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ABSTRACT

The Farmer Producer Company (FPC), a subset of the Farmer Producer Organization (FPO), is an important institutional form designed to organize
farmer groups towards better coordinated farming and marketing. In the Indian context, as FPCs have emerged as new forms of members-led
agribusiness, their ability to identify prevailing social ties and tap them effectively towards business growth needs to be better understood. Although
social capital is studied broadly for its potential to drive organizational performance, it has been poorly researched in farmer collectives such as
FPCs. The current work examines the effect of social capital on benefits and business performance at the level of member groups in FPCs. An
empirical analysis was conducted in which two FPCs, which differed significantly in their mobilization strategies, farming methods, and supply
chain linkages, were surveyed. Data collected from the surveys were visualized and clustering analysis was carried out using Self Organizing Maps
(SOM), an unsupervised Artificial Neural Network (ANN) tool. Insights from clustering reveal the importance of pre-existing social ties, leadership,
participation in group activities and the geographical affinity of groups in benefits realization and business performance of FPCs. The importance
of bottom-up approaches in establishing robust supply chain linkages in emerging FPCs was keyed out through this work. The inferences through
SOM, distilled strategies for FPCs’ stakeholders in prioritizing interventions for member groups and in generating broader implications for policy
makers accounting social capital in new institutional models.

1. Introduction

In order for small and marginal farmers to derive benefits at economies of scale, various institutional forms such as cooperatives,
societies and Self-Help Groups (SHGs) have been promoted by government and non- governmental organizations in developing
economies [1]. Each of those models improved outreach and rendered benefits of cooperation to their members. Still, there was
limited success in ensuring participation and minimal improvement in the economic welfare of small and marginal farmers, leading
to the search for new institutional forms [2]. Apart from ensuring the active participation of farmer members, these new institutional
models are targeted towards making rural producers follow organized marketing of their products themselves instead of continuing to
rely on exploitative transactions managed by brokers and other intermediaries [3]. The focus of this paper is on one such institutional
model implemented in India, known as the Farmer Producer Company (FPC(s)), which preserves the cooperative framework but is
managed on the basis of a corporate organizational structure.

FPCs are mobilized from SHGs, producer groups and small clusters organized by their earlier collective form or in the form of new
Farmer Interest Groups (FIGs). The foundations of FPCs are thus embedded in local customs, though initially structured as formal
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organizations based on economic principles [4]. As FPCs emerge as new institutional forms for members-led agribusiness, their ability
to recognize the pre-existing social ties and utilize them effectively towards business growth needs to be understood better [5]. Their
inclusiveness of small and marginal farmers and the extent of their ability to tap social networks to aid the performance and growth
of FPCs remain unexplored in national and regional contexts [6]. The social networks and affiliations of individuals to a collective [7]
are used to explain the concept of ‘Social Capital’. While Burt (2000) [8] and Bourdieu (1986) [9] conveyed social networks as the
causative factor for the aggregation of resources and social capital, the definitions of Nahapiet & Ghoshal (1998) [10] and Coleman
(1988) [11] explained social capital as a constituent of both networks and resources. FPC as an organization, mobilized from clusters
and farmer groups, needs to manage the social networks of members, so as to enhance their collective abilities and render unbiased
benefits. Thus, FPC makes a converging case of these divergent views of social capital. ‘Social capital’ and ‘member satisfaction’ have
emerged as essential characteristics [12] of farmer collectives, be it to ensure farmers’ access to innovation [13], technology adoption
[14], farm risk and resilience [15] or for sustainable livelihoods amidst uncertainties [16]. FPC, as an institutional innovation [17]
cutting across all these elements, is yet to be researched in establishing the role of social capital towards organizational performance.
This paper, therefore, aims to fill this gap by exploring the nexus of social capital and the performance of FPCs in a comparative case
study from South India.

The importance of FPCs and similar institutional forms such as agricultural cooperatives, producer organizations, farmer groups,
and associations in promoting farm production and marketing performance has received great attention of scholars and government
makers. A growing number of studies have found that these farmer-based institutions have significant and positive impacts on farm
productivity and production efficiency [18-20], marketing channel choice and product quality improvement [21,22], household
welfare and rural development [23,24], cropland abandonment reduction and climate change mitigation [25], technology adoption
[26,27], and women empowerment [28]. However, to date, no previous studies have discussed how social capital in FPCs drives the
realization of benefits for its members and business performance of FPCs.

Analyses of social capital in local social structures have mostly deployed multilevel linear regressions, hypothesis testing [29,30]
and econometric techniques, such as propensity score matching [31]. Only a few studies have explored Social Network Analysis
(SNA), hypothesis testing, structural equation modeling and participatory surveys to explain the association of social capital with
innovation facilitation, entrepreneurship and network dynamism of cooperatives [32-34]. While the association of social capital with
the performance of rural cooperatives has contributed to theoretical development [35-37], researchers have increasingly called for
tools and models that can provide decision support for stakeholders themselves in a more straightforward manner [38,39]. Among
methods that enable less supervised decision making capabilities to stakeholders, visualization tools contribute substantially and
are yet less applied in social capital research. Apart from SNA based visualization [32,40], other forms of data visualization have
not been tapped in the social context of agricultural cooperatives. While SNA renders strategic insights for researchers and policy
makers, its interpretation by stakeholders themselves for decision making is not straightforward. A valuable visualization tool that
enables automated data analytic capability for social contexts is ‘Self Organizing Maps (SOM)’ [41]. SOM renders a two-dimensional
visualization of multidimensional data, ensuring simplified interpretation of social context [42,43]. In the current work, we propose
using SOM for its potential in providing stakeholders with self-explanatory visualization patterns and in understanding social capital
attributes and performance of FPCs using clustering led insights.

