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Abstract

The agribusiness in India plays an instrumental role when it comes to the current status and

prosperity of the entire country. In the economic sphere, its contribution to the national

GDP accounts for around 15%. In the social sphere, it employs an estimate of nearly 45%

of the population, often in the form of small and marginal farmers.

The purpose of our thesis is to investigate IT-enabled technologies in order to increase

the livelihood of farmers and bring development to the sector in a sustainable manner. To

that end, we draw upon the extant literature as well as �eld trips and interviews to conduct

a thorough analysis of the situation of the agribusiness in India to set a baseline for further

investigation and identify the key challenges and areas for improvement.

Accordingly, we propose four IT-enabled solutions that build on principles of supply

chain, AI, IoT and cooperative governance, respectively, which evolve around principles of

sustainability. We dive deep into each of the four solutions and pinpoint main bene�ts and

challenges. In the pursuit of a holistic analysis, we later integrate the solutions drawing

on a framework tailored for value chain analysis in developing countries and further assess

the direct impact of the solutions in the SDGs developed by the United Nations. Lastly,

we discuss the main �ndings and implications and conclude the thesis by identifying key

limitations and lines of future research.

Keywords. IT, agriculture, India, sustainability, value chain analysis, supply chain, AI,

IoT, cooperative, SDGs, agribusiness
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1 Introduction Antonio Grille and Jon Santillan

1 Introduction

Agriculture in India plays an instrumental role both in the economic and social spheres.

Regarding the economics, its contribution to the GDP is in the order of 15% (Central In-

telligence Agency, 2018; India Brand Equity Foundation, 2020), but most signi�cantly it

employs in the range of 45% of the country's workforce (Central Intelligence Agency, 2018;

Dev, 2012; Food and Agriculture Organization of the United Nations, 2018). While there are

major di�erences in productivity, holding size and yielding varieties between states within

the country, there is also a common pattern: India is home to small and marginal farmers

who rely on traditional methods. As for the social sphere, strong evidence is found on the

abnormally high rate of suicide cases among farmers in rural India (Münster, 2012; Plewis,

2018) as well as the fact that women have traditionally been neglected and overshadowed by

the dominance of male workers.

On a di�erent note, the advent of new technologies has disrupted a great deal of the

traditional businesses worldwide, and agriculture should not be an exception whatsoever.

When compared to the neighboring developing countries such as China, technology fatigue

and lack of skills is commonplace. Consequently, there is an impelling need to address the

issue of bringing development to the Indian agribusiness and improving the livelihood of

the many workers who rely as their main income, thus alleviating poverty and boosting the

development of a traditional sector.

1.1 Motivation

We have chosen to investigate these topics for various reasons. The �rst one is possibly

the most straightforward: we wanted to do some good to those who need it. How can we

use our time and knowledge to bene�t human beings in di�cult situations? We decided

that suggesting and analyzing di�erent initiatives to improve the situation of Indian farmers

would contribute towards that goal. Secondly, we establish sustainability and Information

Technology (IT) as the backbone of our research. We believe that sustainability must be a

1
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key pillar of all activity, research, and mindset of all citizens of the world, leading to a better

future. Furthermore, IT o�ers a unique opportunity to improve processes and discover new

possibilities. Considering that IT is a central element to our studies at the Copenhagen

Business School, we decided to apply and expand our knowledge in the �eld by taking on

this exciting project.

In addition, the motive for focusing on Indian agriculture is manifold: one of us had

the chance to spend over �ve months in the country on an exchange program provided by

Copenhagen Business School (CBS), which allowed him to connect with the country and

its people. On top of that, we reached a collaboration agreement with the Indian Institute

of Management Bangalore that would allow us to grasp the bene�ts of having a prestigious

local university partnered up with us for the project (e.g. access to databases, network of

local stakeholders, etc.). Lastly, we decided to research the agricultural sector because of

the vital role it plays in the Indian economy and in the livelihood of its people.

Unfortunately, alike most people around the globe, we have been forced to change our

plans due to the COVID-19 pandemic. The initial plan consisted of staying in India from

February until the end of May, but we had to take the decision of leaving India overnight

by mid-March as the situation was getting considerably restrictive. Despite the unexpected

change of plans we have carried on with the thesis process by adapting the scope of the project

to a less hands-on approach, still managing to investigate the key areas and technologies we

envisioned in the �rst place, as well as holding contact with the people in India.

1.2 Problem Statement

Based on our motivation to study this topic, and after some preliminary research, we noticed

that the Indian agriculture presented some issues that hampered growth and posed a chal-

lenge for the livelihood of the people who depend on it, which account for over 60% (Dev,

2012) of the country's population. Coupled with the realm of improvements and opportu-

nities that IT-related technologies enable, we found that diving deep in this issue would be

highly interesting and valuable. Hence, we establish the following research question as the

2
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driver of the thesis:

Research question How to bring IT-enabled development for sustainability in Indian

agriculture?

1.3 Delimitations

The domains that we touch upon in our thesis are of broad and complex nature. They two

keystones of our thesis are agriculture and IT-enabled development. Both concepts are vast

and thus there is a need for limiting the scope and setting boundaries to our research, partly

given to time and resource constraints but also due to the need to focus in a more speci�c and

reduced unit of study. Firstly, agriculture can refer to a wide range of activities, responsible

for the production of most of world's food and fabrics, as well as wood for construction

and paper products. However, in our research we limit the agriculture to farming activities

whose outcome is the production of commodities by cultivating the soil, thus excluding

e.g, production of cotton, �sheries, etc. Secondly, IT-enabled development is commonly

understood as any process involving invention, innovation or transmission of technology. We

narrow down the type of technology to Information and Communication Technology (ICT)

to further focus on points varying from AI or IoT to digital platforms. As a consequence,

mechanical or machinery-related technology is disregarded as these do not fall within our

area of research.

Even if the key pillars have been delimited, there is still a need to set some additional

boundaries and de�ne the overall scope of our thesis. To that end we identify three main

factors that determine how we will address our research question.

1. Physical boundaries. Our focus area is the entire Indian territory. The climate, soil

and political conditions are di�erent from one state to another, but we aim to inves-

tigate holistic solutions that can be applied in the Indian context regardless of the

exact region. However, since we are based in Bangalore, we have priviledged access to

information about the state of Karnataka and its companies and this will shape how

3
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the research methods evolve along the process.

2. Focus actor. The agribusiness in India involves a handful of actors: from the pesticide

producers and farmers, to warehouse employees, middlemen or traders. Even if we

consider all the stages in the supply chain, we place our focus in the farmer or primary

producer, as our main goal is to set suggestions on how to improve the livelihood of

farmers.

3. Sustainable mindset. We attempt to always put sustainability to the fore of our re-

search. We have already pinpointed that bringing technological development is our

main goal, however, we aim to complement this with a sustainability mindset which

might sometimes be prevalent in our recommendations and some other times more

subtle.

1.4 Relevance

We argue that the contribution of this thesis certainly is twofold: on one side, it aims to

bridge the gap between the research and the actual practices from key stakeholders. Building

on �eld trips and interviews with local actors allows to obtain a realistic overview that would

be otherwise unattainable to the same extent. Thus, we consider that this work can add real

value towards the development of Indian agriculture by o�ering ideas and recommendations

that are not decoupled from the real world.

On the other side, this research adds into the existing literature regarding agricultural

value chains and the role of technology, ultimately extending the knowledge and the discus-

sion of the academic world. At the same time, it serves as an example of a Master's thesis

with �eld work at developing countries, which could potentially be of help to other Master's

students considering travelling abroad for �eld work.

4
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1.5 Thesis Structure

The current section has o�ered a brief introduction to the thesis, as well as an overview of

all relevant aspects that have been touched upon. The remainder is structured as follows:

Section 2 outlines the methodology we have followed in pursuit of giving a relevant response

to the formulated research question. Next, Section 3 describes the Indian agribusiness,

considering its historical importance, the current context, and the signi�cant challenges and

key areas for improvement. The following Section 4 lays out four di�erent proposed solutions

that aim to make an impact on the agricultural sector, always evolving around the key pillars

of IT technologies and sustainability. Subsequently, Section 5 presents an analysis of the

proposed solutions in terms of value chain upgrading and Sustainable Development Goal

(SDG) impact, building on the theoretical frameworks introduced beforehand. Afterwards,

in Section 6 we discuss the main �ndings, implications and recommendations of our research.

Lastly, Section 7 aims to conclude the thesis by outlining key limitations and possibilities

for future research and �eld work.

5
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2 Methodology

The process of business research is a thorough investigation where many decisions are taken

along the way. In pursuit of giving a relevant response to our research question we draw

upon a wide array of data collection methods and we base upon some speci�c research

methodologies and schools of thought. To that end, we build on the research onion, depicted

in Figure 1 as we have noted it is a common resource used in theses and large studies.

Figure 1: Research onion, depicting the main issues underlying the choice of data collection techniques and
research strategies. Reprinted from Saunders et al., 2016, p. 108.

Building on it, Saunders et al. (2016) present six layers, where each one addresses a

di�erent aspect of the research approach and sets the groundwork for the analysis of the

methodology used in our thesis. The remainder of this section is structured as follows: �rst

we discuss the research philosophy adopted in terms of ontology and epistemology. Based

on that, we consider the approach taken to further on de�ne our research strategy and dive
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deep into the data collection methods that we use throughout our thesis.

2.1 Research Philosophy

A discussion on the seemingly profound topic of research philosophy is a paramount step in

a thesis. This broad term addresses essential questions mainly related to how researchers

make sense of and perceive the world. We now deal with ontological and epistemological

considerations to narrow down the assumptions related to our research strategy.

2.1.1 Ontological Considerations

In the broader sense of the term, ontology is the philosophical study of the being. Applied to

science, it examines the nature of the reality (Saunders et al., 2016). The keystone of ontology

evolves around the dichotomy of social sciences having an external reality independent from

social actors and the consideration of social sciences as result of perceptions and actions of

social actors (Bryman & Bell, 2011; Saunders et al., 2016). These two di�erent views are

known under the name of objectivism and constructionism.

On the one hand, the objectivist aspect of ontology argues that social phenomena come to

be as external facts that are beyond the in�uence of social actors (Bryman & Bell, 2011). A

commonplace example is that of an organization as a social entity. An objective perspective

regards an organization as an independent construct with a particular set of rules, laws and

constrains that are external to the employees that form part of it, even if such standards

vary from organization to organization.

On the other hand, constructionism, social constructionism or subjectivism is an op-

posing view to the objective ontological approach. This position defends that social actors

play an active role in shaping the social phenomena, which are nothing but a result of the

actor's perceptions and actions (Bryman & Bell, 2011). In other words, "[constructionism]

views reality as being socially constructed" (Saunders et al., 2016, p. 111). Considering the

previously-mentioned example of an organization, a constructionist viewpoint defends that

such organization is the result of the social interaction between the actors that inhibit it.
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According to this view, the social order in an organization is agreed-upon based on behaviors

and agreements between the members of the organization, as each member has a di�erent

way to interpret of the circumstances and, therefore, a particular way of sense-making.

Overall, we mostly feel inclined towards a constructionist position. We �nd that social

phenomena is conditioned by individual perceptions. To put a more speci�c instance from

our research, we �nd that the concept mandi has a di�erent meaning from place to place

and from person to person, i.e., a mandi in Karnataka is found to work very di�erently than

a mandi in Punjab and hence the outcome for the farmers vary from one to another.

2.1.2 Epistemological Considerations

Epistemology is the other main construct necessary to grasp the basic principles of research

philosophy. In a general sense, epistemology is concerned with the theory of knowledge. In

the business research context, it addresses the question of what is considered as acceptable

knowledge (Saunders et al., 2016). A variety of epistemological positions exist in the form of

pragmatism, realism, positivism and interpretivism. The aforementioned approaches coexist

with the two ontological views: whether there is one only external reality and whether

personal interpretations are required to make sense of multiple truths.

We will now dive into the four di�erent epistemological paths to obtain a detailed picture

of the research philosophy we embrace in our research journey.

The position of pragmatism defends that deciding on di�erent philosophy approaches is

unrealistic in practice (Saunders et al., 2016). In this line, practitioners of pragmatism argue

that answering the research question is the main pillar and therefore, di�erent approaches

might be taken along the way. Consequently, it opens the path of applying mixed methods in

one study such as the combination of qualitative and quantitative analyses. It is important to

note that, according to this philosophy, posing an adequate research question is instrumental

for the research as it conditions how the study is performed.

Another philosophy adopted by many business researchers is that of realism. This ap-

proach purports that there exists an external reality, which is certainly independent from
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the observer's mind and accessible through the sense (Bryman & Bell, 2011). There are two

main currents dominating the realist school of thought:

• Empirical realism. It claims that reality can be accurately perceived through our senses

and the use of appropriate methods.

• Critical realism. It argues that the personal perception of the reality is nothing but

an image of the real world rather than the reality itself. In contrast with the empirical

realism, critical realists "point out how often our senses deceive us" (Saunders et al.,

2016) and leave room for misinterpretations of real world phenomena.

The philosophy of positivism follows the principles of the natural scientists and posits

that only observable phenomena can lead to the generation of knowledge. Furthermore, the

outcome of a positivist approach always comes down to law-like generalizations (Saunders et

al., 2016). In other words, positivism involves data collection following the natural science

model for studying the external world. For that reason, the observer is often likely to use

a highly-structured methodology (Gill & Johnson, 2002) in a value-free way (i.e., free of

personal involvement or judgment).

The last philosophy, interpretivism, is often a contrasting term to positivism. It incor-

porates the consideration of the human distinctiveness and defends the importance of social

actors when it comes to observation of reality. It calls for a strategy that considers the

interplay between the natural phenomena and the social actors, where the latter should try

to understand the world from its point of view.

Reaching a conclusion regarding which epistemological philosophy we embrace is a crucial

factor in order to shape our business research approach. In our case, we take a pragmatic

viewpoint. With the scope of a single research, giving answer to our research question is

of paramount importance. To that end, we combine the aforementioned philosophies and

adopt the most adequate one depending on the situation always keeping in mind what the

research question addresses.
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2.1.3 Research Paradigms

To wrap up the main points mentioned so far and bring together epistemelogical and ontolog-

ical considerations, we build upon the concept of research paradigms, as a "way of examining

social phenomena" (Saunders et al., 2016) to gain understanding of such. Figure 2 illustrates

the four paradigms. In that regard, there are four dimensions considered. The horizontal

Figure 2: Four research paradigms for the analysis of social theory. Reprinted from Saunders et al., 2016,
p. 120.

dimensions are fairly straightforward as the concept of ontology and its two main currents

has been introduced (note that subjectivism and constructionism are synonyms). The two

vertical dimensions are radical change and regulation. The former refers to the position in

which social phenomena are studied from a critical and judgmental viewpoint in an attempt

to bring about new disrupting ideas. In contrast, regulation involves an analysis of reality

from a less judgmental lens in order to explain how phenomena works and suggest some

improvements or minor changes. In a nutshell, two choices (subjectivism vs. objectivism

and radical change vs. regulation) will determine which research paradigm relates to the

research scope. The four possible quadrants are: interpretive, functionalist, radical humanist

and radical structuralist (Saunders et al., 2016).

1. Interpretive. This paradigm ties with the philosophy of interpretivism as per ontologi-

cal considerations. Furthermore, the main interest of this paradigm is to get a full and
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in-depth understanding of the real world phenomena.

2. Functionalist. Conversely, the functionalist paradigm is connected to objectivism. It

is regulatory as in the main goal here is to get insights into why something happens in

the real world and developing a set of suggestions.

3. Radical humanist. This paradigm is the intersection of radical change and subjectivism.

Thus, it aims for changing the status quo from an interpretative ontology.

4. Radical structuralist. Similarly, this paradigm attempts to deliver critical changes

to the focus of a study, However, unlike the radical humanist, it tries to understand

objective phenomena without taking into consideration the social side of it.

In our thesis, we are inclined towards the radical humanism paradigm, for we aim to

bring new technological development to the agriculture scene from a subjective ontological

perspective. However, as we pinpointed previously, we take a pragmatic position so we

also acknowledge the use of all the other three possible quadrants for the only purpose of

answering our research question, even if we give preference to a radical humanism viewpoint.

2.2 Research Approach

It is commonplace that any business study builds upon theory and frameworks. Such theory

may or may not be pre-de�ned in the �rst stages of the research, but it will most likely

be made explicit while presenting the �nal conclusions. The point in which theory comes

into play in business research determines the research approach. In this line, there are two

de�ned and contrasting approaches: deduction and induction.

A deductive approach is typically linked to scienti�c research (Saunders et al., 2016).

From this perspective, theory is the starting point. Some hypotheses are made explicit, after

which the data collection process is conducted. The gathering of data is intended to test the

initial hypotheses and con�rm the validity of the proposed theory.

Conversely, an inductive approach starts with the data collection phase with the purpose

to understand what is happening and get deep insights into the essence of the problem.
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Ultimately, the analysis of data will throw results and enable the formulation of a theory

(which will often be the starting point for a subsequent deductive process).

Nonetheless, the impression that there is a clear division between both approaches is not

correct. In words of Saunders et al. (2016), "not only is it perfectly possible to combine

deduction and induction within the same piece of research, but also in our experience it is

often advantageous to do so". This is a clear reference to the use of multiple methods in a

single study, which is often known as a third approach under the name of abduction.

Given our research conditions and epistemological and ontological philosophies, adopting

an abduction path seems like the most advisable option for us.

2.3 Research Strategy

Next we place our focus towards the research strategy. Even if some strategies are more com-

monly used for a speci�c approach, simply linking strategies to approaches is not practical

(Yin, 2003). In our case, the choice of research strategy is directly connected to our research

questions and the idiosyncrasies and delimitations of our study. The salient literature on

strategies ((Gill & Johnson, 2002; Saunders et al., 2016)) lists a handful of di�erent options

(e.g., experiment, survey, archival research, etc.). However, we dive deep into the strategies

that we use in our research, namely: grounded theory, ethnography and archival research.

In this line, grounded theory is the �rst strategy that we follow in our study. According

to it, theory is developed from data gathered through mere observation (be it primary or

secondary observations). It is not only presentation of raw data, but also interpretation of

it for further analysis (Saunders et al., 2016). In a nutshell, it can be understood as the

continuous combination of induction and deduction.

Secondly, along the research process we also build on ethnography as we, the researchers,

immerse ourselves to some extent in the social world that we study (Saunders et al., 2016).

From this viewpoint, we study the phenomenon within its context in order to get �rst-hand

insights into the social reality.

Lastly, archival research refers to the use of secondary data in the form of administrative
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records and documents (Saunders et al., 2016). This strategy has a historical connotation

since numerical data in this case is connected to past events.

2.4 Data Collection

Data collection consists in gathering data and measuring information on aspects of interest

in a particular context (Kabir, 2016). There is a plethora of collection methods, some more

appropriate than others for a speci�c discipline. However, the process is common to all �elds

of study. In our case, we brie�y describe the main data collection methods that we use to

give answer to our research question.

The �rst and foremost data collection method used is publicly available resources, namely

academic papers, books and databases. For the relevant academic papers and books we used

the search engines Scopus and Libsearch primarily, as well as ScienceDirect or ResearchGate

complementarily. Our sortation criteria was based on highest cited reports, as newest as

possible. Even if we tried to build on recent literature (2014 onwards), we also touched upon

some older reports in order to get insights into the historical evolution of the agribusiness in

India. As for the databases, we mainly used publicly accessible data from the Indian gov-

ernment (https://data.gov.in/) together with private databases provided by Indian Institute

of Management Bangalore.

Another data collection method instrumental to our research are interviews. Easterby-

Smith, Thorpe, Jackson, and Lowe (2008) dives deep into the types of interviews and its

di�erent approaches. In our case we adopted a semi-structured interview approach in all

the interviews performed, and we refer the reader to Appendix A to access the template for

each interview, sent in advance to the interviewee. A semi-structured approach gives some

formality to the interview while allowing for �exibility both on the interviewers side but also

on the interviewee. An overview of the interviews conducted is show in Table 1.

In Session 01 we interviewed the Vice President (VP) of sales of Intello Labs, a Bangalore-

based company that builds on AI in order to digitize quality across fresh produce supply

chains. In Session 02 we interviewed with a Business Manager of Fasal, an IoT-powered
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Table 1: Overview of the interview process.

Session Information

Platform Relevance Time

(1) Ramakrishnan M. Zoom VP of sales Intello Labs 39'
(2) Umesh B. Google Meet Business Manager Fasal 49'
(3) Ashish K. & Dhanaji K. Zoom Agriculture investor and re-

searcher
43'

(4) Dhanaji K. Zoom Farm owner and investor 56'

farm management startup. In Session 03 we had a conversation with a professor and head

researcher, who also owns a large cotton farm. Lastly, in Session 04 we interviewed with

the Chief Executive O�cer (CEO) of Golden Agrotech Research Center (GRAC), a social

business that aims to bring development and education in farming in rural India. Further-

more, all the interview transcripts can be accessed in Appendices B to E. Note that all the

interviewees gave consent for the interviews to be recorded and further transcribed by using

the software otter.ai, an application that converts live speaking into a written transcription.

Lastly, �eld trips are another collection method that we used to gather data from a

natural setting to perform a logical study of the reality. During our stay, we visited a large

farm in the rural part of the state of Karnataka, close to the city of Mangalore. Additionally,

we also visited a market (mandi) where bananas were the commodity traded. As an example,

Figure 3 shows some pictures taken on spot.
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(a) Antonio Grille next to a billboard announcing the
entry to the mandi.

(b) Banana stand in the mandi, depicting two commis-
sion agents in their workplace.

Figure 3: Field trip to a banana mandi in Bangalore.
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3 Indian Agriculture

India, with a population of 1.35 billion people, ranks �rst worldwide in the highest net

cropped area and second in farm outputs (The World Bank, 2018c). The vital importance

that agriculture plays in the Indian economy is evident by looking at the following numbers:

the share in Gross Domestic Product (GDP) of agriculture accounted for 14.6% in the year

2018, with around 45% of the Indian workforce being employed in the sector (The World

Bank, 2018a, 2018b). Furthermore, the rural population represents 66% of the total popula-

tion. Agriculture growth contributes not only to economic growth but also reduces poverty,

providing food security and employment to the largest demographic sector of the population.

According to de Janvry and Sadoulet (2009), GDP growth originating in agriculture is at

least twice as e�ective for poverty reduction than GDP growth originating outside agricul-

ture. Hence, it can be stated that agriculture is the most inclusive growth sector of the

Indian economy. The last plan put into practice, the 12th Five-year plan, followed the same

principle, relying on inclusive sustainable growth to achieve agricultural development.

Despite the steady decrease of the economic contribution of Indian agriculture to the

country's GDP in the last years (from 40% in 1970-71 to current 15%), agriculture remains

the backbone of the socio-economic situation to the broadest part of society. India has

achieved great progress in foodgrain production, technological change, and development of

infrastructure. Substantial population growth throughout the years has led to a growing

demand for food supply. In order to meet the growing demand, domestic production of

foodgrains in India increased. Around two-thirds of production in India are food crops,

with wheat and rice being the two major crops. This considerable increase in agricultural

production seen in the last �ve decades responds to a great extent to the important role of

the government in the di�usion of new technologies and productivity growth (Sasmal, 2016).

The remaining of the section is structured as follows: �rstly, we give a historical overview

of the key milestones of the Indian agribusiness within the last 50 years which we treat as

starting point for further development. Based upon this, we explain the current state of

the agricultural scene. We follow this presentation to give some insights into the role of the
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government in relation with the agribusiness. With all the above, we describe the functioning

of the agribusiness value chain in the Indian context to �nally pinpoint some main challenges

that hinder development as well as a few key opportunity areas. It is relevant to mention

that in our thesis, the baseline for the proposal and subsequent analysis of solutions is the

current state of Indian agriculture. We believe that it is of the uttermost importance to

consider the particularities of the Indian scenario in order to adequately provide relevant

contributions.

3.1 History and Evolution of Indian Agriculture

After reviewing the literature, we identify three distinct phases through which agricultural

development in India since independence from the British Rule in 1947 can be explained,

namely: (i) Post-Liberalization and Pre-Green Revolution Era (1947-1960s), (ii) Green Rev-

olution and Pre-Reforms Era (Mid 1960s to 1980s) and (iii) Post-Reform (Since 1991).

3.1.1 Post-Liberalization and Pre-Green Revolution Era (1947-1960s)

Agriculture was the predominant economical activity at the time of independence, with ex-

tensive cultivation, very low productivity, lack of irrigation and technological advancements

and low capital investment as the main characteristics of the activity (Sasmal, 2016).

The initial Five-Year Plans were launched during these years with the objective of devel-

oping the agricultural sector, as it would allow for directly improving conditions of unemploy-

ment, poverty, and hunger, among others, reaching the vast majority of the population. The

main reforms in these plans revolved around land reforms as well as initiatives to increase

foodgrain production to ful�ll domestic demand (Bhaumik & Rashid, 2013).

The land reforms put into action during the 1950s comprised the abolition of inter-

mediaries, tenancy reforms and ceiling laws, which led to a radical change of the feudal

institutional agrarian structures. On the other hand, as a result of the severe food shortage

in the country, foodgrain production was deemed a top priority in governmental policies.

Despite multiple e�orts, due to the high rate of population growth combined with a dull
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agricultural growth, India had to import food on an emergency basis.

This food crisis left the country in need of a much needed new strategy, focused on

developing and implementing the technology of what later was called the Green Revolution,

eventually turning India into not only a self-su�cient foodgrain producer but also a net

exporter of agricultural goods.

3.1.2 The Green Revolution and Pre-Reforms Era (Mid 1960s to 1980s)

The Green Revolution was certainly a success story in major aspects of agricultural perfor-

mance. The major changes brought about by the government involved investment in rural

infrastructure, expansion of irrigation, extension services, supply of credit, price support and

subsidies on inputs for the di�usion of High Yielding Variety (HYV) technology (Sasmal,

2016). The HYV technology is referred to as the combination of high yielding variety seeds,

which produce higher and healthier produce, irrigation techniques and the proper use of

fertilizers and pesticides.

Groundwater extraction and widespread tube-well irrigation constituted the main mech-

anisms through which irrigation technologies expanded throughout the country, playing a

key role in Indian agricultural growth.

Large-scale adoption of the HYV technology, combined with the fact that the newly

introduced HYV seeds were highly responsive to modern inputs such as fertilizers in irrigated

conditions, resulted in achieving higher yield levels (Bhalla & Singh, 2009). For several years

from 1970s onward, India was a net exporter of agricultural goods, overcoming the previous

food crises that the country had su�ered. Another factor explaining the positive development

of agriculture during this phase is the cropping pattern diversi�cation that took place within

the foodgrains segment, which combined with the previously mentioned changes, led to a

3.37% agricultural output growing rate per annum during for the 1980 to 1990 decade.

The approach toward agricultural development underwent major changes with the adop-

tion of economic reforms policies in 1991, as explained in Section 3.1.3.
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3.1.3 Post-Reform (Since 1991)

The structural reforms and policies introduced in India in 1991 focused on macroeconomic

policy changes, tax reforms, foreign trade and investment, devaluation of the currency, re-

forms of public enterprises and increasing privatization. These economic reforms did not

include any speci�c plans for agriculture (Bhalla & Singh, 2009; Dev, 2012).

The overall Indian economy has seen a visible acceleration in its GDP growth rate and

per capita income after economic liberalization since the 1990s. Additionally, indicators

such as exports, balance of payments, resilience to external shocks, service sector growth,

information technology (IT), improvements in telecommunications have noticeably improved.

Nonetheless, growth has been unbalanced. The service sector grows at an annual rate of 10-

12%, while the agricultural growth rate has remained below 2% per annum (Sasmal, 2016).

Lack of real development in terms of growth shared by all sections of the economy can be

evidenced with the decline in the rate of employment expansion in rural areas as well as

poverty reduction (Das, 2012; de Janvry & Sadoulet, 2009).

In addition to the above-mentioned, the growth rates of production of di�erent crops

su�ered a considerable deceleration. Table 2 sheds some light on this issue that characterized

the post-reform period by comparing production growth rates of some selected crops in India.

Main crops such as rice, wheat and soybean su�ered a drastic slowdown.

Some scholars (e.g., Behera, 2015; Mathur, Das, & Sircar, 2007), have suggested some

major constraints faced by Indian agriculture that could explain the post-reform's poor

agricultural performance: (i) declining land availability, (ii) low growth of inputs used, (iii)

falling investment, (iv) credit constraints, (v) research and technology fatigue, etc.

Out of all, there is broad acceptance upon the fact that shortage of water and degrada-

tion of soil in India are issues to be highly concerned about (Sasmal, 2014; Suresh, Raju,

Chauhan, & Chaudhary, 2014). The Green Revolution technology continuously involved

high use of water, fertilizers, and pesticides. The source of water supply mainly consisted

of groundwater. In regions where the Green Revolution succeeded in terms of production,

stock of groundwater is nearly exhausted and heavy use of fertilizers and pesticides have
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Table 2: Comparison of annual production growth rates of some selected crops in India.

Note. Adapted from Banerjee & Chakrabarti, 2013, p. 149.

considerably degraded the land productivity. One of the main consequences that arise from

these dynamics is the high food price in�ation that the country has su�ered in recent years.

Therefore, it is important for policymakers in this apparently optimistic and prosperous

context to consider what actions must be taken, as a broad sector of India's population will

face challenges derived from the slowdown in agriculture, such as productivity and income

deceleration. These challenges ultimately pose a serious concern on the socio-economic status

of a broad part of Indian society.

3.2 Current State of Agriculture in India

Indian agriculture remains vital to its economy and more importantly, to the Indians. It is

crucial for socio-economic development, providing food security to the second most populated

country in the globe. To better understand the importance of the activity, we hereafter cover

some aspects that help illustrate the actual context in which the agriculture in the country

stands.
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3.2.1 Socio-Economic Indicators

Agriculture contributes to the national economy through GDP growth and employment

generation. Indian GDP has achieved spectacular growth after economic liberalization in the

1990s. Nonetheless, this high growth trajectory is not shared among all sectors, with the rural

economy performing signi�cantly worse than other sectors. Furthermore, the composition of

the GDP by each economical sector has changed drastically over the years as seen in Table 3.

