, and social
welfare across time (Hansen, 1996). According to Francis and Youngberg (1990), the
multifaceted concept of sustainability would involve a triple bottom line approach
encompassing profitable operations, equitable and fair generation of wealth, and maintenance
of natural ecology. In agriculture, the three pillars — economic, social, and environmental —
integrate land stewardship to create resource-conserving and equitable farming systems for
future generations. Furthermore, when accompanied by suitable institutional, cultural, and

ethical settings, it can result in the well-being of nations and people.

Maintaining economic growth is a vital objective accepted by practitioners and
decision-makers. However, there is difficulty in trading off sustainability and economic
viability (Moldan et al., 2012). An economically sustainable farming system should generate
sufficient earnings to reimburse the farm’s production factors at a rate comparable with other
sectors and provide an adequate cushion to face the vicissitudes of changing times. Further, the
factors of production must be used productively and efficiently to maximise value-added
products and minimise the risk in farming operations. If the efficiency of the factors of
production can be improved, it stands to reason that the farming system can increase output
and create higher quality produce at lower prices. Any increase in production contributes to the

economic growth of the country.

Social sustainability is a critical long-term pillar around which societies evolve in social
values, identities, relationships, and institutions (Diamond, 2005). The agriculture system is
pivotal in providing sustainable livelihoods through employment opportunities, especially for
vulnerable people. In addition, the sector employs large numbers of non-salaried family
members, particularly women, unskilled or semi-skilled workers and seasonal migrant
workers. Therefore, sustainable farming should result in social equity, self-sufficiency,
preserving traditional agrarian and indigenous wisdom and culture, and supporting
smallholders (Weil, 1990). Thus, adequate access to housing, income, health, labour and good
working conditions, services, facilities, education and financial security should be available to
the farmers as a part of their social inclusion. Additionally, a respectful social identity with
their values and social norms should be restored. Finally, it should help them build networks

and trust collectives, thus furthering their social capital.




The resource-limited ecological strategy would involve significant regeneration,
substitutability, assimilation, and irreversibility (OECD, 2001). Farming practices should
promote the sustainable use of soil, water, and air with environment and biodiversity
conservation, livestock management, and improved quantity and quality of produce. Given the
limited availability of virgin fertile soils, the required growth of agricultural production will
have to come from yield enhancement on currently cultivated soils. Therefore, efforts must be
made to add maximum value with minimum resources to minimise environmental impact
(Jollands et al., 2004). Further, concerted efforts must be diverted towards waste reduction,

specifically hazardous waste and food loss across the value chain.

Integrating a wide range of issues and indicators is imperative to capture a holistic view
of farm-level sustainability. Generally, two approaches are followed for sustainability
assessment — bottom-up and top-down (Spohn, 2004). The bottom-up involves the systematic
participation of several stakeholders to decipher the framework and the indicators. On the other
hand, the top-down approach looks into the overarching structure, which is subsequently
classed into sets of sustainable indicators. A host of indicators have been developed to measure
the sustainability of farming systems and practices (e.g., Rigby et al., 2001; Héni et al., 2003;
Zhen and Routray, 2003; Wezel et al., 2014; De Olde et al., 2016a, b). Further, composite
indicators, a compilation of individual indicators into a single index, have been constructed to

evaluate sustainability.

Economic, environmental and social sustainability indicators that allow an integrated
farm assessment have received substantial attention. Several frameworks have been developed
to evaluate the sustainability of agricultural systems using composite indicators. An indicator
can be a quantitative or qualitative measure, or both, derived from a series of observations in a
given context. The indicator value can be derived in myriad ways, such as through
measurement, expert opinion or model estimates (Van Cauwenbergh et al., 2007). The
normalisation of indicators, weighting system and method employed in aggregating component
scores plays a predominant role in developing the composite index. As apparent in Table 1,
internationally indicator-based farm assessment tools vary widely in their scope, target group,

and methodology.

By supporting on-farm decision-making, agricultural sustainability assessment tools
can significantly impact the holistic development of farms and farmers (De Olde, 2016b).
Evidence from research expounds on the perceived relevance of the tool by the farmers as the

underlying reason for its adoption (Van Meensel et al., 2012). Factors contributing to the same




Table 1 Select Farm-Level Assessment Tools

Tool Method Sector Domain/Scales Attributes/Dimensions Reference
(Target Group) (Indicators)
Delphi Adapted in agriculture to build and select Universal Farm  family unit, | Farming system components (17), | King et al.
the indicators (Farmers, natural resource base, | the management of  the | (2000)
policy-makers, | finance base, capital | components (13), the
education) items, and cropping | interrelationships between
system components and the sum of these
components (8), as well as the
external factors that influence and
interact with the system (41)
Marco para la | Involves the systems’ characterisation, the Smallholder Environmental, Productivity, stability, reliability, | Lopez-
Evaluacion  de | identification of critical points, the | (Farmer, policy- | economic, and social resilience, adaptability, equity, | Ridaura et al.
Sistemas de | selection of specific sustainability makers, self-reliance, and self- | (2002)
Manejo indicators (environmental, social and education) empowerment (21)
incorporando economic dimensions), and integration
Indicadores  de | indicators through mixed techniques and
Sustentabilidad multicriteria analysis.
(MESMIS)
Indicauters  de | Assesses whole-farm sustainability by Universal Agri-ecological, socio- | Diversity, organisation of space, | Vilain et al.
Durabilité des | conceptualising around 16 objectives, (Farmers, territorial, and | farming practices, quality of the | (2003)
Exploitations three scales, and ten components to | policy-makers, | economic products and land, employment
Agricoles (IDEA) | develop a matrix with the 41 indicators education) and services, ethics and human
used to characterise them. development, economic viability,
and efficiency (41)
Response- Evaluates all types of production; three Universal Ecological, economic, | State and driving force of | Hdni et al.
Inducing aspects of sustainability with a set of 12 (Farmers) and social sustainability (12) (2003)
Sustainability indicators.
Evaluation
(RISE)
Sustainability Designed for three spatial levels to identify Universal Economic, social, and | Air, soil,  water, energy, | Van
Assessment  of | important links between management by (Farmers, environmental biodiversity,  viability,  food | Cauwenbergh
Farming and the | the farmer and impacts and effects on the | policy-makers, security and safety, quality of life, | et al. (2007)
Environment agro-ecosystem and its sustainability education) social acceptability, and cultural
Framework levels using a hierarchical framework. acceptability (51)
(SAFE)




and tackle sustainable agricultural
constraints and optimum land use planning

productivity index and
protection index

Tool Method Sector Domain/Scales Attributes/Dimensions Reference
(Target Group) (Indicators)
Public Goods | Assesses the main public goods provision Universal Economic, social, and | Soil management, biodiversity, | Gerrard et al.
Tool (PG) on a farm through several activities (Farmers, environmental landscape and heritage, water | (2012)
(developing questions and considering | policy-makers) management, manure management
data requirements and constraints) and nutrients, energy and carbon,
food security, agricultural systems
diversity, social capital, farm
business resilience, and animal
health and welfare (54)
Sustainability Structured  according to  several Universal Good governance, | 21 sustainability themes (corporate | FAO (2013)
Assessment  of | hierarchical or aggregation levels (i.e., (Food and environmental ethics, accountability,
Food and | dimensions, themes and indicators) and agricultural integrity, economic | participation, the rule of law,
Agriculture applies to large as well as small and enterprises, resilience, and social | holistic management, atmosphere,
Systems (SAFA) | medium-sized farms and all stakeholders organisations, well-being water, land, biodiversity, materials
involved in the production process governments) and energy, animal welfare,
investment, vulnerability product
quality and information, local
economy, decent livelihood, fair
trading practices, labour rights,
equity, human health and safety,
and cultural development) with 58
sub-themes (116)
Sustainable Sustainable utilisation of agricultural land Universal Geomorphology, land | Productivity (8), security (3), | Mohamed et
Agricultural is gauged through the integration of five | (Framers, policy- | use, social index, | protection (3), economic viability | al. (2014)
Spatial Model | factors using a geographic information makers, economic index, | (5), and social acceptability (6)
(SASM) system (GIS), analytical tools to combat education) security index,

Note: The sustainability tools are peer-reviewed and include economic, environmental and social sustainability indicators in an integrated assessment at the farm level.
Source: Compilation by Gill.




include a context-specific model, user-friendliness, data type and availability, and value
judgements of tool developers and users’ participation (Lynch et al., 2000; Gasparatos, 2010;
De Mey et al., 2011; Triste et al., 2014; Van Meensel et al., 2012).

A few studies have used composite indicators for agricultural sustainability (e.g.,
Sharma and Shardendu, 2011; NABARD, 2012). However, such studies either ignore the
agronomic and environmental parameters of farm sustainability or lack methodological rigour.
Contrary to these, Muthuprakash (2018) advanced a stock-and-flow based framework for a
systemic identification and selection of quantitative indicators, further aggregated to create a
farm assessment index. With the need to move beyond quantitative indicators, Muthuprakash
and Damani (2019) used an alternative methodology for measuring the qualitative and
contextual aspects of farming. The Comprehensive Farm Assessment Index (CFAI) in the
present study assesses alternate farming systems in the select districts of Punjab based on the
composite quantitative and qualitative elements in the indicator framework, as proposed by

Muthuprakash (2018) and Muthuprakash and Damani (2019), respectively.

2. Design of the Comprehensive Farm Assessment Index (CFAI)

There are many stages in the construction process of the CFAL This involves data selection,
cleansing, normalisation, weighting, and aggregation decisions. These selections are context-
specific and influence the outcome of the constructed composite indicator. The following

distinctive steps were carried out in this study:

2.1 Development of the theoretical framework

The delineation of the theoretical framework is the basis for constructing a composite indicator.
Using the concepts of stock and flow, the systems approach formed the basis of indicator
identification. Stock describes the system’s characteristics accumulated over the long term, and
flow describes the transient and dynamic characteristics of the system (Sterman, 2000). In
addition to the number of stocks and their flows, attributes or characteristics of the system,

which are usually context-specific, are considered.

Stocks are a quantifiable amount of material or information, with ecological stocks
often defined in a spatial context (Jones et al., 2016). In ecological parameters, stocks include
soil organic matter quantified in grams per metre square or the volume of water in a pond
quantified in cubic metres. Almost all the economic stocks are quantifiable (e.g., farmland,
farmsteads), though challenges exist in determining the value of the realised service or

intervention programmes. Some stocks of social capital can be harder to quantify, like, farmers’




Box 1 Stocks and Flow in Wheat Production

In the case of economic components, the stock of farm assets and total financial resources
available to farmers determine the financial viability of the wheat crop production system.
The ecological aspects include groundwater and soil nutrients stocks, with input inflows of
other environmental elements of rainfall and solar energy. Economic and social aspects
further augment these in producing a wheat crop. Factors of production — men, material, and
machines — are necessary to cultivate the land involving both economic (expenses) and social
(resources) flows. For wheat crops, stocks of soil nutrients are supplemented by inputs of
organic or inorganic fertiliser. Though the wheat crop requires less water, soil moisture
stocks are enhanced by irrigation. Other forms of social capital include farmers’ knowledge,
skills and formal or informal networks. The undesirable impact caused by farm inputs, like
the stock of soil nutrients and the water table, is depleted by flows to the growing crop.

Similarly, excessive discharge of harmful fertilisers and pesticides can adversely impact the

ecology and society.
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knowledge about the fertiliser requirement for different crop varieties or a collective of organic
farmers quantified their network connections. Flows into or from stocks represent an amount
of matter or information defined in a spatial and temporal context. The inflows are the resources
consumed, and the outflow includes both the intended and unintended outputs. In addition,
there are ecological flows (e.g., rainfall amount as millimetres per year) and social flows (e.g.,
flows of information from farmer to farmer on the best pesticide to be used against invading

pests).

2.2 Indicator selection

The system behaviour depends on the attributes both within and outside the system (Gallop,
2003). Unlike other frameworks where indicator selection depends on experts’ decisions, the
process here begins with the definition of boundary conditions followed by the
conceptualisation of the system using a stock-and-flow model, which is then used to identify
and select appropriate indicators (Muthuprakash and Damani, 2017). Identification of
independent boundaries along the three dimensions — economic, social, and ecological — are

essential to determine the inflows and outflows of the system.

The stock variables present within the system boundary are taken as indicators to
account for long-term sustainability. When variables are associated with more than one
process, an appropriate alternate measure must be selected to capture the system’s required
characteristics. The input and output flow across the system boundary follows next. Flow
variables constitute the biophysical interactions within and outside the system. However, the
stock-and-flow based framework focuses on the production efficiency of only those
components within the system boundary. As Andrieu et al. (2007) suggested, the indicators
related to desirable outcomes are measured in terms of input-output efficiency; the undesirable
in absolute values. Other uncontrollable attributes, like precipitation and sunlight, are taken as
peripherals and not as indicators. Efforts were made to select each stock and flow variable in

all three dimensions.

The selection of indicators requires a careful selection of variables that should not be
associated with more than one process. This is important since it would lead to over or under
accounting of any process attribute otherwise. There may be then some indicators whose
measurement is complex. In such a case, the stock-and-flow diagram enables identifying
appropriate proxy indicators for complex variables in the system. A proxy indicator is a
substitute variable used when the desired data are unavailable or too complicated to measure.

It should represent the variable of interest and have a close approximation to the target




indicator. For example, estimating farm biodiversity in the ecological pyramid is arduous.

Therefore, soil microbial diversity and richness have been taken as their proxy.

The comprehensive set of quantitative and qualitative indicators identified and selected
across the economic, social, and ecological dimensions using the stock-and-flow framework
with their component, proxy indicator, measure, units, explanation, and source are listed in
Annexure A. Over and above nineteen quantitative indicators, the qualitative indicators

considered in the present study are seven.