The current study attempts firstly to perform an empirical analysis of social capital by stakeholders’ perceptions of its various
attributes; second to analyze their connections with the FPC’s performance in its benefits outreach and procurement activities. Until
now, the impact of FPCs was assessed on the basis of member’s income, participation and overall profit [44-46]. The uniqueness in
the current study is in understanding the members’ perceptions on various dimensions of FPC through social capital lenses and in
aligning it to the performance in terms of benefits derived by the membership and the FPC’s capability in enabling the business of
members’ produce. The study proceeds through the following steps. (i) selection of representative FPCs and social capital surveys at
the level of Farmer Interest Groups (FIGs) in the chosen FPCs (ii) visualization of social capital attributes through SOM (iii) application
of clustering of SOM towards detecting new groupings associated with social capital attributes (iv) the position of identified clusters
with respect to benefits and procurement activities in the surveyed FPCs and (v) validation of clustering by SOM. The visualization
generated by SOM captured variations in FIGs across input and output attributes in two-dimensional space. Insights gained from the
clustering include the importance of pre-existing social ties, leadership, participation in group activities and geographical affinity of
groups in benefits realization and procurement activities at FPCs. Inferences based on observations from SOM distilled strategies for
FPCs’ stakeholders in the array of operations, from mobilization and group activities to business outreach.

The rest of the paper is organized as follows. The study area and sampling details are discussed in section 2. The data surveyed
and the categorization of input and output attributes are stated in section 3. Description of SOM and the algorithm are explained
in section 4; the results from SOM for each of the FPCs and validation of SOM led clustering is presented in section 5; Section 6
summarizes the inferences drawn from SOM led observations and section 7 presents the conclusions.

2. Study area and survey instrument
2.1. Selection of FPCs

In India, some of the leading states in the formation and establishment of FPCs include Maharashtra, Madhya Pradesh, Gujarat,
Rajasthan, Goa in the northern zone and Tamil Nadu, Kerala, Andhra Pradesh and Karnataka in the south zone. [4]. The proliferation

of FPCs was dependent on the specific state’s agriculture and marketing policies and the supporting institutions in the region. Nearly
7374 FPCs are registered in India [47] and the aforementioned states had promoted nearly 50% of these FPCs. Still, there is no
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equitable spread of literature on FPC across these states. Among southern states, Andhra Pradesh and Karnataka gained sufficient
attention by profound research on FPCs [48,49]. FPCs in Tamil Nadu have got the least attention so far, be it in empirical studies,
reviews or policy research. They appeared with narrow details in baseline analyses [4] and researched little, except for a few mentions
in conceptual analysis and case references. Also, FPCs across states seek a tailored policy agenda for nurturing their ecosystem and
for synthesizing guiding tools for their practitioners. Therefore, two FPCs have been chosen from Tamil Nadu for this study. While
the two FPCs may not be representative of the whole FPC ecosystem, they still encompass critical categories of FPCs in the region
such as government funded FPCs versus self-promoted ones, FPCs based on natural farming versus chemical inputs based farming
and also varied levels of supply chain relationships in FPC, as defined through the scope further in this section.

More than 600 FPCs are functioning in Tamil Nadu, of which at least 75% of FPCs [50] were established with the support of
government-led funding entities such as the National Bank for Agriculture and Rural Development (NABARD) and Tamil Nadu Small
Farmers’ Agribusiness Consortium (TNSFAC). Apart from them, there are many self-funded FPCs in Tamil Nadu, formed through
mobilization and shareholding by farmers themselves without deriving any support from the aforementioned government-led funding
sources. The latter FPCs are formed by ‘bottom-up’ approaches of mobilization by bringing their pre-existing social ties and informal
business activities under the formalized FPC model. The former FPCs constituted through the support of government-led incubators
fall under FPCs mobilized through top-down approaches. In any community-led governance mechanism, the bottom-up model is
highly advocated [51,52] and FPC is not an exception in this. However, FPCs were treated as startups in their early years and an
extended period of promotion through Non-Governmental Organizations (NGOs), NABARD and TNSFAC was anticipated. A shift of
focus is insisted from implementation to facilitation role, be that played by governments and NGOs in such top-down approaches [39].
The role of regional and state representation of the government in framing rural development policies that encourage stakeholder
mobilization in a bottom-up manner [51,53] were implied in social capital literature. Hence, mobilization was taken as the first and
primary scope for this study and thereby FPCs, one each on bottom-up mobilization and top-down approach were selected.

Second is the farming methods followed by these FPCs. The representative FPC for bottom-up mobilization was formed through
its clusters of farmers practicing natural farming from surrounding villages and districts. The top-down model encompassed FIGs
with producers in it practicing farming dependent on chemical inputs. Apart from mobilization and farming practices, the supply
chain relationships of these FPCs with the respective members make the third scope of this study. FPC I formed through a top-down
approach lacked the supplier-buyer relationship with its members except for crop inputs sales, whereas FPC II engaged actively in
collective marketing of its members’ produce, right from the establishment phase by tapping the informal ties with its natural farming
clusters.