The contribution of the agricultural sector scaled down from 52.6 % in 1950-51 to 14.6 % in

2017-18, with the contribution of the service sector obtaining the uppermost growth.

Table 3: Share of GDP (%) by sector from 1950 to 2018.

Year Share in GDP (%)

Agriculture Industry Services

1950-51 52.6 17.1 30.3
1960-61 48.7 20.5 30.8
1970-71 42.3 24.0 33.8
1980-81 36.1 25.9 38.0
1990-91 29.6 27.7 42.7
2000-01 22.3 27.3 50.4
2007-08 16.8 28.7 54.5
2017-18 14.6 23.0 62.4

Note. Data retrieved from Open Govern-
ment Data Platform (OGDP) India, 2018.

On top of that, the change in distribution of the workforce across economic sectors is

provided by Table 4. Again, the decline in agriculture is evident, with the industry and

services sectors absorbing the agricultural workforce exodus. Comparing the data provided

by Table 3 and Table 4 sheds light on the fact that in the Indian economy, the decline of

agricultural contribution to GDP is faster than the decline in the share of agricultural workers

in total workers. This leads to a situation of increased gap between labor productivity in

agriculture and non-agriculture and ultimately exclusion of a large part of the workforce who

depend on agriculture for livelihood, with nearly 66% of the population on rural areas (Das,

2012).
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Table 4: Employment in economical sectors (%) from 1991 to 2019.

Year Employment in economical sectors (%)

Agriculture Industry Services

1991 63.0 15.3 21.7
2000 59.6 16.3 24.0
2009 52.0 21.5 26.5
2019 43.2 24.9 31.9

Note. Data retrieved from The World Bank,
2019a, 2019b, 2019c.

3.2.2 Production Indicators

India leads the world production of milk, pulses and jute, and is the second largest pro-

ducer of rice, wheat, sugarcane, groundnut, vegetables, fruit and cotton production. It also

ranks high on the list of producers of spices, �sh, poultry, livestock and plantation crops.

Moreover, India accounts for 7.39% of total global agricultural output (Food and Agriculture

Organization of the United Nations, 2020b).

There has been substantial increase in agricultural production in the last �ve decades. It

is relevant to note that agricultural production is usually divided into two major components:

foodgrains and non-foodgrains. With the shift towards self-su�ciency on food supply in the

1970s, foodcrop production nowadays accounts for about two-thirds of total agricultural

production in India. It accounted for 284.8 million tonnes in 2017-18. Likewise, production

of vegetables accounted for 178 million tonnes and fruit production reached 93 million tonnes

(Dev, 2018; Government of India, 2018).

The remarkable increase of production is strictly attributed to productivity growth, which

will be explained in Section 3.2.3. Table 5 illustrates the increase of yield per hectare in

foodgrains production during the last decades. Additionally, it can also be taken away from

these �gures that the the most remarkable growth has been achieved by the two major

foodgrains, rice and wheat. Nonetheless, all major food crops have achieved increase in

production.

In order to get a better perspective of agricultural production output, it might be useful
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Table 5: Yield of major crops per hectare in India (kilogram per hectare).

Crop Year

1970-71 1990-91 2017-18

Foodgrains 872 1380 2233
Rice 1132 1740 2578
Wheat 1307 2281 3117
Pulses 524 578 841
Oilseeds 579 771 1168
Sugarcane 48 65 70

Note. Data retrieved from Government of
India, 2018.

to compare how India performs with regard to other similar, major food growing countries in

Asia. Indian rice production per hectare in 1987 was 1700kg, while it was 5410 kg in China

and 6190 kg in Japan for the same year. Likewise, wheat production per hectare was 2000

kg in the same year, whereas in Japan and China it was 3465 kg and 3030 kg, respectively

(Sasmal, 2016). Figure 4 shows the annual yield rates for rice production from 1960s to

present times.

Figure 4: Comparison of annual production yield rates of rice crops in China, India & Japan. Reprinted
from Knoema, 2019.

We can infer that the three countries have achieved overall growth, with China being the
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top performer for this indicator, achieving similar yield rates to those of Japan during the

past few years. Meanwhile, India remains far from these indicators with little over half of

the yield rate for rice, one the major foodgrains in the country.

It can be therefore concluded that although remarkable progress has been achieved in the

last years, results show that productivity in Indian agriculture has remained low compared

to what could potentially be achieved. The challenges that retain the Indian agriculture

from realizing its full potential will be further discussed.

3.2.3 Technological Advancements

When discussing agricultural technology adoption, scholars in the area such as Mehta, Jena,

Chandel, and Jha (2019) and Sasmal (2016) make an important di�erentiation between the

following two: (i) mechanical technology and (ii) biochemical technology. The �rst one is

labor saving, while the second one is aimed at enhancing land productivity. In the Indian

context, where abundance of labor is constrained by the land scarcity, much focus has been

placed into biochemical solutions rather than mechanical technologies. Therefore, we focus

on the adoption on the latter technologies.

Agriculture in India experienced signi�cant technological changes in the last �fty years,

which have translated into increased productivity. The technological change that has in�u-

enced the sector the most consisted of the HYV technology package launched in the mid

1960s. It mainly consisted of a package program which introduced the use of high yielding

seeds, chemical fertilizers, pesticides, and the di�usion of irrigation techniques, with spe-

cial focus on tube-well irrigation Sasmal (2016). While the HYV technology adoption was

initially aimed towards foodgrain production, which tackled the Indian food shortage issue

rapidly at the time, it has over the years extended to other crops as well. As a result, as

depicted in Figure 5, Indian cropped area under irrigation consistently increased throughout

the years, reaching around 44% of cropped area under irrigation in 2008, boosting agricul-

tural productivity.

During 1970-71, the irrigated net cropped area for foodgrain production only reached
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Figure 5: Net irrigated area in India (000 ha) over the years. Reprinted from Sasmal, 2016, p. 28.

24%, and use of the HYV inputs only accounted for slightly over 12% (Sasmal, 2016). In

response to the low adoption of technological advancements, the Indian government made

signi�cant e�orts to invest on extension of irrigation services, rural electrical infrastructure

and subsidized the cost of water, fertilizers and pesticides. As a result, adoption of the HYV

scheme increased to 76% by 19981.

Unfortunately, having embraced the aforementioned technologies with the subsequent

rise on productivity has come at a great cost. Natural resources like water and soil have

been put under excessive stress, posing an important threat to the country for sustaining

this growth throughout the years in a sustainable manner. Therefore, technological progress

regarding resource-preserving productivity must take place.

3.2.4 Landsize Holdings

Indian agriculture is characterized by the predominance of small farmers. The data provided

by the 2000-01 Agricultural Census indicates that there are around 121 million total land

households in India, with small and marginal holdings representing an estimated 99 million

(Chand, Prasanna, & Singh, 2011). This means that 83% of the share in land holdings

in all India consists of small and marginal farmers. Hence, it is fair to say that there are

1No consistent data available regarding adoption of HYV technologies after 1998
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noteworthy land inequalities in India.

The data provided by Table 6 gives an overview of the evolution of the share of the farm

holdings by size and the distribution of operated area of these holdings. It can be seen that

the marginal and small farm holdings increased from 61.7 % in 1960-61 to 80.6 % in 2002-03.

Moreover, the total area operated by small and marginal farmers represented only 19.2 % of

the total area in 1960-61, while it represented around 44% of the area in 2002-03. Additional

data o�ering a glance on the reality of small holding agriculture, based on the work by Dev

(2012), is that the average size of Indian holdings diminished from 2.2 ha. to 1.3 ha. in the

last 40 years. That being the case, marginal holdings now average a size of 0.24 ha., with

small holdings averaging 1.4 ha.

Table 6: Changes in Distribution (%) of Operate Holdings and Operated Area since 1960s.

Land Class* Distribution of farm holdings (%) Distribution of Operated Area (%)

1960-61 1981-82 1991-92 2002-03 1960-61 1981-82 1991-92 2002-03

Marginal 39.1 45.8 56.0 62.8 6.9 11.5 15.6 22.6
Small 22.6 22.4 19.3 17.8 12.3 16.6 18.7 20.9
Semi-Medium 19.8 17.7 14.2 12.0 20.7 23.6 24.1 22.5
Medium 14.0 11.1 8.6 6.1 31.2 30.1 26.4 22.2
Large 4.5 3.1 1.9 1.3 29.0 18.2 15.2 11.8
Total 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00

* Marginal 0.01-1.00 ha.; Small 1.01-2.00 ha; Semi-Medium 2.01-4.00 ha; Medium 4.01-10.00 ha;
Large >10-01 ha.
Note. Adapted from Dev, 2012, p. 12.

It can be therefore inferred from the data that the small holding character of the agri-

culture in India is now more prominent than ever.

Surprisingly, when examining the relationship between the variables such as farm size,

output and productivity, the studies by Hazell (2011) and Chand et al. (2011) suggest that

even though variation throughout regions might occur, the contribution to total agricultural

production output is higher for marginal and small farmers than the share of the land

operated by them. While the land operated is slightly above 45%, their total contribution

to output accounts for 51.4%. Furthermore, their production of higher value crops is also

remarkable, accounting for 70% of vegetables and 55% of fruits produced (Dev, 2012).

26



3 Indian Agriculture Antonio Grille and Jon Santillan

The e�ciency of smaller farms has been examined in di�erent research initiatives (e.g.,

Eastwood, Lipton, and Newell (2010)), highlighting aspects such as the higher productivity

with reduced capital intensity requirements and the direct impact on poverty reduction in

rural areas. Additionally, small farms contribute toward employment creation, community

development and increased food security in areas with poor infrastructure, where the high

cost of transportation strengthens the need for locally produced foodgrains (Chand et al.,

2011; Hazell, 2011).

All in all, it could be said that small farms bring considerable bene�ts over larger farms

in poorer, land scarce countries, but this does not compensate the land inequalities and

socio-economic situation faced by small farmers in India. For that matter, it is critical to

address this segment of agriculture in the future years to come in regards to government

policies and technology adoption and to realize that it plays an essential role in economical

and societal development.

3.3 Government Initiatives

During the last four decades, the Indian government has played an active role in adopting

reforms in pursuit of uplifting the agricultural growth all around the country. We identi�ed

and analyze three major forms of government involvement, namely: (i) public investments

in and for agriculture, (ii) input subsidies and (iii) government schemes and policies.

3.3.1 Public Investments

In the strict sense of the word, public investments in agriculture comprise the so-called

public-sector Gross Fixed Capital Formation (GFCF) in agriculture. This, in turn, includes

primarily irrigation projects and some minor investments in horticulture, livestock, and

development of state farms (Fan, Gulati, & Thorat, 2008). However, in order to take into

consideration the situation as a whole, it is also necessary to bring into focus the investments

for agriculture. They expand the initial concept to include expenditure on rural energy,

roads and transport. The importance of such type of investments is largely evidenced in the
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salient literature (e.g., Fan et al., 2008; Fan, Hazell, & Thorat, 2002). For this reason, any

reference to public expenditure on agriculture will henceforth incorporate both dimensions

of government investments.

Overall, there is a clear decreasing trend in the share of public expenditure on agriculture

after the Green Revolution until the 1990s in India, with some steady and slow pick-up

thereafter (Fan & Gulati, 2008; Fan et al., 2002). The revival in public spending is justi�ed

by a noticeable improvement in the national economy marked by a growth in GDP from the

1990s and extended until the 2000s.

When it comes to speci�c investments, there is a remarkable acceleration in expenditure

in irrigation and road transport from 2003 onwards. In turn, investment in other activities

such as agriculture, energy or rural development remained unchanged.

More interestingly, such investments are unevenly distributed across states, thus allowing

for major di�erences in the degree of agricultural development in each of them. To illustrate

the wide discrepancies, Bathla et al. (2019) conducted a thorough analysis disaggregating the

investments data according average per capita income from 2000�2001 to 2013�2014 in 17

di�erent states clustered into three categories: high- High Income State (HIS), Mid Income

State (MIS) and Low Income State (LIS). Figure 6 depicts the main results and trends.

Figure 6: Public investments in and for agriculture (INR 00/ha), land productivity (INR 000/ha), and
rural poverty (headcount ratio). Reprinted from Bathla et al. (2019, p. 1210).
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The results evidence how HIS are the main bene�ted from state funding, whereas MIS

and LIS struggle to take full advantage of public investments even if they are more in need

of �nancial support. Consequently, the steepest decrease in rural poverty (dotted line in

Figure 6) took place during the last decade in HIS coming down to levels of under 10%.

Regarding the MIS, the decrease in rural poverty has been steady during the last decades,

reaching levels comparable to that of LIS. These, paradoxically neglected during the 1980s

and 1990s, experienced an abrupt reduction in poverty with the advent of the new century.

The analysis reveals that low and inadequate public investments in agriculture during

the 1990s burdened the adoption of new technologies in farms�specially in rural and poor

areas of India�, and slowed down the agricutural growth that took place during the Green

Revolution.

3.3.2 Input Subsidies

Both input and output subsidies have come to the fore after the Green Revolution, playing

for high stakes in accelerating the agricultural growth. While food subsidies (i.e., output

subsidies) already were multiplied by more than 10 times during 1990-2005 (Fan et al., 2008),

we henceforth focus on input subsidies relevant to agriculture, namely: fertilizers, irrigation,

power and credit. We build on the work of Gulati and Narayanan (2003) to de�ne the input

subsidies in terms of:

• Fertilizer subsidy. Due to the intrinsically tradeable character of the commodity, it

is measured as the di�erence between the average import price and what the farmer

actually pays.

• Irrigation subsidy. These are simply estimated as the di�erence between the aggregated

operation and maintenance costs minus the aggregated revenues received as payment

from the bene�ciaries from the irrigation service.

• Power subsidy. It is calculated as the average tari� rate paid by agriculture minus

the average tari� rate to other benchmarked industrial and commercial categories.
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Interestingly, such industrial and commercial consumers have largely cross-subsidized

the agricultural consumers of electricity.

• Credit subsidy. A credit subsidy is simply calculated as the di�erence between com-

mercial rates and the credit rates received by farmers.

As a whole, there has been steep increase of the public subsidies over time though such

rate of growth has been irregular. Regarding the individual subsidies, their magnitude has

increased inconsistently. Currently, power subsidy has taken the largest share in agriculture

subsidies, whereas irrigation took the lead in the 1960s and fertilizers in the late 1970s (Fan

et al., 2008).

As it occurred with public investments, there is clear evidence showing the unequal

distribution of input subsidies across states. This is depicted in the work of Bathla et al.

(2019), as observed in Figure 7.

Figure 7: Input subsidies per ha. Reprinted from Bathla et al. (2019, p. 1212).

In general, the HIS (western states) bene�ted the most and the LIS (eastern states)

received the smallest amount of input subsidies. This fact, again, sheds some light on the

di�erences in rural poverty illustrated in Figure 6.
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On a �nal note, there seems to be agreement among scholars when it comes to assessing

the e�ectiveness of the Indian input subsidies. Even if they were useful during the 1970s

and 1980s to uplift the agricultural growth, there is little to no evidence that such measures

turned out successful in the next decades. Rather, they are argued to have encouraged

bad practices among farmers (e.g., wasteful use of irrigation) and barely reached the needy

farmers (Bathla et al., 2019; Fan et al., 2008; Gulati & Narayanan, 2003).

3.3.3 Schemes and Policies

The Indian government has recently rolled out a series of public schemes in order to re-vitalize

the agriculture sector and to improve their economic conditions. The main organ in charge

of legislating and putting the schemes into practice is the Ministry of Agriculture & Farmers

Welfare, Department of Agriculture, Cooperation and Farmers Welfare. Additionally, the

Small Farmers' Agri-Business Consortium (SFAC), a society dependent on the Department

of Agriculture, plays a major role in promoting the welfare of small and marginal farmers.

That being said, we shortlist and examine a set of schemes (Ministry of Agriculture, 2020;

Small Farmer's Agri-Business Consortium, 2017) which we consider relevant for our study,

either because they directly target small and marginal farmers or because aim they to reduce

the inequalities in the agribusiness value chain.

1. Soil Health Card (SHC) scheme. It aims to provide farmers with a card in the form

of an informative report for each of the farmer's holdings. Such report informs about

the soil properties and quality, which can be assessed through indicators which do

not require special measurement tools. The idea is that the information provided will

bene�t farmers as it will help them decide which crop they should grow in order to

optimize production e�ciency as well as encourage good soil management practices.

2. Pradhan Mantri Krishi Sinchayee Yojna (PMKSY) scheme. The purpose of the scheme

is "to achieve convergence of investments in irrigation at the �eld level, expand cul-

tivable area under assured irrigation, improve on-farm water use e�ciency to reduce
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wastage of water, enhance the adoption of precision-irrigation and other water saving

technologies" (Ministry of Agriculture, 2019). It aims to encourage micro-irrigation

techniques to alleviate the risk caused by reliance on rainfall as the main source of

irrigation.

3. National Agriculture Market (e-NAM) scheme. The objective of the scheme is to pro-

vide Indian farmers with access to any market across the country. This has been

rolled out as an electronic trading portal (http://enam.gov.in/) which enhances the

farmer's bargaining power when it comes to selling commodities by removing informa-

tion assymmetry and making trading accessible to buyers even outside the state.

4. Venture Capital Assistance (VCA) scheme. It is �nancial support granted by SFAC

in a form of a interest-free loan (up to INR 5 million) to projects that qualify for the

assistance (Small Farmer's Agri-Business Consortium, 2017).

5. Farmer Producer Organization (FPO) scheme. This pioneer scheme targets small

and marginal farmers to organize them into the so-called FPOs (Farmer Producer

Organization) and FPCs (Farmer Producer Companies) to achieve economies of scale

and facilitate contacts back and forth in all the parties of the supply chain. To that end,

the scheme envisions to provide with the required public support when the necessary

requirements are met.

6. Equity Grant Scheme (EGS). It provides �nancial support to small FPOs by issuing

grants equivalent in amount to the equity contribution of their members in the FPO.

3.4 Agribusiness Value Chain

In the very narrow sense of the word, the term agribusiness value chain covers all the stages

involved in delivering farm products from the farmer to the trader or buyer. Over time,

the concept of this value chain has evolved and adapted to the new market demands and

technology advancements mainly by means of action of the Indian government. In order to
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understand how the Indian agribusiness has played out, we review two models: from the

traditional way of doing agribusiness to a more sophisticated one.

3.4.1 Traditional Model - APMC

The �rst major reform in the Indian agriculture was introduced by means of the Agriculture

Produce Marketing Committee Regulation (APMC) Regulation Act, which most of the states

adopted in the 1960s and early 1970s (Chand, 2012). The Act was enacted with the objectives

of helping the�mostly� illiterate farmers get reliable market information with fair prices and

alleviate them from the pressure of commission agents and traders. The primary objectives

of the APMC Act (N. Aggarwal, Jain, & Narayanan, 2017; Arora, 2017) are summarized

next:

• It designs some authorized market areas named mandis where the sale and purchase of

the noti�ed commodities are mandated to take place. Coined mandis or APMCs, they

need to have the required infrastructure for sale of farmer's produce. The idea of such

system was to protect the farmers from abusive prices set up by larger corporations.

• Prior to mandis, the predominant channel for primary sales consists of the so-called

haats. Haats are small rural markets held once or twice a week alongside the main

roads of the villages, where small and marginal farmers sell their produce in a very

unorganized manner, often with limited access to information of prices.

• The prices of the commodities to be purchased are decided upon an open auction basis

(based on a supply-demand system), in a transparent way.

• Establishment of intermediaries and market charges for many of the stages involved in

the value chain: from commission agents, to transporters or produce cleaners.

To clearly illustrate how the process of agri-produce merchandising works on the ground

and the speci�c role which the APCM system plays, refer to Figure 8. It depicts the process

�ow of how farmers sell their produce and the stages involved thereafter.
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Figure 8: Agribusiness value chain process �ow. Dark grey indicates processes which take place in the
mandis.

Farmers grow their produce and transport it to a mandi (APMC) of their choice. In the

designated mandi, the unload of the produce takes place, followed by a basic cleaning and

inspection in order to display it to the trader. Afterwards, an open auction is performed and

if an agreement is reached, the bagging, weighing and payment is handled by mandi workers.

Lastly, the trader is in charge of transportation and potential secondary sales. For a more

in-detail understanding, Figure 9 illustrates the work�ow that takes place within the mandi.
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Business partners  (immersion strategy)

• Con!irming: “ou IT guys are doing a great job and
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Sensedemanding
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Figure 9: Flowchart under the mandi system, showing the parties involved in the process.

The farmer unloads their produce onto the platform of a commission agent of their choice,

who is a certi�ed and authorized dealer. The commission agent (also know as arhatiya or

middleman) is directly responsible for cleaning, sorting and displaying the produce to the
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potential buyers. When a particular trader is interested in a speci�c commodity displayed

by the commission agent, the former quotes their bids. A so-called mandi o�cial conducts

the auction of all the lots one by one, designing and registering the winner and lot price

based on the highest bid. Once this is complete, the goods are bagged and weighed by

the commission agent and handed over to the trader. The commission agent receives some

commission charge payed by the trader in concept of e.g., cleaning, sorting or bagging, and is

responsible for collecting the money from the commodities sold which will thereafter be payed

to the farmer. It should be highlighted that the commission agents often act as a political

lobby�by in�uencing legislators�who also provide additional services such as storage of the

produce, direct purchase of commodities or loaning credit to farmers.

However, many of the bene�ts enabled by the APMC act got diluted over time as the es-

tablished agriculture system aged at the time where new market demands appeared (Chand,

2016), making many ine�ciencies which called for new reforms apparent. For instance, it

is the case that commission agents and traders often colluded to manipulate the prices of

farmer's produce. Moreover, forcing the farmers to sell their produce exclusively to middle-

men is not bene�cial now that private trade is not underdeveloped any longer (Arora, 2017)

and the country has embraced a liberalization of its external trade (Chand, 2016).

Because of all this, the Inter-Ministerial Task Force on Agricultural Marketing Reforms

(2002) recommended that the APMC Acts be amended to include updates and modi�ca-

tions to the original conditions. Following its advice, in 2003 the government amended a

new version of the model APMC act that, among others, allowed contract farming and di-

rect sales to private players (Arora, 2017). Nevertheless, such modi�cations did not report

signi�cant bene�ts. As a consequence, the entire Indian agribusiness system still showed

some de�ciencies manifested as high transaction costs and the commodities' prices received

by the farmers being decoupled from the price payed by traders.
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3.4.2 New Model - APLM

In the 2016-2017 Union Budget, the Government of India announced the implementation of

an electronic-National Agriculture Market (e-NAM), which many were anxiously expecting

as it was deemed to mark a turning point in the history of the agriculture in the country with

the promises of automation and uni�cation (N. Aggarwal et al., 2017). In this line, in 2017

the government amended the Model Agricultural Produce and Livestock Marketing (APLM)

which encouraged the establishment of e-markets by abolishing the concept of noti�ed area,

thus allowing for participation in auctions regardless of the state where the bid is quoted or

the mandi is located.

To illustrate the envisioned model, Figure 10 depicts the process �ow at a mandi under

automation. The process might/might not occur entirely in the mandi as some stages do not

require of being physically present. In practice, however, all the parties involved still gather

at the mandi itself.
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Figure 10: Flowchart under the e-market system.

Building upon the work of N. Aggarwal et al. (2017), we identify four major categories

under a standard e-market platform. The e-entry involves the entry of the farmer into the

mandi and the registration of their lots under a unique ID which embeds information about

the lot (e.g., commodity name, quantity, farmer's details, etc.). After that, the farmer selects

a commission agent of their choice and the agent's inventory is updated by means of the

information stored in the lot ID. Optionally, a farmer can decide to get their commodities
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assayed (tested free of cost to measure its characteristics) and its assayed parameters will

be displayed in the platform so that potential buyers who are not physically present in the

mandi can purchase their produce. The e-auction comprises the inspection of the lot and

placing the bid by the traders. Once the bidding window is over, the winner is announced

and the farmer has to either accept or reject selling their commodity at that price. All the

relevant information is meant to be disseminated not only through speakers in the mandi

itself, but also in a digital way (e.g., SMS, announcement on the digital platform). Lastly,

within the e-permit stage, a sale bill based on the information digitally stored about lot

price, lot quantity, etc. is automatically generated. Later, the trader is required to process

the payment to the commission agent and pay the commission fees and an e-permit/gate

pass is generated to let the produce out of the mandi.

3.4.3 Implementation Status

As of today, out of the 585 APMCs that the government announced that e-NAM be im-

plemented, only 277 are currently doing online trading. These are spread across 17 states

and two UTs (Union Territories) in India (Small Farmers' Agribusiness Consortium, 2020).

Furthermore, the state of Karnataka introduced an in-house system (UMP, Uni�ed Market

Platform) that connects 55 out of 165 mandis across the state online (N. Aggarwal et al.,

2017). Furthermore, the degree of automation di�ers from mandi to mandi and from state

to state. Furthermore, the assaying process is widely dismissed by both traders and farmers,

which hampers the accessibility from faraway locations. All in all, the e-NAM is still in a

starting phase and many e�orts are required to fully implement a digital e-market system

all over the country, which counts with more than 28,000 authorized mandis.

3.5 Challenges and Key Opportunity Areas

A systematic review of the extant literature throws some light on the major constraints faced

by Indian agriculture, causing a poor agricultural performance and hampering a more rapid

agricultural growth, with a special focus on small and marginal farmers. We summarize
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such �ndings, whose root cause varies from another (ranging from bad policy management

to internal system de�ciencies or demographic causes).

3.5.1 Challenges

• Irrigation and water management. Since water is one of the major inputs to farming,

showing diligence when managing the resource is instrumental. India accounts for 17%

of the globe's population with only 4% of the earth's fresh water resources (Dhawan,

2017). The increased population, industrialization and pollution levels, along with

the technological changes and production increase have put huge stress on natural

resources, leading to a critical situation. Meanwhile, government e�orts to subsi-

dize inputs have led to a wasteful use of water. Dev (2012) argues that small and

marginal farmers rely mainly on groundwater, whereas large farmers capitalize on

cheaper sources like canals. Groundwater, nevertheless, is being depleted in many

parts of India. As an example, states where the Green Revolution greatly succeeded,

extraction of ground water has exceeded the available capacity to rates as high as

125%, 109% and 145% of the naturally permissible limits for Punjab, Haryana and

Rajasthan, respectively (Sasmal, 2016). All of this makes establishing sustainable

water management practices even more compelling.

• Lack of infrastructure. It is a reality that India �specially in rural areas� is generally

de�cient in infrastructure (i.e. roads, electricity supply, gross irrigated area) (Patel,

2010), even when compared to other Asian giants such as China (Fan & Gulati, 2008).

With estimated losses of over 20% of the total production of fruits and vegetables,

investment in basic logistics services such as cold storage, warehousing and transport

is a must, among others.

• Research and technology fatigue (i.e., lack of innovation). The National Commission

on Farmers evidences the existence of a knowledge gap between the yields in research

stations and actual yields in farmers' lands (Dev, 2012). Private sector involvement is
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gathering momentum, but it tends to be limited and unsteady. For that reason the

public sector is impelled to increase their activity and reduce the existing knowledge

gap.

• Credit constraint. Small and marginal farmers require credit for investment and con-

sumption (Dev, 2012, 2015; Singh, 2019), with only around 27% of them actually

having access to institutional credit. Even if the government is rolling out schemes to

�nancially support the farmers, there is still a strong dependence on money lenders

and indebtedness is yet another major issue.

• Falling investment. Ever since India adopted the economic reform policies in 1991,

the Gross Capital Formation (GCF) �both public and private� has su�ered a decline

in the agricultural sector (Banerjee & Chakrabarti, 2013). With investment being

considered a key driver of growth for all sectors in economy, the downwards tendency

of investment in the agricultural sector represents a limitation restraining agricultural

growth in India.

• Unfavorable terms of trade. The Terms of Trade (TOT) represent the relative price of

exports in terms of imports, also expressed as the ratio between the country's export

and import prices. Indian TOT has maintained a deteriorating trajectory since 1991

(Patel, 2010). This has resulted in lower income and increased debt for farmers. The

increased costs of crop-cultivation, coupled with the gradual decrease of input subsidies

such as fertilizers, pesticides and electricity by the government further aggravates the

situation (Patel, 2010).

• Decline in land-to-labor ratios and inequitable land distribution (Jayne, Mather, &

Mghenyi, 2010). For the past years, available land for cultivation in the country has

decreased due to industrialization and urbanization. Coupled with the population

growth (and consequently the agricultural population growth), a land-to-labor ratio

decline can be inferred. Thus, increasing agricultural production through expansion of

areas under cultivation is not an option in the country (Banerjee & Chakrabarti, 2013).
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Furthermore, the severe inequality gap between large and small farmers accounts for

the unequal distribution of arable land, with small and marginal farmers opting for

limited expansion opportunities and economical prosperity.

• Collusion and illegal cartels. In the existing mandi-based system, the farmer often

receives a lower price for their produce due to collusion of commission agents or traders

at the time of bidding. The envisioned e-NAM system aims to reduce the collusive

power of middlemen building on transparency and automation principles. However,

commission agents are an organized political lobby who look after their own interest

and actively try to undermine the e-market system (N. Aggarwal et al., 2017).

3.5.2 Key Opportunity Areas

Notwithstanding the multiple challenges and constraints that the sector faces, focusing on

speci�c key areas will enable to develop the path toward a better future. Sasmal (2016)

identi�es four key issues (Figure 11) as the baseline for the evolution of agriculture in India:

technological change, rise in productivity, degradation of natural resources and sustainable

growth.
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Figure 11: Dynamics of the relationship between technological change, productivity, resource degradation
and sustainable growth.
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Technological change increases productivity. The rise in productivity has put huge stress

on the conservation of natural resources, threatening sustainable growth. At the same time,

appropriate technological advancements are needed for resource preservation and sustainable

growth. The dynamics present within the interplay of these four factors is shown in Figure 11.