2.3 Normalisation of indicators

The normalisation of indicators is a precondition for aggregating indicators since they are in
varying units that are not aggregative. Normalisation is a mathematical procedure for
converting different measures into a comparable scale. The min-max method with a pre-set
reference was selected in the present study to normalise indicators. The method is widely
accepted in indicator studies (e.g., Hajkowicz, 2006; Gémez-Limén and Sanchez-Fernandez,
2010; Nathan and Reddy, 2011; NABARD, 2012). The min-max method performs a linear
transformation of data to a pre-set minimum and maximum points of the sample with the

function as stated below:

Xoe — ming(x7)

£ e
lge = >

max,(x5) — ming(x})

where maxc(xtq) and minc(xtq) are the maximum and minimum values of xtqc

To determine the operating range of the normalisation, reference values, which enable
measuring the relative position of the system to the benchmark, play an essential role. The
reference points for normalisation are identified for each indicator based on benchmarks
(national or state standards), extant literature, or expert opinion. For example, the Punjab state
crop-specific average is used to set the socio-economic indicators reference point. In the case
of the fertiliser impact quotient (FIQ), crop-specific nutrient consumption per unit yield is taken
to set the reference point. In contrast, for the pesticide impact quotient (PIQ), the specific

maximum recommended dosage provided by manufacturers is taken.

A value between ‘0’ and ‘1’ is assigned for different ranges of each indicator to
normalise, as in the literature (e.g., Nambiar et al., 2001; Praneetvatakul et al., 2001; Sharma
and Shardendu, 2011). For indicators where the crop- and state-specific average is taken as
‘0.5’ reference point, double its value is taken as reference point ‘1’ or ‘0’ for impact indicator,

respectively. Table 2 illustrates the reference points for seven socio-economic indicators and




three crops for Punjab. For PIQ, the maximum recommended dosage of a particular pesticide
is set as ‘0.5’ reference point, and double or more than double the maximum recommended
dosage is put as ‘0’. The reference point ‘0’ is the quadrupled average consumption of crops
for FIQ. In the case of soil parameters, reference points were set based on their scientific
thresholds. Similarly, each qualitative question has an unequal number of choices. Thus, the
normalisation process was completed by seeking the opinion of the experts for a value ranging
between ‘0’ and ‘1°. The normalisation was carried out using a negative slope function for the
cost and impact indicators, such as farm cost and pesticide impact. The normalisation

references for PIQ, FIQ, soil parameters and NPK composition are presented in Annexure B.

Table 2 Select Reference Values for Socio-Economic Indicators for the State of Punjab

Crop Farm Paidout | Gross Net Benefit- | Labour | Drudgery
Expenditure | Cost Income | Income Cost | Expense
R/acre) (R/acre) | (R/acre) | (R/acre) | Ratio (%) ®
Wheat 24,157 10,122 | 81,730 | 71,608 6.77 0.37 4,513
Rice 33,912 12,407 | 99,309 | 86,902 5.86 0.79 13,332
Cotton 43,222 14,474 | 1,07,265 | 92,792 4.96 1.01 21,857

Source: Directorate of Economics and Statistics (2019).

2.4 Weighting and aggregation

The normative or opinion method of the hierarchical analytical process has been adopted to
assign weights to indicators. Hierarchical weighing of attributes reduces biases that implicitly
creep into decision-making by increasing or decreasing the weights assigned to indicators
(Weber et al., 1988; Poyhonen and Hamaéldinen, 1998). Weightage was assigned using the
Delphi technique, which involves a group communication process to converge opinions and
build consensus amongst stakeholders and experts. An organised interaction was conducted
with various study stakeholders and an expert panel to agree on the indicators’ selection and

weights.

The method of aggregation of indicators has a crucial role in retaining ordering inferred
in the use of the index value irrespective of any admissible transformation to the scale or unit
used (Ebert and Welsch, 2004). Aggregation of the normalised indicators has been done using
a simple weighted mean. Progressive aggregation, where the weighting and aggregation are
done at each hierarchical level individually, has been adopted. For example, for multiple-choice
qualitative questions (Q;, Oz, .... Om), the final value for each indicator (/;, I, .... I,) is

estimated from the weighted sum of the raw score of the indicator (v/) from each question as




given in the equation each indicator has different weight (wi;, wiz, .... win) for a different

question as:
L = wj X vji + wiz X Vzi + o Wim X V"
Vi=sy xV;+snxby+ ... Sie x Ve

where each question has a constant (c) number of options with specific score associated for jth
question and it/ indicator. Bj is a binary matrix based on the input choice selected by the farmer

for the jth question.

Three separate indices — economic index, social index, and ecological index — have
been determined by aggregating the indicators (36) and the sub-indicators (16) at the
dimensional level (Table 3). As can be observed, there are seven dimensions, viz., financial
benefits and resource efficiency under the economic index, producer development, consumer
impact, and national impact under the social index, and ecosystem and field under the
ecological index. Each index conveys the disaggregated information about each aspect of a
sustainable farming system relevant to assessing the risks and returns as well as the socio-
economic implications that are not that apparent from the aggregated index. The aggregate of
indicators across all the dimensions forms the CFAI of the farming system — organic and
conventional. The weightage at the highest hierarchy of the dimension was rounded off to 40
per cent, 30 per cent and 30 per cent for economic, social and ecological dimensions,

respectively.

2.5 Validation

Validation is a process by which a judgement is made as to whether a tool is fit for purpose.
As specified earlier, the present work draws from the research work of Muthuprakash (2018),
who had carried out both the validity and sensitivity analysis of the indicators comprising the
FAI tool. The present composite index, CFAI, added thirteen additional qualitative indicators
based on the past research. The validation of the indicators used in developing the CFAI has
been carried out through the Delphi technique. As a first step, a focused group discussion cum
workshop on ‘Exploring Sustainable Farming and Innovative Marketing Practices’ was held
in collaboration with Krishi Vigyan Kendra (KVK), S.A.S Nagar (Mohali).! The discussion

cum workshop provided insight to farmers and other stakeholders regarding various indicators

! Held on Tuesday, 23 November 2021, with twenty-three participating farmers and two resource persons, Dr.
Harmeet Kaur and Dr. Parul Gupta, from KVK, S.A.S. Nagar (Mohali).
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Table 3 Hierarchical Classification of Indicators

Comprehensive Farm Assessment Index (CFAI)

Economic Index

Social Index

Ecological Index

Financial Resource Producer Development Consumer National Impact Ecosystem Field
Benefits Efficiency Impact
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Note: *Soil health has six sub-indicators (N, P, K, SOC, pH, and salinity); QN and QL are quantitative and qualitative indicators, respectively.
Source: Adapted by Gill from Muthuprakash (2018).
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and their weightage to different index dimensions. Since the Delphi technique does not call the
expert panels representative samples for statistical purposes (Powell, 2003; Thangaratinam and
Redman, 2005), as a second step, three experts were chosen based on their knowledge and
experience in sustainable farming practices and processes.” As suggested by Skulmonski et al.
(2007), two iterations were considered sufficient. At the end of two rounds, the indicator set and

its hierarchy was agreed upon by participating experts.
3 Materials and Methods

The questionnaire was prepared in conjunction with the delineation of the conceptual
framework and methodology for index construction. Important decisions relating to spatial
distribution and selection of farmers were taken to initiate data collection. Several steps were
taken to clean and validate the data using a software package. Finally, the estimation of the

index with respect to economic, social and ecological parameters was done.

3.1 Selection of the agro-climatic zones

Punjab is traditionally classified into three agro-climatic zones primarily based on homogenous
factors like climatic conditions, precipitation distribution, soil type, and cropping pattern
(World Bank, 2003). The organic and conventional farming systems for 178 farm plots across
three agro-climatic zones — the North-East (Districts of S.A.S. Nagar, Rupnagar, and
Hoshiarpur), Central (Patiala District) and South-West (Districts of Mansa and Bhatinda) —
were assessed, as depicted in Figure 1. Thus, 88 organic and 90 conventional farm plots were

identified from the three zones.

The northeast zone is a sub-mountainous region also called the Kandi or wheat-maize
belt, covering around 19 per cent of the geographical area of the state, with relatively high
rainfall (950 mm) and low levels of groundwater. The central or wheat-paddy zone covers 47
per cent area with 650 mm rainfall and a depleting groundwater level. The South-West Zone
or wheat-cotton region accounts for 34 per cent area with 400 mm of rain and faces
waterlogging problems. Thus, the research provides an opportunity to capture the spatial

variations in agriculture.

3.2 Description of the sample crops

The two cropping seasons — Rabi 2020-2021 and Kharif 2021 — were considered for the purpose

2 The participating experts were Prof. Srijit Mishra (Indira Gandhi Institute of Development Research, Mumbai),
Dr. Siva Muthuprakash K.M. (VikasAnvesh Foundation, Mumbai), and Mr. C.S. Grewal (Technocrat and certified
organic farmer, Mohali).
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Figure 1 Sample Agro-Climatic Zones under Study
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of analysis. According to the Punjab Economic Survey (2020-2021), approximately 40 per cent
of the total cultivated land in Punjab is being used to grow rice, an area of 31.42 lakh hectares.
Other major Kharif crops include cotton (3.2%), followed by maize (1.5%) and sugarcane
(1.2%). Approximately 45 per cent of the total cultivated land or 35.21 lakh hectares is used to
cultivate wheat, a Rabi crop. Accordingly, wheat, rice and cotton are the major crops of interest
in the present study. Wheat is a prime Rabi cereal crop of Punjab, with the optimum sowing
time being the first fortnight of November. The crop is harvested in mid-April. Paddy is a
significant Kharif crop cultivated in all the districts of Punjab, with the sowing period
commencing in June-July and harvesting carried in October-November. Cotton is the second
major crop in the Kharif season, with sowing completed by mid-May. The cotton-picking

period is from mid-September to November.

3.3 Profile of the sample

A list of organic farmers from the six districts under study was accessed through the database
provided by the Kheti Virasat Mission, a non-profit registered trust and Nabha Foundation, a
charitable trust. These trusts work with farmers to revive and conserve natural farming

practices. Purposive sampling with samples selected based on the population’s characteristics
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and the research objectives was adopted for covering the best comparative pairs of organic and
conventional plots. The main criteria for selecting organic farmers in the study was to ensure
that the paired organic and conventional fields have similar farming conditions (e.g., soil, water
availability, crop pattern) at the closest possible locations. Organic farmers were shortlisted
based on their conversion to organic farming at least three years earlier, irrespective of whether
they are certified. Punjab has a relatively minor share of marginal and small farmers (below 2
hectares) in comparison to the national averages. It was observed that the organic farmers have
marginal and small landholdings in Punjab. However, the plot size matching was a daunting
task due to organic farming primarily being carried out on small and marginal plots. Further,

several farmers were practising both organic and conventional agriculture.

A total of 125 farmers were interviewed across 68 villages from six districts. The field
locations in the North-East Zone of Punjab are shown in Figure 2. Six, ten and eleven villages
were visited each in the districts of S.A.S. Nagar, Rupnagar, and Hoshiarpur respectively. The
distance between sample farms at the remotest east, Shatabgarh in S.A.S. Nagar District

(30.61°N, 76.81°E), and farther north, Gujjar Katrala in Hoshiarpur district (31.99°N, 75.64°E)
is over 230 km.

Figure 2 Field Locations in the North-East Zone of Punjab
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The farm sites in the Central Zone of Punjab are shown in Figure 3. Twenty-eight

villages were visited in the Patiala district. The sample farms are spread over 40 km around

Bahawalpur village in Patiala. Located in the Nabha Tehsil of Patiala, the Nabha Foundation

has undertaken several initiatives to promote sustainable agriculture among small and marginal

farmers.

Figure 3 Field Locations in the Central Zone
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Figure 4 shows the field locations in the South-West Zone of Punjab. A total of four

villages in the Mansa district and nine villages in the Bhatinda district were surveyed. Before

1992, Mansa was a part of the erstwhile Bathinda district. The farms were spread over a

relatively large radius, with a latitude ranging from 29.81°N for Jhunir village to 30.48°N for

Bhagta Bhai Ka village. The distance between these two villages is approximately 103

kilometres. Similarly, Mandhali village at a longitude of 75.44°E and Balahar Mehma at

74.85°E is around 94 km. The Nabha Foundation has been promoting sustainable farming
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practices among the farmers in Mansa District together with Talwandi Sabo Power Ltd. as a

corporate social responsibility initiative of the Vedanta Group.

Figure 4 Field Locations in the South-West Zone
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As can be seen from Table 4, the overall sample has only two per cent women farmers
and that too concentrated in only one district, i.e., Patiala. The average age of the respondents
is 47 years, with the youngest and oldest of 23 years and 72 years, respectively. Further, 46 per
cent of farmers are 50 years and above. The participation of the youth (< 30 years) in farming
is a dismal ten per cent. The education-wise distribution of farmers shows that 63 per cent of
farmers are educated upto higher-secondary level and above. With an average farming

experience of 25 years, 70 per cent of the farmers have an experience of 20 years and more.

For 96 per cent of the farmers, agriculture is their primary occupation, as depicted in

Figure 5. About 45 per cent of the farmers have an alternate source of income, protecting them
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against the vagaries leading to production let-downs. Around 84 per cent of farming

household’s own livestock, primarily buffaloes and cows.

Table 4 Demographic Profile of the Farmers

Number Percentage
Gender Male 122 98
Female 3 2
Age (in years) Less than 30 13 10
30-39 27 22
40-49 28 22
50-59 29 23
60-69 22 18
Above 70 6 5
Education No formal education 5 4
Primary 6 5
Secondary 35 28
Higher-Secondary 33 26
Graduate 30 24
Post-graduate 16 13
Farming experience (in years) Less than 10 16 13
11-19 21 17
20-29 34 27
30-39 27 22
40-49 19 15
Above 50 8 6
Note: n =125

Source: Compilation by Gill and Sharma.

Figure 5 Sources of Income and Livestock Ownership
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Source: Depiction by Gill.

17




With 100 per cent irrigated land, around 83 per cent of the organic farmers plough their
own owned land compared to 67 per cent of the conventional ones. As can be seen from Table
5, the average size of organic plots is 2.56 acres, with minimum and maximum being 1 acre
and 9 acres, respectively. The mean, maximum, and minimum farm field size for conventional
farming plots is 11.16 acres, 36 acres, and 1 acre respectively. Thus, organic farmers are
primarily practising on small and marginal farm plots. Amongst organic farmers, 49 per cent

are certified, with 43 per cent having a second source of income.