2.2. FPCland I

FPCs are formed by mobilizing a set of member groups termed ‘Farmer Interest Groups (FIG), each having a membership count
from 5 to 20. These members were grouped, be it by the farm produce they cultivate or the activities, they are aligned to. The term
FIGs were introduced for mapping membership and to enable smoother management of FPCs by promoting agencies and funding
institutions. 20 FIGs were surveyed for this study, in each of the FPC. Given the distinctive characteristics of the two FPCs in
Table 1, the membership size is far larger in FPC I and to capture the sample in uniform proportions, 400 members were covered
in FPC I and 100 members were covered in FPC II thus covering 40% of the membership in each of the FPC. FIGs were chosen
by strategic sampling based on their geographic location (encompassing FIGs in all the 3 blocks in case of FPC I and 4 districts
in FPC II) and the cropping details. FPC I is located in Kallakurichi district covering 3 blocks and FPC II is located in Villupuram
covering members from Villupuram, Pondicherry, Kallakurichi, Cuddalore and Tiruvannamalai districts. Since FPC II is based on
its natural farming principles and the farmers following natural farming are scattered across the districts, the FPC needs to include
membership even from its nearby districts and hence the reason for its extended geographic footprint. Thus, the soil types, agro-
climatic characteristics and groundwater availability differ highly between these FPCs. Though both the FPCs are dependent on
groundwater availability majorly, some clusters in FPC II had the privilege of perennial availability of groundwater due to their
proximity to the coast.

Table 1
Operational details of FPC I and II.
FPC1I FPCII
Year of registration 2014 2015
Promoting Organization =~ National Agro Foundation Self-Promoted (Trust)
Funding support Tamil Nadu Small Farmers Agribusiness Consortium  Self-funded
Membership size 1000 250
Group Constitution Farmer Interest Groups Clusters
Farming method Chemical inputs Natural farming
Geographic coverage 3 administrative blocks of a district 4 districts
Cropping details Oilseeds, pulses, paddy and fodder crops Paddy, millets, pulses and horticultural crops
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3. Data
3.1. Survey instrument

Data collection in the two FPCs was conducted through surveys, using the World Bank’s ‘Social Capital Assessment Tool (SOCAT)’
developed by Grootaert and Bastelaer (2002) [54]. SOCAT is designed to gather data on individuals and groups, focusing on their
social assets and networks. The ‘member interview guide’ of the tool was utilized, with each question serving as an attribute to
capture the FPC’s social capital. Data collection took place between August and September 2018 in FPC I, and January to February
2019 in FPC II across representative member groups (20 in each of the FPC) through focus group discussions. On average, it took
around 2 hours to complete the survey for each identified member group, herein referred as FIGs. The member interview guide
generated qualitative data. Responses were recorded on a Likert scale ranging from 1 to 4, where 1 indicated a lower average
opinion and 4 represented a very positive opinion on survey variables related to group/organizational characteristics. The scales
were adapted from Grootaert and Bastelaer (2002) [54] and tailored to the attributes relevant to FPCs. The selection of FPCs was
based on their differences in mobilization and downstream farming practices as detailed in Section 2. The FPCs were approached
through capacity-building initiatives at the research institute where the study was conducted.

3.2. Input and output attributes

As mentioned earlier, the objective of the current study is to analyze the role of social capital in benefits outreach and procurement
of members’ produce by FPCs. Hence, ‘procurement by FPC’ and ‘benefits being part of FPC’ were taken as performance benchmarks
to be analyzed across member groups. These benchmarks were also strongly implied in policy briefs and technical reports [5,55]
for empirical research on FPCs. The attributes surveyed are categorized as (i) Group history and structure, (ii) Leadership, (iii)
Participation in group activities, (iv) Board of Directors’ activities and (v) Business Operations. The survey encompasses an overall
of 30 attributes as listed in Table 2 and also detailed in Table S1. 28 attributes characterizing membership, participation and trust
in leadership were categorized as ‘input attributes’. Two attributes viz., ‘Benefits’ and ‘Group Procurement’ surveyed alongside other
attributes were considered as ‘output attributes’.

Table 2

Questionnaire for social capital assessment.

Attribute

Attribute explanation

Conceptual details

Group History and Structure

1 Group Initiation Whether FIG/Cluster mobilized for FPC or existed before? Origin of group (FPC/Other Purpose)
2 Benefits Benefits derived out of your association with FPC Services and Resources access
3 Expressing Concerns To what extent, FPC expresses your concerns to the outside world? Functional scope of FPC (Responses
4 Substituting Government To what extent, FPC complement/replaces govt institutions in your locale? derived through case references)
5 Substituting NGOs To what extent, FPC complement/replaces NGOs in your locale?
Leadership How would you characterize FPC leadership in terms of
6 Stability Organizational Capacities (ranking the
7 Availability BoD by each attribute
8 Diversity Heterogeneity of ‘Board of Directors (BoD)’
9 Skills Leaders Relationship of BoD with the community through FIG heads
10 Relationship Community Quality and skills in handling situations
Participation
11 Group Meetings How frequent the meetings are organized by FIGs? Active participation (to set the group
12 Attendance Attendance at FIG led meetings visibility)
13 Decision Making Active participation during meetings Decision making
14 Dissemination Dissemination about meetings and various decisions taken to members Communication& Coordination
15 Consultation FIGs How well are you satisfied by consultation from BoD with FIGs?
16 Broad Debate Broad debates, including constructive opinions and oppositions?
17 Women Ratio Number of women in FIGs Gender & Social Inclusivity
18 Social Inclusion Relationship of BoD with the community through FIG heads
19 Big Farmers Whether big farmers are supportive or influencing negative?
Board of Directors’ activities
20 Knowledge Levels Level of knowledge of procedures and policies of FPC Organizational Culture (Following
21 Procedures Whether procedures are carried out? Any issues in following up? norms & compliances of FPC)
22 BoD Meeting Attendance Attendance in meetings led by BoD
Business Operations
23 Conflicts Resolution Conflicts resolution mechanism within clusters and by BoD? Organizational Capacities
24 Credit Facilities Any credit facilities maintained by FIGs or led by BoD? Organizing the supply chain (Generating
25 Group Procurement Whether members’ produce procured by FIG head or BoD of FPC? working capital, negotiation power and
26 Contracting Dealers How good is the BoD in contracting input and market dealers? selling the produce through FPC)
27 Financial Reports Whether financial reports for banks/donors prepared by procedures?
28 Reacting Fluctuations Does the FPC able to react to changing circumstances (Price rise, climate, etc.,) Organizational sustainability (during
29 Planning Does the FPC develop specific plans for the future instead of reacting? uncertainties)
30 Reflecting Experience How well you are reflecting your earlier experience in FPC led business? Indigenous Knowledge and Experience
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In FPC II, only 29 attributes were surveyed as Social Inclusion was recorded with uniform responses and responses for Women
Ratio were not absolute. There was an additional attribute in FPC II, Mobilization capturing the details for the slow increase in
membership at each cluster. This was not applicable in FPC I, as 50 FIGs were formed through the supporting NGO with 20 members
each, making the total membership count to 1000.

