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Abstract

Farmer Producer Organization (FPO), relatively new concept in India, pioneered by
Small Farmers’ Agri-Business Consortium (SFAC), promoted by Department of
Agriculture Cooperation and Farmers welfare, Ministry of Agriculture and Farmers
Welfare, Government of India. Later this concept successfully implemented by several
institutions, which are working directly with the farmers. It observed that there exists
some challenges on the issues of quality of goods related to price when collective action
takes place. An attempt made in this work to initially represent the problem
mathematically and use the right methods viz. well known solution concepts of
cooperative game theory.
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Introduction

To build a prosperous and sustainable agriculture sector by promoting and
supporting member-owned Producer Organizations, that enable farmers to enhance
productivity through efficient, cost-effective, pricing and sustainable resource use and
realize higher returns for their produce, through collective action supported by the
government, and fruitful collaboration with academia, research agencies, civil society,
and the private sector. To promote economically viable, democratic, and self-governing
Farmer Producer Organizations (FPOs) [1-6]. Small Farmers'Agri-Business Consortium
(SFAC), promoted by Department of Agriculture, Cooperation and Farmers welfare,
Ministry of Agriculture and Farmers Welfare, Government of India, had pioneered the
concept of FPO and later implemented by several institutions which are working directly
with the farmers.

The underlying rationale for the development of FPOs is the typical fragmented and
small size of land holdings of farmers in India. With typical holdings of less than 1
hectare, farmers cannot individually enjoy economies of scale and afford to invest in
farm mechanization/technology for enhancing farm productivity, nor optimally procure
inputs nor directly access buyers. Aggregation through FPOs is the only feasible option
left for farmers to enhance their bargaining power and farm-related value accruals, as
has also been established through various programs [7,8].

NABARD is another agency supported FPO's in formation of groups as well as
providing financial aid and establishing necessary infrastructure. Farmer Producer
Organisation (PO) is a legal entity formed by primary producers, viz. farmers, milk
producers, fishermen, weavers, rural artisans, craftsmen, etc. Producer Organisations
have been considered one of the effective means of linking small producers with the
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agricultural value chain for enhancing net income of producers.
NABARD provides financial and development support to
FPOs [9].

e-NAM is one agency which encourages FPO’s to use
their digital marketing platform. The role of FPO is to act as an
aggregator for member farmers including from inputs to
output that will enhance the economy of scale and bargaining
power of member farmers. In case of unsold Lots, Logistics
arrangement is to be made by FPO [10].

To provide support for the promotion of such FPOs by
qualified and experienced Resource Institutions. To provide
the required assistance and resources — policy action, inputs,
technical knowledge, financial resources, and infrastructure —
to strengthen these FPOs. To remove hurdles in enabling
farmers to access the markets through their FPOs, both as
buyers and sellers. To create an enabling policy environment
for investments in FPOs to leverage their collective production
and marketing power [11].

The formation and development of FPOs will be actively
encouraged and supported by the Central and State
Governments and their agencies, using financial resources
from various centrally sponsored and State-funded schemes
in the agriculture sector agencies. This goal will be achieved
by creating a coalition of partners by the concerned promoter
body, involving civil society institutions, research organizations,
consultants, private sector players, and any other entity that
can contribute to the development of strong and viable
producer-owned FPO [12-16].

In this research paper the concepts of cooperative game
theory and its solution [17-22] are used to analyzed the
interpretation of FPO operations employed in this section
Analyses with mathematical formulation and derivation.

It was observed that any commodity (particularly for fruits
& vegetables) to sell in the market collectively will have some
challenging issues besides the monetary benefits being
positive. The challenging issues can be expressed in the
following problem [23-25].

Problem identification

In farmer producer organizations (FPO), though individual
members will gain in collective marketing but comparing
revenues among them in collective action versus individual
action, there exists some gap in it. Buyers often complaint to
the government marketing committee officials that quality of
the produce is not upto their expectation in order to have
smooth movement in the downstream flow of the supply
chain. However, producers feel that the price they receive is
not up to their expectation. So quality dependent price for
any agricultural commodity identified as the primary problem.
This price meant for producers.

Analyses with mathematical formulation and derivation

Deal the dilemma mentioned in the above section
regarding expectation of buyers and producers with the well-
known commodity’s successful implementation. The well-
known commodity is none other than milk. In milk cooperatives
operating in India, the expectation of producers regarding

price met with one parameter and acceptance of the milk
related to quality met with another parameter. Such
acceptance will ensure the buyer's expectation regarding
quality of all the products obtained through production by
using the raw milk. Similar operations for all agricultural
commodities through an important institution viz. Farmer
producers’ organization (FPO's). These FPO’s will act as
intermediary platform between sellers (farmers) and buyers.

Mathematical model development: In a particular FPO,
there may exist n producers for a particular commodity. Let
P, P,----, P_represent n producers who bring a particular
commodity (ungraded) to the market with units o, o,---, a_
The quality of the commodity can be of 4 types’ viz. extremely
good quality Q,, Very good quality Q,, Good quality Q,, and
satisfactory quality Q,. Quality function Q with inputs being
producer P, and outcomes will be one of the four qualities Q,,
Q, Q, and Q,. If require, divide these quality grades further in
order to lower the quality grade variance within the quality of
the commodity from the producers in a particular category.
Mathematically if there exists m types of quality then it can be
expressed as Q,, Q,---, Q.. As the price associated with the
parameters related to quality, it is important to ensure less
variation among the prices for producers. In milk commodity,
such categorization is not required due to the liquefied form
of the commaodity. Define the Q function as follows:

Q(P)=Qk. i=1,2,---,n and k takes one of the values 1,2,3,4 if
there are four types of quality and in case of m types of
quality, its function can be defined as