It can therefore be said that technological change is an enabler of the other elements, while

sustainable growth is the �nal objective, regulated by the rest of the elements.

• Technological change. The literature con�rms that technological advancement is a sine

qua non for agricultural development. Technology adoption in the Indian agriculture

achieved reasonable levels until the economic reform policies came in place in the 1990s

(Sasmal, 2016). However, it has stagnated ever-since, making it necessary to incentivize

new technologies. Public investment in agricultural research, which is instrumental

for fostering introduction of new technologies in the sector only accounts for 0.5% of

agricultural GDP, as compared to 1% invested by most developing countries (Banerjee

& Chakrabarti, 2013). Information technology is yet another source for agricultural

development, but in order to realize its potential, connecting rural areas to internet

networks and making the country digitally empowered must be prioritized (Dev, 2018).

• Rise in productivity. Despite the improvements attained throughout the recent years,

the crop yield of the Indian farms is still nowadays one of the lowest globally, with

India using two to four times more water to produce one unit of a major crop than

other developing countries like China or Brazil (The World Bank, 2012). The labor

abundance vs. land scarcity nature of the Indian context makes the output-per-land the

decisive factor, rather than output-per-laborer (Jha, 2018). Furthermore, it is critical to

realize the relevance of the entire value chain of agriculture, by going beyond harvesting.

There must be development within pre-harvesting, wholesaling, warehousing, storage,

logistics, processing, retailing, exports, and more. Adopting a holistic approach toward

this, as well as focusing on macro economic policies will generate more value for all

stakeholders, ultimately improving farmer's income and their livelihoods (Dev, 2018).
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• Sustainable growth. It must be achieved through inclusive growth. This allows for eq-

uity and shared reduction of inequalities in the economy and society, as well as poverty

reduction. Fostering inclusiveness should focus on inequalities in regions, women and

youth, disadvantaged social groups, small vs. large farmers and irrigated vs. rainfed

areas. This could be achieved by easing the access to credit, subsidizing inputs, crop

diversi�cation, improving access to higher value markets, group or collective approach

to farmer organization, etc.

• Degradation of natural resources. Widespread adoption of High Yielding Variety

(HYV) technologies increased productivity and crop yield, but that has come at a

great cost regarding the exhaustive deterioration of resources and degraded land. Ex-

cess depletion of groundwater, disproportionate use of chemical inputs and intense

cultivation clearly expose the critical situation of the country (Jha, 2018). Climate-

change represents a threat that further aggravates the issue. For that reason, action is

need. According to Sasmal (2016), public intervention for subsidies on resource-usage

friendly inputs, di�usion of sustainable farming techniques, along with discouraging

the use of contaminant inputs through taxes and knowledge dissemination is needed to

revert the current situation. Further, di�erent studies (Banerjee & Chakrabarti, 2013;

Dev, 2018) suggest the viability of the shift toward organic farming as a solution to

unsustainable practices and a runaround from low value markets.

In addition to the previously mentioned elements, we identify a handful of issues that

must be tackled in order to improve the situation of Indian farmers across the country:

• Farmer's suicide rates. Around 300,000 Indian farmers have committed suicide over the

past 20 years (Bundhun, 2017). Crop failure, climate-related events (e.g., droughts,

�oods), bankruptcy and indebtedness are the predominant factors driving this phe-

nomena. Moreover, 72% of all suicides were committed by small farmers, making it

evident that focus must be placed in developing the appropriate measures to help this

speci�c group.
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• Poverty reduction. Agricultural growth is widely recognized as a poverty reduction

driver (Chand et al., 2011; Janvry & Sadoulet, 2010). The power of agriculture comes

from its direct relationship between GDP growth originating in the sector and its

induced income growth among the poorest population sectors, with as much as three

times the e�ect on their income compared to GDP growth in other sectors. Thus,

improving agricultural production in India can potentially improve the livelihood of

up to 75% of the Indian rural population, providing food security and enhancing their

inclusiveness (Dev, 2018).

• The role of women. Agriculture is becoming feminized as men are moving onto urban

areas, which leaves many women in charge of tasks such as land preparation, seed

selection or manure (Dev, 2012). Furthermore, the participation of rural women in

agriculture is around 83%, compared to 67% of rural men (2005 data, Dev, 2012).

Nevertheless, women property right's are often neglected and women empowerment

and legal support is thus necessary.
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4 IT-enabled Solutions

In this section present four solutions that address the challenges and opportunities of the

Indian agribusiness in order to bring IT-based development in a sustainable manner, as per

our research question. While the four solutions are based on the same principles and share

some similarities, we think they are relevant because they aim to cover di�erent speci�c

areas of the agribusiness scenario, contributing to the overall development of the sector as

a whole. The section is structured in identical ways for each of the four solutions. We �rst

build on relevant theoretical considerations on the underlying technology for each solution.

This prepares the groundwork for an in-depth description of the solution and, lastly, we

identify the main bene�ts and challenges to the implementation of the solution.

4.1 A Sustainable Supply Chain

The current agribusiness supply chain is mainly characterized for its complexity and excessive

amount of intermediaries and middlemen, which contributes to lowering the e�ciency thus

reducing the value captured by the farmer along the way. We address this issue by proposing

a reframing of the traditional agribusiness value chain and sourcing fresh produce from

farmers to sell it to di�erent players across India.

A pressing need for streamlining the supply chain and eliminating middle parts is evi-

denced through many sources. With the new e-market system, a commission agent in the

state of Karnataka stated that "the commission agent is dying, he is in ICU, on oxygen�

(N. Aggarwal et al., 2017, p. 53). Furthermore, "a lot of government o�cials would rather

do bare minimum and still get meet their mission" (M. Ramakrishnan, personal interview,

March 26, 2020), which slows down innovation in the agribusiness. Therefore, we argue that

the incorporation of a sustainable supply chain will bring about bene�ts for the farmers by

reducing the aforementioned ine�ciencies.
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4.1.1 Theoretical base

In pursuit of de�ning a sustainable supply chain we identify three pillars which play a key

role and need to be understood. Firstly, the term Supply Chain Management (SCM) came

to the fore around three decades ago (Cooper, Lambert, & Pagh, 1997). Ever since the term

SCM was coined, it has became a prevalent topic among scholars and practitioners even

nowadays (Mentzer et al., 2001). There are many reasons that contribute to the salience

of SCM. One such reason is the evolution of the market towards a time- and quality-based

competition, thus requiring tighter coordination along the di�erent stages of the supply

chain. Additionally, the demand �uctuation in �elds such as agriculture calls for greater

�exibility.

Secondly, best practices evidence how digital platforms are instrumental when it comes

to realizing the promises of a diligent SCM (Rai, Patnayakuni, & Seth, 2006). With the

advent of Internet new opportunities for SCM arose (Swaminathan & Tayur, 2003). Now it

is possible to get real time data to develop advanced techniques of planning and optimization

building on e.g., machine learning solutions. Thanks to digital technologies, such solutions

can be integrated across the whole supply chain thus serving as drivers of corporate strategy.

Lastly, the term sustainability has been a hot topic both in academia and practice ever

since the global awareness of climate change and poverty became popular. It comprises

three dimensions, namely: (i) social, (ii) environmental and (iii) economical. The most often

quoted de�nition is provided by the World Commission on Environment and Development

(1987, p. 8):

[...] development that meets the needs of the present without compromising the

ability of future generations to meet their needs.

The above-mentioned concepts serve as the input for a theoretical framework that inte-

grates all of them. This framework is depicted in Figure 12.

This de�nition of sustainable SCM (Carter & Rogers, 2008) draws upon the triple bot-

tomline (economy, society and environment). Additionally, it takes into consideration the
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Figure 12: Sustainable supply chain management. Adapted from Carter & Rogers, 2008, p. 369.

supporting faces that researchers have found to be an essential part of sustainability (strat-

egy, organizational culture, risk management and transparency). Breaking up the �gure will

give a better understanding. The intersection of the economic goals with both the environ-

mental and social dimensions displays a sub-optimal solution (labeled as better). In contrast,

the intersection between uniquely environment and society (labeled as good? ), would be ir-

responsible if the economic sphere is overlooked and the strategic and �nancial objectives

are dismissed. While the intersections labeled as better are good examples of ways in which

an organization can improve its sustainability, it is the intersection of the three dimensions

(labeled as sustainability) where a truly sustainable organization aims to be placed. There,

a SCM would incorporate economic, social and environmental goals to their strategy, vision

and mission.

On a di�erent note, we pinpoint additional variables which can in�uence the degree of

sustainability in a supply chain:
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• Technology. A digitally-enabled and data-driven supply chain can further help grap the

full bene�ts of a diligent supply chain management. The data output from a process

can be used as the input for the subsequent stage so that the whole chain stages are

digitally integrated with one another. The record of historic data can be further used

to increase the optimization and prediction e�ciency for e.g., crop demand estimation,

price setting, etc.

• Risk management. It is a must for an organization to focus on the potential economic,

environmental and social risks of its supply chain. As an example, companies such as

Hewlett Packard or General Electric's incorporate risk management as part of their

annual sustainability report (Carter & Rogers, 2008).

• Strategy. Alignment between the strategy of the company and its sustainability ini-

tiatives needs to be present in order to ensure vision consistency in the long run.

• Organizational culture. Instilling sustainability in the corporate culture (i.e., mindset

and behaviors) is instrumental so there is no decoupling between culture and corporate

strategy.

• Transparency. Activities such as green marketing, common auditing processes across

the supply chain or incorporating a supplier code of conduct are some instances of how

transparency can in�uence the overall degree of sustainability within a supply chain.

4.1.2 Solution

We propose a complete rede�nition of the existing supply chain by eliminating mandis and

middlemen. To that end, it is one organization (be it private or publicly funded) which con-

trols the operations across the supply chain. We list some examples of current organizations

that are moving forward concerning a streamlining of the agricultural supply chain in India:

Ninjacart, Krishihub, Crofarm or Waycool. In this regard, Figure 13 illustrates all the stages

and main activities in the supply chain.

47



4 IT-enabled Solutions Antonio Grille and Jon Santillan

Sensegiving
• Explaining how business works to the IT 

Business partners  (immersion strategy)

• Con!irming: “ou IT guys are doing a great job and

making a difference”

Sensedemanding
• Requesting new metrics for AMPlify

• Demand analysis of the sales performance  

Sensebreaking
• Giving negative evaluations: “MyResults is wrong”  

• Mistrusting the results and data

• Alternative views: different targets

Master planning Produce handlingFarmer Retailer

- Forecasting

- Pricing

- Harvesting

- Grading

- Collection center

- Fulfillment center

- Distribution center

- Routing

- Delivery

Figure 13: Stages of the new supply chain and its main activities.

1. The supply chain process starts with a master planning that generates orders. The

sales team publishes a customer growth report and it is combined with the historic

demand data to devise the weekly sales document and procurement forecast. This �rst

stage is extremely important as a diligent planning contributes to reducing wastage

and increasing the entire supply chain e�ciency.

Afterwards, it is time for price setting once the orders are con�rmed. This is done by

gathering real-time market prices in the area a day before the delivery and simultane-

ously setting purchase and selling price in order to avoid asymmetries.

2. Once the order is con�rmed, it is time for the farmer to grade the produce to be

shipped and sort it according to the established quality standards. The farmer delivers

the commodities to a collection center, where the crates are automatically weighed and

a lot ID is assigned.

3. After reaching the warehouse, samples are taken from each delivery in order to un-

dergo rigorous quality checks. Physical defects (color, size), international food safety

standards (pesticide residue, nitrate levels, delivery vehicle hygiene, etc). If the farmer

passes the quality control, a receipt is issued immediately and the money is transferred

to their bank account within 24 hours. Such is the preferred payment method. How-

ever, due to the popularity of cash payments and subject to availability, the farmer

can decide to get paid by cash on a �rst-come, �rst-go basis.

Later, items are transported from the collection centers to the ful�llment centers. The
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commodities are batched and shipped to the distribution centers according to customer

demand. Ideally, the ful�llment centers run on conveyors to avoid human manipulation.

Lastly, at the distribution center, items are picked and packed as per customer orders.

4. In the morning, delivery trucks arrive at the distribution center. Based on order

information and location data, each truck's route is optimized to reduce commuting

distance and transportation pollution. Once the route is handed in to the driver via

mobile phone, they deliver the produce to each customer according to the planning.

4.1.3 Bene�ts and Challenges

We gather the main �ndings regarding bene�ts and challenges of adoption of a SCM solution

in Table 7.

Table 7: Bene�ts and challenges for SCM in Indian agriculture.

Bene�ts

[1] Reduction of information asymmetry
[2] Better prices for the farmer due to increased bargaining power
[3] Regular demand and regular farmer income
[4] Reduction in crop wastage
[5] SDGs impact

Challenges

[1] Cost of technology and infrastructure
[2] Uncertainty about prediction and optimization capabilities
[3] Need for a large customer base to grasp the bene�ts of economies of scale

The solution we propose, by streamlining the existing processes and remodeling the SCM

will brings about important bene�ts outlined next:

• Reduction of information asymmetry. By setting prices based upon real market prices

the farmer knows beforehand the price range for their produce, as there will be no

collusion between traders or commission agents to �x commodities' prices.

• Better prices for the farmer. As planned, each individual farmer's produce is aggregated

with other farmer's produce. As a consequence, the new aggregated seller has increased
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bargaining power and, therefore, is able to exert stronger in�uence on the traders and

strive for better prices. Additionally, commodities sold have undergone quality control

processes so the buyer is ensured that the lot has a high quality.

• Regular demand and farmer income. Variability in demand is low because of the

existence of multi-sourced key buyers, including bigger players such as big market

traders. As a consequence, the demand uncertainty is low and so is the farmer income

variability.

• Reduction in crop wastage. Given the enhanced prediction capabilities, there is in-

advance information about the required amount of a speci�c commodity. Therefore, it

leads to a reduction in crop wastage in the range of 25% (Krishi hub, 2020).

• SDGs impact. The solution directly targets some of the speci�c SDGs (United Nations,

2020), in particular: (SDG2) Zero Hunger, by ensuring the demand of commodities

is ful�lled, (SGD9) Industry, Innovation and Infrastructure, by building a renewed

IT-powered supply chain and, lastly, (SDG13) Climate Action by reducing crop and

resource wastage as well as CO2 emissions (as routs are optimized to that end).

Nonetheless, we can also identify potential risks that may hinder achieving the above-

mentioned promises:

• Cost of technology and infrastructure. Fixed costs are high since there is a need for

acquisition of basic infrastructure to optimize the logistics, i.e., warehouses, trucks or

conveyors. The initial investment outlay is high and, as a consequence, the payback

period might be long. Therefore, it will be important to communicate this to the

partners and stakeholders so that they place con�dence in the project.

• Uncertainty about prediction and optimization capabilities. The development of ef-

fective in-house algorithms to predict demand, prices and optimize delivery routes is

instrumental for the success of the solution. Not only the development of these poses
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a challenge, but it is furthermore required that the algorithms undergo continuous

updates to increase their e�ciency.

• Need for a large customer base. In order for the SCM to become successful, it is

necessary to attract farmers that want to participate in the solution and build a large

network of customers in order to grasp the bene�ts of economies of scale and acquire

a position of bargaining power.

4.2 AI-Powered Sorting Machine Integration

With the ever-growing population levels in India, it comes an increase in the demand for

land, food and resources. Despite the unceasing progress in the agricultural sector, there are

still persistent threats such as climate change, competition for land and water resources, lack

of infrastructure and unsustainable practices. This makes it necessary to �nd further oppor-

tunities to raise productivity in the sector by incorporating technologies that are disrupting

other sectors such as retail, telecommunications, service industry, etc.

The application of Arti�cial Intelligence (AI) techniques certainly entail such opportunity.

AI can potentially reshape the way in which every operation of the agricultural value chain

is carried out, from harvesting to crop, soil and water management, or facilitating operations

among di�erent stakeholders. These technologies have a wide range of applications that can

ultimately transform the status quo of farming.

4.2.1 Theoretical Base

In order to grasp what AI technologies can bring into the di�erent agricultural practices, as

well as where in the agricultural ecosystem the solution proposed comes to e�ect, it is crucial

to examine the following two: (i) di�erent concepts related to AI and (ii) the di�erent stages

of the agricultural value chain.

The concept of Arti�cial Intelligence and its application to the real world was �rst coined

in 1950 by the English mathematician Alan Turing, where he �rst proposed steps toward

the possibility of mechanizing intelligence (Cockburn, Henderson, & Stern MIT, 2017). AI
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can be de�ned in many ways and its meaning is constantly evolving, but one simple way to

put it, as the father of AI McCarthy (2007) does is: "the science and engineering of making

intelligent machines, especially intelligent computer programs.�

Ever since then, there have been multiple lines of research and approaches into de�n-

ing the di�erent areas that compose AI as a scienti�c and technical �eld. An insightful

breakdown of the di�erent streams that constitute AI was elaborated by Mills (2016) as

seen in Figure 14. In accordance to the research carried out by Cockburn et al. (2017), he

divides AI into the following components: Machine Learning (ML), including Deep Learning

and Predictive Analytics to �nd previously undiscovered patterns in data using supervised

and unsupervised learning; cognitive tools such as Natural Language Processing (NLP); Vi-

sion and Speech recognition systems to synthesize text, voice and images; as well as other

�elds such as Robotics and other concepts like Expert Systems, Planning and Scheduling &

Optimization.

Figure 14: Di�erent Branches in AI Technologies. Reprinted from Strydom & Buckley, 2019.

In order to understand the underlying technologies and techniques that are used in the

solution, some concepts of AI are presented in the following lines.

• Machine Learning. At the intersection of AI, statistics and computer science, it consists

of extracting knowledge from data. Machines are trained to "learn" with data through

di�erent algorithms that improve their performance as they are exposed to more data,

ultimately generating intelligent outcomes (Müller & Guido, 2016).
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• Image Recognition. Falling into the computer vision �eld, it consists of building models

that are capable of processing raw input images, recognizing and classifying them

according to di�erent patterns. To that end, they make use of di�erent algorithms

such as Neural Network (NN). Additionally, using Deep Learning algorithms enhances

the capabilities of these models. (Spirina, 2019).

• Arti�cial Neural Network (ANN). They are, in essence, algorithms whose architecture

simulates the human brain mechanisms, representing a simpli�ed model of the struc-

ture of the biological neural network. They are capable of emulating sophisticated

computations such as pattern generation, cognition, learning, and decision-making

(C. C. Aggarwal, 2018).

Considering the widespread confusion and misuse that exists surrounding the use of

these buzzword technologies, we present Figure 15, which displays the hierarchy between the

concepts that have been introduced above.

Figure 15: Representation of the relationship between di�erent components of AI. Reprinted from Carpen-
ter et al., 2018.

It can be inferred that while AI systems represent the entire technological �eld making
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use of di�erent tools, ML is one of its most prominent sub-�elds, with Deep Learning being

an advanced evolution of ML that can handle bigger amounts of data. For that end, the

Deep Learning mechanism could have Neural Networks as its engine algorithm (Garbade,

2018).

On the other hand, there is the Agricultural Value Chain. At one end of the value chain

are the producers, who are the farmers and growers of commodities. At the other end there

are the �nal consumers, who purchase the products grown by the producers. In between

these, there are many stakeholders that take part in this complex multi-stage process. Build-

ing on the work by Strydom and Buckley (2019), we break down the agricultural value chain

into these components in order to understand where the proposed AI solution shapes the

existing practices, as seen below:

• Pre-production. Activities occurring prior to planting any seeds comprise the pre-

production phase. These tasks include preparation of land & soil, seed acquisition

& quality control, and multiple planning activities that can ultimately a�ect crop

production and potential crop yield.

• Production. The phase where all on-�eld activities take place. These tasks include

planting the di�erent seeds, applying fertilizers and pesticides, irrigation, quality con-

trol, harvesting the crops and many more.

• Post-production. It is the �nal phase of the value chain, with the participation of

multiple actors. It involves all the activities from the moment when the crops are

ready to be harvested until they reach its �nal consumers. Some of the activities

are procurement to warehouses and processing sites, marketing and sales operations,

packaging and quality control, etc.

The research by Strydom and Buckley (2019) helps shed light on the current state of AI

technologies in agriculture. After reviewing the literature on AI and the use of Big Data for

agricultural practices, over 500 scienti�c articles were screened and classi�ed according to

which phase of the value chain they focus on. An adaption of the work is shown in Table 8.
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Table 8: Review of the literature in the use of AI technologies.

Agricultural Value-Chain Articles (%)

Seeds & Seedlings 4.4
Pre-Production Soil, Tillage and Land Preparation 5.0

Other activities 10.0

Planting, Irrigation & Fertilizer Application 15.5
Production Weed, Disease & Pest Control 26.1

Yield, Weather, Energy & Other 19.8
Farm Management Activities

Harvest & Handling 8.0
Post-Production Storage & Processing 4.4

Market & Consumer 6.8

Note. Adapted from Strydom & Buckley, 2019, p. 17.

The solution we propose in Section 4.2.2 is aimed at improving some of the processes

in the post-production stage of the value chain, hence, it adds some new knowledge in the

stages that have not been as extensively tapped into as others.

4.2.2 Solution

The envisioned solution consists of integrating an AI-powered commodity sorting machine

to classify and pack the products brought by the farmers at the mandis. This solution would

make use of image recognition technology developed by Intello Labs, and it would allow for

standardized assessment of the quality of the di�erent products brought in by the producers,

integrating into the existing processes carried out at the di�erent mandis.

In order to facilitate a thorough understanding of the solution, Figure 16 illustrates the

process work�ow that would take place in the mandis integrating the innovative machine.

1. The farmers bringing the harvested crops to the mandis would unload them into the

sorting machine. Unlike previously, they would not have to choose among one of the

commission agents, but rather, they would use a standardized entry point for all the

produce that is marketed in the said mandi.

2. The sorting machine performs the following actions: First, it assesses the quality of the
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Figure 16: Flowchart of the solution integrated into the existing mandi process

crops based on di�erent parameters (e.g., size, color, di�erent defects such as bruises,

etc.). Depending on the outcome, it will sort it and grade it according to the desired

parameters for each type of crop.

3. After the products processed by the machine are assayed and packed through the

previous sorting and grading, they are assigned a minimum price via the e-market

system. Then it is time for the auction to be conducted.

4. Finally, when the auction takes place and the winner bid is declared, the information

related to the product lot is uploaded into the e-market system. This information

contains a unique ID embedding date, time, quality parameters, price of acquisition,

details about the producer and the trader, etc., which is used to generate a govern-

mental certi�cation.

Furthermore, we elaborate on some of the key principles in which the solution builds on,

namely: (i) image recognition technology, (ii) integration with e-mandis and (iii) certi�ca-

tions, transparency and traceability.

• Image recognition technology. The technology is provided by Intello Labs, a Bangalore-

based startup. The technology uses computer vision systems to identify the products,

and later uses Deep Learning for the classi�cation of di�erent parameters. This Deep
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Learning's underlying structure is based on Convolutional Neural Network (CNN) al-

gorithms.

Figure 17 illustrates real instances of the sorting and the subsequent packing process

making use of the Intello Labs technology.

(a) Produce sorting line containing potatoes by Intello
Labs

(b) Monitoring and classi�cation of apples through Image
Recognition

Figure 17: Sorting machine prototype

• Integration with e-mandis. The system is �t for smooth integration with the existing

e-market platform. Additionally, having both systems joined together creates synergies

that ensures enhanced operations in mandis.

• Certi�cations, transparency and traceability. Standardized assaying and data backup

with central systems leads to an extraordinary level of transparency in the system,

unlike at present times. As a result, it supports product certi�cation and traceability.

4.2.3 Bene�ts and Challenges

The envisioned solution entails an opportunity for improving the Indian agricultural sector

by introducing new technological advancements. Thus, it is valuable to analyze the bene�ts

and possible challenges that arise from it as depicted in Table 9.

We hereby highlight the main potential bene�ts deriving from incorporating the afore-

mentioned technologies:
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Table 9: Bene�ts and challenges for the adoption of AI-powered sorting machines at the mandis.

Bene�ts

[1] Value addition for farmers and traders
[2] E�ciency improvement and integration into the current e-mandi systems
[3] Certi�cations, transparency and traceability
[4] Increased market openness and automated processes
[5] SDGs impact

Challenges

[1] Resistance to change
[2] Cost of technologies
[3] Lack of knowledge, interest and trust

• Value addition for farmers and traders. Traders will be willing to pay more for products

that are already assayed and packed in a more e�cient way, with a minimum ensured

quality. Likewise, the fees of the commission agents are eliminated, as they will no

longer be necessary. As a result, the income received by the farmers will increase, and

so will their revenue.

"A way to bring value addition is to do this sorting and grading before it

goes into the trade. Because practically all the traders who buy from the

farmers then pay someone else (...) so if we say that this is sorted and

graded, and here is a certi�cation from the government that this is sorted

and graded, we believe that it will get incremental revenue for the farmer"

(M. Ramakrishnan, personal interview, March 26, 2020).

• E�ciency improvement and integration into the current e-mandi systems. The in-

creased digitalization of processes derived from introducing this solution reinforces the

shift towards e-mandis, given that the solution can be installed without modifying the

existing processes. Moreover, it enables streamlining the operations of product entry,

grading, sorting and packing, leading to e�ciency improvement of operations at the

di�erent mandi sites.

• Certi�cations, transparency and traceability. Standardizing the grading, sorting and
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packaging processes for all products entering the mandis, coupled with integrating all

generated data with the e-mandi's information systems, allows for the following: en-

hanced transparency, generation of product certi�cates and tracing of all the embedded

data of products.

• Increased market openness and automated processes. Automating and standardizing

the produce handling and assaying will promote market integration as traders from

di�erent regions and mandis will be able to purchase goods based on reliable and

standardized data from the e-mandi system.

• SDGs impact. The envisioned solution, along with the other solutions reviewed in other

sections, contributes toward reaching the Sustainable Development Goals (SDGs) de-

veloped by the United Nations (2020), namely: (SDG8) Decent Work and Economic

Growth, by enabling inclusiveness of farmers, (SDG9) Industry, Innovation and In-

frastructure, by fostering innovation and technology development and lastly (SDG12),

Responsible Consumption and Production by reducing produce wastage and promoting

sustainable packaging.

There are multiple factors that challenge the large scale adoption of the proposed solution:

• Resistance to change. The actors involved in the assaying process at the mandis, mainly

commission agents, would certainly be reluctant to introducing automated sorting

machines that could potentially eliminate their jobs.

"The small agents at the mandis whose essential value addition to the supply

chain process is the fact that he's standing there, he's seeing things and he

gets to play on the pricing arbitrage and the quality arbitrage (...) they are

not interested" (M. Ramakrishnan, personal interview, March 26, 2020).

• Cost of technologies. The costs of the technologies required for the implementation

of this solution would be signi�cant, and in addition, it is unclear to determine which

stakeholders would be willing to take on the required investment.
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"We have a technology which will bring transparency in the system, who will

pay for this? (...) the end consumer is unlikely to pay, the farmer is unlikely

to pay. All the businesses in the middle of the supply chain could pay" (M.

Ramakrishnan, personal interview, March 26, 2020).

• Lack of knowledge, interest and trust. Lack of technological adoption and closed

community-like organization is common to mandis across the country. This hinders

adoption of new initiatives disrupting the prevalent practices.

"Sometimes, it's just the way bureaucracy works. This is not coming from

my boss. And hence I don't care. (...) In India, a lot of government o�cials

would rather do bare minimum and still get meet their commission" (M.

Ramakrishnan, personal interview, March 26, 2020).

4.3 IoT Technologies for Farm Management

The Food and Agriculture Organization of the United Nations (2020a) predicts that global

population reaching 9 billion people will demand an increase of 60% on food production lev-

els by 2050. Furthermore, India accounts for 17% of the globe's population but only holds

4% of the world's fresh water resources (Dhawan, 2017). The increase in demand of resources

coupled with the increased pollution levels and unsustainable practices calls for urgent solu-

tions. Improving farm productivity and resource usage through a data-driven approach, as

mentioned in earlier subsections, can yield very positive results towards resolving these and

many other issues.

With the advent of technological advancements in recent years, and in particular, digital

technologies, the world is now more inter-connected than ever. Up to 24 billion networked

devices were projected by the year 2019 by Cisco (2015), with Huawei (2019) predicting over

100 billion Internet of Things (IoT) connections by 2025. The �nancial impact of IoT in the

global economy could amount up to anywhere from $3.9 to $11.1 trillion by 2025 according

to McKinsey&Company (2015).
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The continuous growth of IoT will have a transformative impact across all industries,

with the Indian agricultural sector becoming more and more technologically advanced with

the rise of digitalization. Considering the massive amounts of data generated across the

agricultural value chain, suitable technologies making use of that data can create value in

the form of improving e�ciency of operations, boosting crop yield and production quality,

optimizing use of inputs, etc.

The current section �rstly introduces some IoT concepts and the journey from single

IoT devices to smart farming, followed by an overview of an IoT-enabled solution combining

two existing solutions, and �nally presents some bene�ts and challenges that arise from

incorporating IoT into the Indian agriculture.

4.3.1 Theoretical Base

The origins of Internet of Things (IoT) date back to 1926, when Nikola Tesla introduced the

implications of wireless. More recently, in 1999, Prof. K. Ashton �rst coined the term of IoT

at Procter & Gamble, where a supply chain tracing solution was envisioned (Ashton, 2009).

Ever-since then, IoT has been the major exponent of the next chapter in the evolution of

the internet, representing an emerging topic of technical, social and economical importance.