Table 5 Farm Plot Sizes
Crop Obs. Mean Std. Min Median Max
Dev.
Panel A: North-East Zone (Districts of S.A.S. Nagar, Rupnagar, and Hoshiarpur)

Organic Wheat 30 2.87 2.50 0.50 2.00 10.00
Rice 27 3.02 2.59 0.50 2.00 10.00

Conventional Wheat 32 6.63 7.48 1.00 3.50 30.00
Rice 31 6.47 7.05 1.00 4.00 30.00

Panel B: Central Zone (Patiala District)

Organic Wheat 30 2.73 2.59 1.00 2.00 14.00
Rice 28 2.82 2.66 1.00 2.00 14.00

Conventional Wheat 30 19.48 17.01 4.00 15.00 70.00
Rice 30 19.48 17.01 4.00 15.00 70.00

Panel C: South-West Zone (Districts of Mansa and Bathinda)

Organic Wheat 31 2.10 1.49 1.00 1.50 7.00
Rice 18 2.33 1.50 1.00 2.00 7.00

Cotton 13 1.56 1.11 1.00 1.00 5.00

Conventional Wheat 31 15.40 13.16 1.50 15.00 64.00
Rice 23 14.11 13.05 1.50 14.00 64.00

Cotton 07 12.21 8.70 3.00 8.00 25.00

Panel D: Plot Sizes (in acres)

Organic Total 88 2.56 1.88 1.00 2.00 9.00
Conventional Total 90 11.16 8.58 1.00 9.00 36.00

Source: Compilation by Gill and Sharma.

3.4 Preparation and administration of the survey instrument

The survey instrument used in this research is an extended version of the farm assessment index
proposed by Muthuprakash (2018). Accordingly, an extensive validated questionnaire was
used to collect the quantitative details of farm inputs, including machinery usage, materials
used and labour, along with their actual and opportunity cost. In addition, qualitative

parameters were built into the questionnaire to measure the contextual aspects of farming in
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the national indicator framework of sustainable agriculture (Muthuprakash and Damani, 2019).
A multidimensional nature of sustainability necessitated this diversity to obtain more reliable
measures of general tendencies and extricate them from circumstantial ones resulting in the

present questionnaire (Annexure C).

Each questionnaire (English and Punjabi) consisted of three parts. In the first section
(questions 1 and 2), respondent farmers provided their personal and asset details. The second
section (questions 3-12) pertained to soliciting data feeding the construction of quantitative
CFAI and has been closely designed around the one used by Muthuprakash (2018). This was
followed by questions (13-18) on getting details about farmers’ other sources of income, debt
position, and agricultural insurance or subsidies. Finally, the third section (questions 19-22)
related to questions on the general perception of the respondents’ on-farm management
resources, social interface and extension activities, as well as experiences, challenges and
suggestions. This section was framed around one proposed by Muthuprakash and Damani

(2019) and Muthuprakash et al. (2020).

The social sciences have been paying increasing attention to the issue of research ethics
(e.g., Finch, 1984; Borland, 1991; Hornsby-Smith, 1993; Gilhooly, 2002). Researchers are
responsible for ensuring that research participants’ physical, social, and psychological well-
being is not adversely affected by the research (British Sociological Association, 2002).
Therefore, informed consent was secured from the respondents at the initiation itself after
sufficiently informing them about the research objectives and the stated outcomes. A common
problem faced in participative research is that respondents often over-report desirable activities
and under-report undesirable ones (Krumpal, 2013). As a result, researchers gather situation-
specific information that cannot be generalised. To address this, the questionnaire’s cover page
stated that anonymity would be observed. Further, the respondents were gently apprised of the
value they were potentially bringing to the research. The questionnaires were personally

administered and completed on the field by trained facilitators over a six months period.’

3.5 Analysis of the soil physicochemical
Concerted efforts were made to collect soil samples from all 178 organic and conventional

farm plots. The experimental soil samples were collected randomly at 0-15 cm and 15-30 cm

3 A PU-TIGR?ESS workshop on ‘Survey Field Work and Data Collection’ was held on Tuesday, 31% August
2021, for the facilitators (Maitri Sharma, Malika Kukreja, Sheena Chadha, Bhagel Singh, and Simran Rajput), by
the resource person Dr. Amandeep Singh Sidhu, Agronomist, School of Organic Farming, Punjab Agricultural
University, Ludhiana.
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depth.* Estimating soil parameters like nutrient content, soil pH, soil salinity and soil organic
carbon required soil sample analysis. Each sample was collected as per the Government of
India’s soil testing manual (Department of Agriculture and Cooperation, 2011) and analysed
using the standard protocol. Accordingly, available nitrogen (N), phosphorus (P) and potassium
(K) were estimated by Kjeldahl (Singh and Pradhan, 1981), modified Bray (Bray and Krutz,
1945), and flame photometric methods (Jackson, 1973), respectively. The determination of pH
(1:2) was done by a digital pH meter and salinity by an electrical conductivity meter (ELICO-
L11 62). The soil organic carbon (SOC) was assessed by Walkley and Black’s rapid titration
method (Walkley and Black, 1934). All the samples were packed in a labelled poly bags and
sent for analysis purposes to the Bhumi Vigyan Vibhag (Soil Testing Laboratory), Punjab
Agricultural University, Ludhiana.’ As part of the survey research process’ commitment made
to participant farmers, soil test reports were shared with the farmers to manage their farms

better (Annexure D).

3.6 Application of the CFAI

The spreadsheet tool devised by Muthuprakash (2018) enabled making detailed data entry
about the farm activities and automating the estimation of indicators and composite indices.
However, the tool was improvised to make it region-specific and include qualitative factors, as
discussed in Section 2. Accordingly, the reference points used for normalisation and the
weightage distribution were altered among the indicators to compute CFAI with a new set of
weights for indicators. The data from field visits were entered into the CFAI tool and verified
for completeness. Efforts were made to ensure that data gaps and extreme entries were

avoided.’

3.7 Statistical analysis

The main quantitative characteristics of the sample were explored by applying descriptive
statistics, i.e., using mean and standard deviation of scores between subjects and groups of
them. Due to their immediacy, this analysis also employs histograms and radar charts to
represent the dimensions of different attributes. Significant differences between the organic

and conventional farming methods were analysed using SPSS software (version 26). Univariate

4 A PU-TIGR?ESS workshop on ‘Taking a Soil Sample for Soil Testing’ was held on Monday, 13" September
2021, for the facilitators with the resource person Dr. Gurpreet Singh, Extension Scientist (Soil Science), Farm
Advisory Service Center, Patiala demonstrating the nuances of soil testing.

5 Punjab Agricultural University, established in 1962, is a pioneer state agricultural university in India for research,
education and extension in India.

¢ https://www.cse.iitb.ac.in/~damani/F Al/fai.html

" Extreme entries/outliers as to landholdings were statistically identified and removed for six plots each for both
organic and conventional.
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analysis by invoking one-way analysis of variance (ANOVA) using the general linear model
was done to determine the differences between farming systems in different agro-climatic

Zzones.

4 Results and Discussion

The examination of the CFAI score and it’s three constituting indices is valuable for discussing
assessment output. A detailed discussion of constituent indicators and sub-indicators in each
index presents a host of information that unfolds the variability and the complexity of socio-
economic and biodiversity within spatially different agro-ecosystems. As discussed, the cost
and impact indicators like farm cost and pesticide impact have been normalised using a
negative slope function. Therefore, for interpretation, the normalised value being on a positive
scale implies that the lower the farm costs, higher will be the value of normalised farm cost,

indicating a better farming system.

4.1 Economic indicators

The one-way ANOVA procedure shows statistical mean differences between the organic and
conventional farming systems on the key production costs and income for wheat, rice, and
cotton crops, together with the F-test results as presented in Table 6. For wheat, there was a
statistically significant difference between organic vis-a-vis conventional system for labour
cost (p = 0.003) and gross income (p = 0.032) in the North-East zone, with the mean values
higher for organic farm plots. Similarly, for the Central and South-West zones, machine-related
costs and total costs are significantly higher for organic farmers (p < 0.001). On the other hand,
for the South-West Zone, the average gross income on organic wheat was significantly lower

(p = 0.005).

For paddy, as shown in Table 7, mean scores for material cost and total cost were
significantly higher for organic vis-a-vis conventional farm plots for both the North-East and
South-West zones. This income divergence for gross (p = 0.002) and net (p = 0.018) rice
production shows lower income realisation for organic production. A similar outcome has been
reported in the South-West Zone, though insignificant. Mansa and Bhatinda districts are a part
of Punjab’s cotton belt. As apparent from Table 8, though the material cost is significantly
higher (p = 0.099), due to lower labour and machinery costs, the net income of organic cotton

growers is higher at a 10 per cent level of significance.
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Table 6 Zone-wise Descriptives of Farm Costs and Income for Wheat (in Z/acre)

Organic (ORG) Conventional (CNYV) Mean Difference | df F Sig.
Mean | Std. Deviation Mean | Std. Deviation (ORG - CNV)
Panel A: North-East Zone"
Material cost 2,02,455.19 8,93,047.80 28,681.36 45,982.13 1,73,773.83 62 3.761% 0.057
Labour cost 10,861.22 6,838.44 7,601.92 3,873.69 3,259.30 62 9.425%** 1 0.003
Machine cost 5,349.34 4,285.66 5,105.63 1,782.84 243.72 62 0.769 0.384
Total cost 2,18,665.79 9,00,953.53 41,388.91 45,050.25 1,77,276.88 62 3.819% 0.055
Paidout cost 1,94,456.46 9,04,545.35 36,347.62 45,440.16 1,58,108.83 62 3.804* 0.056
Gross income 60,060.68 67,302.78 41,824.70 11,269.16 18,235.98 62 4.822%* 0.032
Net income 34,581.03 75,982.93 5,999.65 50,461.26 28,581.38 59 1.106 0.297
Panel A: Central Zone®
Material cost 16,882.67 11,963.22 14,075.06 13,122.87 2,807.61 58 0.353 0.084
Labour cost 6,463.83 2,020.81 8,296.19 9,817.46 -1,832.35 58 3.081 0.555
Machine cost 42,538.78 55,654.36 6,861.17 3,525.88 35,677.61 58 33.646**% <0.001
Total cost 65,885.28 61,882.84 29,232.41 16,969.17 36,652.87 58 13.051**%  <0.001
Paidout cost 26,770.04 26,573.22 23,914.55 16,860.07 2,855.49 58 1.598 0.211
Gross income 75,885.79 93,041.65 64,262.42 67,996.38 11,623.37 58 0.850 0.360
Net income 49,115.76 94,719.63 40,347.87 70,879.13 8,767.89 58 0.592 0.445
Panel A: South-West Zone*
Material cost 29,194.56 60,497.78 16,618.79 50,904.21 12,575.77 60 1.224 0.273
Labour cost 7,510.40 2,711.07 6,587.99 2,308.37 922.40 60 1.492 0.227
Machine cost 5,682.02 3,062.30 5,176.80 2,471.26 505.22 60 0.366 0.548
Total cost 42,386.98 62,030.66 28,383.59 54,246.99 14,003.39 60 0.922 0.341
Paidout cost 11,922.93 6,425.14 13,958.89 9,982.54 -2,035.95 60 0.351 0.556
Gross income 35,499.19 17,398.28 46,056.21 9,617.64 -10,557.02 60 8.533%*% | 0.005
Net income 23,576.26 19,123.07 32,097.32 15,354.97 -8,521.06 60 2.408 0.126

Notes: “Number of observations for organic and conventional plots are 33 and 31, respectively; "Number of observations for organic and conventional plots are 30 and 30, respectively;
“Number of observations for organic and conventional plots are 31 and 31, respectively; ***, ** and * indicate significance at the 1 per cent, 5 per cent, and 10 per cent levels,
respectively.

Source: Calculations are done using SPSS (version 26) software by Gill




Table 7 Zone-wise Descriptives of Farm Costs and Income for Rice (in %/acre)

Organic (ORG) Conventional (CNV) Mean Difference df F Sig.
Mean | Std. Deviation Mean | Std. Deviation (ORG - CNYV)
Panel A: North-East Zone"
Material cost 1,73,158.40 6,65,351.46 3,677.319 2,004.22 1,69,481.07 58 1.443%* 0.014
Labour cost 29,113.60 15,342.05 30,701.94 18,137.62 -1,588.34 58 -0.363 0.163
Machine cost 14,810.53 9,931.94 20,389.72 21,192.78 -5,579.19 58 -1.275 0.408
Total cost 2,17,082.50 6,59,702.79 54,768.98 33,927.95 1,62,313.53 58 1.391** 0.027
Paidout cost 35,895.29 22,818.13 31,578.05 21,676.87 4,317.24 58 0.751 0.613
Gross income 70,100.63 64,339.70 62,103.65 29,516.63 7,996.99 58 0.632 0.163
Net income 34,346.92 72,813.62 31,489.11 38,950.88 2,857.81 55 0.187 0.185
Panel A: Central Zonée®
Material cost 21,395.79 6,398.58 19,385.99 6,183.34 2009.80 56 0.004 0.950
Labour cost 15,503.71 7,263.96 15,827.19 6,755.78 -323.48 56 0.001 0.979
Machine cost 9,681.22 12,579.44 6,014.17 10,916.11 3667.06 56 1.422 0.238
Total cost 46,580.72 15,794.34 41,227.35 12,268.22 5353.37 56 1.819 0.183
Paidout cost 29,384.14 11,707.87 27,866.23 12,486.48 1517.91 56 0.391 0.534
Gross income 53,678.11 28,785.86 59,963.13 11,706.54 - 6285.01 56 10.097%** 0.002
Net income 24,293.97 32,998.30 32,096.90 19,315.90 -7802.93 56 5..957** 0.018
Panel A: South-West Zone*
Material cost 25,357.22 49,123.36 8,084.25 10,400.19 17,272.97 39 6.063** .018
Labour cost 18,606.06 7,562.35 18,593.75 12,415.67 12.30 39 0.339 .564
Machine cost 15,732.18 9,647.76 14,056.67 8,164.40 1,675.51 39 0.046 .831
Total cost 59,695.46 46,895.01 40,734.67 20,508.46 18,960.78 39 3.293%* .077
Paidout cost 31,142.64 10,674.09 30,157.47 21,716.57 985.18 39 0.912 345
Gross income 41,589.72 12,842.37 61,603.04 10,270.12 -20,013.32 39 0.775 384
Net income 10,447.08 17,340.11 31,445.58 25,087.65 -20,998.50 39 0.053 818

Notes: “Number of observations for organic and conventional plots are 27 and 30, respectively; "Number of observations for organic and conventional plots are 28 and 30, respectively; “Number
of observations for organic and conventional plots are 18 and 23, respectively; ***, ** and * indicate significance at the 1 per cent, 5 per cent, and 10 per cent levels, respectively.
Source: Calculations are done using SPSS (version 26) software by Gill.