4. Methods

The qualitative data collected from FPC members is considered the data space with 20 sample points and 30 dimensions. That
is, the 20 FIGs correspond to the sample points and the 30 attributes for each FIG are the dimensions. It is to be noted that each
FIG has a maximum of 20 members and the data accrued is an average of these members’ perspective on the respective attribute.
Of the 30 attributes, 28 of them characterize the input and 2, the output. The underlying goal is to use such a multidimensional
data space for social capital analysis that can help stakeholders and policy makers towards governance and operational guidelines
for the FPC. In order to be able to do that, one needs to understand the relationship, such as correlations and patterns between the
input space and the performance space. While Spearman correlation showed correlations between attributes, it couldn’t highlight
the differences in such correlations across the FIG groups (Appendix Figures Sla and S1b). Since the stakeholders and policymakers
could have different backgrounds and varying levels of exposure to technology, knowledge and literacy, it is desirable to present the
data in a visually intuitive and interpretive manner. Analyses of data through plots such as nested axes plots, tile plots and parallel
axes plots [56] exist. However, all these methods fix a particular variable and vary the other variables and hence do not capture
the simultaneous variation of all variables. In addition, with the increase in dimensions, the computational load is higher and visual
interpretation is cumbersome. Dimensionality reduction methods, such as Principal Component Analysis or Active Subspace [57]
work on the principle of identifying the crucial factors and recasting the function in terms of these variables. While the dimensions
for analysis get reduced, remapping the reduced dimensions to the original dimension is a challenge. Multiple Correspondence
Analysis (MCA), a generalization of ‘Principal components analysis’ though highlighted key dimensions, couldn’t render details on
associations, that are interpretable by stakeholders (Appendix Figure S2). Hence, in order to preserve the details of design space in
higher dimensions and to ensure interpretable visualization, we use the SOM [41].

SOM belongs to a class of unsupervised neural networks [41] that enable visual interpretation of multidimensional data by their
ability to map non-linear relations. SOM maps could be generated without the knowledge of complexities and associations in the
system that created the data [58]. Thus, it is used to explore datasets even when quantification of associations remains difficult.
Unified distance matrix (U-matrix) and component planes are the two forms of visualization rendered by SOM. The former provides
valuable insights into the topology of SOM and aids in identifying clusters, whereas the latter depicts the associations between
the attributes mapped in 2D space. SOM-based visualization and clustering have been reported in agriculture for disease detection,
plant species detection [59], biodiversity [60], water resources utilization [42] and land use [61] among other applications. The
application of SOM is limited in the social and economic context of agriculture [62] and to the best of our knowledge, this is the first
attempt to use SOM in the research of farmers-led organizations and social capital assessment.

The data collected from the two FPCs were normalized before applying SOM algorithm so that all the attributes would be in
comparable units for analysis. In SOM, the inputs are processed as vectors and every neuron is assigned a weight vector whose
dimension is that of input space. After normalizing by range, the input vectors were transformed into a two-dimensional map by the
SOM algorithm (Appendix Figure S3). The weight vectors are either randomly or linearly initiated, and each neuron is examined
to identify which neuron’s weight is closest to the input vector. Based on Euclidean distance criteria, the neuron that is closest to
a chosen data point is assigned as the Best Matching Unit (BMU). The weights of neighboring neurons are updated such that the
neighborhood function and the learning rate decrease to a minimum over multiple iterations. The training phase of SOM proceeds
until convergence criteria are met. Finally, 2D plots of the input and output are obtained, which are essentially the weights of the
respective components. Apart from these component planes generated for inputs and outputs, the U-matrix is generated by assigning
each neuron a value that represents the distance to its neighboring neurons. These values are then visualized as a grid of colors, where
each color represents a different level of distance. Clusters are identified in the color grid by uniform areas of low values, whereas
high values indicate the border of clusters. The two-dimensional map rendered qualitative details on how the input variables, here
the social capital attributes are associated with each other. SOM’s potential in visualization, as well as clustering, is tapped in this
study to draw inferences on the FPCs surveyed. The platform used for developing SOM is MATLAB [63].