In essence, IoT consists of the virtual world of information technology connecting and

integrating with the world of physical things. Under this premise, sensors and other similar

devices with computing capability and network connectivity are able to generate, exchange

and consume data (Rose et al., 2015). A fundamental factor to understand the technology

is that any IoT system is a system of systems. Hence, combining data from one system

with data from others creates value that disconnected systems are unable to create (Dunko,

Misra, & Robertson, 2017). Additionally, Porter and Heppelmann (2014) identify three

common elements to all smart connected networks, namely: (i) physical components, (ii)

smart components and (iii) connectivity components.

• Physical components. It refers to all hardware objects, such as the electronic and

mechanical devices of the systems.
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• Smart components. It includes sensors, software, data storage, embedded operating

systems, user interface, etc.

• Connectivity components. Encompasses all the elements that enable communication

between the product and the cloud (e.g., ports, antennas, networks, protocols)

Another key aspect to understand how IoT devices communicate and exchange data is

to examine the di�erent technical communication models. Based on the framework released

by the Internet Architecture Board (IAB), the four most common communication models

and their characteristics are explained below (Rose et al., 2015). Additionally, a visual

representation of the four di�erent communication models is illustrated in Figure 18.
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Figure 18: Visual representation of the four most common communication models in IoT. Adapted from
Rose et al., 2015.
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a. Device-to-Device (D2D) communication model, consists of two or more devices that

directly connect and communicate with one another, instead of through an intermedi-

ary application server. In this model, the devices can connect via IP networks or the

internet but it is a widespread practice to use protocols such as Bluetooth, Z-Wave or

ZigBee.

b. Device-to-cloud communication model, in which the IoT devices connect directly to an

internet cloud service like an application service provider, which is in charge of exchang-

ing data and controlling tra�c of messages. Usually common existing communication

instruments such as Ethernet or WiFi are used for connecting the devices to the IP

network, which later connect to the cloud. This model facilitates interoperability and

integration across devices designed for the speci�c platform.

c. Device-to-gateway communication model, or more widely known as device-to-application-

layer gateway (ALG) model. Simply put, it consists of an application software which

operates on a local gateway device working as an intermediary between the device and

the cloud service. This model allows for enhanced security and other functionalities

such as data or protocol translation. An example could be a device unable to connect

to the internet which generates data, relying on a smartphone app software that acts

as an intermediary gateway for connection with the cloud.

d. Back-end data-sharing model, refers to a holistic communication architecture that

enables users to access and export data gathered from various smart devices from a

cloud service. Fundamentally, this model extends the single device-to-cloud model

so that data in the cloud can be accessed by authorized third parties. Additionally,

Application Programming Interface (API) aim to achieve interoperability of smart

device data in the cloud.

Thus, IoT technologies have these and many other important underlying technical spec-

i�cations in their con�gurations, making them adaptable and scalable to multiple real life

scenarios across industries. For the agricultural sector, incorporating these technologies
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presents a new, revolutionary paradigm: precision agriculture. Also referred to as site-

speci�c Crop Management System (Gupta, 2018), it consists of using di�erent technologies

(e.g., various in-�eld sensors, satellite images, GPS data) to observe and record data with the

goal of improving production output while minimizing cost and preserving resources. Pre-

cision agriculture improves the production phase for farmers drastically, by incorporating

technologies that facilitate decision-making based on real up-to-date information, ultimately

leading to optimized crop production and sustainable resource usage.

Going even further, the step beyond precision agriculture is the so-called smart farming.

Smart farming involves the use of Information Communication Technologies (ICT), more

principally Internet of Things (IoT) and Big Data, as well as AI to enhance agricultural

activities. It depicts a farming management concept making use of the aforementioned

technologies, allowing to monitor di�erent crops as well as other related environmental,

soil, fertilization and irrigation conditions. Not only that, but also information such as

current market prices for commodities and inputs, weather predictions, etc. Consequently,

aggregated data from the various sources can be analyzed, ultimately leading to data-driven

decisions and automation of processes. Calculation of optimal routes for post-production

logistics, automated quality assessment, smart greenhouses, digitized services and more are

some examples of the applications included in smart farming.

The potential journey of integrating IoT in agriculture is depicted in Figure 19.

Sensegiving
• Explaining how business works to the IT 

Business partners  (immersion strategy)

• Con!irming: “ou IT guys are doing a great job and

making a difference”

Sensedemanding
• Requesting new metrics for AMPlify

• Demand analysis of the sales performance  

Sensebreaking
• Giving negative evaluations: “MyResults is wrong”  

• Mistrusting the results and data

• Alternative views: different targets

Internet of Things Precision agriculture Smart farming

Figure 19: From single IoT devices to Smart Farming, a system of IoT systems.

It illustrates how to move on from using single IoT devices for small, local insights

into systems with multiple interconnected devices for optimized crop production, into the
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ultimate smart farming step, with a system of systems which encompasses all phases of the

agricultural value chain, from the pre-production to the post-production.

4.3.2 Solution

We propose a solution that builds on two key building blocks that have currently existing

technologies as their underlying components. On one hand, there is Avanijal's irrigation

automation system, aimed at optimizing the use of water, labour and electricity. On the

other hand, Fasal's crop management platform records a variety of growing conditions on

the farm making use of di�erent IoT sensors and analyzes data generating insights for data-

driven decision making.

Thus, we envision a solution where the two aforementioned technologies are combined and

integrated. Prior to analyzing the layout of the joint solution, we examine the capabilities

of each solution.

Smart irrigation system for automation of irrigation makes use of Avanijal's technology.

Avanijal is a Bangalore based start-up born in 2014 to address the farmer's irrigation needs.

The system can monitor and control irrigation of a given land holding based on user's input

and conditions gathered by di�erent sensors on the ground. Moreover, the system is able

to consider weather conditions and future predictions to schedule irrigation times. On the

farmer's side, Avanijal's app allows the user to control the whole system remotely, receiving

real-time data to stay updated. Traditional practices in agriculture required to manage

irrigation conditions, water levels, and operate irrigation motors manually. With Avanijal's

technology, the system becomes smart and can be operated remotely from the controller

unit.

Crop management platform by Fasal, another Bangalore based startup, introduces an

IoT precision agriculture platform powered by AI. It allows to monitor crops and generate

predictions based on farm data, with the goal of adding value to the farming practices

by giving them data and analytics to grow better, and to grow more. The system uses

sensor-based devices for monitoring critical parameters like temperature, pressure, humidity,
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weather conditions, soil parameters, leaf wetness, etc. for farm management. The system

works by following the next four steps:

1. Sense. Di�erent groups of IoT sensors deployed in the �eld capture data and monitor

critical parameters, and then the data is uploaded into the Fasal cloud platform.

2. Analyze. The data is analyzed with their in-house built algorithms to present the

crop's and �eld's health to the user, accessible from any device.

3. Predict. The data in the cloud is processed by the prediction algorithm and predicts

ideal growth conditions, resource requirements, possible diseases, and other preventive

measures.

4. Act. The farmer is then ready to take data-driven decisions.

The system as of right now is able to operate with the following crops: grapes, pomegranate,

papaya, banana, tomato, chili and capsicum. Nonetheless, further developments will enable

the system to work with a wider variety of crops.

Smart agriculture solution is an integration of the two existing solutions that would build

a more holistic system empowering precision agriculture. The solution would thereafter allow

the farmer to have complete control of the production stage, being able to plan, monitor and

analyze all activities supported by data-driven insights. By supporting automated irrigation

and complete overview of all relevant parameters impacting the crop's yield, it makes it

possible to e�ciently manage resources and leads to an optimal crop yield.

The user would be able to monitor all relevant information by using the mobile app

accessible from any device with internet connection. The communication model used for the

system is a device-to-cloud communication model, allowing the devices to connect to the

cloud by making use of Low-Power Wide-Area Network (LPWAN) such as LoRaWAN. This

model ensures devices to operate reliably on low battery consumption with a long range for

communications. Table 10 illustrates the technology stack (Porter & Heppelmann, 2014) of

the solution for a better understanding of its components.
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Table 10: IoT technology stack for the crop management solution.

Layer Smart Agriculture solution

Content layer Plan, monitor and analyze all data
regarding crops and �eld conditions

Service layer Precision farming mobile app
SMS service

Network layer Device-to-cloud communication model
LoRaWAN, WiFI & Bluetooth networks

Device layer Sensor devices for �eld & crops
Motor control & irrigation valves

Hence, it can be said that the deployment of the proposed realistic solution based on

existing IoT technologies in India would bring more e�ciency and ultimately enhance the

operations of farmers in the production phase of agriculture. The technologies, nonetheless,

o�er the opportunity to broaden the scope of the operations and aim at impacting the whole

agricultural value chain by touching upon all operations of the activity.

To that end, we o�er a conceptual, envisioned farm-of-the-future potential scenario sup-

ported by Strydom and Buckley (2019) that could become a reality in �ve to ten years from

now, serving as a roadmap for future developments in the �eld.

The farm-of-the-future comes from the intersection and developments of ICT, IoT, Big

Data and AI technologies. In the future, these technologies will transform operations across

the agricultural value chain, from the moment when the farmer identi�es the optimal seed

varieties and optimal planting time based on soil properties, weather predictions and fu-

ture demand estimations, to the moment where the end consumer accesses all the traced

information about a certain product in the store. Furthermore, the production stage would

be operated by intelligent systems, with multiple advanced sensors and drones �ying over

the �eld for gathering data. In addition, potential diseases and de�ciencies on the crops

would be instantly detected making it possible to readjust the parameters. Finally, once the

product is harvested, the farmer would received the optimal price based on market data,

and the produce would then be shipped o� to food distributors using optimized routes and

minimized transaction costs. All the information gathered by these processes would be up-
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loaded to the cloud and analyzed by di�erent AI engines for optimizing and readjusting the

processes in future iterations. A scenario like this evidences the potential impact of these

innovative technologies in the agricultural sector.

This concept is something of which players in the industry are well aware of, as an expert

on agricultural IoT stated:

"We are planning for next 10-15 years down the line, that device selling is not

our main business (...) but that we are providing end-to-end solutions to the end

customer" (Bhosale, U., personal interview, April 21, 2020).

4.3.3 Bene�ts and Challenges

A brief summary of our �ndings regarding bene�ts and challenges of IoT technology adoption

for agriculture in India can be found in Table 11. The bene�ts and challenges are further

explained in the subsequent lines.

Table 11: Bene�ts and challenges for IoT adoption in Indian agriculture.

Bene�ts

[1] Sustainable resource usage
[2] Improved yield of crops
[3] SDGs impact

Challenges

[1] Lack of maturity of solutions
[2] Cost of technologies
[3] Interoperability/standards issues
[4] Lack of knowledge
[5] Security and privacy issues

The potential bene�ts of integrating smart technologies into the Indian agricultural prac-

tices come in many ways, but we highlight the following:

• Sustainable resource usage. By obtaining up-to-date conditions of the �eld through

the sensors and analyzing combined data from various additional sources, coupled with

automation of tasks and predictive analytics, an optimal usage of resources is achieved
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(e.g., water for irrigation, use pesticides, fertilizer, seeding and planting recommenda-

tions).

• Improved yield of crops. The functions facilitated by IoT technologies comprising (i)

smart sensing and monitoring, (ii) smart analysis and planning and (iii) smart control

ultimately lead to increased crop productivity (Wolfert, Ge, Verdouw, & Bogaardt,

2017). The rise in crop yield can amount to up 25 to 35% according to Bhosale

(personal interview, April 21, 2020).

• SDGs impact. Incorporating IoT technologies in the Indian agricultural scene will

certainly have a positive impact towards reaching the Sustainable Development Goals

(SDGs) developed by the United Nations (2020), namely: (SDG2) Zero Hunger, by

contributing towards the livelihood of the rural population in India by ensuring food

production, (SDG8) Decent Work and Economic Growth, by impacting communities

and improving the socio-economic situation and (SDG12) Responsible Consumption

and Production, by making a considerably more thorough use of resources, among

others.

However, IoT faces many issues and challenges that question the viability of large scale

adoption:

• Lack of maturity of solutions. A review of the literature evidences that current open

source IoT-based systems for irrigation are predominantly theoretical and have limited

proof of concept experiences. Furthermore, integration of the di�erent required tech-

nologies for building such systems is still not fully accomplished to this day (Kamienski

et al., 2019). This is not only exclusive to smart irrigation IoT solutions, but also for

the majority of IoT solutions. Despite the presence of big players in the industry such

as Amazon, Google or IBM, there is still no de facto IoT platform serving as a baseline

for smaller manufacturers. This further impacts the other constraints to IoT adoption.

• Cost of technologies. Despite the availability of inexpensive devices and low-power

wireless technologies, adoption of IoT continues to incur in considerable costs. Few
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functional solutions leads to few competition leading to low bargaining power of buy-

ers. On top of that, current solutions do not support a bring-your-own IoT device

principle, restraining interoperability and incorporation of newer, cheaper IoT devices

(Jayaraman, Yavari, Georgakopoulos, Morshed, & Zaslavsky, 2016). As suggested by

Bhosale (personal interview, April 21, 2020) marginal farmers who rely on a survival

economy rarely have the resources to invest on IoT. When they do, they face having

to acquire over-performing technology as IoT marketers focus on developing solutions

for larger farmers.

• Interoperability/standards issues. The lack of maturity of existing solutions evidences

another key issue. Integration between di�erent components (e.g. in-�eld sensors, com-

munication protocols, software, information models) requires industry-wide standards.

Furthermore, vendor-speci�c solutions provide low interoperability between devices of

the IoT ecosystem, reinforcing vendor lock-in.

• Lack of knowledge. Agriculture is predominantly a traditional sector. According to

Dev (2012), there is widespread lack of awareness regarding agricultural advancements,

especially for small and marginal farmers. This is further supported by an experienced

actor in the agricultural sector:

"In India, acceptance of technologies is not that much (...) they are not

familiar with the technology (...) we are pushing farmers to use this device

to bene�t them" (Bhosale, U., personal interview, April 21, 2020).

• Security and privacy issues. Vast amounts of data are exchanged through IoT activities,

which calls for the need of e�cient security mechanisms. Additionally, data ownership

is a major concern as connected devices have been proved to be easily traced and

hacked (Luthra, Garg, Mangla, & Singh Berwal, 2018). For ensuring security and

privacy of information, strict regulation should be put in place. Nonetheless, in India,

no such measure is found in the IoT draft policy (Chatterjee & Kar, 2018).
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4.4 A Women Cooperative

Technology is arguably one of the main drivers of organizational transformation and process

improvement. However, IT-related measures are often costly and time-consuming. In this

line, we propose our next solution building on principles of organizational structure and

governance. We argue that the envisioned solution is easier to implement given the reduced

costs and existing instances of successful cases in the area (see Samadhan & Bobade, 2016).

Furthermore, the envisioned solution will place its focus in the empowerment of women

in the rural sphere. There is strong evidence about the fact that "agriculture is becoming

increasingly feminized, as male workers are migrating to non-rural urban sectors" (Dev, 2012,

p. 8) and also "farmers' groups should have adequate representation of women farmers" (Dev,

2012, p. 22). By focusing on women, we not only improve the farmer's bargaining power

and synergies, but we also target an existing source of inequality (as per SDG goal 5: gender

inequality).

4.4.1 Theoretical base

Over the last decades, it is commonplace for organizational studies scholars to investigate

collectivist organizations and their e�ects, bene�ts and challenges (Schneiberg, 2013; Walder,

1988). The extant literature focuses on worker cooperatives. However, agricultural coop-

eratives come to the fore as agriculture is the main sector when it comes to cooperative

turnover (Ajates, 2020). Agricultural cooperatives aggregate the smallholder produce and

markets it collectively towards international and domestic markets, thus enabling economies

of scale and increasing bargaining power by allowing farmers to tap into higher-value markets

(Ajates, 2020). Authors in the �eld of collectivist organizations claim that social businesses

are articulated around the concept of empowerment instead of control. In this line, we build

on the Ghandian Sarvodaya ideology and identify four core pillars of empowerment (Datta

& Gailey, 2012) which set a baseline for our choice of agricultural cooperative, as depicted

in Figure 20.

In the Indian context, cooperatives have somewhat been encouraged by means of gov-
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Figure 20: Four principles of the Sarvodaya ideology applied to agricultural cooperatives.

ernment schemes that favor the participation in the small-scale industry (Mayoux, 1995).

Moreover, they have often been reliant on support from NGOs and donations have been set

up by more radical informal sector workers (Mayoux, 1995). Traditionally, there are three

di�erent types of agricultural cooperatives. The machinery pool, wherein farmers contribute

with money to acquire machinery to be shared among the members of the cooperative. An-

other type is the marketing cooperative, in which each farmer's produce is aggregated for

delivering it to the market and take bene�t of economies of scale. Lastly, the credit unions

gather farmers so that the organizations can reduce high transaction costs associated with

small loans and facilitate loan granting to small farmers.

On a di�erent note, there is evidence about the struggles of women to access agricultural

markets to sell their produce as compared to men in India (Datta & Gailey, 2012), despite

their large participation in the sector (Dev, 2012). In this line, a great deal of sociologists

consider the segregation of men and women in di�erent types of jobs as the main cause for

the gender gap(Reskin, 1988). However, evidence shows that this is not the only cause of

gender inequality. In a broader sense, we identify the main challenges that prevent women

to take a fair share in the labor market.
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• Mindset. There is still a large percentage of people � around 20% of men and 14% of

women (International Labour Organization, 2018) � who consider unacceptable that

women contribute to the house economy by taking on a paid job.

• Gender roles. This refers to the traditional stigmas created around the relation of

women and work. For instance, in India women farmers often still feel pressured to

take on precarious jobs to sustain their family, while their jobs are not recognized by

the male workers.

• Access to �nance. When it comes to female farmers, women are frequently regarded

as less prone to taking risks. Consequently, potential funders and investors might be

skeptical towards them and might deem an investment in their projects as high-risk, as

Kiran Mazumdar-Shaw �one of India's most successful entrepreneurs� expresses herself

(Korreck, 2019)

• Work-family balance. Traditionally, women have been in charge of childcare and clean-

ing or cooking tasks in their household. Nowadays, this stigma is still prevalent in many

societies and women shoulder the brunt of the above-mentioned tasks, often underval-

ued and taken for granted. Therefore, one of the main burdens for women in farming

is to keep a balance between work and family.

• Lack of transport. Especially in India, the absence of proper means of transportation is

a burden. Additionally, cases of sexual harassment and lack of safety are commonplace

and one of the causes of women pulled back from performing their professional activities

in the agricultural sphere.

• Networks and relationships. Masculine networking culture is prevalent in the corporate

and startup world (Korreck, 2019). In the agribusiness, not being part of such poses

a barrier to women's leadership as they miss out on opportunities to connect with

investors, traders, middlemen or like-minded farmers.

The current economic context provides with a wider range of opportunities for women
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to reduce the inequality gap (Budhwar, Saini, & Bhatnagar, 2005). Nevertheless, there are

still hurdles towards acquiring a steady state of gender equality. In order to overcome the

above-mentioned obstacles, Kabeer (1999) identi�es three dimensions necessary for a woman

to feel fully empowered. Accordingly, we illustrate a classi�cation hierarchy as depicted in

Figure 21. For a woman to move onto an upper level, it is required that the lower ones are

completely ful�lled.

  Access to resources
- Access to education

- Access to the labour market

 Agency
- Decision-making processes

- Negociation

Achievements

Figure 21: Pyramid of the challenges that women might encounter in their daily life.

In a nutshell, there are three main levels, namely: (i) access to resources, (ii) agency and

(iii) achievements. Each of the main levels is made up of di�erent categories, and a woman

with equal opportunities in the agricultural sector should meet all of them.

1. Access to resources. This dimension covers the basic needs for a woman to be able

to partake in the labor market. It includes access to material, social and human

resources. Hence, access to education (both basic and high) and access to jobs fall into

this category.

2. Agency. The agency dimension deals with the independence and freedom that a woman

enjoys and their interplay with patriarchal or family pressures. Even if a woman is given

the opportunity to choose and decide, it is necessary that she is actually in control over
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her own choices. Therefore, it involves everything from processes of decision-making

to negotiation.

3. Achievements. This dimension refers to the well-being outcomes. In other words, we

can refer to these as ways of being and doing. At this point, a main issue is faced: since

the concept of empowerment is dynamic, it becomes increasingly tough to quantify such

achievements.

4.4.2 Solution

The idea is to create a women-run cooperative in order to take advantage of economies of

scale and increase the farmer's bargaining power while favoring and empowering female rural

workers. Figure 22 illustrates how the cooperative reshapes the traditional functioning of

rural farming, and depicts the impact of the cooperative among the three di�erent stages of

the crop production value chain.
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Figure 22: Cooperative diagram

The cooperative organizational model comes into play in all three stages of the crop
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production value chain. In the pre-production phase (see Figure 22a), the aggregation of

farmers within the cooperative facilitates the input purchasing of e.g., seeds, pesticides and

irrigation as the bargaining power increases. Within the production stage (see Figure 22b),

there is an organized crop diversi�cation based on land properties and available resources

in order to optimize the land use. Furthermore, knowledge sharing between farmers takes

places as the model encourages collaboration rather than competition. In this phase, each

individual farmer, or family of farmers, is in charge of producing the crop. To that end, they

take on plantation preparation, seed selection, production and harvesting on their own.

Lastly, in the post-production phase (Figure 22c) the raw produce is carried to a major

collection center assigned to the farmer, owned by the cooperative and typically located

in a medium-sized village maximum 5 miles away from the farmer's holdings. Once the

produce from all the cooperative members assigned to that particular collection center is

accumulated, it is transported to a major collection center where cooperative workers clean

and grade the commodity to get it ready for its sale through a mandi or directly to a private

player.

Diving deeper into the speci�cs of the cooperative, there are some main design principles

that build upon Sarvodaya ideology which we would like to highlight:

• Collective ownership. It is a relatively �at, non-hierarchical and equity-based women's

organization. The sense is that the women feel both members and co-owners in the

organization. Each sister member has the �exibility to decide the extent to which they

participate in the cooperative. Major decisions as well as key posts are always subject

to democratic vote by each and every sister member.

• Cooperation. It is a must for the growth of the cooperative. Instead of competition, the

envisioned model encourages cooperation and knowledge sharing. Since the earnings

of each individual member are a function of the total produce collected (as the more

quantity the higher the bargaining power and the more economies of scale), members

support each other by sharing tips or even resources and maximize every individual's

production rate.
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• Pro�t-sharing. The aggregated produce is sold to private players or auctioned in man-

dis, and the di�erence between the sale income and the logistics expenses is the actual

cooperative pro�t. Thus, pro�t is proportionally distributed to the cooperative mem-

bers based upon the quantity of commodities produced.

• Self-reliance. Even if altruistic donations, government funds and Non-Pro�t Organi-

zation (NGO) support is welcome, the organization does not rely on external �nancial

sources for its development. Connected to the pro�t-sharing principle, some part of

the income is invested in trucks and logistics to improve the cooperative performance

while ensuring a fair paycheck for its members.

4.4.3 Bene�ts and Challenges

The main bene�ts and challenges of implementing our solution are outlined in Table 12.

Table 12: Bene�ts and challenges for a cooperative governance model in Indian agriculture.

Bene�ts

[1] Women empowerment, socially and economically
[2] Increased bargaining power
[3] Economies of scale: lower input and transportation prices
[4] Low implementation cost
[5] Easier access to credit
[6] SDGs impact

Challenges

[1] Risk of social acceptance
[2] Lack of democratic control by members (risk of con�icts)
[3] Need for education about cooperative �nance

Adopting a cooperative-based governance model for agriculture will potentially realize

major bene�ts not only in the economic sphere but also in the social one. The main ones

are outlined next:

• Women empowerment, socially and economically. By being a women-run cooperative,

female workers are directly involved in the decision-making process. This contributes
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to improving their ability to take control of their personal well-being and gaining social

acceptance from the male farmers as well as in the community.

• Increased bargaining power. Given the aggregation of farmer's produce at collection

centers, the traded quantities are higher and as a consequence the farmers experience

a higher bargaining power. Therefore, they acquire a power position whereby they can

in�uence traders and obtain a better price.

• Economies of scale. The cooperative, acting as a single body will need increasingly

higher quantities of inputs such as water, seeds or fertilizers so they can take advantage

of such economies of scale to negotiate a discount on the input purchase price. Likewise,

they can also improve their position when it comes to hiring services such as storage

and transport.

• Low implementation cost. Unlike other solutions proposed, setting up a cooperative

system requires mainly human resources and the actual monetary investments are low.

• Easier access to credit. Obtaining credit has often been pinpointed as one of the

main gendered constrains that prevents agricultural development in rural environments

(Tsige, Synnevåg, & Aune, 2020). We tackle such issue by enabling large groups

of farmers request credit as promotion of farmer groups facilitates access to credit

according to the study of Reddy, Chiranjeevi, and Syme (2020) in West Bengal.

• SDGs impact. The solution directly targets some of the speci�c SDGs (United Nations,

2020), in particular: (SDG2) Zero Hunger, by ensuring the demand of commodities is

satis�ed; (SDG5) Gender Equality, because the cooperative is run by women and this

contributes to empowering and reducing the existing gap; (SGD8) Decent Work and

Economic Growth, due to the pro�t-sharing model and the relationships built within

the cooperative and, lastly, (SDG13) Climate Action by optimizing crop growth and

sharing knowledge and machinery.
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However, there are some noteworthy risks that challenge the implementation of an agri-

cultural cooperative. We identify the most important ones:

• Risk of social acceptance. The envisioned model is in its majority made up of women.

This poses a risk as the agribusiness in India has traditionally been dominated by men

(Dev, 2012).

• Lack of democratic control by members. Due to the principle of shared ownership,

members are to take an active role in policy-making and setting decisions irrespective

of their �nancial or social status. However, there is a risk that the most powerful

members attempt to impose their opinion and break the democracy principle.

• Need for education about cooperative �nance. It is a must that the cooperative itself

is �nancially sustainable in the long run. To that end, it is critical that leaders and

members acquire the required capabilities to align the cooperative business model and

the �nance practices to ensure pro�tability.
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5 Analysis

In this section we build on a framework tailored to the analysis of value chains in developing

countries, in the pursuit of acquiring an integrated and holistic view on the IT-based solu-

tions previously described. To that end, we �rst describe the framework from a theoretical

viewpoint and secondly give some background on the SDGs as sustainability is a key pillar

of our research. Lastly, we apply the framework to the Indian context in line with our four

proposed solutions and asses their global impact in terms of sustainability. In line with the

heretofore explained methodology (refer to Section 2), we make use of the data obtained

from the existing literature, as well as from interviews and �eld trips to bring a relevant

analysis to the picture.

5.1 Theoretical Considerations about Value Chain Analysis

Producers in developing countries are increasingly required to operate in a cost-e�ective

manner, even if they often have to run against the �ow due to a lack of technological and

�nancial support (Dolan & Humphrey, 2004). Incorporation of small farmers to the value

chain can be seen as a challenge given the asymmetric power relationships they have to face.

However, it can also be regarded as an enabler of innovation and development (Trienekens,

2011).

In the following, we explain the theoretical base building on the work by Trienekens (2011)

about value chain analysis in developing countries. Trienekens is a scholar with broad expe-

rience in global value chain, with a special focus in developing countries. His contribution

to the literature integrates previous �ndings and puts them together in a framework tai-

lored to developing country value chain analysis. Figure 23 depicts the value chain analysis

framework and outlines its three main stages.

The entire process begins with an identi�cation of the constraints inherent to the value

chain. The former is followed by an in-depth analysis which studies opportunities and

existing situation. Lastly, the value chain upgrading options are to be de�ned by taking into
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Figure 23: Value chain analysis framework. Reprinted from Trienekens, 2011, p. 60.

consideration the previously identi�ed constraints. To further detail the aforementioned

steps, we break the framework down to elaborate on each of them.

5.1.1 Value Chain Constraints

This stage of the framework involves identifying the main concerns that hinder the develop-

ment of the value chain. In this line, Trienekens (2011) identi�es three groups of constraints:

market orientation, infrastructure and resources and institutional voids.

The �rst is market orientation. In words of Narver and Slater (1990) it is de�ned as "the

organization culture that most e�ectively and e�ciently creates the necessary behaviors for

the creation of superior value for buyers and, thus, continuous superior performance for the

business". In this line, Trienekens (2011) identi�es three types of market orientations as

depicted in Figure 24. Type 1 (Figure 24a) refers to a system dominated by a large number

of marginal farmers with traditional production systems, selling a large volume of produce to

local low-income markets. Typically, the this system chains are long and value is lost along

the way due to the high number of middlemen involved. In constrast, type 2 (Figure 24b)

actors are typically small and medium farmers often aggregated within cooperatives with a

higher bargaining power. The total volume of produce is considerably lower, but given the

lower amount of intermediaries the value delivered is higher, often targeting local middle-
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high income markets such as supermarkets. Lastly, type 3 (Figure 24c) is often known under

the name of export chain. Fewer, larger and more integrated actors sell their produce to

export markets. They aim to bene�t from economies of scale and direct foreign investments

to deliver smaller volume of produce but adding more value than in the previous cases.
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Figure 24: Economic market orientation types in agricultural value chains.

The second constraint is related to access to infrastructure and resources. The former

refers to the availability of an adequate distribution and communication infrastructure to

access the market, while the later involves both physical and non-physical resources. As

indicated by Giuliani, Pietrobelli, and Rabellotti (2005), the main resource constraints in-

clude everything from availability of technology and �eld-related developments, access to

input materials and credit as well as to availability of educated/skilled labor and access to

knowledge.

The last constraint considers institutional voids. According to the de�nition by Mair and

Marti (2017), the term refers to �situations where institutional arrangements that support

markets are absent, weak or fail to accomplish the role expected from them�. For instance,

government legislation can pose a barrier for technological development by hindering access

to credit. Following the premises of institutional theory (Scott, 2014), we consider that such

voids can be created by three types of institutions: regulative (i.e., legislation), normative

(i.e., business practices and rules), cognitive (i.e., culture and values).
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5.1.2 Value Chain Analysis

The full analysis of the value chain compresses the study of three factors identi�ed by

Trienekens (2011) as characterizers of a value chain: network structure, value added and

governance form.