The normalised indicator values and their corresponding indicator means are given in
Table 9. For wheat, the income and nutrient use efficiency is better in the case of organic farms
situated in the North-East Zone. For the Central Zone, the normalised values are higher for
income per acre and riskiness, i.e., the total cost of cultivation, including the imputed self-borne
costs, for the former and water use efficiency for the latter. The nutrient use efficiency
parameters for organic paddy are higher for the North-East and Central zones. Furthermore,
the normalised values for income and riskiness are better for the Central Zone. On the other
hand, the cropping of organic cotton in the South-West Zone yields higher income, benefit-
cost ratio (proportion of the total value of farm produce to the paid-out cost of cultivation) and

riskiness.

4.2 Social indicators

The normalised values of social indicators like the knowledge of best farming practices and
their sources, self-reliance in terms of self-borne costs, health impacts from no usage or organic
pesticide usage, and institutional strength due to advice received from a community or
producers’ group and availability of credit are higher for organic in comparison to the
conventional farming system. This is irrespective of the crops sown or the agro-climatic zones
(Table 10). Similarly, drudgery (i.e., gross income per unit labour cost) has been weak overall
in organic and chemical farms as the net receipt from the farm produce is relatively less than
the labour involved in the production process. Further, agricultural output measured in yield
per acre and the employment generated calculated as the ratio of total labour cost to the total
cost of cultivation has been higher for the conventional farming system.

For the wheat crop, farm resources (i.e., presence of peripheral field trees and livestock)
for the North-East Zone, as well as social capital (i.e., associating with any community or
producers’ group and related benefits), financial resources (i.e., the paid-out cost of
cultivation), and gender equality (contribution of women in agriculture operations) are higher
for the Central and South-West zones. For rice cultivation in the North-East Zone, the values
for farm and financial resources are higher for organic farmers. For the other two zones, the
indicators for organics were higher for social capital and gender equality. For cotton crops,

financial resources are an important factor for organic farmers.

4.3 Ecological indicators
Table 11 presents the normalised values of ecological indicators across different agro-climatic
zones and crops. A striking observation across all zones and crops for environmental dimension

was more biodiversity and less water contamination on organic vis-a-vis conventional farms.
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Table 8 Descriptives of Farm Costs and Income for Cotton in South-West Zone (in Z/acre)

Organic (ORG) Conventional (CNV) Mean Difference df F Sig.
Mean Std. Dev. Mean Std. Dev. (ORG - CNV)

Material cost 7,494.63 11,578.31 6,384.52 2,610.27 1,110.11 18 2.997* 0.099
Labour cost 12,723.63 6,586.74 17,778.98 5,942.36 -5,055.35 18 0.080 0.781
Machine cost 5,874.25 3,648.27 5,891.31 4,456.52 -17.06 18 0.010 0.921
Total cost 26,092.50 12,829.68 30,054.81 6,632.82 -3,962.31 18 2.398 0.139
Paidout cost 16,739.73 7,866.97 25,927.26 8,418.70 -9,187.53 18 0.002 0.965
Gross income 53,215.08 24,033.77 50,808.57 10,338.22 2,406.51 18 1.427 0.248
Net income 36,475.35 26,971.58 24,881.31 6,932.95 11,594.03 18 2.963* 0.100

Notes: “Number of observations for organic and conventional plots are 13 and 7, respectively; **, **, and * indicate significance at the 1 per cent, 5 per cent, and 10 per cent
levels, respectively.

Source: Calculations are done using SPSS (version 26) software by Gill.

Table 9 Normalised Values for Indicators Constituting Economic Index

Indicator? North-East Zone Central Zone South-West Zone
Wheat Rice Wheat Rice Wheat Rice Cotton

ORG | CNV | ORG | CNV | ORG CNV | ORG CNV | ORG | CNV | ORG | CNV | ORG | CNV
Income per acre 0.52 0.38 0.39 0.49 0.47 0.41 0.40 0.39 0.38 0.47 0.19 0.44 0.38 0.27
Benefit-cost ratio 0.23 0.23 0.21 0.25 0.24 0.33 0.22 0.27 0.22 0.40 0.16 0.30 0.51 0.35
Riskiness 0.21 0.22 0.25 0.30 0.30 0.26 0.17 0.14 0.22 0.32 0.11 0.20 0.45 0.30
Nutrient use efficiency 0.14 0.11 0.13 0.11 0.25 0.30 0.21 0.19 0.12 0.14 0.11 0.12 0.13 0.20
Water use efficiency 0.23 0.23 0.22 0.22 0.16 0.17 0.15 0.17 0.19 0.20 0.19 0.20 0.19 0.22

Note: *Cost indicators values have been normalised using a negative slope function; ORG and CNV are organic and conventional, respectively.
Source: Compilation by Gill and Sharma.




Table 10 Normalised Values for Indicators Constituting Social Index

Indicator® North-East Zone Central Zone South-West Zone
Wheat Rice Wheat Rice Wheat Rice Cotton

ORG | CNV | ORG | CNV | ORG | CNV | ORG | CNV | ORG | CNV | ORG | CNV | ORG | CNV
Farmer knowledge 0.34 0.33 0.34 0.33 0.44 0.44 0.45 0.44 0.27 0.26 0.27 0.27 0.27 0.25
Social capital 0.60 0.62 0.59 0.62 0.57 0.56 0.58 0.56 0.57 0.58 0.61 0.60 0.52 0.56
Farm resources 0.26 0.23 0.26 0.24 0.26 0.28 0.27 0.28 0.17 0.19 0.17 0.19 0.17 0.19
Financial resources 0.08 0.21 0.61 0.21 0.20 0.16 0.24 0.26 0.25 0.16 0.00 0.17 0.24 0.03
Self-reliance 0.42 0.20 0.47 0.38 0.50 0.24 0.35 0.37 0.53 0.33 0.34 0.28 0.30 0.15
Drudgery 0.99 1.00 0.99 0.94 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Health impacts | 0.91 0.93 0.90 0.88 0.78 0.86 0.88 0.90 0.94 0.96 0.66 0.85 0.97 0.89
(fertilisers)
Health impacts | 1.00 0.75 1.00 0.96 1.00 0.87 1.00 0.64 1.00 0.92 1.00 0.64 1.00 0.82
(pesticides)
Agricultural output 0.95 0.99 0.63 0.92 0.95 1.00 0.62 0.99 091 1.00 0.78 0.99 1.00 1.00
Employment 0.59 0.68 0.57 0.73 0.76 0.94 0.62 0.61 0.73 0.88 0.48 0.58 0.51 0.58
Gender equality 0.46 0.47 0.46 0.47 0.50 0.48 0.50 0.48 0.27 0.26 0.21 0.23 0.50 0.50
Institutional strength 0.39 0.37 0.39 0.36 0.43 0.41 0.43 0.41 0.37 0.36 0.38 0.37 0.35 0.36

Note: *Cost and impact indicators values have been normalised using a negative slope function; ORG and CNV are organic and conventional, respectively.
Source: Compilation by Gill and Sharma.




Table 11 Normalised Values for Indicators Constituting Ecological Index

Indicator® North-East Zone Central Zone South-West Zone
Wheat Rice Wheat Rice Wheat Rice Cotton

ORG | CNV | ORG | CNV | ORG | CNV | ORG | CNV | ORG | CNV | ORG | CNV | ORG | CNV
Biodiversity 0.38 0.36 0.37 0.36 0.29 0.28 0.29 0.28 0.36 0.37 0.48 0.38 0.30 0.33
Soil contamination 0.91 0.93 0.90 0.88 0.78 0.86 0.88 0.90 0.94 0.96 0.66 0.85 0.97 0.89
Water contamination 1.00 0.75 1.00 0.96 1.00 0.87 1.00 0.64 1.00 0.92 1.00 0.64 1.00 0.82
Soil health (N) 0.12 0.11 0.13 0.11 0.14 0.12 0.14 0.12 0.09 0.08 0.10 0.08 0.06 0.08
Soil health (P) 0.77 0.84 0.80 0.83 0.80 0.79 0.78 0.79 0.66 0.68 0.80 0.74 0.47 0.53
Soil health (K) 0.42 0.44 0.44 0.44 0.64 0.53 0.65 0.53 0.70 0.53 0.73 0.49 0.66 0.63
Soil health (SOC) 0.79 0.72 0.80 0.72 0.85 0.78 0.85 0.78 0.59 0.58 0.70 0.58 0.45 0.61
Soil health (pH) 0.48 0.53 0.27 0.37 0.27 0.35 0.27 0.35 0.61 0.62 0.32 0.32 0.25 0.28
Soil health (Salinity) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Note: “Impact indicators values have been normalised using a negative slope function; ORG and CNV are organic and conventional, respectively.
Source: Compilation by Gill and Sharma.




Further, soil contamination is lower for paddy and organic fields in the North--East and South-

West zones.

Amongst the soil health parameters of the field, the normalised values of soil organic
carbon (SOC) and nitrogen (N) are higher for organic wheat and paddy, irrespective of the
location of the farm plots. On the other hand, the soil pH level has been higher for the
conventional plots in the sample zones. The soil physicochemical properties based on the actual

field soil sample analysis have been depicted in Figures 6, 7, and 8 for wheat, rice, and cotton.

Concurrent with the normalised values, the SOC was higher for organic farms ranging
from 0.69-0.47 for wheat and 0.71-0.56 for paddy fields. Likewise, the soil phosphorus (K)
content was higher for organic plots. It has been observed, on several organic farms, that the
use of composts, manures, bio-fertilisers, crop residues, and cover crops results in an increase
in soil test P and K levels above sufficiency. Though it is not harmful to the environment and
increases SOM levels, balancing nutrient inputs and outputs is necessary to create

environmentally sustainable nutrient management (Kratochvil et al., 2006).

The overall snapshot of the variations observed for alternate crops on economic, social,
and ecological indicators for the three agro-climatic zones is provided through the radar charts.
These charts more clearly identify the strengths and weaknesses of alternative farming systems
considering multiple individual metrics (Floridi et al., 2011). Since each metric’s range is
normalised, the length of a line from zero to a maximum value represents that indicator. Values
closer to the perimeter represent measured values closer to the indicator standard. A larger area

within a star plot suggests greater progress towards the stated indicator target.

Figure 9 (a-c) highlights the indicator values of the North-East Zone. Income due to
lower cost of production, self-reliance, health impacts of pesticides, water contamination, and
SOC are the major high spots of the organic over conventional farming system for wheat crops.
Similarly, the foremost upside for paddy is better nutrient use efficiency, higher financial
resources, lower water contamination, and high SOC. The soil pH level of organic farms is
lower than that of conventional ones, though both are somewhat below the optimal standard.
At the same time, the drawdown is income, BCR, riskiness, and agricultural output in terms of

yields and employment.

For the Central Zone, as can be seen from Figure 10 (a-c), on the positive side, the

farmers growing organic wheat are more self-reliant, with an attendant positive impact on their
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Figure 6 Soil Physicochemical Properties of Wheat (based on field soil sample analysis)
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Source: Bhumi Vigyan Vibhag (Soil Testing Laboratory), Punjab Agricultural University, Ludhiana.
Figure 7 Soil Physicochemical Properties of Rice (based on field soil sample analysis)
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Figure 8 Soil Physicochemical Properties of Cotton (based on field soil sample analysis)
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Note: Soil N, P, and K stand for nitrogen, phosphorus, and potassium, respectively; SOC is the soil organic carbon.
Source: Bhumi Vigyan Vibhag (Soil Testing Laboratory), Punjab Agricultural University, Ludhiana.

health because of the use of negligible amounts of insecticides. However, farming does not
provide favourable employment opportunities due to lower yields and associated adverse BCR.
On the other hand, the health impact of growing paddy organically with negligible usage of
pesticides is positive. For similar reasons, water contamination is lower on organic plots.
However, the agricultural output is meagre. Available potassium was higher in organic farms

for both wheat and rice plots.

In the South-West Zone, as shown in Figure 11 (a-c), the income per acre, BCR and
riskiness are way higher for conventional than organic farming for wheat and paddy. The wheat
cultivators usually bear the costs themselves and are therefore self-sufficient. Further, the
employment opportunities are significantly lower. For rice cultivation, since the agricultural
output is low, it severely impacts the financial resources of sustainable farmers. However, the
water contamination is low due to less application of fertiliser. For both organically grown
wheat and rice plots, the available potassium in the soil was higher. The organic cropping of
cotton has helped farmers consolidate their income, increase the total value of farm produce to
the paid-out cost of cultivation, and make them self-reliant with positive health implications,

as in Figure 12(a-c). Surprisingly, the organic cotton cultivators are seeking lower support or
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Figure 9 Indicator Values for the North-East Zone of Punjab
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Figure 10 Comparative Indicator Values for the Central Zone of Punjab
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Figure 11 Comparative Indicator Values in the South-West Zone of Punjab
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Figure 12 Comparative Indicator Values for Cotton in the South-West Zone of Punjab
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intervention, like advice regarding farming practices, from the group or collective they belong

to as well as institutions.

4.4 Composite indices

The composite indicator, CFAI, calculated by aggregating all the available quantitative and
qualitative indicators captured through the dimensional indices, summarises the complex
multi-dimensional realities of alternative farming systems. After interpreting a battery of
individual indicators, it is imperative to summarise the individual and composite indices to help

construct a comparative narrative and place issues at the centre of the policy pitch.