5. Results

A SOM with 24 nodes is trained on the data that is collected. The component planes for the inputs and output of the data space
are provided in Fig. 1. It is to be noted that the plots presented are the weights of the respective attributes at the end of the SOM
training. The color bar beside each component plane provides the weights. Blue color corresponds to lower weight range and brown
color for higher weights, whereas yellow and pale red colors denote the ranges in between of the attribute weights. Component
planes enable understanding the correlations among variables by observing the color patterns. For instance, similar patterns were
observed between Credit Facilities and Group Procurement. From these component planes, one can infer that the FIGs that had credit
facilities were able to procure goods. That is, the ones that had more credit facilities (left top of the component plane with high
weights) had better procurement capabilities (left top of the component plane with high weights). Similarly, Reflecting Experience
and Benefits were inversely correlated. That is, the FIGs with low Reflecting Experience (right half of the component plane) had better
perception on Benefits (right half of the respective component plane).
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Fig. 1. U-matrix and Component planes segregated by inputs and outputs of the data space - FPC L.

By analyzing SOM, the following can be inferred:

i. Groups (FIGs) that existed earlier had better perceptions on FPC’s ability in Contracting Dealers. Some of these groups which

maintained credit sections, were able to engage in procurement activities.

ii. In FIGs that were formed alongside FPC, Women Ratio is comparatively higher and in these groups, Broad Debates on resource
distribution were reported.

iii. Benefits was perceived low across many FIGs and still, these FIGs were able to reflect well their earlier experience in collective
farming.

iv. FIGs with a better representation of small and marginal farmers exhibited lower perceptions on Credit Facilities, Conflicts Resolu-
tion, Planning and Benefits.

v. Social Inclusion and the relationship of BoD with FIGs were rated similarly by the FIGs. FIGs that are distantly located from core

operations exhibited less than average perceptions in many of the attributes, as inferred from the blue patches of neurons in the
lower rows of component planes.

It is worth noting that the 30 dimensional data reduced to 30 2D plots allow one to visually observe the relationships and make
inferences. Apart from visualizations through component planes, the U-matrix of SOM rendered substantive details by capturing the
distance between data points in space. The partitions derived through U-matrix (Fig. 2a) could be analyzed as explicit clusters by
combining SOM with a suitable clustering algorithm. SOM based clustering has been explored in this work to expose the inter-cluster
variations of attributes specifically towards their influence in benefits outreach and procurement.

5.1. SOM led clustering — FPC I

The U matrix is created by inserting a cell between every pair of node. Each cell is assigned the Euclidean distance between the
pair of nodes that it connects. These values are then visualized as color contours which are essentially the difference in the values of
the adjacent nodes. Thus, U-matrix provides information on the distribution or groups of data for a given SOM and is usually used for
clustering purpose. It is to be noted that the clustering is performed on the weights of the U-matrix. Here, we use a K-means clustering
approach. This approach divides the samples into a pre-chosen number (K) of groups, based on the features that are provided. The
points are clustered such that the squared error between the centroid and the data points in each cluster is minimized. By examining
these clusters which represent unique feature vectors within themselves, unknown groupings in the dataset can be detected. Upon
detecting the clusters, a new sample can be easily assigned to the appropriate cluster [64].

The U-matrix for FPC I is presented in Fig. 2a. Wherever the neuron color is darker compared to a group of neurons of similar
shades, it means that the distance between the neighboring nodes is large and hence can be considered the boundary of a cluster.
Alternately, nodes of similar shades will be clustered and separated by dark color nodes. The resulting clusters and the respective
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Fig. 2. (a) U-matrix of SOM - FPC [; (b) Clustered SOM.

labels of FIGs for FPC I are presented in Fig. 2b. For each component plane, the codebook vectors corresponding to the clusters
identified in Fig. 2b were retrieved. The average, minimum and maximum of code book vector values were calculated for each
cluster and by every component plane. The circular bar chart derived through these values is presented in Appendix Figure S4.

A sharper view of the clusters variations are presented in Fig. 3 using the same color legend from Fig. 2b.
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Fig. 3. Circular bar chart of cluster average values- FPC I.

In Fig. 3, the social capital attributes were grouped under Group activities, Leadership, Board operations, Decision making and
Conflicts and debates by averaging the codebook values in each cluster. Stability, Availability, Diversity, Skills Leaders and Relation-
ship Community were grouped under Leadership. Knowledge levels, Procedures, BoD Meeting Attendance, Contracting Dealers, Financial
Reports, Planning, Substituting Government, Substituting NGOs and Expressing Concerns were grouped under Board Functions. Group

Meetings, Attendance, Dissemination, Consultation FIGs, Women Ratio, Social Inclusion were grouped under Group activities. Conflicts
Resolution and Broad Debates were put together as Conflicts and debates. Group Initiation, Decision Making, Credit Facilities, Reacting

Fluctuations, Benefits and Group Procurement were mapped as such in Fig. 3. While the data analyzed by SOM enabled establishing
clusters of FIGs based on their opinions on FPC operations, additional information on attribute values by each cluster (Fig. 3) derived

inferences specific to the cluster.
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FIGs belonging to clusters 1 and 2 are representative of FIGs which existed before the formation of FPCs. These clusters performed
well in most of the attributes. However, realization of Benefits was less than average. This can be attributed to the fact that the
members couldn’t make use of resources and exposures from FPC due to consecutive years of drought in the region. In the case of
procurement activities, at the most, FIGs in cluster 2 were only able to make progress while the other clusters were still in planning
for procurement and collective marketing. The attributes differentiating clusters 1 and 2 are those of leadership, participation in
decision making and Credit Facilities.