The �rst main unit of analysis is the network structure. A value chain is a complex

network of interrelations between actors. In its simplest form, there are two dimensions:

a vertical dimension that refers to the di�erent tiers across the supply chain (suppliers

and customers, from primary producer to end-consumer), and a horizontal dimension that

indicates the di�erent interactions of actors within each tier. Such dimensions are depicted

in Figure 25. In the agricultural value chain, vertical relationships may follow all the stages

of the value chain and/or skip some (for example the interplay between traders and farmers

in direct sales). Likewise, horizontal relationships can take place in many di�erent ways,

from farmer cooperatives or trade unions to middlemen collusion to �x prices.

Figure 25: Generic network structure. Reprinted from Lazzarini et al., 2001, p. 7.

The second unit of value chain analysis refers to the value added. Value added is created

across the stages of the supply chain, a�ecting both production and distribution, and it is

measured in terms of e�ciency and the end-consumer willingness to pay (Trienekens, 2011).

According to Kaplinsky (2000), value can be added in �ve major ways:

• Trade-related value. Related to actions along the lines of trade policies.
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• Technological value. Related to a diligent command of technologies and innovation.

• Organizational value. Related to management practices.

• Relational value. Related to networks and cooperation.

• Branding value. Related to brand name prominence.

How value is captured wihtin the aforementioned forms is speci�c to each supply chain and

each stage and actor involved. The objective is to maximize the value added so that the

actors bene�t from enhanced capabilities and diligence.

Lastly, governance form is the third unit of analysis for value chains. There is a variety

of forms in which value chains are organized. Nevertheless, Gere�, Humphrey, and Sturgeon

(2005) identify three main factors that shape the structure of such chains. These are: (i)

the complexity of information and knowledge necessary to perform a particular transaction,

(ii) the ability to codify and communicate successfully such information along the parties

who take part in the transaction and (iii) the capabilities of the supply base with regard to

the requirements of the transaction. As a result, they categorize the governance forms in

a supply chain in �ve di�erent categories: market, modular, relational, captive and hierar-

chical, which dive into the power position and dependency relationships in the value chain

(Trienekens, 2011). On a sidenote, from a transactional viewpoint Trienekens (2011) states

that "governance forms range from (spot) market relationship, through hybrid governance

forms (e.g. contracts) to vertical integration or hierarchy (meaning bringing the activities of

various companies together within one legal entity)".

5.1.3 Value Chain Upgrading

The last stage of the framework is called value chain upgrading. We build upon the de�ni-

tion of McDermott (2007) that de�nes upgrading as �the shift from lower- to higher-value

economic activities by using local innovative capacities to make continuous improvements in

processes, products and functions�. In this line of work, we identify three upgrading options
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consistent to the aforementioned areas of analysis, that is: value chain network upgrading,

upgrading of value added production and upgrading of governance form.

When it comes to value chain network upgrading, it involves enhancing both the vertical

and the horizontal relationships. On the one hand, regarding the horizontal upgrading,

collaboration between partners includes joint acquisition of agricultural inputs, joint use of

facilities and joint marketing of products (Trienekens, 2011), leading to increased bargaining

power and a reduction of information asymmetries. On the other hand, vertical upgrading,

in simple words, consists in selecting the right channel and address an adequate market

which o�ers opportunities for increased value added.

Upgrading of value added production can take various forms according to the literature

review conducted by Trienekens (2011):

• Upgrading of products. It can refer to product quality, composition or even packaging.

• Upgrading of processes (process improvement, reduction of processing time, etc.).

• Functional upgrading (insourcing production or distribution functions).

• Inter-sectoral upgrading (where an actor adds value by participating in an activity of

a di�erent sector).

The �rst two are the most common ways of upgrading in developing countries, and take place

in various forms as it will shortly be shown. Functional and inter-sectoral upgrading, though,

occurs less frequently as the majority of agricultural producers in developing countries are

still commodity suppliers.

Lastly, regarding the upgrading of governance form, it involves the improvement of the

existing structure to increase the e�ciency across various stages of the agricultural supply

chain. Nowadays in modern chains there is a clear tendency towards eliminating middle

parties and increasing collaboration between actors in the value chain, thus facilitating an

improved �ow of products and information.

In a nutshell, Figure 26 shows the interplay between the three aforementioned upgrading

options for a developing country value chain. Essentially, it illustrates how all the three
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options are closely intertwined. The production of value added only makes sense when there

is a market to target. The organizational arrangements determine the distribution of value

added across di�erent actors. Accordingly, such arrangement are dependent upon the market

addressed.
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Figure 26: Interplay between upgrading options in developing countries.

5.2 Theoretical Considerations about SDGs

The United Nations (2020) unveiled in 2015 the so-called Sustainability Development Goals

(SDGs) in the United Nations General Assembly. They comprise a set of 17 di�erent goals

that aim to be a "blueprint to achieve a better and more sustainable future for all" (United

Nations, 2020). The United Nations (UN) resolution envisions the achievement of all such

goals by 2030. Their completion is measured by means of publicly accessible KPIs based on

readily available data. With illustrative purposes Figure 27 shows the aforementioned goals.

Furthermore, we shortlist all the 17 goals and give a brief explanation of each and every one

of them (United Nations, 2020) to further assess the impact of our solutions with regards to

sustainability.

1. SDG1: No Poverty, "End poverty in all its forms everywhere".

2. SDG2: Zero Hunger, "End hunger, achieve food security and improved nutrition, and

promote sustainable agriculture".
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Figure 27: A diagram listing the 17 Sustainable Development Goals. Reprinted from United Nations, 2020.

3. SDG3: Good Health and Well-being, "Ensure healthy lives and promote well-being for

all at all ages".

4. SDG4: Quality Education, "Ensure inclusive and equitable quality education and pro-

mote lifelong learning opportunities for all".

5. SDG5: Gender Equality, "Achieve gender equality and empower all women and girls".

6. SDG6: Clean Water and Sanitation, "Ensure availability and sustainable management

of water and sanitation for all".

7. SDG7: A�ordable and Clean Energy, "Ensure access to a�ordable, reliable, sustainable

and modern energy for all".

8. SDG8: Decent Work and Economic Growth, "Promote sustained, inclusive and sus-

tainable economic growth, full and productive employment and decent work for all".
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9. SDG9: Industry, Innovation, and Infrastructure, "Build resilient infrastructure, pro-

mote inclusive and sustainable industrialization, and foster innovation".

10. SDG10: Reducing Inequality, "Reduce income inequality within and among countries".

11. SDG11: Sustainable Cities and Communities, "Make cities and human settlements

inclusive, safe, resilient, and sustainable".

12. SDG12: Responsible Consumption and Production, "Ensure sustainable consumption

and production patterns".

13. SDG13: Climate Action, "Take urgent action to combat climate change and its impacts

by regulating emissions and promoting developments in renewable energy".

14. SDG14: Life Below Water, "Conserve and sustainably use the oceans, seas and marine

resources for sustainable development".

15. SDG15: Life On Land, "Protect, restore and promote sustainable use of terrestrial

ecosystems, sustainably manage forests, combat deserti�cation, and halt and reverse

land degradation and halt biodiversity loss".

16. SDG16: Peace, Justice, and Strong Institutions, "Promote peaceful and inclusive so-

cieties for sustainable development, provide access to justice for all and build e�ective,

accountable and inclusive institutions at all levels".

17. SDG17: Partnerships for the Goals, "Strengthen the means of implementation and

revitalize the global partnership for sustainable development".

In order to assess the degree of completion of the aforementioned goals, the global indica-

tor framework was later adopted by the General Assembly on 6 July 2017 (United Nations,

2020). The global indicator framework includes 231 unique indicators (247 in total, but 12

are repeated). However, in our case we would build upon the bigger picture of the SDGs,

withouth diving deep into the actual goals as per UN de�nition. We aim to pinpoint in a
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qualitative manner how each of our proposed solutions (refer to Section 4) have a sustain-

ability focus. To that end we will further evaluate the degree of impact in relation with each

of the SDGs.

5.3 Value Chain Analysis of Solutions

5.3.1 Value Chain Constraints

In an attempt to identify the value chain constraints, we build upon previous theoretical

considerations. Accordingly, there are three types of constraints to be regarded, namely:

market orientation, infrastructure and resources and institutional voids.

As for the market orientation, the agricultural scene in India is made up of a majority

of small and marginal farmers, accounting for over 80% of the total agricultural primary

producers (Dev, 2012). Nonetheless, the total area operated by small and marginal farmers

falls under the 20% threshold. Upon such evidence and our personal experience in the rural

markets, we claim that the market orientation is overall described by the type 1 model

(Figure 24a) with tints of type 2 (Figure 24b) in some cases. In this line:

• Type 1. This market orientation is locally referred to as haats or primary markets.

They are held once or twice a week alongside the main roads of the localities in order

to make it accessible to the maximum number of farmers possible. The purchase of

produce is conducted in a very unorganized manner and the farmers selling in this

type of market are small and marginal, located in the rural areas surrounding the

haat. Commonly, they sell their produce to small retailers who will further sell it

to the non-rural population. Additionally, part of the produce not bought by the

retailers is purchased by intermediaries or larger farmers who will eventually �nd their

way towards the type 2 markets.

• Type 2. This market is typically known as mandi. These are regular wholesale mar-

kets that are held in a daily basis in government-designated areas. The commodities

purchased by intermediaries in the more local markets, as well as the produce coming
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from medium-to-large farmers is auctioned in the mandis and sold to local middle-high

income markets.

In a nutshell, the market orientation in the Indian agribusiness is characterized by the

high amount of primary producers (i.e., farmers) as well as the high number of middle-

men/intermediaries that capture value along the agribusiness value chain, thus contributing

to a reduction in the pro�t obtained by the farmer.

Diving into infrastructure and resources there are a handful of constraints that limit the

e�ciency of the agribusiness value chain in the Indian context.

• Lack of knowledge. Most of the small producers are sons of farmers who rely on

traditional techniques and do not really have information or technical knowledge about

high productivity practices. In the words of an agriculture investor and big farmer:

"The agriculture sector is going to boom, but farmers are not able to under-

stand this particular hint. (...) Unfortunately, the other group [non-educated

farmers] are not able to grasp the full opportunities in the sector" (D. Kam-

ble, personal interview, May 5, 2020).

• Lack of cold-storage facilities for perishable goods. It is commonplace that a great deal

of the total production of staples is disposed of due to the lack of appropriate stor-

age facilities. Investment in such infrastructure could arguably bring about increased

bene�ts to farmers.

• Reluctance to embracing new technologies. There is a widespread attitude against

modifying the status quo. When asked about why it is di�cult to bring technology

onto the farming industry to the VP of sales of an AI-powered farming company in

India, Intello Labs, the answer is blunt:

"Sometimes, it's just the way bureaucracy works: 'This is not coming from

my boss. And hence I don't care'. Some other times, the guys are just lazy :
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'why should I do this?'" (M. Ramakrishnan, personal interview, March 26,

2020).

• Di�cult access to credit. Even when willingness to embrace technology exists, credit

terms o�ered to small farmers are very stringent and discouraging. Not only do farmers

have di�culties in accessing credit for technological development, but also for buying

agricultural input such as fertilizers or irrigation.

The third and last type of constraint refers to institutional voids. As supported by our

theoretical considerations, there are three types of institutional voids which can shape the

natural development of the agribusiness in India.

• Regulative institutional voids. The main legislation and policies e�orts have been

adopted in the form of input subsidies, rather than investment in R&D or educational

programs for the farmers. We identify this as a regulative malfunction, as the gov-

ernment position has contributed to a wasteful use of resources due to their reduced

price rather than fostering innovation and development. Conversely, other Asian gov-

ernments such as the Chinese or Japanese have focused their e�orts in bringing devel-

opment and investment into their rural areas.

• Normative institutional voids. Within the business practices, there is a widespread

lack of transparency and information asymmetries among actors in the value chain are

embedded in the agribusiness culture. This is a speci�c characteristic of the business

relationships of the sector in India which, therefore, implies a limit to the �ow of goods

and information and reduces the value captured across the stages of the value chain.

• Cognitive institutional voids. The commonplace practices rely on traditional methods

inherited from older generations of farmers. From land preparation to irrigation and

harvesting, non-educated farmers fail to grasp the bene�ts of high-yield techniques and

resource-saving practices that are commonly used by more skilled and trained farmers.

To conclude, all the three identi�ed constraints shape the value chain upgrading options

for the agribusiness in India. In this line, Figure 28 depicts the interplay between the three
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constraints. There is a bidirectional relationship between the market orientation and the

institutional voids: the market type in�uences the nature of the institutional voids, while

these enable and promote one particular type of market. Further, the market conditions

and the institutional misalignments shape the de�ciencies when it comes to resources and

infrastructure.

Sensegiving
• Explaining how business works to the IT 

Business partners  (immersion strategy)

• Con!irming: “ou IT guys are doing a great job and

making a difference”

Sensedemanding
• Requesting new metrics for AMPlify

• Demand analysis of the sales performance  

Sensebreaking
• Giving negative evaluations: “MyResults is wrong”  

• Mistrusting the results and data

• Alternative views: different targets

Market orientation

Type 1 & type 2

Institutional voids

- Regulation

- Lack of transparency

- Traditional techniques

Infrastructure and resources 

- Storage facilities

- Access to credit

- Lack of knowledge

- Reluctance to new 

technologies

Figure 28: Value chain constraints relation.

5.3.2 Value Chain Analysis

The second step required for developing a framework for the analysis of value chains in

developing countries involves the study of three characterizing elements, namely: (i) network

structure, (ii) value added, and (iii) governance form. Analyzing them allows to get a better

understanding of the current situation and provides an opportunity to identify opportunities

for improvement.

• Network structure. Any value chain is inherently a network of horizontally and ver-

tically interrelated actors working towards a main goal, which in this case consists

of providing end consumers with agricultural products. A high-level, generic network

structure of the Indian agribusiness value chain is shown in Figure 29. Horizontal in-

teractions in the �rst stage, often involving small and marginal farmers, consist mainly

of aggregating the harvested crops by di�erent farmers in order to increase their bar-

gaining power coming into the mandis, as well as the transactions taking place at the

haats. More sophisticated interactions comprise arranging cooperatives or setting up

trade unions.
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Sensegiving
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• Con!irming: “ou IT guys are doing a great job and

making a difference”

Sensedemanding
• Requesting new metrics for AMPlify

• Demand analysis of the sales performance  

Sensebreaking
• Giving negative evaluations: “MyResults is wrong”  

• Mistrusting the results and data

• Alternative views: different targets

Farmers

Mandis (APMCs)

Processors

Retailers

Other stakeholders

(NGOs, governmental 

agencies, researchers)

Figure 29: Generic network structure of the Indian agribusiness value chain.

The next vertical stage encompasses selling the produce to traders, often carried out

through the mandis. At this stage, there is a high number of intermediaries involved.

The horizontal interactions at this level include �xing prices among commission agents

and lobbying to preserve their interests, often supported by the prevalent lack of trans-

parency. The abundance of middlemen in this stage instigates a highly ine�cient pro-

cess, which largely impacts the income received by the farmers and adds minimal value

to the goods being processed. In the words of an experienced investor and farmer:

"So, this is the big di�erence, the farmer gets only 40% of the cost which

is being paid by the end user for that particular product." (D. Kamble,

personal interview, May 5, 2020).

Vertical relationships may follow all stages or may skip some. For instance, there are

mechanisms such as contract farming that allow to connect the farmer directly with

traders and food processors. This practice consists of an agreement made between

a farmer and a buyer which establishes conditions for the production of agricultural

products, and has gained popularity over the past few years. The other stages of

the network structure are not strictly relevant to this research, thus we do not place

excessive focus on them. Lastly, is it noteworthy to mention that on top of the afore-

mentioned stages there are some non-value chain parties (e.g., NGOs, public-private
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partnerships, educational centers, governmental agencies, researchers) that shape the

dynamics of the network structure, both the vertical and horizontal dimensions.

• Value added. Value addition can be generated at any stage of the value chain and may

involve the interaction of di�erent actors. The way and the amount of value added

to certain goods or services is inherent to every speci�c scenario, hence, it is key to

understand the factors driving the end customer's willingness to pay. An overview of

some of the main activities generating value added in the Indian agricultural value

chain and their classi�cation in the �ve value adding categories is depicted in Table 13.

Table 13: Di�erent instances of value addition in the Indian agricultural value chain sorted by categories.

Value adding category Instances

Trade-related value eNAM, government schemes, exports
Technological value HYV technologies, farm mechanization, ICT
Organizational value Aggregation of produce, labor management
Relational value Contract farming, cooperatives, trade unions
Branding value Organic labels, quality assurance certi�cates

• Governance forms. The governance form of the chain is highly dependant on the

power and bargaining position of actors. Value chains in developing countries are

characterized by a prevalent uncertainty, derived from poor physical and institutional

infrastructures, unfavorable trade conditions and unstable political and social condi-

tions (Trienekens, 2011). Likewise, the Indian context represents a situation where

small and marginal farmers, which account for over 80% of the total producers (Dev,

2018), largely depend on downstream actors such as middlemen, transporters, traders,

credit providers and more. Additionally, trust plays an important role in a�ecting both

vertical and horizontal relationships. From the literature and our on-site experience,

it is reasonable to state that lack of transparency and information asymmetry are two

factors that damage the interaction across horizontal and vertical dimensions.

According to the degree of power asymmetry, dependency relationship and explicit

coordination, we rank the Indian agribusiness governance form as captive. The buyers
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have control over the sellers and generally, the sellers have no alternatives besides being

forced to sell under unfavorable conditions. This is further supported by an observation

of a knowledgeable agricultural investor and farmer:

"What the trader does is he brings the farmer into the problem. They say

no, no. You have to sell it at this price. The quality is not good. This is

not good (...) The trader is forcing the farmer to sell it at a lower price" (D.

Kamble, personal interview, May 5, 2020).

5.3.3 Value Chain Upgrading

Lastly, we tap into our proposed solutions in the agribusiness context and elaborate on how

they are valuable and the role they play in upgrading the existing value chain. Thus, we

connect our solutions with the di�erent types of upgrading options: value chain network

upgrading, upgrading of value added production and upgrading of governace form.

As for the value chain network upgrading, we have proposed a cooperative arrangement

between small farmers (refer to Section 4.4). This collaboration among horizontal partners

includes value added in activities such as joint purchase of input, joint knowledge transfer

and joint use of logistics. In a larger scale, the establishment of small farmers' associations in

rural areas of India shall arguably lead to an entire development of the region, as suggested

by Fisman and Khanna (2004).

As enablers of upgrading of value added production, based on our proposed solutions, we

identify the AI-Powered Sorting Machine Integration (refer to Section 4.2) and the imple-

mentation of IoT Technologies for Farm Management (refer to Section 4.3). On one hand,

integrating the AI-powered sorting machines into the mandis for food assaying, sorting and

packaging fosters the upgrading of existing processes. On the other hand, promoting the

use of di�erent IoT technologies will result in upgrading multiple farming practices, with

the consequent upgrading of products produced by these means. This goes in line with the

comments provided by the VP of a Bangalore-based technological start-up:

"One of the ways to bring that value addition is to do this sorting grading before
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it goes into the trade."(M. Ramakrishnan, personal interview, March 26, 2020).

Lastly, the supply chain solution (refer to Section 4.1) ties in with the upgrading of

governance form option. The envisioned system adds transparency along the supply chain,

thus reducing information asymmetry between the actors involved. Therefore, we propose

a shift from a captive governance form dominated by middlemen and intermediaries to a

shorter chain (less actors) and more direct transactions, that is, a modular governance form.

In this, information related to each activity is transferred (often digitized) and passed along

the supply chain in a more e�cient and transparent manner.

That being said, we acknowledge that a particular solution does not necessarily a�ect

solely one speci�c upgrading option, as we have presented. In reality, this is not as simple

and a solution will make an impact to some extent in the other options as well. To illustrate

this e�ect, Table 14 shows a qualitative measure of the degree of impact of each solution.

Table 14: Impact of solutions in each of the upgrading options.

Upgrading option
Solutions

Cooperative AI IoT Supply Chain

Network structure H L L M
Value added L M H M
Governance form H M L H

Note. H = High, M = Medium, L = Low.

5.3.4 Value Chain Overview

To conclude, we propose Figure 30 as a summary overview of the value chain analysis per-

formed, applied to the case of the Indian agribusiness. On the left hand side column, we

shortlist the main value chain constraints. The next two columns dive into the actual value

chain analysis (i.e., elaboration on the network structure, value added and governance form of

tha chain). Lastly, the right-most column includes the value chain upgrading options, based

on our previous identi�cation of solutions to improve the state of the Indian agribusiness.
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Figure 30: Value chain overview, depicting the main features of the agribusiness value chain in India.

5.4 SDGs Impact Assesment

In the present subsection we aim to o�er an assessment of the impact that the proposed

solutions will have towards the realization of the Sustainable Development Goals. For that

end, we have developed a dashboard, as depicted in Figure 31, which illustrates the relation-

ship between each solution and its degree of impact on the di�erent SDGs. Note that we

consider three levels of impact for the classi�cation: a broad impact is marked with a big

dot, a narrow impact is marked with a small dot, and little-to-no impact means no dot at

all.

We strongly believe that integrating this solutions in the Indian agricultural sector will

greatly improve the likelihood of creating more sustainable practices. From this classi�cation,

we highlight the positive impact for (SDG1) No Poverty, (SDG2) Zero Hunger, (SDG8) De-

cent Work and Economic Growth and (SDG9) Industry, Innovation and Infrastructure. The

solutions additionally tap into other SDGs (e.g. (SDG10) Reduced Inequalities, (SDG12) Re-

sponsible Consumption and Production, (SDG13) Climate Action), even though the impact

is signi�cantly lower.

All in all, it can be said that all solutions promote enhanced sustainable practices by

supporting a "blueprint to achieve a better and more sustainable future for all" (United

Nations, 2020).
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Figure 31: Assessment of the impact of the proposed solutions in SDGs.
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6 Discussion

In this section we discuss some key points of our thesis based on the in-depth scrutiny of

our solutions. We �rst elaborate on the main �ndings and recommendations as a result of

our analysis. We conclude the section giving some insights into the practical and theoretical

implications of our research.

6.1 Findings and Recommendations

Having presented our four solutions and have them undergo an in-depth analysis, we now

outline our e�orts in giving response to our research question:

Research question How to bring IT-enabled development for sustainability in Indian

agriculture?

In the pursuit of ensuring coherence along the thesis, we have laid the groundwork for

our study by diving deep into the theoretical considerations of the underlying technologies

and principles behind each of our proposed solutions. To that end, we have used theoretical

groundings on supply chain, AI, IoT and cooperative organizations as well as deeper insights

into developing country value chain analysis and SDGs. The outcome of the theoretical base

is a set of four solutions, as presented in Section 4 followed by an integrated analysis of them,

conferred in Section 5.

The �rst solution (Section 4.1) purports to establish a new supply chain by eliminating

middlemen and streamlining operations and logistics. This new model of supply chain, not

common in the agricultural scene in India, may be managed by private organizations and

ideally further supported by government schemes. The solution relies heavily on optimization

and prediction algorithms to increase the operational e�ciency along all the stages of the

supply chain. Furthermore, it reduces information asymmetry between actors and brings

transparency to the process from end to end. As a direct result, the farmer, in partnership

with the supply chain organization will get better prices for their produce as the chain is

shorter (meaning that value is not spread across as many intermediaries as in the existing
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model in India). In line with our analysis framework, we argue that this is an example of

an upgrading of the governance form within the value chain and we assess its sustainability

impact by elaborating on how it address the SDGs to some extent, with a special focus on

SDG2 (Zero Hunger), SDG9 (Industry, Innovation and Infrastructure) and SDG13 (Climate

Action). That being said, there are some major challenges to overcome in order for this

model to be successful: high �xed cost to set up infrastructure (i.e., warehouses, trucks,

etc.) and the uncertainty regarding the functionality of the algorithms for price and demand

estimation and route optimization. However, we have evidence of several small to medium-

sized private organizations in the country (e.g., Ninjacart, Crofarm, Krishihub among others)

which are already operating a similar model as the one we propose.

In second place, we propose an AI-powered sorting machine for the farmer's produce

(Section 4.2). Such machine builds on image recognition in order to classify and pack the

commodities brought by the farmers to the mandis. An already operative prototype has

been put into the market by Intello Labs, with the promises of standardization of quality

assessment and as an enabler for market integration and expansion (i.e., potential traders

do not need to physicaly be present to assess the quality of the produce in order to buy

it). According to the analysis framework, this solution is an example of upgrading of value

added production as it improves the e�ciency of an existing process together with the prod-

uct itself (higher quality is ensured). Regarding the impact on sustainability, the main SDGs

addressed are SDG8 (Decent Work and Economic Growth), SDG9 (Industry, Innovation and

Infrastructure) and SDG12 (Responsible Consumption and Production). We also acknowl-

edge that further research is to be made on how to make the technology available to the

lower-end of farmers as well as how to raise trust and awareness on the traders' side.

The third solution that we suggest is an IoT-based farm management system (Section 4.3).

Its main functionality is twofold: an irrigation system coupled with a crop management

platform. The solution requires the integration of sensors in the farm with a digital platform

that enables communication between the system and the farmer. With the promises of a

reduction in resource wastage and improvement in crop yields, the solution is yet another

100



6 Discussion Antonio Grille and Jon Santillan

example of upgrading of value added production. Furthermore, the sustainability impact is

more straightforward as one of the main functionalities is a more frugal use of resources, hence

addressing primarily SDG2 (Zero Hunger), SDG8 (Decent Work and Economic Growth) and

SDG12 (Responsible Consumption and Production). Once again, the economic viability of

the solution is uncertain and making it a�ordable to the lower-end of producers is a challenge.

However, a case study of the company Fasal and an interview with an experienced employee

throws light on how the concept is being implemented and results in success stories.

Lastly, we divert slightly from the pure technological focus to propose a women-run

cooperative (Section 4.4) to increase the farmers' bargaining power as well as gearing towards

a gender equality approach. We recommend the establishment of farmer groups in the form of

a cooperative, in order to optimize the purchasing of inputs (e.g., fertilizers, irrigation, seeds)

as well as further activities (e.g., harvesting and logistics), while encouraging knowledge

transfer among members. As per our value chain analysis, this is an instance of upgrading of

network structure between farmers. Given the fact that the cooperative is run by a majority

of women, not only do we address directly SDG5 (Gender Equality), but also others such

as SDG2 (Zero Hunger), SDG8 (Decent Work and Economic Growth) and SDG13 (Climate

Action) by improving the livelihood of farmers with a focus on climate action. In this line,

there is a major success story from the dairy cooperative Amul, that operates all across

India. However, we pinpoint added challenges such as how to leverage the role of women

and its social acceptance in the farmers' community.

As a summary, we draw on Table 15 to indicate how the solutions proposed address the

previously identi�ed challenges and key opportunity areas (refer to Section 3.5).
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Table 15: Challenges and key opportunity areas to Indian agriculture, and how our solutions address them.

Challenge
Recommendation

Sol1 Sol2 Sol3 Sol4

Irrigation and water management
Lack of infrastructure
Credit constraint
Research and technology fatigue
Falling investment
Unfavorable terms of trade
Collusion and illegal cartels

Key opportunity area

Technological change
Rise in productivity
Sustainable growth
Diminish degradation of natural resources

6.2 Implications

Our main aim in this thesis is to address the issue of technological fatigue and social inequal-

ities in the Indian agribusiness. We have done so by proposing four solutions and further

analyzing them in the Indian context, grounded by both theory and direct observation.

The �rst major practical implication is that we provide a fully-developed instance of

a developing global value chain analysis by tapping into technology-based solutions to the

Indian agribusiness problems. This contribution is important due to the lack of existing

literature addressing the matter, as many authors pinpoint some theoretical recommenda-

tions that lack of empirical and in-�eld evidence. We cover these de�ciencies by contrasting

our solution with real case studies and success stories that set an example of striving for

technological development in agricultural India.

The second implication is the fact that our contribution to the literature bridges the

existing gap between technology fatigue and agriculture. In contrast with other neighboring

developing countries such as China, India relies on traditional methods and ine�cient prac-

tices. With our solutions, we not only aim to solve these ine�ciencies but also prepare the
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ground for further technological development.

A third implication is the contribution towards identifying major pitfalls that hinder the

development of the agribusiness. We validate our points not only by means of theoretical

research but also from direct evidence from experts and actors, as per discussed in our

interviews.
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7 Conclusion

In this section we identify some key limitations that we found throughout our thesis journey

and later propose future research suggestions that address the limitations of our study.

Lastly, we conclude our thesis by simply restating out thesis statement.

7.1 Limitations

The ideal research is based on a perfect representation of the real world. However, this is

often not the case due to the complexity and subjectivity involved in observing such reality.

In this thesis, in addition to reviewing the literature for data collection, we have opted for

�eldwork, immersing ourselves in the country, its culture and its people, in order to better

understand the issues we have investigated. In pursuit of that goal, we have interacted with

multiple local actors who participate in the Indian agricultural sector. Despite these e�orts,

we acknowledge that there are certain limitations inherent to our data collection methods.

For instance, we have had limited interaction with small and marginal farmers, mainly due

to language barriers. Gathering their �rst-hand perspectives would certainly add value to

the thesis.

Furthermore, we acknowledge that interviewing actors from the private sector in relation

to mechanisms for improving the agribusiness might be biased towards criticism of govern-

mental support. Interviewing governmental agents could have possibly countered this issue,

however, the bureaucratic nature of Indian institutions made it di�cult to reach out to them.

On another note, focusing solely on IT as the enabler of technological development and

innovation neglects other important elements such as farm machinery and equipment, which

are undoubtedly instrumental for improving the issue at hand, that is, improving the produc-

tivity of Indian agriculture. Moreover, and in close relation to the issue mentioned above, we

focused our study only on the analysis of viable solutions regarding the technological needs,

without addressing the �nancial and institutional considerations related to them.