Q(P)=Qk.i=1,2,---,n and k takes one of the values 1,2,3,----- m

In any case, total volume of a commodity brought to the
market = 2?21 a; and total volume of a commodity belongs to
a particular quality j can be expressed as ZL a, for example
if j=2 then total volume of a commodity can be expressed as
> ag.In the given expression it will add only if i2 exists for
any i=12---n.Infact 37 o, = 37, 357 oy

where o, =a, if producer i supply a quality [ otherwise it takes
value 0

In order to bring a win-win situation for both FPO as well
as an institutional buyer, FPO accept the quoted price by
institutional buyer in order to match a right price for
producers. On the contrary, acceptance of price fixed by an
institutional buyer is not automatic from the producers under
FPO's unit. Each producer will have his own thought process
in analysing the price obtained versus quality of the product
given to FPO. Milk under this process is partly successful due
to the existence of an equipment measures the quality as well
as the right functional relationship between measurement of
quality and price associated for both producers as well as for
the societal institution. For the price to producers, payment
will be from the society whereas for the price to the society,
the processing unit pays it. For agricultural commodity
processing unit is absent unless margins through marketing
of processed products are higher than that of graded raw
material. Some societies have agricultural commodity
processing facility due to margins are always higher in case of
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pulses and some other commodities. However, one of the
targeted institutional buyer can be processor during low
market season for fruits and vegetables. For most of the
perishable agri goods, processors utilise their processing
facility only if they get raw material at low price i.e., during low
market season. Some institutions have a processing facility in
an urban places where farmers can utilise the facility with free
of cost. For some commodities, such facilities are essential
because they utilise only during low market season. As it is a
well-known fact that milk cooperatives in India formed to
maximize the bargaining power for the producers, farmer's
producer organization formed to obtain similar benefits.

Calculation of sharing benefits among members under
FPO

If we categorize the entire collection of a particular
commodity into m sets with respect to quality and the amount
a, a, ---,a_ relates to the price per unit for the respective
quality category then total revenue obtained by selling such
m categories of quality supply from the producers to the
institutional buyer/s will be

m
2
k=1

Values of each producer i be denoted by V(P) which can
be evaluated as

n
Ak
=1

Note: Here ais the price quoted by institutional player on that
day of the unit commodity produced by P. Price on any day
will depend upon the supply and demand to the market as
well as the quality parameters.

If a.=200 units and a ;=217 amount obtained per unit of
supply then value of it" producer will be equal to

V(Pi)=200*217=43400

Value of each producer V(P1),V(P2), ----, V(Pn) can be
calculated similarily.

P1, P2, ----, Pn together brought a volume of Z?=7 a; units
to the market and obtained individually some values according
to their quality of goods.

In absence of markets, total goods mix with different
quality parameters can be combined together to sell to an
institutional buyer.

By using cooperative game theory, one can calculate the
share of each producer

If all the n membersdivided into m categories according
to the quality of good brought to the market then total
revenue obtained by getting goods together will have more
impact when compared to other coalitions provided number
of divisions is optimal number with the low variance in quality
within the category itself.

This will imply all coalitional values of two together; three
together etc will not be effective. i.e., V(Pik, Pjk)=V(Pik)+V(Pjk).
Logically it is true that if coalitional value of two producers
has a positive increase in the right hand side of the mentioned

equation then those two producers need not join the FPO.
Whereas grand coalition of volumes of all n,_producers for the
k, quality category will be able to sell to the institutional
buyer in order to get the benefit for all producers who brought
the respective quality k commodity.

Sharing of such benefit through collective action will be
done through the solution concept of cooperative game
theory for transferable utility [17-22].

In absence of FPO, producers will individually sell at the
markets without grading in terms of size. But in order to sell it
to institutional buyer like big basket etc, they have to grade it
to a uniform size. Hence the market value of the commodity
produced by P.= o.* b where b, is the price on that day of the
unit commodity produced by P. Price on any day will depend
upon the supply and demand to the market as well as the
quality parameters.

Grand coalition value of the n players formed to become
FPO can be obtained by selling the mixed graded commodity
to a particular business unit like big basket to get profit.

Producers benefit obtained by such collective action (PB)

a)* b,

where p stands for reduced weight after grading to
uniform size and 0< p<1, FCh is the charges per unit
prescribed by FPO and b is the price per unit at the market for
the remained commodity after grading at the farm level. If
benefit value is positive then collective action becomes
meaningful.

Individual Producer P's revenue by collective action =
a* b, + (1/n)*PB if the solution concept nucleolus chosen [22].
Quality category wise benefit can also be calculated if the
F-Nucleolus concept chosen [17].

Alternative approach for quality categorization be
possible through an innovative machine, which will define the
price according to the color and average size of the raw
material. Besides these two attributes, machine can also
identify other attributes like texture and density. Though
these two attributes may not directly influence the price but it
can eliminate some percentage of wasted raw materials that
do not meet the requirements of such attributes. Once
allowable limits are defined for each attribute irrespective
whether they influence the price or not, machine will separate
wasted material and quality material. Such machines should
support with the capital cost, which is feasible for the buyer/
FPO's to purchase since government encourages such
organizations through either loan or subsidy.

Conclusions

Forming an FPO shows benefits for producers. Two
important parameters viz. price and quality shown to be
useful in obtaining benefits to both stakeholders. Agri
commodities compared with the well-known milk cooperatives
in India to apply a suitable research method. Once the quality-
based priceemployed, there is a likelihood of improvement in
quality of supply at subsequent periods.
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15. The Ministry of Corporate Affairs has consolidated information until
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