Cluster 3 is composed of newly formed FIGs with the least perceptions on leadership, intra-group activities and their participation
in decision making. Conflicts and debates on impartial resource access constrained by their remoteness from the core operations of
FPC were reported in this cluster. Cluster 4 and 5 represent newly formed FIGs with comparably better perceptions than cluster 3
on group activities and leadership. The realization of Benefits in these clusters is proportional to their perceptions on participation in
group activities, leadership, conflicts resolution and debates. Across all the clusters, the presence of Credit Facilities is less associated
with the realization of Benefits.

5.2. SOM led visualization- FPC IT

FPC II differed from FPC I, by its mobilization strategies and farming methods, and the surveys captured variations in the responses
for respective attributes. To account for the bottom-up approaches of FPC II in the mobilization of members, Mobilization is included
as an attribute to be surveyed.

Similar to FPC I, SOM maps were created for FPC II as well and presented in Fig. 4. It can be inferred that,

i. The lower rank for Mobilization in most of the groups was associated with the expectations of new members towards incentivi-
sation for membership and faster payments for their produce
ii. The inverse patterns of Mobilization and Group Procurement indicate that though the mobilization is slow across many groups,
the existing members were satisfied with the procurement strategies
iii. The groups corresponding to the top right nodes in Mobilization, though were able to aggregate more members in FPC, many
members were in a phase of conversion to natural farming practices. This delay in conversion was reflected in getting certification
for their organic produce, due to which they were less satisfied with FPC’s differential procurement mechanisms for uncertified
produce
iv. The blue nodes in the top right of the component planes of Benefits and Reflecting Experience point that the groups which did not
have earlier experience on collective farming did not express better realization of Benefits
v. The frequency of meetings at group level and participation in decision making were less linked to Group Procurement and Benefits
respectively, as inferred from their inverse patterns

Similar to FPC I, the U-matrix of FPC II data also was established to understand additional details.
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Fig. 4. U-matrix and Component planes segregated by inputs and outputs of the data space - FPC II.
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Fig. 5. (a) U-matrix of SOM - FPC II; (b) Clustered SOM.
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Fig. 6. Circular bar chart of cluster average values- FPC II.

5.3. SOM led clustering- FPC II

The U-matrix of FPC II Fig. 5a showed four different groupings, and they were marked explicitly through k-means clustering
along with the labels for 20 FIGs, as seen in Fig. 5b. The code book vectors of component planes were retrieved by their clusters,
similar to FPC I and they are averaged for each cluster. The circular bar plots made for each cluster by grouped attributes are shown
in Fig. 6. The grouping was done similar to that of FPC I and Mobilization was the only additional attribute, thus making 11 attributes

per cluster in the circular bar chart.
The following can be observed from Fig. 6:

i. The lower rank for Mobilization in most of the groups was associated with the expectations of new members towards incentivi-

sation for membership and faster payments for their produce
ii. Cluster 1 captured well many of the social capital attributes and it exhibited lower weights only on the FPC’s ability to react to

price volatility in the market
iii. Cluster 2 had average weights on leadership and less than average weights on group activities and participation in decision

making, which were reflected in their average realization of Benefits
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iv. Cluster 3 had lower weights on leadership and group activities. Also, Broad Debates were recorded in the cluster pertaining
to payment delays and certification requirements for their farm produce. Since many members in the cluster were yet to get
approved of organic certification, there were lags in the procurement of their produce also

v. Credit Facilities are managed majorly by the ‘Board of Directors’. Clusters 2 and 3 had less awareness of the deployment of credit
facilities

vi. Cluster 4, though had minimal participation in group activities and decision making, their trust in leadership was proportional
to the realization of Benefits and procurement process of the FPC.

Except for Cluster 3, the attribute Group Procurement received good weights across the clusters. Observation of minimum, average
and maximum values by each attribute has been presented in the Appendix Figure S5.

5.4. Comparison of FPC I and I

Apart from analyzing the effects of social capital on the two outputs viz., benefits and procurement, one needs to understand the
association between them. Benefits include inputs supply, seeds distribution, credit linkages, exposure visits, soil testing and agro-
advisories through extension officials. Based on various such services availed through FPCs, FIGs/clusters ranked ‘benefits’ from ‘1’
to ‘4. These services constitute institutional support by FPC. Business performance characterized by marketing and sales of members’
produce is captured through the attribute ‘procurement’ in this study. The scope of FPC in its supply chain activities is determined
by its procurement process. Benefits can be perceived as institutional support and procurement as supply chain linkages.

1 ; 1 |
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Fig. 7. Institutional Support vs Supply chain linkages (a) FPC I (b) FPC II.

A scatter plot between the two is presented in Fig. 7, by averaging the attribute values in each cluster. In Fig. 7a, no cluster
occupied the first quadrant and only Cluster 2 was in the second quadrant. This implies that the institutional support led by FPC I
to its members has not facilitated an environment for supply chain linkages and missed to facilitate strategies for procurement from
member farmers. The plot for FPC II (Fig. 7b) placed three out of four clusters in upper quadrants and 2 clusters in first quadrant. It
uttered the potential of FPC II in translating effectively its support to members, as an institution to supply chain linkages effectively.
Also, these two plots of FPCs appear inverse of each other, underscoring the effects of their contraries in mobilization, farming
methods and supply chain mechanisms.

5.5. Validation- SOM led clustering

To this end, we have analyzed the data using SOM to understand the relationships and based on clustering. In order to validate
the clustering, we propose to use 90% of the whole data (100%) for training and use the remaining 10% data for testing. By testing,
we attempt to predict which cluster would each of the tested FIG belong, based on the clustering obtained from the 90% training
data. This cluster prediction can then be compared to clustering obtained from the 100% whole data. To execute the same, the SOM
was applied to training data (18 FIGs) and clustered. It was then examined whether the test data (2 FIGs) were classified into clusters
that they would have been classified, if the clustering was performed with 20 FIGs.