Figures 13 to 16 illustrate the dimensional and composite indices across the three agro-
climatic zones. For the North-East Zone (Figure 13), the economic index of wheat is marginally

higher for organic farms. This is due to relatively higher income and better nutrient efficiency.
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However, the economic index of organic paddy has a lower score because of exorbitant total
costs, especially the material costs. The social index indicates that the organic farms have
scored higher than chemical farms for wheat but a tad lower for rice. The positive impact of
being self-reliant and the health impacts of using negligible pesticides can be seen on the index
for wheat. Furthermore, farm resources with peripheral trees, livestock ownership, and
institutional support have a conducive effect. The colossal difference in the yield between
organic and conventional paddy did undo the positive impact of the abundance of financial
resources. Finally, the ecological index for both wheat and paddy is higher for organic plots,
especially water contaminants and SOC. Overall, the CFAI for organic wheat is higher, while
that for paddy is lower than that for conventional ones. Thus, farm economics that focuses on

income and yield maximisation is essential for farm management.

Figure 13 CFAI for Crops in the North-East Zone
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The economic indices for both wheat and paddy are less for organic vis-a-vis
conventional wheat and paddy farms in the Central Zone, as shown in Figure 14. This is due to
the exceedingly high cost of production, leading to poor incomes. On the other hand, the social
indices for organic wheat and paddy are higher than conventional ones. For organically
cultivated wheat, though the yield is similar to the one grown conventionally, the self-borne
cost to the total cost and positive health impacts benefit the index. In the case of paddy, the
health impacts based on the potential absence of toxicity in organic cultivation had a beneficial
implication on the social index. The ecological index was higher for both organic wheat and

paddy, implying the adverse implication of chemical farming on the soil, water, and beneficial
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Figure 14 CFAI for Crops in the Central Zone
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Source: Depiction by Gill.

organisms. All in all, the CFAI of organic farms was higher than that of chemical farms for

wheat and paddy farms.
Figure 15 presents results for indices in the South-West Zone that differ for cotton crop

Figure 15 CFAI for Crops in the South-West Zone
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vis-a-vis wheat and paddy. The economic index of organic production of wheat and rice is low
because of higher costs and lower incomes. On the other hand, organic cotton plantations have
significantly positive income with associated effects on BCR and riskiness. The social index
of all the crops is higher on account of a positive effect of financial resources and self-reliance,
together with good health implications because of no pesticide usage. The ecological indices
are higher for organic relative to conventional wheat, paddy and cotton. On the whole, the

CFALl is higher for organic as opposed to conventional production systems.

The comparative CFAI highlight that except for paddy cultivation in the North-East
region, the composite indices for organic farming are higher than that for the conventional
systems, as shown in Figure 16. The highest composite value calculated (0.47) is for organic

cotton, which otherwise is also a cash crop compared to food grains, wheat and rice.

0.37
031

Figure 16 Comparative CFAI across Agro-Climatic Zones
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5 Conclusion and Recommendations

With the epistemological underpinning of a stock-and-flow based framework, the present
analysis attempts to develop a composite index to assess alternate farming systems — organic
and conventional — in the select districts of Punjab. A comprehensive set of quantitative and
qualitative indicators based on three dimensions, namely economic, social, and ecological, was
identified and validated. These indicators were transformed using min-max normalisation,
followed by hierarchical weighting using the Delphi method and progressive aggregation using
weighted mean to form the CFAIL Thus, the composite index measures a multidimensional
aspect and is a first attempt to include some variables that are abstruse to measure because of
their qualitative nature. However, these limits have been overcome by way of experts’

evaluation.
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The dimensional indices and the CFAI were applied to compare 88 organic and 90
conventional farming plots across three agro-climatic zones, viz., the North-East (Districts of
S.A.S. Nagar, Rupnagar, and Hoshiarpur), Central (Patiala District) and South-West (Districts
of Mansa and Bhatinda). A total of 125 farmers were interviewed across 68 villages. The two
cropping seasons (Rabi 2020-2021 and Kharif 2021) were considered for analysis. In the
pecking order, since the area under rice, wheat and cotton are respectively 42 per cent, 50 per
cent, and 4 per cent of the total cropped area in Punjab, wheat, rice and cotton are the major
crops of interest in the present study. In addition, the soil physicochemical properties based on

the actual field soil sample analysis were tested on all farm plots.

Overall, the results from the CFAI application in the alternate farming systems indicate
that a sole focus on economic returns is not tenable. Though the cost of production is a
significant factor, it is relevant only in determining the economic viability of the farming
system. As evident, the economic index for all zones shows lower CFAI for organic wheat and
paddy plots. Beyond economics, indicators affecting both social and ecological indices have a
profound implication in the composite farm assessment. Organic farms have scored better on
both social and ecological indices. Pesticide and fertiliser impact quotients have been critical
factors affecting the social and ecological indices of conventional farms. Further, the social
index score has also been affected due to higher self-borne costs (self-reliance) in organic
farms. Additionally, the outcomes are distinct for the three crops under study. Input intensive
crops like paddy have relatively lower CFAIs and marginal differences between organic and
conventional index scores (negative for organic in North-East Zone). On the other hand,
organic cotton farming has benefitted the farmers economically and scored better in social and

environmental indices.

The premeditated CFAI is an apt tool for assessing farming systems beyond the
economics number-crunching, giving a holistic perspective of agriculture’s social viability and
ecological sustainability. The field application of the CFAI highlight that organic farming
practices contribute to overall agricultural sustainability. This is because of the use of own and
local resources (e.g., seeds, farmyard, bio-manure, green remedies), ingenious knowledge,
increased soil fertility and reduced degradation, biodiversity conservation, and forging the
spirit of collaborative partnership and support. In addition, the organic system is part of a
diverse mixed farming system, including livestock and the cultivation of peripheral trees and

plants, which reduces farmers’ vulnerability. Over and above, organic agriculture provides
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considerable health benefits by lowering the pesticide exposure of farmers, workers, rural

communities, and consumers.

The adoption of sustainable practice is, to a considerable extent, influenced by the
institutional context as well as the national and state policies. Punjab was chosen as the
initiation site for green revolution technology with State support. The State’s top-down
approach through investments and subsidies led to initial adoption and concomitant bumper
harvests but resulted in spatial and social disparities over the years. The change from traditional
sustainable methods to monocropping and unsustainable practices has adverse repercussions
on the socio-economic conditions and environment of rural communities. Currently, organic
farming is being promoted and facilitated through central governmental and non-governmental
institutions, however with marginal success in Punjab. If organic agriculture is to play a role
in providing sustainable food security and sustainable livelihoods, economic sustainability
needs to be ensured through adequate pricing and market accessibility. Promoting networks,
providing training and extension services, expanding value-added food processing facilities,
engaging youth, and enabling women’s participation to enhance social sustainability are

imperative.

From the policy perspective, the CFAI enables assessment at a disaggregated spatial
level, which provides valuable information at the state level. Moving forward, if applied at the
national level, the index can help identify the strengths and weaknesses of each state and enable
the comparison of the performance on individual and composite indicators with the national
average. It can thus support local and national development strategies and effective policies.
Furthermore, a temporal mapping of the CFAI can enable tracking changes to identify trends
and progress. Finally, the index can also help create awareness amongst the diverse
stakeholders of sustainability challenges, thus sensitising them to the perils of industrial
agricultural practices. This is true in that market shares of organic food remain small since

consumers prefer organic food but are unwilling to pay the price premium.

Overall, the results suggest that the field’s status is promising, with numerous uncharted
opportunities and challenges. Future research can explore alternate methodological
frameworks for creating composite indices, including weighting, aggregation and robustness.
Further, the choice of quantitative-based versus qualitative-based indicators impacts outcomes,
thus it is worth exploring other surrogate measures. This is specifically true for social
indicators, which are more complex and abstract; for example, indicators capturing both social

capital and well-being. Ways and means of evolving and enhancing the evaluative tool to also
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work as a decision tool would contribute to the practical application benefiting decision-
makers. Finally, good or best organic management practices must be documented and

disseminated to achieve environmental sustainability.
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ANNEXURE A

CFAI Primary Indicators, Components and Definition

S. Indicator Component Proxy Indicator Measure Unit Explanation Source
No.
Panel A: Economic Index
1. | Income per acre Financial Benefits Net income QN I/acre The total value of the farm produce minus the | Muthuprakash (2018)
paid-out cost for cultivation
2. | Benefit-Cost Ratio | Financial Benefits - QN Dimensionless | The ratio of the total value of farm produce to | Muthuprakash (2018)
(BCR) paid out cost of cultivation
3. | Riskiness Financial Benefits Farm cost QN /acre The total cost of cultivation with the cost | Muthuprakash (2018)
imputed for self-borne labour and inputs
4. | Nutrient use efficiency | Resource Efficiency Fertiliser Impact QN Dimensionless | An estimate of nutrient balance between total | Muthuprakash (2018)
Quotient (FIQ) nutrients  applied  vis-a-vis  consumed
concerning the crop yield.
5. | Water use efficiency Resource Efficiency Q19.8 QL Dimensionless | The input choice for the decision of irrigation | Survey Questionnaire
timing (Annexure C)
Panel B: Social Index
6. | Farmer knowledge Producer Development | Q19.1, Q19.6, Q19.7, QL Dimensionless | The input choice for the basis of crop selection, | Survey Questionnaire
Q19.9, Q20.2, Q21.1, willingness to learn new practices and access | (Annexure C)
& Q21.2 new information, level of knowledge of best
farming practices (e.g., drip, sprinkler) and its
sources, source of price info, and approached
institution for advice
7. | Social capital Producer Development Q20.1,Q20.2 & QL Dimensionless | The input choice for associating with any | Survey Questionnaire
Q20.3 community or producers’ group, benefits | (Annexure C)
gained from the group, and the strength and
composition of the group
8. | Farm resources Producer Development Q13 & Q14 QL Dimensionless | The input choice for the presence of farm | Survey Questionnaire
peripheral trees/plants and owning livestock (Annexure C)
9. | Financial resources Producer Development Paid-out cost of QN /acre The paid-out cost of cultivation Muthuprakash (2018)
cultivation cost
10. | Self-reliance Producer Development Self-borne cost QN Dimensionless | The ratio of self-borne cost to total cost of | Muthuprakash (2018)
cultivation
11. | Drudgery Producer Development Labour cost QN Dimensionless | Gross income per unit labour cost Muthuprakash (2018)




S. Indicator Component Proxy Indicator Measure Unit Explanation Source
No.
12. | Health impacts from | Consumer Impact Fertiliser Impact QN Dimensionless | An estimate of nutrient balance between total | Muthuprakash (2018)
fertilisers Quotient (FIQ) nutrients  applied  vis-a-vis  consumed
concerning the crop yield.
13. | Health impacts from | Consumer Impact Pesticide Impact QN Dimensionless | An estimate of impact based on the potential | Muthuprakash (2018)
pesticides Quotient (PIQ) toxicity of active ingredients and dosage
applied.
14. | Agricultural output National Impact Yield per acre QN Kg/acre Total crop produce, including intercrops Muthuprakash (2018)
15. | Employment National Impact Labour expenditure QN Dimensionless | The ratio of total labour cost to the total cost of | Muthuprakash (2018)
cultivation
16. | Gender equality National Impact Q222 QL Dimensionless | The input choice for the contribution of women | Survey Questionnaire
in agricultural operations (Annexure C)
17. | Institutional strength National Impact Ql6, Q19.1, Q19.6, QL Dimensionless | The input choice for the availability of credit | Survey Questionnaire
Q19.9,Q20.2, Q20.3, sources, reasons for selecting a crop, sources of | (Annexure C)
& Q21.1 price trend and other info, and the benefit of
joining a community or producers’ group
Panel C: Ecological Index
18. | Biodiversity Environmental Q13&Q19.1 QL Dimensionless | The input choice for the decision to crop and | Survey Questionnaire
plant peripheral trees (Annexure C)
19. | Soil contamination Environmental Fertiliser Impact QN Dimensionless | An estimate of nutrient balance between total | Muthuprakash (2018)
Quotient (FIQ) nutrients  applied  vis-a-vis  consumed
concerning the crop yield.
20. | Water contamination Environmental Pesticide Impact QN Dimensionless | An estimate of impact based on the potential | Muthuprakash (2018)
Quotient (PIQ) toxicity of active ingredients and dosage
applied.
21. | Soil health (Nitrogen) | Field - QN PPM of N Available nitrogen (N) in the soil Bhumi Vigyan Vibhag,
Punjab Agricultural
University, Ludhiana
22. | Soil health | Field - QN Kg P/Ha Available phosphorus (P) in the soil Bhumi Vigyan Vibhag,
(Phosphorus) Punjab Agricultural
University, Ludhiana
23. | Soil health (Potassium) | Field - QN Kg K/Ha Available potassium (K) in the soil Bhumi Vigyan Vibhag,

Punjab Agricultural
University, Ludhiana




S. Indicator Component Proxy Indicator Measure Unit Explanation Source
No.
24. | Soil  health  (Soil | Field - QN Organic The carbon stored in soil organic matter Bhumi Vigyan Vibhag,
Organic Carbon) content (%) Punjab Agricultural
University, Ludhiana
25. | Soil health (pH) Field - QN Dimensionless | The pH of the soil Bhumi Vigyan Vibhag,
Punjab Agricultural
University, Ludhiana
26. | Soil health (salinity) Field - QN DS/cm The salinity of the soil Bhumi Vigyan Vibhag,

Punjab Agricultural
University, Ludhiana

Note: QN and QL stand for quantitative and qualitative measures for indicators.

Source: Compilation by Gill.




ANNEXURE B

Normalisation References for Indicators

Table B.1 Reference for Pesticide Impact Quotient (PIQ)

Pesticide EIQ Reference EIQ Maximum EIQ of
(Per unit litre) | (% of threshold | Recommended Dose | Recommended
point) (Kg. per acre) Dose
Acephate 41.33 33.07 0.40 16.53
Carbendazim 55.70 33.42 0.30 16.71
Chloropyrophos 28.40 28.40 0.50 14.20
Clodinafop-Propargyl 11.90 6.00 0.25 3.00
(Topik)
Cypermethrin 7.70 7.70 0.50 3.85
Diafenthiuron 35.33 11.31 0.16 5.65
Sulfosulfuron (Leader) 46.30 1.40 0.14 0.70

Note: EIQ stands for Environmental Impact Quotient (https://nysipm.cornell.edu/eiq/calculator-field-use-eiq/).
Source: Eshenaur et al. (2016).