Lastly, notwithstanding that qualitative methods were deemed the most appropriate for
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the purpose of this research, we realize that a limitation of the thesis could be the lack of

quantitative research in order to produce interesting insights. Di�erent mechanisms used for

that purpose could have been surveying the willingness to adopt the di�erent solutions, or

using data visualization tools to �nd patterns on public investment impacting GDP growth,

the relation of subsidizing inputs and agricultural production, funding on agribusiness star-

tups, etc.

7.2 Future Research

Future research must be carried out in order to unlock the potential of technological de-

velopment in Indian agriculture. Future �eldwork could aim at eliminating the limitations

present in this thesis in order to obtain a more holistic perspective. Studying the viability

and implementation of the proposed solutions in this thesis, interviewing farmers in rural

areas, partnering up with governmental agencies for collaboration or analyzing new farm

machinery and their e�ect on agricultural output are some of the approaches for achieving

so.

Researchers should also address the implementation of di�erent solutions that make use

of existing technologies. Building on success stories particular to the Indian agricultural

context, what knowledge can be extracted in order to apply it to di�erent use cases? In

addition, successful use cases from other developing countries should be applied and studied

in India.

Additionally, practitioners need to stay up-to-date with the newest technologies. In a con-

stantly evolving technological environment, signi�cant advancements take place on a regular

basis. Therefore, it is crucial to consider the latest technological trends and their application

in the agribusiness area. Some of the most promising breakthroughs in agriculture will likely

come from biological and agricultural engineering, as well as further developments in the

IoT and AI �elds.

Lastly, e�orts should be made towards bridging the gap between research and practice.

Indian agriculture needs action to happen, not only to be written. Therefore, it is imperative
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for that knowledge to be brought into the �elds.

This thesis concludes our work in this speci�c area for now. With the turbulent times

the world is facing at the moment, only time will tell if we will be able to further work on

this �eld. One thing is for sure, Indian agriculture faces its biggest opportunity in years,

and IT-enabled technology development, coupled with the sustainable principles, are major

components of the solution.

7.3 Conclusion

"If the farmer is rich, then so is the nation" (Kalantri, A., Wealth of Words,

2012).

Agriculture is the backbone of Indian society and it plays a pivotal role in the economy.

Notwithstanding the steady agricultural growth achieved throughout the last decades, the

current situation of Indian agriculture evidences an increased gap in social inequalities across

the country and severe technological fatigue, posing a risk to the livelihood of broad sectors

of the population.

In light of these and several other issues, and counting on the competencies we have

acquired throughout our studies, in this thesis we have aimed to examine how IT-related

solutions can bring sustainable development to the Indian agribusiness.

To that end, we �rst o�er an overview of the agricultural sector, by presenting historical

considerations, government initiatives, outlining the di�erent stages of the agribusiness value

chain and identifying di�erent challenges and areas for improvement. Next, we introduce

four di�erent solutions that we believe shall improve the situation by introducing technolog-

ical development into di�erent processes of the agribusiness. Next, building on theoretical

frameworks regarding value chain analysis, we perform an integrated analysis of the solutions

as well as assessing their impact on SDGs.

Finally, we conclude that by bringing the proposed solutions into the agricultural sce-

nario challenges like lack of infrastructure, unfavorable terms of trade, and natural resource

management practices will be tackled to a considerable extent. In addition, the solutions
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promote progress towards key areas such as sustainable growth, technological change, and

productivity rise.
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A Interview Scripts

A.1 Interview 1

GENERAL

1. In India: which products/solutions do you o�er?

2. Main target segment (i.e., farmer, traders, distribution centers)? Do most of your

sales in India come from private players or is the government/states the main clients?

3. How do you guys participate in the agribusiness value chain?

4. What is the distribution of your revenue based on the customer segment and products?

5. Do you receive any public funding/support?

PRODUCT SPECIFICS

6. What are the requirements to get a full summary of the lot (e.g., minimum number

of units, surface area, image quality, etc?).

7. How do you come up with a grading of commodity quality? Is it based on internal

measurements or you build on previously used standards (e.g., regulations, guidelines, etc.)

MANDIS/E-AUCTIONS

8. How can you make it a�ordable to reach out to the lower end of producers?

9. Due to the lack of trust concerning the assaying process of commodities, what's your

role in persuading both farmer and trader to rely on Intello labs to assay the produce?

10. What about your e�orts on setting up a commodity e-auctioning marketplace?

11. Have you tried to o�er the product to the government to become part of eNAM?

12. Concerning the attempt to collaborate with the government of Rajasthan, how did

that work out? Main challenges, takeaways?

A.2 Interview 2

GENERAL

1. What is your role in the company?

2. Which products/solutions do you o�er?
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3. Which is your main target segment (i.e., small/medium farmers, cooperatives?) Do

most of your sales in India come from private players or do you have the government/states

as clients as well?

4. How do you guys participate in the agribusiness value chain?

5. What is the distribution of your revenue based on the customer segment and products?

6. Do you receive any public funding/support?

7.What are your plans long term? 5, 10 years from now? (e.g. additional solutions?

improving accuracy?, etc.)

PRODUCT SPECIFICS

8. What are the requirements for a farm/landholding to incorporate your technology?

(is it just paying or is there some requirements regarding connectivity, land size, crop type,

etc.)

9. What is the price range for your products? What would the cost of the smallest

possible installation be?

10. In regards to technology and system architecture, can you give us some insights into

how the technology works? (in-house algorithms, etc.)

INDIAN ENVIRONMENT

11. How can you make it a�ordable to reach out to the lower end of producers?

12. In your opinion, what are the main current problems in Indian agriculture?

13. How was the startup creation experience in regard to public support and credit avail-

ability? Would you say India and more speci�cally the Bangalore area support innovation

in agriculture?

14. Due to the lack of trust concerning technology adoption, what's your role in persuad-

ing farmers to use your technology?

15. Do you have any program to teach users to grasp the bene�ts of your solution?

16. Have you tried o�ering your products to any public entities to collaborate with them?

What's your take on potentially incorporating into government-run initiatives?
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A.3 Interview 3 and 4

ABOUT YOU

1. Could you please introduce yourself and tell us a bit about what you do?

2. How long have you been working in the agricultural sector?

3. What are the main crops you work with/invest on?

4. Location-wise, where do you mostly operate? (speci�c state or spread throughout the

country?)

GENERAL

5. What do you look for in potential investment opportunities?

6. What are the factors that make a certain investment interesting?

7. In your opinion, what are the most interesting technologies that will impact the

agricultural sector the most?

8. How do you picture the sector in 5-10 years from now? Are you positive about the

situation?

INDIAN ENVIRONMENT 9. What needs to happen for small & marginal farmers' practices

to become more digital?

10. How can digital technologies be made more a�ordable for the lower end of producers?

11. What's your take on the mandis and e-mandis system? Is it an e�cient mechanism?

12. How do you �nd the di�erent initiatives and programs launched by the Indian

government to help farmers? Are they e�ective?
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B Interview Transcript Intello Labs

Wed, 3/26 12:17PM • 38:34 SPEAKERS Antonio G., Jon S., Ramakrishnan M.

Jon S. 00:00 Your permission to record the interview was something that we wanted

to get out of the way.

Ramakrishnan M. 00:03 I may be mentioning some client names for our discussion.

Just don't, you know, kind of cold thought, you know, what I in whatever form you're �nally

publishing it, just don't mention the client. Otherwise we have no problem.

Jon S. 00:17 Okay, all right. You think thanks for that. Okay, yeah, that works. Perfect.

So, �rst of all, just so you know a little bit more about us. Um, so we basically we're two

masters students. We studied at Copenhagen Business School, back in Denmark, and we

are currently working on our master thesis. And for that purpose, since we are studying

a business & IT program, we wanted to see how di�erent IT solutions could improve the

situation for Indian farmers. That's kind of our that was our main idea at the beginning.

So for that, we chose to study the Indian Agriculture because, right, because we know the

huge potential that it o�ers and the importance that it has for the country and its people.

And plus, Tony, he spent six months, at IIMB for his exchange for the masters. So that was

kind of like a, like a good step for us to step into India and see how that could go.

Antonio G. 01:22 We were... Sorry, sorry to interrupt, but we were discussing how

to like which direction we wanted to drive our thesis. And then this opportunity came up

to work together with IIMB. And also like CBS, Copenhagen Business School, our home

University. And so we reached this agreement that we got a supervisor, also at IIMB. And,

yeah, that was our main idea. Now we have to reframe a bit our thesis because we didn't get

that much primary data as we were expecting, so it's gonna be a bit more theoretical than

planned. But that's how the situation played out. So yeah. Basically, that's a bit of our

research idea plans. Regarding the interview itself. Yeah, we sent you the questions, we've

made some minor modi�cations, but we'll let you know. So you can have that script kind of.

So there's basically three, three main sections. The �rst one, we address general questions,

this basically for us to get to know a bit more about your company and at which point you
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are in India. And the second one is a be bit more of technical questions, which is not our

main focus, but it's also for us to get good insights into what you guys are doing. And then

the last part is kind of the big deal for us and where we want to spend a bit more time

and maybe ask some additional questions. And yeah, we just want to understand how you

guys integrate in the established system and to which extent you can in�uence the farmers

wellbeing and the farming situation. As Jon said previously, our focus for this research is

the farmers. So we are addressing all these questions from a farmer point of view. So you

will see how we focus on that. So yeah, and basically we heard about Intello Labs, and we

thought that he can have a great impact on the Indian agribusiness. And then for, I think it

would be really nice for us to just get some insights and all that. If you want, we can start

with the general questions.

Ramakrishnan M. 03:41 Let's jump in. Yeah. In terms of products and solutions,

which we o�er, so the essential or the fundamental use case or the product we have is called

Intello Track it's essentially a mobile application. So anybody in the food and agri-business

can use a mobile application, click an image of the commodities they are buying. And the

mobile app or the AI algorithm at the back-end of the �le app will tell the person that, you

know of the items which I see, X percentage is defective items and these are the kinds of

defects and Y percent is normal and hence, you know your quality is Y divided by plus Y.

So, that is a fundamental use case we have. So, anything which is visible to the human eye,

we are able to train the algorithm and kind of give a scienti�c, veri�able and non-subjective

result. We take the same computer-vision and AI technology to other uses or use cases

or products or other solution to have this corks sorted. It's essentially a sorting machine

instead of just an telling the user you have X percentage defects, we can separate the good

items from the bad items. So that the producer or the trader or the biller has good quality

items sorted out. The third use case or the third product we have is something called Intello

Pack. This is especially for online grocery business. So, the point of the packing station

where they are keeping the FMV, the fruits and vegetables items before it gets shipped out

at the last point, we are having a �xed camera and percentage it gives another tape that
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there is a defective item which is packed at the center. Same back can also be deployed for

premium businesses at the time receiving goods at a warehouse. So we're doing it for one

of the largest retailers in India where they keep the produce in trays or racks and each rack

gets assessed. And if there is a defective item, there is an alarm. So nobody has to go and

see the defect of the score on the screen, you just get an alarm that there is a defective item

and then you can go and pick it up. And then we have an application or a product, which

is non visual data, which is called Deep. So, this uses an NIR or near infrared technology

to assess the quality. So one use case we are working on is assessing sweetness of Brixton

roots. And we'll slowly expand to other technical solutions. So these are the four products

we have.

Jon S. 06:44 So when you talk about this product and how they can be combined, so to

say so that you get a technology that involves all of them, what would you say is your main

target segment?

Ramakrishnan M. 06:57 Primarily, we're dealing with Food Retail. And then food

traders or aggregators or growers so to say, these are our primary customers. It's a B2B

model. It is not directly with the farmers, we in�uence them indirectly.

Jon S. 07:21 We also have in the question, would you say, most of your sales come from

private players? Is that right? Or is there any government or state that you have as clients?

Ramakrishnan M. 07:32 Not right now. No, we've had multiple discussions and when

you come to the Mandi section, I'll talk in more detail.

Jon S. 07:39 Yeah, that's something that we're interested on. So sounds good, perfect.

Antonio G. 07:45 Now, the third question, I think you kind of already answered but just

to make sure. You just said that basically, you don't work directly with farmers, right? Is it

mainly that you impact farmers but it's through traders or some of the parties of the value

chain? Have you have you ever tried or at least when you guys started all these projects, to

also sell it to farmers?

Ramakrishnan M. 08:14 Honestly we didn't try selling it directly to the farmers, but

then when we were at the design stage where we are trying to �gure out okay, we have a
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technology which will bring transparency in the system, who will pay for this? And what

we felt is whatever test research we did or the few experts we spoke to, the end consumer is

unlikely to pay. The farmer is unlikely to pay. All the businesses in the middle of the supply

chain, they could pay because they already conduct some form of quality check. They are

paying someone else and they get, like really bad service or you know very ine�ective work

done, they will be willing to pay. That was the message we got and then we said okay, let's

focus on getting value fut of these.

Jon S. 09:06 Uh huh. Yeah. That's good to know. We also have some questions

regarding your revenue... Would you say again, it's kind of answered. If you say your main

customers are these middle actors in the value chain. I guess the biggest customer segment

or the revenue distribution is...

Ramakrishnan M. 09:29 Food retailers are our largest customers.

Jon S. 09:35 Is there, just so we can... ,if it is something that you guys can tell us

about? Was there any public funding or any government support?

Ramakrishnan M. 09:52 So we are part of an accelerator program of an institute called

ICAR. There's a food science Institute of ICAR. They're in Delhi. They're pretty big in the

agri space now, so to be a part of that accelerator program, so they are getting some funds,

some grant through the government for being part of that accelerator. There is another

accelerator, which is got initiated through DPI. DPI, which is like a project management

o�ce of the Prime Minister's O�ce. They are supporting a number of startups, so they are

also part of that cohort. So hopefully, we'll get some time to do that as well. The �rst one

that's already I mean, they've got part of the branches. The second one, we are still in the

process of signing some documents. But yeah.

Antonio G. 10:52 So all in all, just, this question comes to mind. Basically you don't

feel like you're running against the government right? Like in di�erent directions.

Ramakrishnan M. 11:03 No, we're not, we're not chasing.

Antonio G. 11:05 All right. All right.

Jon S. 11:10 Then moving on, based from these general questions, we want to ask a
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little bit about the product speci�cs, which you already told us about, but more in detail,

what would you say are their requirements to get like a full summary of the lot? So, is it,

you know, does it have to be very standardized, or do you modify depending on your client

and their needs?

Antonio G. 11:34 Sorry. Here, we're talking about Intello Track.

Ramakrishnan M. 11:38 Yeah, I understand. Essentially, the area has to be that so,

I don't know how much you have seen, you know, the typical warehouse in the Indian, you

know, food supply chain. Some of them can be really dingy and dark. And what practically

happens is a lot of these supplies come in the middle of the night, they are received through

the middle of the night and then early morning, things get dispatched. So if it is not well

light, and if they are operating in the middle of the night, that could be a challenge. But

in general if it's a typical, you know, o�ce or daytime environment and there is adequate

ambient light, it works well. And usually we work with either a background of crate, which

means there are other commodities with the same variety as background, or we ask the

people to keep the commodities on a black surface. Otherwise, you know, if you just have

like a bunch of potatoes on a sack and you just open the sack, but everything is in a kind of

jumble and with weak background, then the image analysis that could be an issue. So the

two standard operating procedures is either you have a crate or you have a black background.

Earlier we used to say that you know, your phone quality or the image quality of your phone

there should be like, minimum 8-10 megapixel, but these days, people have 14, 15 megapixel

for anything.

Antonio G. 13:47 So, related to this question. Basically, just correct me if I'm wrong,

but I understand that the, say, the same grocery business they just take a picture of the

surface of the �rst layer of the of the lot, and based on that, it could, you guys come up with

all these measurements and statistics? Is there some way you make sure that they don't

cheat on the process? I could take the really nice looking tomatoes and just put them on

the surface?

Ramakrishnan M. 14:24 Yeah, there is no, there is no way to remove the potential
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cheating. There are a few things you can do. One thing you can do is increase the sample

size of testing. So, instead of doing one crate to �ve crates or 10 crates, so that way then

you have more data. The other thing you can do is, most of these businesses, eventually

they will empty one crate on a sorting table. And then check in more detail. You know, how

many defects are there. Once you put it on the table and then you take the image of the

entire crate. And again, you know, the hidden items appear. A recent approach we started

doing, we're actually doing some imputation of the e�ects, which could be in the unseen

layer. What I mean by that is, let's say there are 10 tomatoes. And on top you can see,

two of them are defective. So we say that, okay, as a percentage 20% is looking bad from

the top. So even, and we also get into the detail of whether this is a defect which you know,

if it's like a black spot, a black spot would be on the top or the bottom. If it is reversed,

you will, you'll see the impact across it. So you might see black spots on two tomatoes out

of ten. Then probability says that even in the rest eight, 20% of the rest of the eight could

have an issue. So when I report the quality, then I take the two and then you know, I do

an estimation of you know, what's there, what's hidden. And I give a modi�ed score. Some

of our clients have actually asked for this, they say that look, because you're not able to

see the bottom layer, can you give us an estimate and give us a, you know, complete score

database. So that's another thing we are taking as an approach.

Jon S. 16:26 Sorry to interrupt again. I don't know how technical this can get but, do

you apply only image recognition or do you also apply machine learning algorithms so that

the more they see, the more they learn.

Ramakrishnan M. 16:43 So the identi�cation is computer vision, but then the classi-

�cation of each defect, there you have deep learning.

Antonio G. 16:56 I don't think we need to get that technical, but I read somewhere or

saw some videos that it was mainly based on a convolutional neural neural networks. Yes.

Did you guys change that algorithm? Or is it still the underlying structure?

Ramakrishnan M. 17:12 The underlying structure is CNN yes.

Antonio G. 17:16 And I also have another question. It's not on the list, but because
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this is all... considering Track, Intello Track but, regarding Intello Deep, is it also the grocery

business, the main customer?

Ramakrishnan M. 17:35 Yes. There as well, we're working with one digital commerce

company and we're also working with a grower, but primarily, it's again, retail, retail. For

Intello Sort, it's more of the trader as well as the retail.

Antonio G. 18:00 I'm just wondering, regarding Intello Deep, do you guys feel like

maybe it's used by some grocery businesses in which maybe the commodity visual features

are not that important, but they focus more on chemicals or moisture, sweetness... Do you

�nd any pattern?

Ramakrishnan M. 18:27 Yeah, so there are very, very di�erent use cases for that. So

for instance, we'll be speaking to a citrus fruit pile company. So basically they provide the

core constituent for almost all the orange juices being made in India. They are extremely

particular about the brix level. So put them you know, the brix level even, like a few

percentage points up or down, totally change just you know, the taste and the subsequent

impact. So right now they do destructive testing, they take some samples and they make

juice out of it and then they test the sweetness So they are interested in poking.

Antonio G. 19:17 Yeah, that's, that's clear for me. So, if you can see our script, I

think question seven we'll leave it for later because it's more related to the mandis and the

auctions So moving on we were just wondering that you guys said that you come up with

an overall grading right based on visual parameters. And that works the same way for every

commodity or...?

Ramakrishnan M. 19:44 What we've seen is that the physical quality assessment,

that is, the parameters, the parameters are fairly standard and the same across industry,

you know, is the sameblackspots ,bruises, you know, sugar, these are the parameters which

people see What changes is someone says my overall tolerance level is 5% defects. Someone

says, you know, speci�cally for shriveled, I have zero tolerance support says that, you know,

anything with cotton I have zero. So those tolerance levels changes across, you know, di�erent

clients situations, but the quality de�nitions or the kind of defects we're looking into is pretty
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much the same.

Jon S. 20:30 That make sense. Yeah. So then it's basically based on industry standards,

right? There's no government regulations or...?

Ramakrishnan M. 20:43 Yes, that's it.

Jon S. 20:46 Yeah, so for for the actual technology and the grading I think that that

would be kind of it. And now we would move on into more of what's related to our research.

Ramakrishnan M. 20:59 Let me �rst share a couple of instances of you know, or

engagements and discussions and I'll give you a �avor of where we are. So we did a pilot in

a mandi called Saratoga, this is in the outskirts of Delhi. We did this pilot in our pocket,

we tested the quality of tomatoes. So they have a process wherein technically the farmer is

supposed to bring the produce, traders are supposed to do an auction and then decide: this

is what will pay; but practically speaking that didn't happen. The traders �x the price of the

market: today we were going to pay X. And what we realized was about 40% of the produce

or the lots which the farmers are bringing in were grade A. With less than, you know, like

5%, or less than 10% defects. But the trader was looking at all the lots in the day with the

same lens: I'll eventually need to throw out around 25 to 30% of this produce, and hence,

I'm gonna pay only the price X for everything. The trader was not di�erentiating between,

hey, this load looks better, I'll pay better for this, this load looks worse, I'll pay worse for

this. This is the price of the market today. Whatever you're selling, this is what I'm going to

pay. And that's the data point which we presented to the eNAM group. So this pilot we got

through eNAM and getting a little into the details of you know how the mandi system works

in India. eNAM, the platform, it's a central government body or a federal body which does

not directly control the actual markets across India. Each of these markets are controlled by

the state or the provincial governments. So the mandi chief had no in�uence coming in from

eNAM. So eNAM said, hey, these guys have done a good pilot why don't you evaluate using

it and the mandi guy said, sorry, I have other things on my mind and this is not of interest

to me. And what has happened is in. We've spoken to multiple state governments, either at

a government organized event, and we have also attended multiple conferences, which were
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organized by eNAM or some central party, which says that look, we should look at some new

technology adoption. Some of these states have speci�cally called us for a demo, but we had

some discussion. At the end of the day, for us nothing has moved. Not to say that it doesn't

move for anyone at all. There are some other startups which have eventually managed to

convince some state law centers but for us it is not the case. Another interesting thing which

has happened recently-we're still in early stages of discussion-where at least one of the state

government called us for a meeting. We went and explained what we were doing and he said

that look, your sorting machine looks interesting. So, what that guy was trying to do is he

said that look, I understand as a base commodity, if any farmers tries to sell us produce,

it is commoditized. There has to be some minimal value addition to his produce and that

is the way to look at it. One of the ways to bring that value addition is to do this sorting

grading before it goes into the trade. Because practically all the traders who buy from the

farmers then pay someone else: either their own sta� or an external agency to come and say

that goes through the lot and remove all the defective items, and then he sends it further to

his client base. So if we say that this is sorted graded, and here is a certi�cation from the

government that this is sorted and graded, we believe that it will get incremental revenue

for the farmers, and hence, we want to work with you on this. Okay, great, you know, some

government guys is thinking the right way is thinking still in early stages of discussion and

given the coronavirus madness I don't know when that actually is planned out. But I think

that that looks more appealing to me, than what happened from the previously mentioned

perspective.

Antonio G. 26:04 Yeah, those are really good insights. Because when you were explain-

ing the �rst use case, then that was the �rst thing that I came to mind like, if they're just

willing to pay some X price for for a crate, no matter what the quality is, then you, you can

ensure that all the crates are going to be good quality. So you can just somehow do this.

Ramakrishnan M. 26:28 Exactly, so I'll share another kind of trend or at least a few

queries we're receiving. Some of the businesses who we are working with or we are engaged

with, they also asked us: is it possible for me to give this application to the farmer from
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whom I'm buying? Instead of doing all the assessment at my warehouse, can I give the

application to the farmer so that he can click an image through this and then I get a quality

report that ensures a good material? That way I don't need to do additional round of quality

check here and I can reduce my e�orts. And all that farmer has to do is click an image,

he can install the app on his phone. There's still not certainty about how it will eventually

work. Because it goes back to the last point, which is, you know, how do I ensure that a

farmer sitting at his location is clicking an image of a fully random sample and he's not like

picking and choosing. Because then what happens is all of them click images, you know,

look how good of a lot I have, and this is what I'm sending today. So their lots are �lled with

these images, but you never know exactly what it is. The reason I'm sharing this is because

increasingly businesses are also looking at that as an option. If I can somehow ensure the

trust factor, maybe by bringing, like, very strong penalties later. If they're able to �gure

out the mechanism, it could actually be very powerful. And for us as a startup, it would

be immensely powerful and a great thing. If, you know, let's say, 100,000, farmers across

India suddenly install our app. However, we haven't cracked it yet and have to �gure out

you know...

Antonio G. 28:43 Okay, then I have a couple of questions related to what you just said.

The previous point about like Intello Sort, you said that there were some government people

interested in that: who's actually willing to pay for that?

Ramakrishnan M. 29:00 I'm not saying that they are actually willing to pay for that.

I mean that it's them who're saying that we're setting up a food processing unit. Yeah,

we are going to add some value to the ifarmer in terms of, you know, either packaging or

cleaning or it could be the sorting crating. We will pay for that. And eventually the farmer

should get incremental income for whatever e�orts we have.

Antonio G. 29:24 Okay Ram, alright. Quick question. So when you say this sorting

machinery, who would be manufacture that. So do you only take care of that underlying

technology? Do you also have the capacity to produce it?

Ramakrishnan M. 29:47 Currently we are not manufacturing, we are subcontracting
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the actual manufacturing. We give the design and someone else's manufacturing. If things

scale up, we might set up a small manufacture of ourselves.

Jon S. 30:06 Let me just get this right then. So this idea of adding value to to the

farmer's produce by previously packaging and sorting and quality checking, everything... so

it would be kind of like a government-run facility right, where they facilitate all the...

Ramakrishnan M. 30:29 Yes, exactly. Absolutely. Oh, okay.

Antonio G. 30:34 Have you guys tried to-I don't know if it's even within the legislation-

but have you tried to set up kind of a mandi of yourselves so you make sure that the traders

and the farmers are all on the same track, and also the mandi o�cial and the commission

agents on all these middlemen.

Ramakrishnan M. 31:00 There are a lot of people already doing it. They don't neces-

sarily call it a mandi. But if you look at it, all these guys are essentially setting up parallel

systems where they are buying from the farmer. And they are doing some minimal sorting

crating, and then they are selling the materials to traders or shopkeepers. It's a very di�erent

business. So we probably will not be doing anything of that sort. We will rather try and

work with people who are setting up those kind of businesses to bring transparency both

ways so the farmer gets to know what is his quality and the buyer also gets to know what

the quality is. But we are not planning to set up any kind e-auctioning trading platform.

Antonio G. 31:57 Let me go through these questions again, now.

Jon S. 32:00 Just quickly and this might be more of your personal opinion, but when

you talk about the mandi o�cial saying no, you know, I have other things on my mind I'm

not interested in innovating or introducing new technologies. What would you say are the

main reasons for that? What's keeping the mandi o�cials away from all this?

Ramakrishnan M. 32:31 Multiple things. In certain cases they do have other pri-

orities, they have other issues. In this particular case, that particular mandi was already

understa�ed. We had great di�culties in getting even the images coming in because the

guy was like: look, I have so much of other work to do and you expect me to take images.

So sometimes they do have real challenges such as time constrains. Sometimes, it's just
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the way bureaucracy works. This is not coming from my boss. And hence I don't care.

And sometimes, you know, the guys are just lazy. They're like: why should I do this? I

don't know how, you know, the European government o�cials work, but in India, a lot of

government o�cials would rather do bare minimum and still get meet their mission.

Antonio G. 33:39 Yeah, um, I have a question also, because you said that a lot of this

didn't work out or is not going to work out because the traders �x the prices beforehand.

So they already know what the prices are going to be. In your view-and that's again a

personal opinion-do you think there could be some potential traders interested in setting up

something like this, kind of relying on an objective testing of the commodity quality so they

are able to buy on distance, foor example, and integrate markets. Maybe I'm in Delhi, but

I want to buy in Rajasthan. So I trust this objective quality assessment and I can buy some

commodities in di�erent state without myself being physically there.

Ramakrishnan M. 34:40 That's the idea we also pitch, but what we have seen is...So

the thing is, either you have very large traders who have their own supply chain, they're

not operating through the mandi they are, they have setup everything of this, Those are the

businesses or the institutions with whom we are anyway directly engaged. Or you have these

small traders at the mandis whose essential value addition to the supply chain process is the

fact that he's standing there he's seeing things and he gets to play on the pricing arbitrage

and the quality arbitrage. He knows by looking at things that okay I know I can save 10%

here and you know, I can make 5% more fare and so on. So, so these small guys, they are

not interested. They are like, basically you're reducing my value because the guy in another

market is relying on that local trader to buy on his behalf. And if I say that, okay, here is

a app that someone can use and you know, you can get visibility sitting in another corner.

The local guys get a little...okay?

Antonio G. 36:01 Alright, it's all good then.

Jon S. 36:36 We just wanted to tell you we basically got all the questions that we

needed covered and especially with these last insights that you were giving us on how how

the di�erent actors might not be willing to incorporate the technologies. So I think from us
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is good. We just wanted to thank you before the time ran out. Thank you a lot for your

time and your predisposition to helping us. It means a lot. And just wanted to wish you

good luck with with the work you're doing. It looks great from what we have been able

to see. And yeah, we will keep in touch in case anything comes up or we'd love to let you

know about progress and everything if that might be interesting for you. And yeah, that's

basically it.

Ramakrishnan M. 37:31 To be of help, let me know if you want to speak to anybody

else in the ecosystem. The Indian agri tech space is small and well connected. If I can

think of anything for anyone else who will be relevant for you, I'll be happy to kind of make

introductions. Keep us posted not just about your own program, but anything else which is

interesting happening, you know, in your country with reference to agri tech or food tech.

In the near future we will have a presence in... I mean, two months back I was very sure

that this year we will have some hands in Europe

Antonio G. 38:12 Yeah but now with all this coronavirus thing no one knows...

Ramakrishnan M. 38:15 I have no clue when we will have a presence but I am sure we

will have a presence if not this year next year we should have a presence in Europe. So let's

keep exchanging thoughts.

Jon S. 38:25 Perfect. Thank you again and hope everything goes well with a new

situation around India as well.

Ramakrishnan M. 38:32 Take care guys, bye bye.

Jon S. 38:34 Thank you.
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C Interview Transcript Fasal

Tue, 4/21 12:17PM • 48:57 SPEAKERS Antonio G., Jon S., Umesh B.