The testing carried out on both the FPCs are shown in Fig. 8a and 8b for FPC I and Fig. 9a and 9b for FPC IL In the clustering
performed with 100% whole data, the bounds and average values for a particular cluster in which the test FIG was classified is
presented, along with the code book value of the test FIG with the 90% training data. It can be observed that in the cases shown, the
test FIG is always classified into the correct cluster. Such validation done for a set of samples in FPC I and II is presented here and
similar testing done with a few other sample combinations are given in the Appendix Figures S6a, S6b and Figures S7a, S7b.
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Fig. 8. Validation of clustering by SOM - FPC I (a) Test FIG - B1 (b) Test FIG - I1.
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Fig. 9. Validation of clustering by SOM - FPC II (a) Test FIG - M (b) Test FIG - L.

This verification allows us to conclude that if a particular FIG aspires to belong to a cluster than the one that it belongs to
currently, then one needs to compare the attributes of the corresponding cluster with that of the FIG and the comparison will provide
the information which attributes one need to address for the FIG to be classified into the aspiring cluster. Since the clustering need
to be validated on empirical survey data on groups, this type of validation has been followed.

6. Discussions

The research interest is in examining the importance of social capital in facilitating benefits and procurement through FPCs.
FPCs were taken as the context since they were promoted as promising strategies to organize agricultural production and marketing
[65]. They were also postulated as network organizations with a higher dependence on social capital [66]. FPCs I and II that were
identified for the study were institutionally similar but functionally different. While FPC I was an outcome of externally initiated
collective action, FPC II emerged through an indigenous institution-building process. The explanation for the observations derived
through SOM analysis and the inferences for each of the FPCs in addressing the shortcomings on benefits and procurement are
listed in Table 3. The attributes were filtered based on their associations with ‘Benefits’ and ‘Procurement’ derived through SOM led
visualization (Fig. 1 and Fig. 4) and clustering (Fig. 3 and Fig. 6).

It is inferred from Table 3 that leadership remains a key construct in determining the perceptions on benefits in both the FPCs
and also on procurement strategies in FPC II. This observation is similar to the observations made on the impact of active leadership
in generating and sustaining the social capital [67,68]. The dissociation between some of the social capital attributes with benefits
and procurement have been brought out for both the FPCs. The role of FPC in linking various strategies and the social capital gained
through them to benefits and procurement is essential and failing to do so would bring down FPC’s identity to a mere extension
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Table 3
Observations and suggested strategies — FPC I & II.
FPC 1
SC attributes B P Observation (O), Explanation (E), Inference (I)
Group Initiation 1 O: FIGs that were initiated before the formation of FPC demonstrated increased procurement compared to the FIGs that were
initiated during FPC formation
E: Pre-existing FIGs had a better understanding of collective farming and logistics
I: Recognizing the existing clusters and social affinity of farmers are essential in the process of formation of FPC
1 O: Benefits (inputs supply, trainings) rendered by FPC weren’t useful to pre-existing groups as compared to newly formed FIGs
E: Pre-existing FIGs followed adapted cropping patterns to combat droughts
I: Interventions required in addressing challenges at downstream production, be it through droughts or any erratic climate
situations
Small Farmers 1 O: FIGs with more small and marginal farmers had lower perceptions on Benefits. These FIGs were also dissatisfied with

Planning, Conflicts Resolution and Diversity of BoD
E: FIGs with more small and marginal farmers reported unfair distribution of seeds and access to information on trainings
I: Ensuring equitable access to benefits and prioritizing concerns of FIGs with more small and marginal farmers; Capacity
building of BoD to address concerns pertaining to Conflicts Resolution and Diversity

Credit Facilities | O: Initial intention of credit sections was to align them to overarching beneficial services planned by FPC. The credit sections
were tapped highly for decisions at group levels such as members’ loans, labor charges and logistics of produce
E: Lack of awareness of FIGs on using credit facilities for activities linked to FPC’s business services
I: FPC needs to sensitize the utilization of credit facilities for the overall business objective and enhance awareness on the
returns out of the process at the level of individual members

Leadership and 1 O: Trust in leadership and participation of FIGs in decision making reflected in increased benefits realization

Participation in E: Availability of BoD to FIGs is essential for continued access to resources and information by FIGs

Decision Making I: Ensuring unbiased outreach to FIGs for enhancing the realization of benefits and in mounting the collective strengths of FIGs
FPC II

SC attributes B P Observation (O), Explanation (E), Inference (I)

Mobilization | O: FIGs which made good mobilization showed lesser perceptions on procurement

E: The newly joining members expect faster payments for the produce and hence had lower perceptions on procurement
I: Need to target grants and working capital to enhance outreach and to ensure immediate payments for produce
Group meetings | O: Few groups are from nearby districts and coordinating group meetings were difficult in these FIGs
E: FPC did not have supporting grants/funds and couldn’t invest to conduct group activities frequently
I: To avoid a decrease in ownership in the future due to reduced group activities, FPC needs to strengthen procurement based
transactions and periodic communications on the same through groups

Participation in 1 O: Groups which made increased participation in decision making had lower perceptions on Benefits

decision making E: Participation in decision making was reported on procurement based transactions and processes and hence less inclined to
Benefits

Leadership 1 1 O: Leadership is perceived well across all groups except that of Cluster III.