Table B.2 Reference for Yield and Fertilizer Impact Quotient (FIQ)

Crop Average yield Nutrient Absorption Reference (Kg. per metric tonne)
(Kg. per acre) N P K
Wheat 561.86 128.00 46.00 219.00
Paddy 1,200.00 20.00 11.00 30.00
Cotton 127.50 156.00 36.00 151.00

Source: Directorate of Economics and Statistics (2019) and Roy et al. (2006).

Table B.3 Reference for Soil Parameters

Parameters Reference
0 1
Soil Organic Carbon (%) 0.00 0.75
Total Nitrogen (%) 0.00 0.25
Available Nitrogen (Kg. /Ha) 0.00 560.00
Available Phosphorous (Kg. /Ha) 0.00 24.60
Available Potassium (Kg. /Ha) 0.00 280.00
pH 9.00 7.00
Salinity (mS/cm) 16.00 2.00

Source: Department of Agriculture and Cooperation (2011) and Hazelton and Murphy (2007).



Table B.4 NPK Composition Standard of Nutrient Inputs used in FIQ

Fertilizer Input N (%) P (%) K (%)
10:26:26 10.00 26.00 26.00
15:15:15 15.00 15.00 15.00
18:18:10 18.00 18.00 10.00
19:19:19 19.00 19.00 19.00
20:20:00 20.00 20.00 0.00
Biosuper 0.00 0.00 0.00
Compost 0.75 0.60 1.00
Cow Dung Manure 0.45 0.35 0.35
DAP 21.00 23.00 0.00
FYM 0.95 0.60 1.10
Gomuthram 1.05 0.11 0.75
Green Leaves 2.85 0.37 1.67
Green Manuring 2.83 0.54 1.74
Jivamrut 1.96 0.17 0.28
Neem cake 5.20 1.00 1.40
Panchagavyam 2.29 2.09 2.32
Potash 0.00 0.00 50.00
Poultry Manure 1.40 1.60 0.85
Single Superphosphate 0.00 8.80 0.00
Urea 46.00 0.00 0.00
Vermicompost 1.06 0.61 0.44
Zinc and Magnesium 0.00 0.00 0.00

Source: Devakumar et al. (2014).



ANNEXURE C

Survey Questionnaire

Sustainability of Farming in the State of Punjab: The Economic, Social and Ecological Analysis

| About the Project |

Panjab University is partnering on an inter-disciplinary project, ‘Transforming India’s Green Revolution by Research and Empowerment for Sustainable
food Supplies (TIGR2ESS)’, as a part of the Global Challenges Research Fund award by the UK-India Research Councils. The project is led by the
University of Cambridge, U.K., with multiple partner institutions in India and the U.K. The present research primarily aims to evaluate the sustainability
of organic and conventional farming in Punjab.

IeIBHE ITATT g WHURIAS &7d HASSEE 35 AUS g (TIGR2ESS)’ 3 388 a9 It I fer Jriae & narerdl gal &t dafar gateafiet
It 3, fr R9 3793 W3 gal i 8t Afgsait HREre I& | Hger 31 © iy @ Uy 89 Afex w3 gerfedt 93t &t AfagsT v yaiae a3&
3

| Consent and Confidentiality Statement |

Your participation is entirely voluntary, and all responses will be kept completely confidential. Individual respondents will not be identified, and results
will only be presented in an aggregated or anonymous form. Thank you in advance, and we hope you will agree to participate in this survey to help us
understand your farming practices.

I consent to be part of this PU Organic Farming Survey and to be interviewed and photographed.

I3t It ydt 39 Aefies I, w3 A Aes Yt 37 I3 Ju Fredl| fenid3ers €39em3et € uare ot i3t Ared, w3 &31A fige Aufad
H fImIr3 gU R O Sli3 Aredl| waT daere, w3 Wi @Hie s9e of fa 3 for AaRyE Q9 fdAr 85 &d Afonz I 3 7 331 93t 2 3difomit
& s &g Al Hee &St A Adl|

A oA . g. wigdifss erafifar AgR T fdA se6 w3 ffeafe w3 32 floT sd Afos I

Signature: Date:

TH3YH3 3




THE FARM ASSESSMENT INDEX SURVEY
(S"IH wRAHC fE39H AT2YE)

Date of the Survey: Name of the Interviewer:
Name of the Farmer: Farmer Code:
Year/Season/Date of Sowing: Harvest Time for Kharif /Rabi Crop (month/week):

1. BASIC DETAILS gfenrdl 9=

1.1. State . 1.2. District 1.3 Tehsil 1.4. Block/Village

- Punjab T fgrts wra/flis
1.5. Full name of the cultivator/decision-maker 1.6. Gender (v): Male [ Female [] 1.7. Age (in years):
THISI/CHS BE TH T YT & fiar: HIe [ Wa3 [ 7ot feg G
1.8. Name of the respondent and relationship with the cultivator

€393 T FH NS THIAD &S HET
1.9. Total number of members in the family  |Adults ST&dT: 1.10. No. of family members involved in agriculture ~ [Male HJ<T:

TS Ko Hag S 95 Children S9: SH T T8 HHES & E Female WI3:

1.11. Complete postal address 1.12. Mobile/Phone/Email

IFUIT SSAEES/ENS
1.13. Primary occupation 1.14. Secondary occupation

1.15. Alternate source of household income (Yes/No)  |1.16. Details, if yes:
UIG WHES T RSB AIS (T/ad) g, AT

1.17. Farmer’s Education A. No formal education [ B. Primary [] C. Secondary [1 D. Higher-secondary [] E. Graduate [|  F. Post-graduate [

TR (V) A WEUF [ B.Jfendic  C.Adsd L D. §5-Adaat 1 Edgécly  F.umcdgec U
1.18. Education distribution of household (no.) IA. No formal education B. Primary C. Secondary
INo. of males with respective age: D. Higher-secondary E. Graduate F. Post-graduate
No. of females with respective age: .
g 2 e 3 () A. MU B. st C. Azt
HASU3 GHT T yIr® & Aftmm D. §o-Hezd___ Edgee F.Ofedgee
HEO3 1T T8t I3 ©F Hftpm:

1.19. How long have you been into farming? (experience in years) Total: Conventional: Organic:
3H 93Tt &9 s Ml 3 I (s fRg wigse) I Iafesa: :




1.20. Who in the household takes farm-related decisions like crop/ nutrient/harvest?

wg fFg 3= 93t &% ASU3 AR 8T J (e ers/dnfes 33/ @<l

2. ASSET DETAILS (to the extent relevant) AUt @ /9= (HEu3 I€ 39)

S. Particulars Number Year of Purchase/Building Leased/Rented Source

No. feRmar=t farsst yJe/fegs © s fage 3 AS3

2.1. | Tractor <IJII

22. | Trolley <I&t

2.3. | Diesel engine SIS ferde

2.4. | Submersible pump HEIHIAIES LY

2.5. | Spray pump FUIW Uy

2.6. | Electric motor @Hﬁaﬂ—d—d’

2.7. | Generator H&ICI

2.8. | Leveller ®<&d

2.9. | Rotavator Je=ed

2.10. | Disc harrow fIAJI

2.11. | Cultivator dH3AI

2.12. | Seed drill SiH S HEH

2.13. | Thresher Q'FEI

2.14. | Combine dIE&

2.15. | Store drum Flé—d’BP-f

2.16. | Happy seeder 9t g9

2.17. | Others* JI*

2.18. | Cattle shed UH SHI"

2.19. | Implement shed fEHUSHS A3

2.20. | Storage shed HSIA RS

Note: *Includes reaper, ranger, chopper, planter, harvester, etc. *JUg, 3T, ézflsmea, ugiag, EJ"HéTIEH, Wife AHS I6



3. LANDHOLDING DETAILS s e 2g=

3.1 What is the total landholding of the farmer (in acres)? fTA® € 98 mil® (847 fe9) &t oy

Description Plot 1 Plot 2 Plot 3

3.2. Plot size (in acres) ygre g g (893 fE9)

3.3. Plottype UZC T fIAH:
i. Owned HBEM3 J
ii. Leased-in (with rent in Rs./annum) && 3 f&37 (fagrg © ar&/gue f<9)
iii. Leased-out (with rent in Rs./annum) & 3 f&3" (fa9e © a&/Aa& ff9)

3.4. Irrigated area (in acres) 893 f&g fHogl % 939

3.5. Source of irrigation (e.g., tube well, main canal, branch canal/other)

fiore T AJ3 (BT Ids o9, feae s, 1y &fag, Ay &fga/Jd9)

3.6. Rainfed area (in acres) 293 f<g Ho o 939

3.7. Land under ecological/organic farming (in acres)

TIegea/Afed 93t wills ms € Je (397 &9)

3.8. Iforganic, is it certified? (Yes/No) A Afes, of fog YHES 7 (T 7 &)

3.9. If certified, what is the source (name of the agency/group) and cost?

AYHES I, AI3 ot I (FH/AYI T &H) W3 BaI3?

3.10. Soil type (coarse loamy, coarse & fine loamy, fine loamy, other)

He < fami (A, 73 30, &, &5, I, I9)

3.11. Main crop (variety)  HY A (faAH)

3.12. Previous harvest crop (variety) fUESI =<t € TAs (faAH)

3.13. Do you have a Soil Health Card? (Yes/No) (Click photo, if handy)
o 3T A Afes IsE FIF I? (T/5d) (I '3 A/ o3, A AT I=)

3.14. If yes, then specify T I, 37 faguras aa:
i. Soil Organic (micro-nutrients) fHET Afe (- Unfed 33)
ii. Nitrogen (N) ??"E"]QH?? (Va?i)
iii. Phosphorus (P) @HIIA (11
iv. Potassium (K) Qe @)
v. Soil pH et pH
vi. Soil salinity ﬁ-TéTE"Tz{EF




4. LAND PREPARATION PROCESSES

wite famrdt yfafanret

Wage Rate for Men: X......... /day Wage Rate for Women: X......... /day Machine hire cost: X......... /hour
YIH BH 35T TT: ... /| fes I3 T GAI3T S TT:%............ fes HAS o S 593 e
Description Plot 1 Plot 2 Plot 3
NOP 1: Ploughing Self H= (No.): Self = (No.): Self A= (No.):
IBET Hired fda7 3 (No.): Hired fda7 3 (No.): Hired faam@ 3 (No.):
Man power H&H HIST (number x days)
'Women power g3 AT (number x days)
Machine HHIS (type)
Hours W&
Diesel consumed FHS S HU3
NOP 2: Harrowing Self A= (No.): Self A= (No.): Self A= (No.):
Sfemrt Hired fam® 3 (No.): Hired @™ 3 (No.): Hired faa™ 3 (No.):
Man power H&H HAS! (number x days)
Women power Wg3 HIST (number x days)
Machine HHIS (type)
Hours W&
Diesel consumed w8 T HU3
NOP 3: Puddling Self A= (No.): Self A= (No.): Self A= (No.):
Gl FE Hired @™ 3 (No.): Hired @™ 3 (No.): Hired faa™ 3 (No.):
Man power H&H HIST (number x days)
Women power W3 HAST (number x days)
Machine HHIS (type)
Hours W&
Diesel consumed w8 T HU3
NOP 4: Other (Name: Self A= (No.): Self A= (No.): Self A= (No.):
I3 (&H: Hired fa9m@ 3 (No.): Hired fa97@ 3 (No.): Hired faam@ 3 (No.):




Man power H&H HAS! (number x days)

'Women power g3 AT (number x days)

Machine HHIS (type)

Hours W&

Diesel consumed FHS T U3

5. BASAL MANURE APPLICATION

Wage Rate for Men: Z......... /day
YIu BE eI TI: L., /fes

273 gFt e =g

Wage Rate for Women: %

W3 BH GAgsi i Ead: 2., ffes

Description

Plot 1

Plot 2

Fertilizer/Manure 1: Broadcasting/
Placement/Fertigation/ Mulching/Tilling (v)

HEAT 4: yArgE/uBARc/eadNaG IS

Self A= (No.):
Hired fa3m@ 3 (No.):

Self A= (No.):

Hired fa3m@ 3 (No.):

Self AR (No.):
Hired faam@ 3 (No.):

Source (home-made/market/govt.)

I3 (WIB QUUI/HIlc/HISTI)

Total quantity (with unit)
Hfee @ 578 5% 3T

Unit description (in kg.)

fo® &g foad T @gsa

Cost per unit B3 ’-:[S;T EIW

Man power H&H HAS! (number x days)

Women power W3 HAST (number x days)

Machine HHIGI (diesel and hours)

Fertilizer/Manure 2: Broadcasting/
Placement/Fertigation/ Mulching/Tilling (v)

M/ 4: YAgE/UBAN /eI NG fe ST

Self A= (No.):
Hired faam@ 3 (No.):

Self A= (No.):

Hired faa® 3 (No.):

Self A= (No.):
Hired fagm@ 3 (No.):

Source (home-made/market/govt.)

I3 (WIB QUUII/HIl c/HISTI)

Total quantity (with unit)
Gfee @ 578 5% 3T

Unit description (in kg.)




fo® &g foadt © @gsa

Cost per unit 913 Y31 glse

Man power H&H HIST (number x days)

'Women power g3 AT (number x days)

Machine HHIGI (diesel and hours)

Fertilizer/Manure 3: Broadcasting/
Placement/Fertigation/ Mulching/Tilling (v)
M/ 4: YAgE/UBAN /eI NG fe ST

Self A= (No.):

Hired faam@ 3 (No.):

Self A= (No.):

Hired faa® 3 (No.):

Self A= (No.):
Hired fagm® 3 (No.):

Source (home-made/market/govt.)

I3 (WIY QUUIIHIlC/HISI)

Total quantity (with unit)
Hfee 8 &8 S8 H3I"

Unit description (in kg.)
&% 39 foard & 29

Cost per unit B3 ’-:[S;T EIW

Man power H&H HAS! (number x days)

'Women power Wa3 AT (number X days)

Machine HHIGI (diesel and hours)

Fertilizer/Manure 4: Broadcasting/
Placement/Fertigation/ Mulchlng/Tlllmg W)
M 4: yAgE/uBANc/eadNaGfe S

Self A= (No.):

Hired fa37@ 3 (No.):

Self A= (No.):

Hired fa37@ 3 (No.):

Self A= (No.):
Hired fag®@ 3 (No.):

Source (home-made/market/govt.)