Umesh B. 00:00 Hey,hi. Good afternoon.

Antonio G. 00:04 Hi Umesh. Yeah. Good morning here.

Umesh B. 00:08 Good morning. Okay. Yeah.

Antonio G. 00:11 How are you? Are you are you in Bangalore?

Umesh B. 00:13 No, no. I'm Pune. Where are you calling from right now?

Jon S. 00:25 We're both calling from Spain because we needed to leave India because

of the coronavirus. We're both from Spain and we studied our Masters in Copenhagen in

Denmark. We were in India, in Bangalore for around six weeks, but then we had to come

back.

Umesh B. 01:54 home Okay, okay, good. you know hang yeah

Antonio G. 02:01 Good. Okay, so Okay,

Jon S. 02:04 I guess you received our script for the questions. So we're gonna follow that,

I think we have a couple more questions that we want to ask, and then, you know, we can

we can do from there. A little about ourselves quickly, like I said, we are from Copenhagen

Business School in Denmark and we're studying a combination of Business & IT for our

program. So for that reason, we decided to do some research for our thesis. And we chose

India because, you know, Toni was in Bangalore as an exchange student. We wanted to see,

you know, the opportunities that IT can create in agriculture. And so for that reason, we

chose India and that's kind of how we got here. And then for the questionnaire, Toni can

introduce it a little bit:

Antonio G. 03:03 Yeah, yeah, we have quite some open questions as you said, because

jon sent you some short list of questions. It's kind of a semi-structured interview, so there

might be some questions that come up along the way. So, I hope you're cool with that.

And also, we would like to ask your consent to record the interview just for the academical

purposes. If you're good with that?

Umesh B. 03:33 Yeah. You can record it. That's no problem.
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Antonio G. 03:34 Okay. That's good. All right. Okay, cool. So yeah, I think it will

all in all, you know, take around 40 minutes maximum. So it's gonna be short, but we

appreciate your time.

Umesh B. 03:58 Yeah. So before that, let's introduce ourselves. I know Umesh but I

don't know who's Jon and who is Antonio?

Antonio G. 04:16 All right. That's okay. Here. Yeah. Go again.

Jon S. 04:25 Yeah, so i'm john. Okay.

Antonio G. 04:27 Yeah. And I'm Antonia I go by Tony. So you can call me Tony that

sees here. Oh,

Jon S. 04:30 Yeah, and I'm Jon. That's great. So moving on into the questions. Before

you tell us about you know, the products and the solutions that you o�er. Would you like

to tell us a little bit about your role in the company, what do you do? What's your position,

how long you've been there?

Umesh B. 04:34 yeah, that's that's good.

Antonio G. 04:35 Yeah. Yeah. Okay. Is mesh good. Yeah. Okay. I'm Antonio.

Umesh B. 05:01 Yeah, the company is working from last four to �ve years. Around

four years we are working in agricultural industry. The company is based out of Bangalore,

headquartered in Bangalore. Fasal started operations from Karnataka initially, we started

our operations in Karnataka. Then after that, once we started, we just started demos.

Initially, we took lots of demos, we gathered lots of information, data from the �eld, provided

demos, provided devices at the di�erent crops. And then we source data from di�erent

locations, di�erent weather conditions, di�erent crop patterns, and we study all the data

details. And then we created some database based on that data, and then we created some

algorithms. This product is based on arti�cial intelligence. So currently, we are providing

this device for �ve majors crops: one is grapes, then pomegranate, papaya, banana, tomato,

chili and capsicum. And some other vegetable crops as well, the potato, and some other

vegetable crops as well. So we're currently we're providing that. But six months ago we

were not selling our device to any customers, we were just on the phase of study. Analyzing
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bene�ts, taking feedback, taking opinions from the farmers and the users, what problems

they are facing, whether that device is bene�cial for them or not, what kind of information

they get, which numbers are useful or not? So we get that yes, no problem. The product or

our device is completely useful to the farmer and now we can use it commercially, alright then

we can start to sell. We never appointed any sales person to sell our device, but afterwards,

through the word of mouth that product has gone through Karnataka, Tamil Nadu and

Andhra Pradesh and some other states... Even in Maharashtra, there's some places where

farmers were asking about the products. Even currently, we are getting so many inquiries

from the farmers to get the product. Yeah. So now we are completely feeling that product

is very good, farmers are interested in using this product and they get bene�ted. So now we

are in the market and we are trying to sell our products since the last two months.

Antonio G. 07:55 All right. All right. Yeah. Just so we get the full understanding

you guys also o�er all the installation and the sensors, or is it just the algorithms that you

commercialize?

Umesh B. 08:12 No no, we're providing a complete solution, with devices that deploy

in the farm. We are providing a complete solution for weather, for pest disease management

and water management. It consists of sensor-based device in which all these details are

provided through the sensors. In India, basically what happened in the world, as you know

in Spain and other European countries and even the US and a lot of other countries are using

some devices and they are very aggressively accepted technologies. But in India, acceptance

to use technologies is not that much, maybe because the cost of cultivation is much higher,

then farmers will facing some problems, supply chain systems are not that good , so the

farmer does not get proper rates of their produce. So that, and all these problems that

farmers are facing, so they are not very familiar with the technology. India is a country

where people are not using technology for whatever problem they're facing such as pest

disease problems, they're using curative methods, not preventive. Instead, when we discuss

about the world, many of the countries are using preventive measures, preventive activities

for pests and disease. We are pushing farmers to use this device to shift to the preventive
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methods where they can save their cost of cultivations, because if they are spraying, two,

three, four timesfor pests we suggest them: if you go with the preventive you will only have

to spray once, and then you can save your money.

Antonio G. 10:03 Mm hmm. All right. Yeah. Makes sense. So then, Umesh, you

said that for the past couple of months you're already commercializing your solution. And

basically because of word of mouth you're getting quite some few customers. Moving to the

second question, which is the main target segment? Small, large or medium farmers? Do

you guys say

Umesh B. 10:31 farmers? Currently we are targeting medium and large size farmers.

Yeah, marginal farmers may not be able to a�ord this device. Or they won't be able to

use this device because one acre is not that big, or because their earnings are much lower

than we expect from medium and large farmers. So we are not focusing on marginal farmers

currently.

Antonio G. 11:06 Okay. And do you guys have any intention on pitching your your

solution to some states or government o�cials or to try to sell your solution to the govern-

ment?

Umesh B. 11:21 No, this is not the intention at all, actually. There is no intention

for that. We are just entering the market since last three- four months. And basically we

started our sales in some states, Karnataka, where we have started our company where we

have started our demos, in Tamil Nadu, Kerala, Andhra Pradesh, Maharashtra. Where

started our demos and now we are focusing on selling our products. Yes, we are getting a

good response from the farmers. Yes, we are currently working with direct farmers, some

farmer groups, but yes, long term, we are planning to target some government o�cials, some

agriculture departments, some research institutes, we are planning to target them as well.

Antonio G. 12:18 Yeah, great. The next question we'd like to ask is what is your role in

the whole value chain. It comes into the farmers production site where you guys have these

algorithms and try to make the farmers improve their crop growth and their production rate

and so on, and try to predict the use of pesticides and climate conditions and so on.
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Umesh B. 13:17 Yeah. Toni, actually, what we provide to the farmers is that we ensure

him that if he starts using our device, he can save water around 60%. Whatever water he's

using right now, we can save his water around 60% he can save his costs around 35 to 40%.

And he can even improve yield growth around 25 to 35%. Based on, yeah, we are providing

all kinds of details because we are focused on preventive measures. We provide the details

to the farmer, that such kind of diseases or pests will be attacking on your farm. So you

can take care of the �eld and you can spray these kind of pesticides or the other type of

pesticides. So he is sure that he has used all these details provided by the system. So far,

we have discussed with the farmers and got some testimonials of farmers saying yes, they

got bene�ted from using our devices.

Antonio G. 14:25 Okay, yeah, that's good. Moving on to question �ve. Do you guys

receive, especially now that you are kind of on the starting phase, commercializing. Well not

on the starting phase properly, but starting to commercialize the solution, have you guys

received any public support? Or like government support from Karnataka or maybe from

some other governments?

Umesh B. 14:51 No, not at all. Not at all. Yeah, we never connected with them, but

we are planning to connect with government o�cials, and some research institutes. As of

right now, we did not get any support from anyone.

Antonio G. 15:06 Not even not even from from private funds? or

Umesh B. 15:12 Yeah, we got funding. Some private partners. Just recently, two-three

months back, we got funding, but prior that we were doing doing demos and assesing the

solution, only.

Jon S. 15:26 Alright. Yeah. Then we have these question about whether you can tell

us about your plans, long term. If you do have a strategy for the next 5-10 years. Maybe

incorporating some new functionalities? you can you know, I don't know what

Umesh B. 16:00 Yeah, de�nitely. Yeah, we are planning for next 10-15 years down the

line that device selling is not our main business or we're not focusing on device selling, but

that we are providing end-to-end solution to the end customer. That is our motive, because
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in India, technology is still not that much familiar with the farmers. So our target is to

provide the proper technology, proper end-to-end solutions to the end customer, provide

them with supply chain solutions, provide them with post harvest activities and support all

these activities that we are planning to provide. So down the line 15 years we're providing

all kinds of details, all kinds of technological systems to the end customer. But we are not

focusing on any kind of government support. We're not focusing on that right now.

Jon S. 17:02 Okay. So just to make sure Umesh, you said that your solutions as of right

now, they include everything within the production part right, to help farmers produce their

crops. And now you're looking at, hopefully incorporating functions for the post production

part, right?

Umesh B. 17:27 Yeah, so our focus is right from sowing to harvesting and even post-

harvest. So we are even supporting the soil testing, where we push farmers to do soil tests,

get reports and follow the regulations. We plan on providing them with these solutions.

Antonio G. 17:50 Ok good. Yeah, I think I'm gonna move to the product speci�cs

question. So it's question seven. We were wondering about the requirements for a farm to

actually incorporate your technology, because you said that your main customer segment, the

large farmers, we were wondering if there are some requirements regarding land size? Well,

you said you have some speci�c crops that you target. So that would be one requirement.

But we were wondering if there's some minimum of land size or connectivity requirements

that you need or some speci�cs.

Umesh B. 18:36 We are actually ready to sell our products to one acre farmer as well.

We don't have any problem to provide that, because we have a product, we have a ready

solution to the one acre farmer. But what we we feel is that one acre farmer, his margin is

just for feeding his family. He can survive only in that acres only? Yeah, because technically

he will not earn much from the one acre. That's why we focus on farmers with more than

three acres. So we focus on that farmers. But yes, if some farmer with a one acre land

comes and asks and says "can you provide your order?" Yes, we are de�nitely providing our

products to him as well.
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Antonio G. 19:21 All right. All right. You basically consider that the small farmers,

it's more of a survival economy so they wouldn't be interested in your product. Is that what

it?

Umesh B. 19:32 No, no. They are interested, we got some responses from one acre

farmers as well. We can give them our devices, yet, we are not focusing on one acre farmers.

But if somebody asks that they need a device for their production in a one acre farm, then

we don't have any problem.

Jon S. 19:54 Perfect. Yeah. And related to that last part of smaller farmers, what is

the price range for your products? What would be the smallest installation cost?

Umesh B. 20:10 Yeah, based on actual prices, the price range would be around 30,000

to 80,000 rupees.

Antonio G. 20:18 That's the full price? Is it a one time fee or do you also charge per

use? Like every month? I guess?

Umesh B. 20:33 Yeah it's a one time charge for a year. Then we will charge per month

or per year as well. Yeah, it's a very small price we charge yearly.

Antonio G. 20:45 Yeah. So that price range that you mentioned before, is that a yearly

tax or?

Umesh B. 20:53 Yeah, yearly. We mention that price and it's a yearly fee, and then we

provide all kinds of details to the end customer, what kind of bene�ts you get, etc.

Antonio G. 21:12 Okay. So, say for example for this small one acre farm landholding,

say around 30,000 rupees would be the price for them, kind of, right, as a big picture?

Umesh B. 21:30 Not actually, because if farmer is a vegetable farmer, he asks for 30,000

but if we developed a solution for somebody else who is a grape farmer or pomegranate

farmer, he needs to purchase these costly products, because our products depend on the

sensors, okay. So based on sensors he required, we provide him. Whatever they are require-

ments.

Antonio G. 21:53 Okay, good. Yeah, I think question nine you kind of already faced

this question, but do you guys develop the algorithms yourselves right?
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Umesh B. 22:10 Yes.

Antonio G. 22:14 I guess as of now you buy the sensors and the equipment from a

di�erent company?

Umesh B. 22:21 Right? or not, not actually. We do them ourselves, mini sensors. But

whichever sensors have been patented we have to purchase. But many of the sensors we

invented them here at Fasal. So we do use that sensors, but whatever sensors are patented,

we have to purchase them. those as well.

Antonio G. 22:54 Yeah. All right. Good.

Jon S. 22:58 Perfect. So I think for the product speci�cs, it's, covered, you know, so

we're gonna move into the next question. A little bit about the Indian environment, which

is of interest for our research. So the �rst question about making it a�ordable to reach

out to lower end producers, I think it's answered you said that, you know, as a company,

you're probably not interested in you know, targeting the marginal farmers, right? It's not

as pro�table?

Umesh B. 23:26 No. I'm not saying it like that, you're interested to sell our product

to any farmer who's interested. If the farmer is marginal, medium size or maybe a large

farmer, we are able to sell our products to each customer. But we, as I said, that if a farmer

is sowing some cotton, and we can say it's a �eld crop. He's doing �eld crops, so he just

earn around 30-40,000 rupees for a season. Then if he earns such a low margin, then how

can he possibly purchase our device? So we are planning to so we are planning to bring

some devices for those marginal farmer as well. But right now, we just focus on these larger

farmers only.

Antonio G. 24:20 Okay, yes. Tied to what you just said, I have a question and it's... I

know you also kind of mentioned that, that there's some resistance to the adoption of new

technologies. What's your role in persuading the farmers to use your technology? How do

you guys, especially in the initial phase, where you wanted to commercialize your product,

how do you sell the product? How do you go to a farm and tell them, "guys use this because

you're going to save water, you're going to be able to predict your crop growth etc, etc."
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Antonio G. 25:24 Okay. Do you �nd it di�cult for the farmers to make a good use of

your product? Do you have some teaching programs or like do you teach them how they

should make use of your product so they grasp the whole bene�t?

Umesh B. 25:52 Yes, Toni. We meet the farmer. Actually normally the farmer can

purchase based on our marketing. Afterwards, he gets some details, he asks for queries and

he's asked to visit his farm. So we go visit his farm, we arrange some meetings, we provide

some details, inputs, lea�ets, we do visit their farm, we convince them about what we are

providing. We show them what are the bene�cial features available in the device and all

kinds of stu� we provide them. If they feel that yes, this is very bene�cial for me and I

de�nitely have to go with it, then we will try to sell our product. But it is all based on our

meeting, based on our marketing and campaigns, digital marketing, and our current farmers.

We're doing this activity even we have some �eld team as well, who is trying to connect to

the farmers and convince them later in them about our product and about our bene�ts?

Antonio G. 26:55 Okay, okay. Understood.

Jon S. 27:00 We have a question concerning the startup creation process, as you said

you're from Bangalore. So can you tell us a little bit about you know, the innovation trends

in Bangalore or whether it is government wise that it's easier to to create startups in there?

Why would you say it's such a startup hub?

Umesh B. 27:30 Actually, Bangalore is IT hub, because IT has started from Karnataka

only, Bangalore. They got a political hub, then automobile hub. Then they also have to

manpower, they got very good response from the government they have available, what we

can say, literate manpower, and all our techno based companies are set certainly in Bangalore,

even in after Bangalore, Pune is also one of the hub for startups. Delhi is another one of our

startups.

Antonio G. 28:13 Yeah. Let me just go through the questions. This might be a bit more

of a general question, but well, in the case of your of your clients, or customers right now, you

said it's mainly large customers. Do these customers sell their produce to private players?

Or do they go through the whole mandi system? Like how do they mainly participate in the
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in the value chain?

Umesh B. 29:06 Yeah, actually farmers sell to the mandi. Even they can sell their

produce to the any trader, whose contact they have. Even sometimes if they want to do

some more business or they want to do it on a regular basis, they connect with us. Then

we will direct connect with the traders and put them in touch with the farmer. That way

thet get more and more money, they get more bene�ts. That's why we connect them with

the traders, because basically farmesr connect with the traders directly may not get fair

rates. So sometimes we try to connect to the good traders who can pay more than their

expectations as per their contract produce. So you can name the buyer and seller and try

to get good rates to the farmer.

Antonio G. 30:07 okay? So you kind of eliminate all these middlemen that are involved

in the whole selling process and you so you can connect the farmer directly to the trader so

they both get a fair price.

Umesh B. 30:24 Yes, that is it exactly.

Antonio G. 30:25 And how do you think -and this again it's a bit of a more gen-

eral question-, but how do you think the whole e-Nam system is working in India or in in

Karnataka there's this state speci�c solution. So how do you think that is working?

Umesh B. 30:49 Actually, in that case Maharastra is the very leading state for agricul-

ture. Farmer acceptance is very good. Overall farmers are ready to use new technologies

and willing to pay for that even for a higher set of money. So e are focusing on Maharastra

based on our experience. Yeah, Maharastra is a very good state. That's why I'm doing

sales activities, marketing activities and awareness programs and R&D awareness program

for farmers. We're providing some technical support concerning harvesting, what kind of

pest disease and which kind of treatment they should use. If there is any pest and disease

attack, we provide them technical support, we provide them advisory, we provide them what

kind of pesticides they have to spray. We're providing all kind of technical support to the

end customer.

Antonio G. 32:04 Okay. You said that in the in the long run you plan to extend your
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activity and cover the whole chain, also post production post-harvesting phase and so on.

Do you have to also an intention on maybe somehow extend your activities and even after

that the post harvesting to for example get involved in the whole supply chain or even in

the selling side or something like that or do you just focus on the farmer?

Umesh B. 32:41 Yeah, actually, we do also purchase that product individually. If the

farmer said no, we want to sell our products to di�erent markets located far away from

their location. In this case the farmer and the new trader don't know each other personally

and they don't have trust on the new people or new person. So sometimes we act as a

mediator, build their con�dence. Because sometimes the farmer knows that a speci�c trader

is providing very good rate to local bodies. But because of lack of trust, the trader is not

willing to sell their produce because there is no sure assurance about the payments. So we

act as a mediator to build con�dence because we connect with the many traders in di�erent

states. So we are trying to bridge the gap between traders and sellers. We usually purchase

that goods from the farmers as per our capacity when we're developing that supply chain gap,

but trying to develop more and more time to engage more and more farmers and traders, so

get them more and more quality produce. Because some of the exporters want some produce

but they won't get the produce as per the requirements as per the quality parameters. So

we do connect those producers, those farmers to the traders.

Antonio G. 34:39 And in that case, how do you target the trader. How do you know

there's a trader interested in buying the produce from you?

Umesh B. 34:49 Yeah, basically, we actually we have a connection with the markets,

we have data about the traders. Even though we have connected with the companies who

are dealing with fresh fruit vegetables sales, such as big basket and other companies which

directly purchase fruit and vegetables, but many exporters who is dealing in the fruit and

vegetables, but problem is that supply chain cap is more in India because if I if I'm a traitor,

I want some kind of produce with the quality parameters, but I don't know where I get

that produce okay. But we are connected with the farmers on the various geography various

states. So, we will do connect to the farmers when we have that details that such kind of
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produce aware aware available variant available, we connect that traders and ask them to to

connect with this farmer. So sometimes we we do role as mediator, sometimes we purchase

this produce from the farmer and sell it to the trader, and some other times facilitate to the

exporter as well.

Antonio G. 35:30 Okay, okay. Okay.

Umesh B. 36:08 Yeah, we're trying to �ll that gap, supply chain gap.

Antonio G. 36:21 So how big would you say that part of your organization is, I mean,

your main solution is the farm management product. But then I feel the way you speak

about it, I feel it's also a big part. Like you guys also buy the produce from the farmer and

that takes a lot of resources and logistics involved to sell it out. Is that a big part of your of

your company?

Umesh B. 37:25 Yeah it's a big part for our company but we do not directly procure

many times. Sometimes we procure directly. But mainly our role is to connect traders and

buyers, sellers and buyers. Because we sell our product to the end customer with con�dence

that he may get good produce, he may he can earn lots of money. He can get around 40 to

50% of most produce from his farm with out device.

Antonio G. 38:04 Yeah and and if there's the case that you facilitate instead of taking

on the procurement yourselves, but you facilitate the contract between the farmer and the

trader...how do you bene�t out of that? Like �nancial wise like do you take a share of that

opportunity?

Umesh B. 38:54 Oh, no, no, we're not taking any �nancial bene�ts from the trader,

neither the farmer okay. Just we are doing this the farmer bene�ts.

Antonio G. 39:02 Okay, yeah, okay, good.

Umesh B. 39:07 In that case we just ask the trader to give a better rate to the farmer.

That is our goal. So if the trader said, we can give you a 10 rupees of credit then we push

the trader so they can give a better rate to the farmer. Yeah if he's asking for 10 we ask

him for 11 rupees so we can bring more and more bene�ts to the farmer. We will not charge

anything from the farmer's side, and. Not even from the trader's side.
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Antonio G. 39:41 Okay, that's, that's interesting. Yeah, I think we get a really good

picture of of how you guys take part in all this. I don't know if you, Jon...do you have any

more question?

Jon S. 40:00 I think I think everything's clear. Yeah.

Antonio G. 40:05 Let me just go through these last questions that we had here.

Umesh B. 40:12 Just on if you have any problem, any questions afterwards, he can

connect with me. Because some misunderstanding and all those. So if you ever feel that

something is missing, feel free to reach out to me again.

Antonio G. 40:36 Yeah. I just have like a little small question just to wrap up every-

thing. Because, you know, we come from a di�erent country so government wise, you know,

it all works di�erently. Do you guys have or so far have you encounter any...like you said

you didn't receive any direct support from the government or from the the states, but did

you have any kind of do you think they are running against you? do they have any interest

for you not to...?

Umesh B. 41:08 Actually, Toni, I've been working since last 15-20 years in agriculture.

So I worked for various organizations, I've worked with governments, agencies, and some

institutions, yes. Government need such kind of technologies. To better for agriculture,

better for community. Yeah. So yes, de�nitely we are planning to. As of now we directly

connect to the farmers and yes, our focus is to connect with the government agencies, some

institutions too. So we are trying to connect with them.

Antonio G. 42:04 Okay. And I think that's all from my side. Jon, do you have any

question?

Jon S. 42:15 Yeah. Yeah. Like we said, if if we you know, if we have any questions

that come up, we appreciate that you can help out. The work that you're doing iss really

interesting for our research. We might, you know, we might have some questions come up.

Umesh B. 42:36 De�nitely, de�nitely. Can you explain about your research just a little

bit?

Antonio G. 42:43 I'm going to take this. It was a bit di�erent, you know, because,
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well, as Jon explained before, I've been in Bangalore since August because I also was a was

part of IMMB. But then Jon came to do this project and we needed to change and reframe

everything after the coronavirus outbreak because we were planning on going and visiting a

lot of mandis and doing some more �eld trips and so on. So now we needed to change a little

bit about that. So as of now -and still, there's a long way to go- but as of now we're focusing

on getting a full understanding on what's the current situation of the agri agribusiness in

India with a special focus in Karnataka. And we want to kind of investigate what're the

the digital opportunities Like for example, your solution, it really gives us a lot of insights

into how you can set up a platform and and make use of AI based algorithms to increase

productivity, water saving and how you commercialize all that. Also insights into how's the

adoption, the acceptance of the customers and which is your customer segment. So as of

now we are in this phase that we want to investigate di�erent solutions from di�erent people,

such as you. And we aim to see how that works and see what are the possibilities for the

future. So, what else we could do, how we could help and, and our main focus would be the

marginal and small farmers. So, in your case you you said that maybe the larger is your

main customer segment. So, we are trying to see, , how we could, for example, take your

solution and make it more a�ordable for for the small farmers also.

Umesh B. 44:45 Okay, so fantastic. Fantastic. We are also focusing, how can we provide

the power device to the small farmers. Yes, that is good, actually.

Antonio G. 44:55 Yeah, yeah, it's a big deal. And at the end of the day it's all about

money, right? And how to make it a�ordable. So yeah, so because I so I feel like this kind

of solution of yours it also brings important technology development and to farming, which

is a traditional segment and sector, right. And it needs to be pushed forward a little bit and

and this kind of solution is really good for them. So that's, that's a bit about our research.

Jon S. 45:29 Umesh, you know, now that we're talking about it, what do you see is the

solution to actually for, you know, the marginal farmers to incorporate technology? But

what do you think it's a real case scenario? What needs to happen to reach these marginal

farmers?
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Umesh B. 46:06 Actually the government cannot interfere. Our government will not

support all the companies. It is on the company's side to take care of the farmer. Sometimes

it is a social responsibility from the company, that has to take care of small farmers. So in

this case, small farmers have very di�erent needs than large farmers. So as per their needs,

the product o�ered should be customized. What companies are doing instead is pushing

their products as they have them. So if a large farmer requires this much of activities or this

much of sensors, so they push the same solution to the small farmer. So if something some

sensors or some details are not required, but sometimes that small farmer might purchase

that product without his willingness.

Antonio G. 47:25 Yeah, yeah, a bit more of tailored solutions to what the they actually

need because sometimes might be a bigger solution for a small farm that is not really what

they would they need, right. So adjust the needs of the farmer to the to the solution. Yeah,

I think it was really a very good, Umesh. We really appreciate your time your fast replies

and and everything and and we will reach out to you if we have any more questions but I

think so far it's quite clear.

Jon S. 48:20 Thanks a lot.

Umesh B. 48:22 Yeah, yeah thank you Jon. Thank you Toni. If you need anything I'm

ready to provide any details. If you come again to India, de�nitely we will meet.

Antonio G. 48:33 Especially we'll be in Bangalore and Pune, which is also like a nice

destination for tourists.

Umesh B. 48:38 So yes, absolutely. Yeah. A nice place. Yeah.

Antonio G. 48:43 Okay. You may have a nice day. I hope the all this coronavirus

situation gets better in India in Spain everywhere and, and yeah, have a nice one.

Umesh B. 48:57 Sure, bye. Thank you. Thank you. Stay in touch.
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Mon, 5/11 2:04PM • 42:34 SPEAKERS Antonio G., Jon S., Ashish K., Dhanaji K.

Dhanaji K. 00:01 Hi, Jon. Hi. Can you hear me?

Jon S. 00:20 Now? We can hear you but we cannot see you. But...

Dhanaji K. 00:24 One moment, please.

Jon S. 00:25 Yeah, of course.

Jon S. 00:28 Hi, Ashish as well. I think you're in.

Dhanaji K. 00:34 Yeah. One moment please.Okay, I'll switch on my video.

Dhanaji K. 00:55 Yeah, Ashish will be joining. Let us wait for some time.

01:01 ���� Instructions on how to set up the video settings ����

Antonio G. 05:13 I think in the meanwhile, then I'm gonna introduce myself because

I think you've been talking to Jon but you know,

Dhanaji K. 05:27 Toni, please go.

Antonio G. 05:29 Yeah, sure. So my name is Toni and I'm Jon's colleague. And I

went to Bangalore, we both to say in Bangalore now we're both in in Spain, but because

of COVID and so on. But I went to Bangalore for the �rst time in August last year and

one semester as an exchange student at IIM Bangalore. And then we had to do our master

thesis and research in India in a collaboration between IIMB and our home university. So

yeah, we've been quite a bit of time in Bangalore and now we're working from home.

Dhanaji K. 06:15 Yep. Yeah, yes. Yeah.

Antonio G. 06:18 Where are you Dhanaji? Are you in Delhi?

Dhanaji K. 06:22 I know. Myself. No. No, I'm right now I'm in Bangalore.

Antonio G. 06:29 Okay in Bangalore. Oh, that's nice.

Dhanaji K. 06:31 Yeah. Yes.

Antonio G. 06:32 Where are you from originally? Bangalore.

Dhanaji K. 06:37 Yeah, I actually basically I am from Maharastra. I've been staying

in Bangalore for over 22 years

Antonio G. 06:53 Yeah. Tonight. Can you hear me?
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Jon S. 07:03 We can maybe get started with the interview. If you have any trouble

understanding or there's some time the camera gets frozen just let us know.

Dhanaji K. 07:03 Okay, of course.

Antonio G. 07:03 Can you introduce yourself brie�y and give some information on what

you do?

Ashish K. 07:29 Hello, am I audible?

Jon S. 07:58 Sure Asish, welcome.

Dhanaji K. 08:10 Yes sir. So, it is very nice to talk to you all Mr. Jon and Toni and let

me introduce myself before we start. Basically natively I am from Maharashtra and I am a

son of farmer. But while doing the farming, I spent my whole childhood in the farm and I

did my study and I am highly educated I did my masters in technology MTech from Indian

Institute of Science, which is one of the reputed institutes across the world. By profession I

am a chief architect system on chief architect. And I had been to multiple countries also, I

was in England for more than one and a half years. I stayed in Japan for around one year

and nine months, something like this. And in South Korea, almost same that same time. I

have been to South Korea more than 14 times.

Jon S. 09:33 Okay, nice.

Dhanaji K. 09:35 I have also visited America. So, out of interest I've been roaming

around the world, in terms of doing IT-related work, I have totally 20 years of industry

experience. I was instrumental in establishing the R&D Center of Canon India, Private

Limited Bangalore,. It was the sixth R&D center of Canon Canon Inc. The headquarter is

located in Japan and I started it from scra tch in big law and then I thought nowadays, it

is time for me to move or move up towards the agriculture again. So your second question

I would like to touch a little bit upon the second question: how long we have been working

on the agricultural sector, right?

Antonio G. 10:31 Yes please go on.