E: Lower perceptions in cluster III were reasoned for payment delays and certification requirements mandated by BoD
I: BoD needs to educate members on the certification process and facilitate sales of produce until certification by identifying
relevant markets

Procurement Perceived well across many FIGs except for the groups that reported certification led delays

SC- Social capital: B-Benefits: P- Procurement.

service rather than the purposed form of members-led agribusiness organization. The emphasis on strategic mobilization to ensure
benefits and supply chain linkages, though had been made earlier in the cooperative context [6], this study generates evidence for
emerging FPCs by extracting social capital as a mechanism to explain it.

The study showed that gaining social capital is essential in ensuring the realization of benefits and procurement of members
produce to make business through FPC. Benefits and business of members’ produce through FPC were stated as performance bench-
marks [55,5] in various forms of literature. Though FPC I mobilized 1000 members through top-down facilitation by support from
government and an NGO, it missed translating effectively the social capital gained through FIGs to benefits realization and procure-
ment activities. This was evidenced also from Fig. 7a and Fig. 7b. In the former, only one cluster was able to fill the top quadrant
whereas, in the latter, three clusters were able to make it and two of which were visibly positioned in the first quadrant. As stated
earlier, by perceiving benefits as institutional support and procurement as supply chain linkages, this depiction in Fig. 7 highlighted
the disconnection between institutional support and supply chain linkages in the FPC formed by the top-down approach. FPC, being
an emerging organizational model, has always been argued for its sustainability through bottom-up approaches [69] and the findings
stated here make strong empirical evidence to imply this construct.

Pertaining to methodological contributions, this study adds to the literature on the applications of SOCAT tool for social capital
analysis in FPCs. While the tool has been applied in exploring social capital and natural resources utilization in India, also as an
indicator of rural development in many countries [70,54], its application in the performance of agribusiness entities such as FPCs
is the first of its kind. Another methodological contribution comes through SOM, the visualization based inferences through which
are interpretative by stakeholders themselves. Also it’s clustering capability can help one to understand the attributes that they must
focus on to ensure targeted outreach of benefits and processes, leading to the procurement of members’ produce. Hence, this can be
used as a decision support tool by the board of directors of FPCs.

It is important to consider the limitations of our study when interpreting our findings. The study was based solely on the reported
perceptions of informants and was not independently corroborated by other empirical research. With regard to sample selection, it
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is based on the broad groupings of FPCs with reference to the study scope and one each on the classifications of FPCs, recognized by
key stakeholders. More strategized sampling is needed to explain the role of social capital in the business performance of FPCs. While
SOM is chosen for rendering intuitive visualization of multidimensional data, visualization and clustering were derived based on the
first two principal components generated through the SOM algorithm (Appendix 3). This is under the assumption that maximum
variation is captured in the direction of the first two eigen values. Though this is largely true, that’s not necessarily the case always.
Hence, a more detailed analysis of eigen values before performing a 2D SOM is a more robust method and a possible extension.

7. Conclusions

In the context of FPCs, the objective of the study was to understand the relationship between social capital and the benefits
and procurement of members produce. The study assessed the importance of social capital in driving FPC’s performance right from
downstream production to supply chain linkages. The analysis was carried out through empirical data collected through surveys on
social capital. The survey was based on a ‘World Bank repository’ and the observations were subjected to SOM. SOM was able to
explain the varied perceptions of FPC operations in geographical and social space through explanatory two-dimensional maps. SOM
based clustering and validation established the potential of SOM in guiding leadership of FPCs through the attributes, characterizing
member groups.

FPC I was formed through top-down interventions by assembling 1000 members in a single agribusiness entity. The members
were organized into distinctive groups with varied expectations and resource access. Although FPC I was able to derive the threshold
support from the government to commence the business, it could not translate this external support from the government to its
internal member networks. The reasons for the failure in transforming the institutional support for shareholders to sustain thriving
supply chain linkages were identified from the analysis. The prime requirement of shaping the existing social infrastructure for insti-
tutional benefit was emphasized through the findings. This study contributes to the argument that membership alone in FPCs couldn’t
fetch negotiation power and marketing linkages. The policies facilitating grants for FPCs should be able to enhance ownership and
member-centric business activities through bottom-up mobilization approaches.

The strengthened focus of FPC II on downstream production activities and strategic mobilization based on farmer’s adherence to
natural farming enabled it to progress well on upstream supply chain linkages too. Its inability to incentivize group level activities
was attributed to the lack of any support through grants or working capital from government agencies. The geographic coverage of
FPC II also added a burden to the leadership by stipulating awareness of demand-supply gaps and market situations in all the districts
that the FPC covers. Still, FPC II, by its consistent engagement with its members through the buyer-seller relationship, was able to
maintain the ownership structure and social capital of members. Incentivizing FPCs that enable business of members’ agricultural
produce should become a policy focus so that the member engagement becomes priority and also business led interactions can ensure
social capital and trust of members, as deduced from this study.

FPCs are regarded as emerging institutional forms to improve the economic situations of farmers and for inclusive agribusiness.
Since they are regarded as vehicles to deliver various reforms by government, their performance from the lenses of social capital
is worth exploring. National and regional promoting organizations of FPCs would derive an interest in tapping this tool to render
targeted capacities for FPCs. Also for FPCs, the tool could facilitate in resource management among clusters. Such a cluster based
analysis is strongly insisted in large FPCs constrained in coordination of heterogeneous member preferences in farming and marketing.
Still this study has been focused much on the internal member networks of FPCs and hence future research on calibrating the
dynamics of stakeholders, both internal and external to the FPC ecosystem could generate a guiding blueprint that would fine-tune
operations of these new institutional models in broader context.
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