I3 (WIB QUUII/HIlc/HISI)

Total quantity (with unit)
Hfee 8 &8 S8 H3I"

Unit description (in kg.)
&% 39 foard & 29

Cost per unit B3 ’-:[S;T EIW

Man power H&H HIST (number x days)

'Women power Wg3 AT (number X days)




Machine HHIGS! (diesel and hours)

6. SOWING, RESOWING, TRANSPLANTING etc.

Wage Rate for Men: X......... /day
YIH B 35T E©T: L......... / fes

Wage Rate for Women: X.........

g3 BE GAI3T T E: 2

........

famel, y7 sArel, TAUSHEI wife (All three activities combined)

Description

Main crop
HY TAS

Inter crop 1
LECkUES|

Inter crop 2
w39 eHs 2

Inter crop 3
LECKLIK

Inter crop 4
n3II EHS 4

Plot 1: Seed Broadcasting/Transplanting/ Seed
Planting

SH YAge/cAUSTEd) SH &8 (V)

Self A= (No.):
Hired faa7 3 (No.):

Self A= (No.):
Hired faa7@ 3 (No.):

Self A= (No.):
Hired faa7@ 3 (No.):

Self AR (No.):
Hired fda7@ 3 (No.):

Self AR (No.):
Hired faa78 3 (No.):

Name of the crop THS € &'™H

Seed variety name S+ St fIHHT T &TH

Seed type (Bt/hybrid/improved/traditional)
=i <t form (SSarafgg/aTrdt/a=Tesh)

Source (home/govt./pvt/fellow farmers)

I3 (WI/ATSI R e/HE fIAs)

Seed quantity StH ©F H'39 (no. of kgs/acre)

Seed cost per unit S+ ©F &9 (Rs./per kg.)

Man power H&H HAS! (number x days)

Women power W3 HAST (number x days)

Machinery HHISST (diesel and hours)
For commercial/personal consumption
RUTIH/f& HI U3 Bt

PPlot 2: Seed Broadcasting/Transplanting/ Seed
Planting

S YAge/STAUSTET) A 38 (V)

Self 7= (No.):
Hired faa7 3 (No.):

Self A2 (No.):
Hired faa7@ 3 (No.):

Self 7= (No.):
Hired faa7@ 3 (No.):

Self 72 (No.):
Hired fda7@ 3 (No.):

Self 72 (No.):
Hired faa78 3 (No.):

Name of the crop THS € &'™H

Seed variety name EftH St fJHHT &7 &TH

Seed type (Bt/hybrid/improved/traditional)
=i <t form (SStarafgg/mTrdl/a=Tiesth)

Source (home/govt./pvt/fellow farmers)




AI3 (WI/AISI eI /ATEl fIATs)

Seed quantity StH © H'39T (no. of kgs/acre)

Seed cost per unit S+ ©F &9 (Rs./per kg.)

Man power H&H HIST (number x days)

'Women power g3 AT (number x days)

Machinery HHI&ST (diesel and hours)

For commercial/personal consumption

U/ fe Al HU3 e

7. TOP DRESSING g3t @ FIHMH

Wage Rate for Men: X......... /day
YIH BH 35T E©I: L......... / fes

Wage Rate for Women: X......... /day
g3 BE @RI T ET: ... ffes

.........

Description

Plot 1

Plot 2

Fertilizer < 1 (Name):

Self A= (No.):
Hired faa7@ 3 (No.):

Self A= (No.):

Hired faa7@ 3 (No.):

Self A= (No.):

Hired fa3® 3 (No.):

Source (home/govt./pvt. trader)

AI3 (ASSI/ I/ EiRe =urdh)

Total quantity with unit
Yfse € 578 I8 H39T

Unit description (in kg.)
&8 &g feardt T @9=a

Cost per unit (F'd13 lﬁT ElﬁTc')

Man power H&H HAS! (number x days)

'Women power g3 AT (number x days)

Machine HHIS (type) (if any)

Hours W&

Diesel consumed FHS T HUI

Fertilizer H< 2 (Name):

Self A= (No.):
Hired faa® 3 (No.):

Self A< (No.):

Hired faam® 3 (No.):

Self A= (No.):
Hired fagm® 3 (No.):




Source (home/govt./pvt. trader)

AI3 (ASSI/ I/ EiRe =urdh)

Total quantity with unit
Hfse € 578 I8 H39T

Unit description (in kg.)
&8 g feard T =9z

Cost per unit (13 ’-:[S;T ElﬁTc')

Man power H&H HIST (number x days)

Women power WJ3 HS3T (number x days)

Machine HHIS (type) (if any)

Hours W&

Diesel consumed SHS T HU3

Fertilizer < 3 (Name):

Self A= (No.):
Hired fa37@ 3 (No.):

Self A< (No.):
Hired fa37@ 3 (No.):

Self A= (No.):
Hired fagm@ 3 (No.):

Source (home/govt./pvt. trader)

AI3 (ASSI/ I/ yEiRe =urdh)

Total quantity with unit
Yise € 578 5% H39"

Unit description (in kg.)
&8 feg feardt T =g9ss

Cost per unit (13 ’-:[S;T ElﬁTc')

Man power H&H HIST (number x days)

Women power WJ3 HS3T (number x days)

Machine HHI& (type) (if any)

Hours W&

Diesel consumed SHS T HU3




8. WEEDING/INTER-CULTIVATION gAMZI-GuH

Wage Rate for Men: X......... /day Wage Rate for Women: Z......... /day Machine hire cost: X......... /hour
YIH B8 35U I ET: L., | fes g3 BH GAgsidtEa: 2. ffes Hils fag@ & sWr3:............
Description Plot 1 Plot 2 Plot 3

Weeding Round 1: Manual De-Weeding
Herbicide/Inter-Cultivation (v)
Bele’ T IF 1: AenS S-=20Fa1 A HF-gShi 7

Crop name GH €' &™H (if particular)

IName of the agro-chemical, if herbicide

M- T &, g HEl-geM T i3 9=

Source (Home/Govt/Pvt/Fellow farmers)

I3 (WI/AISIINERc/HE fIAs)

Total quantity (with unit)
Hfee 8 &8 S8 H3I"

Cost per unit J913 Y3t gfoe

Man power H&H HAS! (number x days)

'Women power Wg3 AIST (number x days)

Machine HHIS (type) (if any)

Hours W&

Diesel consumed FHS S yU3

Weeding Round 2: Manual De-Weeding

Herbicide/Inter-Cultivation (v)
BRleT T I3 2: Aen® St-2Aar 7 HEt-gSh 7

Crop name GH €' &™H (if particular)

IName of the agro-chemical, if herbicide

WS- T &, Adg HEl-gem T U3 I

Source (Home/Govt/Pvt/Fellow farmers)

I3 (WI/AISINERc/HE fIAs)




Total quantity (with unit)
Hfee 8 &8 S8 H3I"

Cost per unit J913 Y3t gl

Man power H&H HIST (number x days)

'Women power Wg3 AIST (number x days)

Machine HHIS (type) (if any)

Hours W&

Diesel consumed SHS S HU3

9. DETAILS OF IRRIGATION (fH7€l @ 29%9)

Description

Plot 1

Plot 2

Plot 3

INo. of irrigations/watering applied

fHgrel/ et € Aftmr g1 St aret

Method of irrigation (Flood/Sprinklers/Drip/Piped)
fHorel <t fedl (IF/fegami/fguurdus)

If by pump, horsepower (HP) of pump used
A Uy g, Uy e aledt @ AT I

If by pump, inch diameter of the pipe used
A Uy eorgr, urdty T g fenrr egfawr aer J

Depth of the tubewell T‘E’ETH%VB <t Jrgat

Tubewell Age (how old is the tubewell?)
fegsRs <t GHa fddt 37

Estimated time in minutes to irrigate field each time

J =9 83 ©f fio= o fifet g WaeHs3 AH

e i I3« fHod B8 Urel & WaH®3 H'3T"

Estimated quantity of water for each irrigation (in litres)

Cost of water/irrigation Urel/fHos € 8413




10. PESTS AND DISEASES a3 W3 fanramt

Wage Rate for Men: %......... /day Wage Rate for Women: %......... /day Machine hire cost: %......... /hour

Ygn 88 IsHT TI: L......... /| fes WI3 BH QRIS A TI: ... ffes Hils faa2 € 893:............ e
Description Plot 1 Plot 2 Plot 3

Kind of Pest Sfamfi/Disease farHTIM 1:

Spraying f&Fa™i/Drenching QfﬁHT V)

Severity (High/Medium/Low) JiSta3T (§a/HuH/ i)

Crop name (if particular) @HS T &'H (A HH éé))

Name of the agro-chemical IS-HES T &H

Source ASS

Total quantity with unit U:IﬁTc’ T EE IS HIT

Cost per unit &d13 1—13"[ E_IW

Man power H&H HIST (number x days)

'Women power WI3 FIS3T (number x days)

Machine HHI&S (type) (if any)

Hours W&

Diesel consumed FHS T 5U3

Kind of Pest Sfamii/Disease farHTI 2:
Spraying f&Fa™i/Drenching QfﬁHT V)

Severity (High/Medium/Low) JiSta3T (§a/HuH/ i)

Crop name (if particular) @HS T &'H (A H™H éé))

IName of the agro-chemical nS-AHIES T &H

Source AS3

Total quantity with unit gfee € &% & H3TT

Cost per unit &3 Y3t Gfse

Man power H&H HAST (number x days)




'Women power I3 "3t (number x days)

Machine HHI&S (type) (if any)

Hours W&

Diesel consumed FHS T HU3

11. HARVESTING AND MARKETING < 29" W3 H'Iafedr

Wage Rate for Men: X......... /day Wage Rate for Women: %......... /day Machine hire cost: %......... /hour
Ygi B 38HT TI: L......... /| fes I3 BE GAIIT T TI: %...... ffes HiHl® fage &t srs:............ e
Plot 1 Main crop Inter crop 1 Inter crop 2 Inter crop 3 Inter crop 4
W TS WITEAS 1 W39 gAS 2 39 SAS 3 W3J SAS 4

Harvesting Process Machine/Manual S2T8]]

yfafanr (s Henws) (v)

Man power H&H HAST (number x days)

'Women power I3 "3t (number x days)

Machine hours HHI® © W&

If machine, diesel consumed in litres

A Hil®, 39S Sl T Uz g I

IPost-Harvesting Process
aeTel 3 "gmie < yfSfanr
Threshing/Drying/Milling
ESfHarAaIG=/HfEar (v)

Man power H&H HIST (number x days)

'Women power I3 A3t (number x days)

Machine/livestock (HHIES/UETS)

Hours (W)

Diesel consumed (TS T HY3)

Sales & Transportation




feaat w3 wrest

Sources of information on price trends
(PY/local  market/traders/  Neighbours/
internet/mobile)

BTH3 T g9's 99 Aredal @ AI3 (Uierdl/
HESS gerg/Rurdl/ CIREE
fecISe/MEHS)

Place of sale (Mandi/Farmgate - direct or
contract/FCI/Other)

feaddl T AF® (HIl/eaordie- fHar =
EECICR AN CH LRI IGE)

Mode of travel T33J" ©@ A'OS

Distance travelled (in kms.)

3T {13t gt (fadied o)

Diesel consumption S8 T HUI

Total cost IS B3

Plot 2

Harvesting Process Machine/Manual

aerg yfafanr ot/ Hews) (V)

Man power H&H HIST (number x days)

'Women power wI3 HIS3T (number x days)

Machine hours HHI® © W&

If machine, diesel litres consumed

A HAS, S Sleg D uuz ISt I

IPost-Harvesting Process
aeTer 3 gmie T yfsfanr
Threshing/Drying/Milling




EIfHaAarQ= /M8 (V)

Man power H&H HIST (number x days)

'Women power wI3 HIS3T (number x days)

Machine/livestock (HHIES/UETS)

Hours (W)

Diesel consumed (FHS T HU3I)

Sales & Transportation

feadt w3 wrest

Sources of information on price trends
(PY/local market/traders/ Neighbours/
internet/mobile)

H3 € g9's 99 Areddl & A9
(Redl/AErad Srarg/eurdl/ Imitar
fecISe/MEHS)

Place of sale (Mandi/Farmgate- direct or
contract/FCI/Other)

feddt T Ags (HIl/@gHdle- fiar 7
EECICR AN CH LRI IGE)

Mode of travel T33J" ©@ A'OS

Distance travelled (in kms.)

3T {13t gt (fadHied o)

Diesel consumption S8 T HUI

Total cost IS B3




12. YIELD DETAILS (8ud 23J%)

Plot 1

Main crop
HY THS

Inter
crop 1

SHS 1

Inter
crop 2

SHS 2

Inter
crop 3

SHS 3

Inter
crop 4

SHS 4

Main product quantity produced (in
kg.)
Hy @3ue H3Jr T G3Ues 3T

famr 3, farer faag frard &%
A3 amrd

Description of unit Hfe&e T 29"

Quantity sold H'3J", A 81 A= (in
kg.)

Selling price per unit liT-ﬁ ElﬁTc'
3 2t Irdr

Market price H'Idlle SH3

Byproduct Sy -G3ue1:

Quantity produced O 3 3T
(in kg.)

Description of unit ElﬁTc’ Trager

Removed/Burned/Mixed in the soil
Ierfonr/A i famm/ i i
fHg e famim (v)

Quantity, if sold H3J", A EEIKGICS
(in kg.)

Selling price per unit liT-ﬁ ElﬁTc'
Sz 2t Irdr

Byproduct 84 -€3ure 2:

Quantity produced O 3 3T
(in kg.)

Description of unit ElﬁTc’ Trager

Removed/Burned/Mixed in the soil
IJerfonr/A i famm/ i e
fHg e famm (v)

Quantity, if sold H3d", A EEIKGICS
(in kg.)

Selling price per unit liT-ﬁ ElﬁTc'
Sz 2t Irdr

Plot 2

Main product quantity produced (in
kg.)
HY G3ue H39T T E3uUes ai3T

famr 3, farer faag fearer &5
3T famr 3

Description of unit ElﬁTc’ T g

67




Quantity sold H'3J", A =9I 7= (in
kg.)

Selling price per unit HS;T U:IﬁTc'
3 2t Irdr

Market price H'Idte JH3

Byproduct Sy -G3ue1:

Quantity produced Jer ISt 3T
(in kg.)