Dhanaji K. 10:32 As I said, as I said, I spent my whole childhood in the farm, okay. So,

all the process I learnt along with my father, we have experimented so many things. And
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my father was very, very good farmer getting good yield from the farm compared to the

other farmers. Very important thing is that I have a special a�ection about the farming I'm

passionate about doing the farming or agriculture. And second thought is that in my mind

there is some kind of payback to nature that fails, because we take a lot of oxygen from

nature, but we hardly pay back to nature. So, that is also one of the concepts that we earn

a lot of money in the IT industry, but if we do not invest enough into the agriculture, then

it is not giving the proper judgment of being a human kind. So I keep doing something in

agriculture sector. So, while my study during 1991 to 1993 until my graduation, I was very

active in agriculture. And then I rejoined Agriculture �eld again after 2014 actively. So 2014

onwards, we started our own nature called GARC Golden Agrotech Research Center. Now,

we wanted to bring up the technology into agriculture. So that we make sure that we get

more and more yield for the farmers. So, in India you know the situation of the farmers that

each farmer has very metastable line, I would say, like, if you want to experiment, it is very

di�cult to do any kind of accident for him because his �nancial status very meta stable. It

could be said that the farmer has traditionally always played a safe role, the farmer in India

always play the safe role. So there are very few people who are doing some experiments. So,

we started GARC to bring the experiments developing a pilot project. That way, we can

create the pilot project as a learning model for the other farmers.

Dhanaji K. 11:16 This will help us promote or motivate other farmers to attract towards

the farming sector with use of more technology. That is our main base: it is a kind of

social work also to motivate inspire them for the good work in agriculture. So, they their

economical state, the farmers economical state also gets improved and it helps the overall

India's situation to improve.

Dhanaji K. 13:49 Okay. So here, yeah, I would like to share my screen to just show you

the show my farm.

14:29 �����- Dhanaji K. shares his screen and shows an explains his farm layout

and crops based upon an interactive map ������

Antonio G. 15:50 Thank you very much Dhanaji. That was a great introduction.
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Ashish, would you like to introduce yourself too?

Ashish K. 17:01 I should say hello. Basically I'm a mechanical engineer by profession,

I'm working as a lecturer in a Polytechnic. Apart from that, I am working as a coordinator

for a community polytechnic. Basically, the core theme of this community polytechnic is the

human resources and the infrastructure of Indian colleges or Indian institutes should be used

for rural development. So I am working for this project coordinating this project from the

last 10 years, almost from 2010. Apart from this, I'm a farmer also. I'm doing farming from

2004 almost 15 years. I live in Vidarbha, which is a part of Maharashtra state and we are

basically a cotton-growing area and it is said it is most suicide prone area in India. So, right

now, we are working in a network with other NGOs about how to take this situation the

situation of the farmer to improve the situation of the farmer, because cotton is a crop which

needs very much input expenses. And so many times the rate we get for the cotton is less

than expenses. Hence, the suicide rate is higher. So, that is the basic reason. Apart from

this the I am working with Peace Foundation Germany for this this particular problem. We

are working on cotton to cloth and how this cotton to cloth concept should be used for for

the last component of our system. So, we are working on that how very small technology or

appropriate technology and cost-e�ective technology can be given to the farming community

so that the cotton can be processed at a very small level and we can make a cloth of it. The

basic problem with farming here in Vidarbha or it may be applicable to other states also

the farmer purchase everything which is �nished product like insecticides, fertilizers seeds,

everything is purchased as a �nished product and his produce is sold as a raw material, and

that is a basic problem.

Ashish K. 21:25 Secondly, we are working in community polytechnic, we are working

for developing small appropriate technologies for the farmers for the agriculture so that the

farmer will bene�t the small technologies will be some improved. Additionally, we are also

working on some instruments for protecting the farm produce from wild animals, as well as a

low cost drip irrigation system, low cost shed nets system, etc. So, basically we are working

on technology things.
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Ashish K. 22:11 Apart from this in community polytechnic, we are providing free-of-

cost vocational training. So, our centers are working in our polytechnic also and outter

villages also (we call them extension centers). So, we can say that right now we are working

in vocational trainings and transfer of technology for the improvement of farming and for

the improvement of rural area.

Jon S. 22:51 Thank you.

Antonio G. 22:52 Yes, just one small question.

Dhanaji K. 22:54 If you have a speci�c question you can pose it to Ashish, he will be

able to help us.

Antonio G. 23:00 Sure. Just to wrap up everything a little bit, I think you guys both

covered perfectly our �rst group of questions, a general introduction. And just to understand

a bit more of what you're doing Ashish, all these vocational training and attempts to bring

technology to to farmers, you see them for pro�t company or are you guys working as an

NGO? I'm not sure if you mentioned that.

Ashish K. 23:37 We are working as an NGO basically, we are an educational institute.

So we are working as a nonpro�t organization. However, I think we should move onto social

enterpreneurship things. It should be for pro�t. The center should not be pro�table as the

main goal, it should rather be be solving a social problem. Yeah, but the enterprise should

be self sustainable.

Jon S. 24:17 Thank you very much. I have another question regarding the technologies

that you mentioned that you are trying to develop, the small technologies. If I got these

right, they are mainly mechanical parts is that is that right?

Ashish K. 24:39 It's a combination of mechanical and electronic parts, like for wild

animals we are developing that is electronic parts. Recently we are developing one low cost

drip irrigation control system like on basis of moisture: if the moisture level goes low, the

irrigation system starts itself. So it is a combination of mechanical and electronics but the

agricultural elements are basically mechanical parts. Apart from this I would like to add

it is not that we envision that everything shall be developed. We are also looking for some
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technologies which are low cost but which are very e�ective in our area. If that is the case,

we can buy it and we put them into use. So, it is not possible for my institute or my people

to develop all these things. So, so many times we purchase it and we give them to use it

and if they �nd it okay cost e�ective, then the farmers should purchase themselves on their

own. This is what we call transfer of technology.

Antonio G. 25:59 Just to get also like a bigger picture she's when you mentioned your

farm and the cotton crops .How big is your your land?

Ashish K. 26:12 My land is it's in acres it is 30 acres and the hectares it will be around

10 hectares.

Jon S. 26:25 Okay, okay yeah right

Antonio G. 26:29 Um okay, I think we could move forward to some of the speci�c

questions. I think the way we could take these there are some general questions that may

apply for both to Dhanaji and Asish. So if you if you if you think that's that's a good

approach we can formulate one question and maybe Dhanaji you your take on that and then

Ashish we can listen to your opinion too about that.

Antonio G. 26:55 So for example, Dhanaji in your organization GARC you mentioned

that one of your main objectives is that you want to bring technology to farmers and to

promote and inspire these farmers to use it. And so, for example, if you take question six in

our draft, which are the technologies that you are working with right now, or what do you

think are the most interesting technologies that you would like to bring in the future for to

promote for farmers to use?

Dhanaji K. 28:06 So as I told I am an electroninc engineer so my focus is mostly on

IoT, internet of things. So my focus is project management and internet. So, for example

one project I did in 2014 when I started the agriculture....

28:36 �����- Connection lost ������

Jon S. 29:13 I think I think maybe Ashish is you can take over in the meantime, if you

want to answer to the question, you know. What do you think are the most interesting

technologies that you know you'd try to bring into the farmers practices?

155



D Interview Transcript Farming Investors Antonio Grille and Jon Santillan

Ashish K. 29:32 Okay. First we can classify the types of technologies. First one is about

the cultivation, the operations we can say agriculture operations. So, for operations, we have

to prepare the soil. You have to seed seed it means you have to do then after that entire

cultivation. Then after that spraying of insecticides and after that harvesting, so, these type

of technologies are related with operations. So, whatever conventional equipments are out

there, we are trying to make some improvements in that. For example we have developed

one. Conventionally in our area most of the equipments are made from wood and it is always

under maintenance. So many times it gets broken and again you want to repair it and it

will take one or two days for repairing and the time will be wasted because in agriculture,

the timing is very important as we are rain fed. So we are making steel based equipment to

subsitute the traditional wooden-based one.

Antonio G. 31:18 I think you might've muted your microphone.

Ashish K. 31:20 Oh, yeah sorry. So, so these agriculture equipments which are basically

for operations are being improved by us. So this is one type of technologies, as I mentioned

earlier. The second type of technologies are related to irrigation, drip irrigation low cost,

irrigation and the third type of technologies are referred to to the surveillance and how

to protect the farm or farm produce from the wild animals. So these are three types of

technologies right now we are working on.

Antonio G. 32:17 Alright, so you don't get into further steps of the supply chain, you

don't get into logistics?

Ashish K. 32:24 Exactly, basically, we haven't entered into that till now. But as a

NGO or as an educational institute, we can't go in that. But as a farmer, we have registered

one farmer producer company, FPO. And in that farmer producer company, slowly, we shall

de�nitely go into that. Like purchasing the produce from the farmer and get involved in the

supply chain management, it should be packed properly, it should be branded, it should be

marketed. So we are, we would be going in that, but it will take another one or two years.

But I have two roles I would say: I'm working as a coordinator for a educational institute

for a community olytechnic and I'm a farmer also. So these two di�erent roles are there. So
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some answers would be from that community polytechnic, and some answers would be as a

farmer.

Jon S. 33:38 Okay. That's good, because then you have the two viewpoints. So so that's

great. Yeah. Um, I have a question concerning how you approach these farmers. So from

the educational institute, how do youget the the producers or the farmers involved in your

projects?

Ashish K. 33:58 Okay, so basically in our community polytechnic we have Extension

Centers. And we have two important activities. One is vocational training and second is the

transfer of technologies. So say in one village, which is a bigger village, to which some 15 or

20 smaller villages are connected for marketing activities. So we select this type of village

and there we start over with our activities there. We may have some in�uential people like

a community teacher and we try to start our vocational training over there. And once we

start the vocational training, we occasionally set up evening meetings also of the villagers,

and then we talk about what are the problems what we can do.

36:58 �����- Connection issues������
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Mon, 5/11 2:05PM • 55:49

SPEAKERS Antonio G., Jon S., Dhanaji K.

Jon S. 00:01 Hi Dhanaji, hi again.

Dhanaji K. 00:17 Again, sorry, extremely sorry for the inconvenience there. Actually,

there were multiple calls from the o�ce people and it got interrupted my network.

Jon S. 00:34 Okay. It happens, you know, we knew some of these was gonna happen

probably, with four people in a call and you know, you guys are in India, we're here so you

know, it's crazy, but it's good that you could reconnect, so we can just pick it up from where

we left it.

Dhanaji K. 00:49 Yes, thank you. Yeah, of course. I was telling about a project I started

a basic, really simple mechanism to use is preparing the project schedule. You know in the

project management the program schedule is very very important and it gives us the details

about de�nite milestones and de�nite tasks to be performed also it gives the e�ort required

then costing every thing. So, what I did is I created a small project for 150 days because

rice crop takes only 150 days to get the �nal produce. Okay. And then at each milestone,

we have taken care of required nutrients, required weed control, then any other mechanism

required for that particular time. Okay, so all these things were taken into account.We were

successfully able to get the highest produce from the rice crop.

Dhanaji K. 01:47 Okay, and in my place, the district is the biggest one. Okay, India is

the biggest. The next is the state. Then below that, there are districts. So Maharastra is

26th district and each district has talukas (sub-districts). So in our taluka okay I was the

�rst �rst grower of that rice. So we could produce 100 and 120 quintals of rice from 3000

square meter of farm.

Dhanaji K. 02:35 So it was the topmost. Now what is the learning from this one, for

Indian farmers? So if we follow the proper schedule, this is also one of the technology, okay,

it's a schedule management. What you have to do? Just take a pen and paper, because

a farmer cannot have the laptop, tablet or android phone on all these things. So he can
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take a pen and paper, he knows that okay, my rice, this particular rice can be 120 days, 150

days or maximum 180 days. We can prepare a plan, week one, what you're supposed to do

is prepare the land. Okay, week two, probably it is the �rst week of June where monsoon

starts in western part of Maharashtra. So, you can sow the seeds. Okay then week two, week

three on this very simple planning, but it gives a reminder to farmer to take the appropriate

action in right time.

Dhanaji K. 03:36 Now, why I am insisting on this one, I would like to divert your

attention towards this reason. Nowadays what is happenning in India, we have very very

traditional farmers. What is meant by traditional farmer from my point of view, for example

my father. My father was very traditional farmer because they know exactly when the rain

is supposed to come, they don't need any weather forecast. Nowadays what we do, we look

for windy.com, we will look for the information given by IMD that is India's, our weather

department which gives the users the information. But the traditional farmers are oldish

farmers, they are so skilled they used to get the information directly from the nature. There

are certain birds which give the indication to them that okay, the rain is going to come, or

there's one plant which gives the inner �owers for the yellow �owers from that tree, it gives

the indication that from that day onwards, on the 16th day of that particular month, the

rain will start. I can message you the name of the tree sorry, I forgot because I am totally

from a technological engineering background so sometimes I cannot pick up the name of that

tree or plant immediately so please forgive me for that.

Antonio G. 05:07 It's �ne.

Dhanaji K. 05:08 So, now, why I'm insisting in this schedule making. Because, the

current generation is not so much traditional or they do not have awareness about the

farming, so, they need some equipment or some inputs or some tools which will help them

to get the higher yield. This is one of the tools, making the schedule. Okay. We do not have

the skill to identify what is required now. So this particular tool, making a simple schedule,

will de�nitely help to get that high yield.

Jon S. 05:49 Sorry, quick interruption. So I have a question regarding the schedule
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that you proposed. Do you think it was more that, you know, the farmers are uncapable

of organizing their tasks or is it more that they don't know what stages or steps have to

be taken so that the rice will grow with a higher yield? Is it that they do not have enough

knowledge on the process? Or is it that they just can't organize themselves so to say, what

do you think is the main issue there?

Dhanaji K. 06:23 I will respond. There are two factors you have mentioned. The �rst

thing is that they do not have the knowledge of a process, basically, they have ignorance

about the process, because the old generation is almost going away now. Okay and the new

generation is coming in and they do not have appropriate awareness about that process. Are

you getting my point? And that's the reason I am interested on the scheduled preparation.

Okay. It's very simple. It can can be used as one of the tool, second part you mentioned

is about availability of the labors. Now, what happens is that since they do not have the

appropriate schedule in hand and lack of awareness. So, what happens? The farm laborers

are not available in time and this keeps the timeline and then we cannot get the high produce

or high yield from the required crop. So, it is a loss for the farmer. So, these are the two

things which are related to your question.

Dhanaji K. 07:40 Okay. So, this is more of the project management side of yours, right?

Okay, would you mind telling us a little bit about - in case you have something else to say

of course, you know, continue - but also we're interested in the IoT part.

Dhanaji K. 07:55 I will go into that next, so don't don't worry about it. So before

that, when we saw the seeds for this particular project, we stared at each bunch of seeds

and wondered. We counted, okay, how many number of plants are raised in one bunch of

the rice paddy? So they were around 75 to 80, or 100 this bunches raised in a single paddy

crop. Okay, then we calculated so if one one bunch is giving this much produce to us, then

de�nitely we'll be able to get the produce, approximately this one. This is the estimate we

did. Secondly, that year, unfortunately, the rain had stopped much earlier. Usually the time

when the rice starts what we would call blossoming , at that time the highest level of water

is required, but the rain was gone. And then what we did? We got to know okay in this
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schedule, this is the right time where tuencrop needs the water. So, what we do is we pump

out the water and the and we give the water to the crop, and it was a very very high yield.

That is also one of the points, okay. So this is a project that improved a lot through the

task management schedule. Now, let us come into the second matter.

09:46 ������Network interruption �����

Dhanaji K. 10:17 Please wait on, I had one call. I have one call I'll just answer this

quick.

Antonio G. 10:23 Sure.

Dhanaji K. 10:28 Yes. Okay, I'm back again. So, �rst problem that I faced when I

used the technology. I hope it is very common in your country. I will show you:

11:17 �����- Dhanaji K. shares his screen and shows an interactive map of his

farm������

Dhanaji K. 11:18 So, here. If you see here this is a totally reserved forest, around this

farm there is a reserved forest. Land is situated inside the forest. Now there are a lot of

wild bu�alos. Do you know wild bu�alos?

Dhanaji K. 11:47 So there's huge number of wild bu�alos located nearby this area be-

cause it's a dense forest. Okay, we have a tiger here. Okay, then deer. Okay, so many hyenas.

So, now, it was a responsibility for me to protect the farm. So, it was my responsibility to

protect the pump. What we did, is �rst of all, when we started the plantation, we totally

covered this land by solar fencing. Are you aware of solar fencing?

Antonio G. 12:27 Yeah, a little bit.

Dhanaji K. 12:35 So what I did is I designed a triple �ve tester, do you know triple

�ve timer? So I designed it following the BIS standard. Okay, I'm an electronics engineer,

so designed a triple �ve timer to create a pulse for the fence. One pulse, complete pulse was

1.1 second and pulse on time is around 100 millisecond, it varies between 100 millisecond to

300 millisecond. Okay. And then I charge the battery, I use the battery of our agricultural

pump, you know, agricultural sprayer, the battery operated the agricultural sprayer to weed

out the agricultural sprayer battery, and then batteries are connected. Okay, so the solar
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pannel allowed to charge the battery, and it powers the triple �ve ways to set up and the

output of the triple �ve timer circuitry is connected to the ignition coil. The ignition coil

converts this 12 volt to 5000 to 15,000 . De�nitely I cannot measure that because it's very

high voltage and but it shows that it is a very, very high shock to the animals, but animals

don't die because it is designed following the BIS standard. So this was the �rst technology

implementation that I did over here.

14:38 �����- Dhanaji K. goes into details of a story with some animals entering

the farm������

Dhanaji K. 18:48 Next, coming into IoT. Now, what we did is, we placed three types

of sensors. Humidity sensor, temperature sensor and rain watch. Okay, what do we do?

20:26 �����- Dhanaji K. takes a phone call������

Dhanaji K. 20:47 Okay, sorry. Okay. I hope I'm not boring you people.

Jon S. 20:52 No, no, there's a lot of good content here.

Dhanaji K. 20:58 Okay. So this is the medicinal plantation we have done, around 5000

plants we have planted last year, medicinal plants. It is called a shatawery. One second, I

will show you the good picture of shatawery.

Antonio G. 21:18 Dhanaji, it would be very nice if you could send us some of these

pictures.

Dhanaji K. 21:27 I will de�nitely do it. Okay.

Jon S. 21:30 Great, thank you.

Dhanaji K. 21:41 Yeah. So what we do is, using the humidity sensor, we sense how

much water content is there and accordingly we control the drip. Okay, this is the drip line.

Can you see this one? So we control the drip line accordingly.

Dhanaji K. 22:08 Yeah. Is that automized?

Dhanaji K. 22:14 No, as of now, because of the cost, I have not automized it but in the

future I have planned to automize them. Yes, okay.

Antonio G. 22:42 Yeah, do you have these sensors all around the farm or what's the

proportion of your farm that you have with sensors?
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Dhanaji K. 22:53 I mean, all over the farm we could not place because there is a lot of

cost involved in that. So what I have done, the shatawery plantation has only 4000 plants,

so we put around four sensor over there.

Dhanaji K. 23:13 Secondly what we do is in our other farm, where we have the sugarcane

and in that sugarcane what we do is we have automized this agricultural pump. So we send

the message to start the motor bomb. We send a message to stop the motor bomb, and we

can also automize it.

Dhanaji K. 23:45 One second, I have an incoming call.

24:05 �����- Dhanaji K. takes a phone call������

Jon S. 24:34 Dhanaji, since you are super busy and everything we would like to move

on into a few more questions that we think are also very interesting, and then if you have

time in the end, we can go back to some of them for more details if that's ok.

Dhanaji K. 24:59 Yeah, sure sure.

Jon S. 25:02 The organization that you run, the social enterprise. How do you get

funding for that?

Dhanaji K. 25:16 It is our private �rm, okay. It is established between our partners or

friends, I can say We fund on our own, and there are certain government subsidies, which

we take. We use them for doing some kind of funding. For example, we have a farm tractor.

Okay. Small practice, the government has given some funding for buying the tractor. Okay.So

this kind of funding is helpful for us.

Antonio G. 25:52 Do you get these funding just for technology or also for like basic

inputs such as, like irrigation or fertilizers.

Dhanaji K. 26:03 For irrigation, we de�nitely get funding, but frankly speaking the

funding is not enough. Funding is not enough and hence most of the people don't go for

irrigation funding. For fertilizer actually what has happened is the government has given

direct subsidized fertilizers to the farmers, okay. So there is no separate funding.

Jon S. 26:36 Okay. Yeah. So I was just wondering what are the requirements to to get

the input support, like the subsidies for the tractor for example that you mentioned?
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Dhanaji K. 26:57 What I will suggest is basically, subsidy and all these things now,

these are not good mechanisms. As for me. Now, why am I saying this? What we should

look at is to make our farmers able and capable. Okay, the subsidy doesn't make them able

and capable, we should train them on particular technology, on the crops which give more

yield, how to manage the farms, how to manage with less labor -because even though India

is having the highest population- we are not able to manage our farms because we hardly

get the laborers. So how to manage the farms with less number of laborers, these are certain

challenges which farmers are facing. Apart from this there is one of the biggest challenges

in India today. That is selling the product.

Dhanaji K. 28:22 The biggest problem that farmer is facing today is the actual price

or the truthful price for the product. Okay, now why I say it like this. Usually in India

-my observation is like this- when the farmer is producing some products, let us say that I

produce a big green chili, for example. Okay I produce green chili. Now the market cost of

the green chili is 80 rupees per kilogram .Okay, but the farmer gets when the trader buys

from the farmer, maximum 30 rupees or 40 rupees per kg. So, this is the big di�erence,

the farmer gets only 40% to 50% of the cost which is being paid by the end user for that

particular product. When we talk about the green chili the end user is paying rupees 80 per

kg. Farmer only gets 30 rupees or 40 rupees per kg. The farmer is working in the farm for

more than three to four months for producing this particular crop, okay, I'm talking about

the green chili in this case. He is dedicatedly passionately working, he's spending all his

e�orts, he is buying the fertilizers, okay, he's buying all other nutrients whatever required

and despite that he gets only 50%. Whereas if you see the trader and sellers they get 50% of

the pack. And how many days? Within two to four days of the work and how much e�ort

is spent is very less compared to the actual e�ort spent by the farmer. So this is the biggest

challenge that the farmer is facing.

Dhanaji K. 31:01 So, what we are doing as a GRAC (Golden Agrotech Research Center)

what we are doing is we are helping the farmers to know the situation and focus on non

perishable items. So produce the non perishable items, for example cashew. Cashew is a
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non perishable item. So, suppose I produce this year and the cost per kg is XYZ rate. Now,

if any trader is forcing me I will not sell, I will just keep it as a stock in my home or in my

storage place and when I �nd the prices appropriate, I will sell. Otherwise, if the item is

perishable, then what trader does is he brings the farmer into the problem. They say no

no no. You have to sell it at this price. The quality is not good. This is not good. That

is not good and there is no speci�c criteria which can mention the quality of the particular

product. When I say the green chili example, the trader may say that no, the size of the

green chili is very small, but when the seller is selling to the end user they will say it's okay

and the end user can not complain. But the trader is forcing the farmer to sell it at a lower

price because the size of the chili is smaller or the color is di�erent or he may say that no

no, it is not fresh material. So he will not buy at this particular rate. So the farmer is in

the problem, so he would require the support of the government to buy the produce directly

from the farmer.

Antonio G. 32:51 Yeah, okay.

Dhanaji K. 32:53 So we assume that okay, the farmers are expecting that because of

the produce. Now, let us say that green chili is being sold sold at 80 rupees per kg. Now

the government can reserve the 20% of this price for selling, buying and whatever processing

and the rest of that, 80% can be given to the farmer. This is what I'm feeling as a farmer,

I feel that this is the gap need to be �lled up by the government. Instead of providing this

farm mechanization equipment and all these things, that I think is not required.

Antonio G. 32:58 Ok, that's good. In your case, for the cashew nuts for example. How

do you sell the cashew nuts? Do you go to the Mandis and sell the cashew nut or do you

directly contact the trader and sell the produce or how do you do it?

Dhanaji K. 33:53 Okay. Unfortunately my produce will start from next year because

the produce starts on the fourth year, fourth year after plantation. I will tell you the process.

What happens with the cashew nut is that it is very very demanding, demanded crop. Okay.

What happens is so many traders come here directly, because it is a big farm. Okay so I

have around 2000 cashew plants, it means that one tree will do approximately 20 to 30 kg
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of cashew nut every year raw cashew nut. So 20 kg into 2000 plants will give around eight

tonnes right? That's why the trader will directly come to the farm and he will buy, there is

no need for me to go to the Mandi. But if the farmer is a small small farmer, if he has very

small quantity to be sold then he de�nitely has to go to the Mandi and sell it.

Dhanaji K. 35:13 Still, I would like to continue about what the government should

support instead of giving the subsidy. Regarding the pricing, okay, �x the pricing and

removing the traders, between the farmer and the end user. This is the one requirement,

the second requirement what I would say is, to provide the technology to the farmers, okay,

technology in the sense of agricultural technology, or agricultural research, I will say, which

will help farmer to get higher yields. For example, now what I'm trying to do is, apart from

cashew, we have planted 200 silver oak, then 200 bamboo, and 200 mahogany. So, our plan

is like this: for this silver oak and mahogany totally 400 plants are there. So, silver oak will

de�nitely grow within 10 years, and it will give around 25 cubic feet of wood in 10 years.

It means that in an acre the farmer can earn about Indian rupees 60 lakh within 10 years.

This is very good return for Indian farmer. Okay so such kind of information need to shared

with the farmer.

Dhanaji K. 37:02 What's happening in India is that we have de�nitely have the structure

which is established to prepare the training material, but the training material and the

training workshops do not reach the farmers, and even when they reach the farmers, they

are not being practiced. There are two parts here: one is a theory and another is a practice.

So, the researchers in Indian agriculture, which I really respect, they are coming up with

good research, but the implementation of that research is not happening, I would request the

implementation to be happening so that the farmers will bene�t from it and the economical

condition will de�nitely improve. The key in India is that 65% of the people are dependent

on the farming sector. But if you see the see the contribution of farming sector into our GDP

is hardly 2%, which is very, very less. So if we really focus on the farming with appropriate

methodology, then we can de�nitely win to contribute highest number of contribution into

the GDP. That's what I'm looking for. I hope I I could conclude on that.
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Antonio G. 38:26 Yeah, thank you very much for all these insights. And we also want to

look, we're still on the initial stages of our research, but de�nitely, what you mentioned about

removing middlemen, so the actual farmer captures more value, and not just that 40%, as

you mentioned, and it's something that we want to look into and also, as you said, bringing

into practice a lot of research that's been done. And actually technology and educating the

farmers, I think that's a little bit of the main points that you mentioned. I don't know

Jon, but I have a lot of information and a lot of good insights. Let me just go through the

questions in case we have some speci�c questions for you.

Antonio G. 39:22 Dhanaji, we could speak to you for hours and hours, because you're

super knowledgeable of the �eld and you de�nitely have a passion for it. And that's great.

And there's a lot of things that you guys are doing that, let me say congratulations, because

I think it's amazing.

Jon S. 39:42 I have a question in case you'd like to give us your last opinion. So how do

you picture the Indian agriculture in 5to 10 years? Can you tell us a little bit about which

way it's gonna go into?

Dhanaji K. 40:01 Hmm, it's a very interesting question and from from my point of view,

what I see is now, the highly educated, especially the engineers, their intention is moving

towards Indian agriculture because they're understanding the importance of agriculture.

But unfortunately, the other people are not able to grasp this opportunity in the agriculture

sector. Okay, so our ex president, Dr. Abdul Kalam, he mentioned the vision 2020. Okay, the

agriculture sector is de�nitely going to boom, okay. But farmers are not able to understand

this particular hint. And that's why what I see is very, very ignorance about the agriculture

sector by Indian people. Okay, and what we are seeing now lucrative things is basically from

the high tech people or the rich people. I'm very frank, okay. And these high tech or rich

people are very few 5% of the world or 2% of the 65% population what I mentioned. Okay,

the rest of the people are ignorant about the agriculture. And it's a very sad scenario for us.

Antonio G. 41:34 Yeah, just to get to the point of your argument, what I feel is that

it's also important to kind of instill this mindset that educated people or engineers have also
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within the non educated people, so as you mentioned before, that the use of technology, it's

also important for the development of the whole, not just the Indian people, but also in the

non educated people, which account for the great majority of farmers in India. And I think

that's a really nice conclusion. And as for me, I don't have any any more speci�c question.

Dhanaji K. 42:34 Yeah, I would like to tell one more thing, what I look at it is a biggest

opportunity for Indian people to look at the farming sector. It's a biggest opportunity as of

today, and considering the COVID-19 situation. I think we must, must must, I said "must"

three times because I have worked in Japan and Japanese people used to say never, never,

never say no. Okay, they used to say that so I am habited to that. So I will say that we

"must, must must" look at this sector very seriously and work honestly, passionately, with

the technology and get successful in building more and more. That's what I can say.

Jon S. 43:23 Yeah, I think it's great. I mean, it's great that we can talk to someone like

you, you can give us such good insights, you know, from the actual sector. So I think it was

eye-opening for us. So, I thank you for that and yeah, I think we got everything we needed,

basically.

Dhanaji K. 43:49 Additionally I just wanted to share this project with you.

45:48 �����- Dhanaji K. shares some details of a business proposal������

Jon S. 54:49 Ok Dhanaji, that was great, really interesting and insightful. So we're

gonna continue working on this and I think we'll keep in touch in case something comes up.

So if that sounds good, we can keep in touch and and you know, let you know about our

process.

Dhanaji K. 55:13 Sure, for sure, yes. Thank you very much, Jon and Toni. Yeah, please

keep in touch, let us do something better for the society. Right?

Antonio G. 55:29 That's the goal. Thank you very much.

Jon S. 55:32 We really appreciate it. Big thank you.

Dhanaji K. 55:35 Thanks, bye bye.
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