Description of unit U:IﬁTc’ Trager

Removed/Burned/Mixed in the soil
IJerfonr/A i famm/ i e
fHs e famr (v)

Quantity, if sold H3J", A EEIKGICS
(in kg.)

Selling price per unit HS;T U:IﬁTc'
Sz 2t Irdr

Byproduct 84 -€3ure 2:

Quantity produced Jer ISt 3T
(inkg.)

Description of unit U:IﬁTc’ Trager

Removed/Burned/Mixed in the soil
Ierfonr/A i famm/ i i
fHs e famr (v)

Quantity, if sold H3d", A 281 A=
(in kg.)

Selling price per unit HS;T U:IﬁTc'
3 2t Irdr

68




13. MISCELLANEOUS OUTPUTS (Peripheral trees, like poplars, eucalyptus, etc.) W&d €3ure: ot g9+ feg Udtfaas gy IS (MR Jusg, EIﬂfFﬂlE‘FI)

S. No. Tree/plant name Number Costincurred | Product Quantity produced, Quantity Sale Price Unit description
(in %) name with unit mentioned sold per unit
14. EXPENSES ON LIVESTOCK 1457:!??? Hgd'
Type qf énimal/Bird Type fam 1: Type famH 2: Type a7 3:
Sl uer < Number (fIrE31) : Number (fIrE31) : Number (fIrE31) :
Breed (6H3): Breed (6H3): Breed (6HS):
Cost Number Calculation | Amount (%) Number Calculation | Amount () Number Calculation | Amount (%)
Infrastructure annual

maintenance cost
gfonrel g afeH
SyE S 3

Cost of feed/fodder
purchased

EEISHE K EASIS IS
ISIES

Imputed Labour cost
(own)

TIdl B9 o I3

(MHET)




Labour cost (hired)
gradl =9 < 39F

(faae 3)

'Veterinary cost

_ReIad B3

Cost of marketing
produce

HIafcar 3uret
SIRSIEIE]

Total Cost IB B3

15. INCOME FROM LIVESTOCK UHOS I nrest
Type of Animal/Bird | Type famH 1: Type faAH 2: Type famH 3:
Hy 7 et < fem Number (fIr€31) : Number (fIrg31) : Number (fIrg31) :
Breed (6H3): Breed (6H3): Breed (6H8):
Product Type
g3ure <t fam
Income WHES Number Calculation |Amount (¥) [Number Calculation | Amount (X) [Number Calculation |Amount (%)

'Yearly yield (total with
unit)
feadt @ 3% AS®

BUH (33)

Sales price of unit
produce

feardl g3uer <t
ISESEICIDES

Total Income

48 WHES




16. INDEBTEDNESS, IF ANY (only for crop investment, and not for capital investments)
I 52, ﬁéé(fﬂaaaﬂﬁﬁﬁﬂsﬁr @Wﬁﬁﬁﬂ&frﬁﬁ)

Did you borrow any money for agricultural investment for your farming this season (This includes
credit for the purchase ofexternal inputs)

ot 3 for Mivs 9 wust 931 o8t 93terdt foen S g U §urg fowr M(fer &9 gadt
fesyer <t vdle ¢ 3fse 7HS 3)?: Yes O/No O
If yes, what is it for? (mention details) 7 I, 37 7 far & I? (I3fen T faag a3)

If yes, what is the total amount borrowed 7 I, 37 @0'g T8} I & FaIH ot I?
gue?:

Source of Credit 31'@? T HIS: (A) Friend [ (B) Relativel] (C) Moneylender [1 (D) Input

Dealer[1 (E)Bank[1  (F) Coop Society [] (G) Others
0
Interest Rate (%) (fRvrA ©9): ........... %

17. INSURANCE, IF ANY (only for crop investment, and not for capital investments)
g, 7 I8 I° (fAge SRSt foer B, w3 I aat foer S8 &)

1.
2.

Did you take any insurance on crops ot 3 SHST T I8 STHT B H? Yes O No O
If yes, what is the insured amount and premium 7 I, 37 StH" JolH w3 ey st QY

18. SUBSIDIES availed FEfHZM T &'F (only for the current crop)

Name Source Amount (%)

i. Fertilizer U<

ii. Power faAST

iii. Irrigation fHE=

iv. Other (name) I3 (&H)

19. FARM MANAGEMENT AND RESOURCES 33 ysus w3 A3

19.1

What is the reason for selecting a crop SHS Tf J€ d9& € of IS Y )

i.  Conventional/habit IEEI/WE3

ii. Experienced 3rd=gad

iii. Lead farmers oAt T wersr

iv. Based on market trend ' © dsa Swgg 3

v. Based on various knowledge from groups/institutions H')-IEJT/F!'HHET SES T
s 8 nag 3

vi. Minimum Support Price (MSP) (VQ')-[VQ'F[LTT)

19.2

How willing is the farmer to learn about new agricultural practices and information?

s 531 2 &2 3Stfomif w3 Arearal 519 fifge &8 fdar f3mrg 32 (V)

i. Not willing ffg=l &t

ii. Willing but apprehensive &8s ug fd33




iii. Willing to try once f&a @9 JfiTH a9s St f3nwg

iv. Willing to try always JNH ST II6 S8 309

19.3. | What is the basis for a decision to apply fertiliser H€ & I © SHS T WA ot I? (V)

i. Based on personal conjecture NSNS WEHG S wOd 3

ii. Advise by shop keeper TA'GEd BT HS'™J

iii. Based on experience 3HdY € WO'd 3

iv. Based on expert recommendation H'Id ©f fHEgH © w9 3

v. Based on soil testing and advise fHeT UG W3 AS IS WO I 3

vi. Based on yield and profitability SUA W3 H&@ @ wOg 3

19.4. | What is the basis for deciding which pesticide to apply? IIZT StcsHd T<rgt ?:5 S AIET 3,
feae worg st &7 (v)

i. Based on personal estimation TSR WEaHS WO I 3

ii. Based on experience SHIE EWOJ 3

iii. Based on shopkeeper TI'GET '3 WUIS

iv. Based on expert suggestion or training H'Jd © H¥™ A fHYSE @ wigg 3

19.5. | When do you decide to apply pesticides? IHI SlcaTHa & QTJIIST AT e I I? (V)

i.  Atregular interval/stage of the crop SHS © [STHI nizTB/UFW 3

ii. At first sighting of the pest a3 © YIS ard 3

iii. After visible symptoms of infestation BT < foure T @8 S8 © IME

iv. Only if it appears to get severe and create significant loss fAgg 3t Jt 7 fog Jigig
der Auer I w3 HI3TYIE Gars Uer daer J

v. Never or very rarely e A Sg3 W&

19.6. | What can help farmers improve their handling of pesticides?

dieamar @ ydues § fao39 S8t K9 fams’ € of Hee I Aael 92 (V) (can select more

than one option)

i. Knowledge support fIM& T AHIES

ii. Equipment support @UIIT AJTE3T

iii. Skilled labour goIHE faa3

iv. Market incentives )-FEIE'TC'QS’FI’EJH

v. Subsidies ASHIM

19.7. | What is the level of knowledge about different methods like drip/sprinkler BQUMﬁIaBH =CE)
29 243 3Jfomit 79 famirs T Uod o 37 (V)

i. None Jgt &dt

ii. Some knowledge IS fIMIs

iii. Good knowledge BT famirs

iv. Good knowledge and practice TIT fIMi™a W3 wifwH

19.8. | What is the usual irrigation timing W+ fHETEr & 74T &t 32 (V)

i.  Irrigate during evening FI"'H§ EERIECE]

ii. Irrigate early morning Hed AS<! fHATEr I

iii. Depends on power supply A& AU '3 foggg daer 3




iv. Irrigate in daytime fo® 2 fHo= a9

19.9. | What are the sources of information on price trends STH3 € gF& I3 AEaot © AIS ol I&?

() (can select more than one option)

i. Previous year trend fUS3 AS € 96

ii. Local market scenario HE'&S S H'd ©F ﬁ'{F{

iii. Neighbours gMIgl

iv. Traders <UIt

v. Media HZMr

vi. Internet/mobile fcI&c/NIOS

19.10. | Does the farmer face any issue in getting labour for the farm work?

dl foAs § U3 © oH 38 899 U3 a6 {9 fan mifimr e Arane agar der 37 (v)

i.  Mostly self-labour fmersg Ae-fags

ii.  Sufficient supply SIS ST

cee n
iii. Seasonal HAH

iv. Poor labour supply HI™s $Ed AUSTE

20. SOCIAL INTERFACE AW'fAd fécaan

20.1. | Are you associated with any community or producers’ group?

st 3AT foA YT/ @3Ues © AYJ &' T3 J€ I? (V) (can select more than one option)

i.  Good rapport with adjacent/neighbouring farmers &I&/ IMT! [THAST &S I

o_o

HEY

ii. Part of SHGs/NGO

iii. Part of farmer association/co-operative/farmer producer organisations farms

WA HS/Afger I/ fars §3ues Ara<r T fJAr

iv. Others (name):

v. None

20.2. | What is the benefits farmer gain from the groups he belongs to?
faAs Gt Ayt 3 &t 873 U3 Jder J fiet &8 8J HEU3 I6? (V) (can select more than one

option)

i.  Knowledge like crop selection, weather, etc. famrs fa2 ers <t B, ¥, wife.

ii. Inputsupport feaUT AITE3"

iii. Market support like access, transport etc. H'Jalle HIE3T fAe Udg, wremre nife.

iv. Capacity building activities AHIET fsgHTE ISttt

20.3. | What is the strength and composition of the group HHJI S 393 W2 IT& off I? (V') (can select

more than one option)

i.  Very good or equal participation from women WJ3' € Sg3 9dif rf S9v=g
ES[ISIS])

ii. Equivalent voice and participation from majority of members SJITEST Hegrar
AHS WieH W3 gaiterat

iii. Different caste I A3

iv. Different religion SHI" OIH




21. DETAILS OF EXTENSION SUPPORT RECEIVED DURING THE PAST SEASON fue8 fide €9'a Yu3 I8 WandHs AUde € 29<

21.1.

What are the sources of information and knowledge on farming? 83t &' Aredra W3 faMia © AI3 &t I8? (V)

i.  Family knowledge/experience Ufderdd famirs/migae

ii. Formal education IHHT fHfeM

iii. Neighbouring farmers gMial fIA™S

iv. State extension services I'H feHEI AT

v. Television/Radio cBIfens/3IE

vi. Newspaper/Magazines WHFI/ATTAS

vii. Mobile/internet RI8I®/fiagde

21.2.

Have you ever taken advice regarding the farming practice from any institution af IHI a2 fai HrEr 3 93 @ wifgw 59 A%T &8 7 (V)

i. Not willing (No trust) f3mrg &t (€t IIA &)

ii. Notaware U3T &l

iii. Rarely Sg3 U

iv. Sometimes IO I

v. Regularly Srarfeer

21.3.

Type of Support

Received
(Yes/No)

Who provided support? (A) NGO/SHG (B) Govt organisation (C) PAU (D) Farmers

Association/Co-operative (E) Others (mention):......ccccoeevieiiieiieiieiieiierenenne.

i. Training frusTer

ii. Exposure visits NTAUTT B9

iii. Input support fasye ATTE3T

iv. Marketing support H'IafcdT AITE3T

v. Any other support Je II AT




22. EXPERIENCE, CHALLENGES, AND SUGGESTIONS (W&3S<, g3, w3 HS™)

22.1 Experience of farmers in this cropping season vis-d-vis previous crop (U8t SHS € Hargd for gHS © Aids

S faAat & 3A9e (V)

Parameters

Significant
decrease

Marginal
decrease

change

Marginal
increase

Significan
t increase

Don’t
know

i. Cost of cultivation IHI T B3

ii. Labour requirement f9g3 €t 337

iii. Drudgery AH3 &H ¥ Ba<c
BT EH

iv. Cropyield @A® T deeg

v. Net farm income HO 83T WHES

vi. Number of crops cultivated IHI
It AT i Hfemr

vii. Number of saleable produces

ST G3UTet T At

viii. Price received for the produce

BuH e yu3 SitH3

ix. Crop duration ZHS ©f fimure

X. Any Other:

22.2 Contribution of women in different agricultural operations =Y -&H B3t Irar f€g g3t T WS ()

Operation All Maximum Equal Minimum Nil Don’t
Know
i. Land preparation wHI& ©f f3wrdt
ii. Sowing (nursery, transplantation)
e (IR, TTHUBCHS)
iii. Fertilizer application H'E Tt Wl
iv. Weeding §_|_<:’T
v. Pest control difanif e fadzgs
vi. Irrigation fHoer
vii. Harvesting JcTeg
viii. Post harvesting operations gt
FEmE e aH
ix. Marketing HISASIT
x.  Any Other:
22.3 Challenges faced by farmers fIHAS ?ii TIuH _'Q@S?MF V)
Parameters Stressed Yes No Don’t Know

i. Low yield W& 8ur

ii. Pest and disease I W3 AT

iii. Weed management S;l?le{ElT-I?S

iv  Access to organic inputs Afex
feayer ST uda

v. Lack of knowledge famirs €t wre




vi. Higher labour requirement @09
ICEEASRCES

vii. Drudgery AH3 &H ¥ Ba<c
TBEAH

viii. Marketing challenges HIalfedT
n a .

ix. Price realization STH3 T I{QB;T

x. Credit requirements Jf3< B

xi. Net income T WHEST

xii. Difficulty in livestock management

xiii. Lack of institutional support

HAE93 ATfes & we

xiv. Irrigation constraints fHOE Emit
S

xv. Rented land fa3® & THis

xvi. Any Other:

22.4 Suggestions to resolve the constraints faced by farmers (fH&" § TIUH HHIAS™ € I& el HY™) (V)

Constraints (UTSISh) Suggestions (FS™)

1. Production

g3uTs

ii. Input

fesye

iii. Technology and Process

iv. Marketing

HIalfear

v. Certification

AJ s

vi. Institutional
HAGIIS

vii. Any Other:




ANNEXU

RE D

Sample Soil Testing Report

102821, 361 P T Uy folta?
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Note: The name of the farmer has been redacted to keep anonymity.
Source: Bhumi Vigyan Vibhag (Soil Testing Laboratory), Punjab Agricultural University, Ludhiana.
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