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Agriculture contributes to about 45% of the GDP of developing countries, 
with more than 75% of their population relying on agriculture for 
employment. At a time when agricultural productivity is faced with 
challenges including declining natural resources (that is, soil fertility, 
declining arable land due to urbanization, unreliable rainfall due to climate 
change), information and communication technologies (ICTs) promises to 
sustain agriculture for development. ICT avails to the farmer all the 
information (for example, market prices, sources of seeds, new planting 
methods among others) to be able to increase agricultural productivity. In 
adoption of ICT to revolutionize agriculture, it is essential that all the 
agricultural stakeholders (including farmers, concerned government 
ministries, university/research institutions, funding organizations and 
commercial agencies) be cognisant of their roles and contributions in 
enhancing sustainable agriculture. In developing a framework (e-agriculture 
framework) for ICT adoption in agriculture, it is noted that the 
aforementioned stakeholders tend to have conflicting interests that may 
impede the realization of the full benefits of e-agriculture. In this paper, we 
seek to illustrate the roles of each stakeholder in the adoption of e-
agriculture framework. It is observed that these stakeholders could have 
contradicting interests in the management of the proposed e-agriculture 
framework. It is argued that these conflicting interests can be removed using 
a game theory concept where the Nash bargaining equilibrium would be the 
ideal conditions for each stakeholder to contribute. In such a game, all 
stakeholders (players) are encouraged to apply a strategy that maximizes 
their utility function to maximize the potential benefits of e-agriculture to 
the economy. The decision making (voting strategy) model for players 
(stakeholders) that maximizes their utility is formulated. 
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INTRODUCTION 
 
The importance of agricultural growth to the poverty 
alleviation and stimulation of economic growth and 
development in developing countries such as Kenya cannot 
be over emphasized. Available evidence reveals that 
sustainable poverty reduction can only be possible through 
economic growth and development strategies (FAO, 2012) 
with agriculture being a key driver. Today, food security in 
the developing world, especially in South Asia, is becoming 
more knowledge intensive than resource intensive. There 

are many factor (including policy, legal framework, 
technology, knowledge, markets, research among others) to 
be considered when addressing food security, but in all of 
them ICT can act as catalyst (Romero , Levin and Adolph , 
2009; Zhang  and Liang,  2012; Zhou , 2010). Millions of 
farm families and the rural poor need the right information 
and knowledge for their very survival (Mathison, 2010), 
and such information can be easily availed to the farmers 
through ICT. 
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ICT can contribute to poverty reduction, if it is tailored to 
the needs of the poor and boost economic growth. Like all 
other technologies, ICT offers tools and applications but no 
solutions. The solutions to the problem of poverty are what 
they have always been: economic growth, enabling 
infrastructure, the creation of livelihoods, education and 
healthcare, and sufficiently democratic government to 
ensure that economic benefits do not accrue mainly to the 
powerful elites (Munyua , Adera  and Jensen  2008). By 
providing cheap and efficient media for the exchange of 
information, ideas and knowledge, ICT can become an 
enabling tool for wider socio-economic development. When 
properly used, ICT can greatly increase the ability of the 
poor to benefit from development programs meant to help 
them for economic development (Kelles-Viitanen , 2003; 
Lotter, 2007). Nonetheless, efforts to employ ICT have not 
been uniform or sufficiently widespread (Romero et al., 
2009; Zhang  and Liang , 2012; Zhou, 2010).  
(Awuor , Kimeli , Rabah and Rambim , 2013), illustrated the 
contribution of ICT to food security and sustainable 
agriculture in developing countries. It was argued that 
developing e-agriculture framework to give farmers access 
to the much needed agricultural information (i.e., pre-
harvest and post-harvest information, pricing, weather 
conditions among others) can boost agricultural 
productivity, if only such a framework would accommodate 
the dynamic trends in ICT tools, applications, adoption and 
usage.  In   this   paper, the    role   of   each   stakeholder    in  
e-agriculture framework adoption is illustrated. It is 
observed that these stakeholders could have contradicting 
interests in the management of the proposed e-agriculture 
framework. It is therefore argue that these conflicting 
interests can be removed using a game theory concept 
where the Nash bargaining equilibrium would be the ideal 
conditions for each stakeholder to contribute. In such a 
game, all stakeholders (players) are encouraged to apply a 
strategy that maximizes their utility function to maximize 
the potential benefits of e-agriculture to the economy. The 
decision making (voting strategy) model for the players 
(stakeholders) that maximizes their utility is formulated. 

 
Contribution of ICT in Small Scale Farming 

 
ICTs have the potential to improve agricultural productivity 
by communicating knowledge and information to rural 
agricultural communities, providing capacity building, 
accessibility to markets and credit, restructuring of 
extension and up-scaling of inter-linkages of development 
interventions (Munyua et al., 2008). Most of the food grown 
in Africa is produced by smallholders (Palmieri , Steffen-
Trejos and Maximo, 2007). To improve productivity, these 
smallholders need access to improved technologies, best 
practices, timely information and knowledge, value 
addition and markets(Kahinga, 2009).Lessons learned from 
the success of agriculture-led growth strategies elsewhere 
in     developing    countries  show    that    productivity    and 

 
 
 
 
overall growth in agriculture has been technologically 
driven (Kahinga , 2009). ICT must be strategically explored 
for their contributions to rural development. ICT offer 
many opportunities for rural development and therefore 
should be used in a manner that is sensitive to context 
community-based approaches, governments, donors 
agents, financial institutions and research institutions. 
Particularly, government must have key roles including 
promoting ICT in rural areas to bridge the digital divide 
(Pažek  and Rozman  2010). 

According to (FAO, 2012), information and knowledge 
play a key role in ensuring food security and sustainable 
development. Therefore, ICTs must be considered as the 
cross-cutting drivers of change for rural and agricultural 
development, and for improving healthcare, education and 
agricultural productivity since it connects rural and remote 
communities (Munyua et al., 2008). Access to technology is 
one of the most important enablers for smallholders to 
improve productivity sustainably. It is important to develop 
technologies and solutions in genetic improvement, crop 
protection, fertilizer efficiency and soil and water 
management that are relevant to small farmers (Pažek  and 
Rozman , 2010).  Increasing agricultural productivity not 
only relies on improved production efficiencies, such as 
efficient adoption of modern or improved technologies and 
practices, but also on many other factors such as adequate 
access to productive resources, well-functioning markets, 
infrastructure, and a conducive policy environment 
(Hasibuan  and  Rubhassy  2010). 

Consultations with Africa’s agricultural leaders, 
agricultural professionals, agri-business, and farmers 
consensually found that failures in various institutional 
areas such as policy development and mainstreaming are 
the main factors hampering progress in the agricultural 
sector (Hasibuan and Rubhassy , 2010). Capacity 
weaknesses, insufficient end user involvement, ineffective 
farmer support systems, and systematic fragmentation of 
the overall innovation system (i.e., between research, 
extension, training, farmers organizations, the private 
sector, consumers, among others) are common bane to 
agriculture in most African countries. This calls for joint 
and collaborative approach to addressing food security in 
developing nations. An e-agriculture which brings all the 
stakeholders in agriculture to play was proposed in (Awuor  
et al., 2013).This research like that by (Hasibuan  and  
Rubhassy , 2010) assumes that somehow stakeholders will 
work in unison to optimize agricultural production. 
Sustainable development through ICT in agriculture is only 
realistic when all the key players work jointly for the 
economic development. The contribution of this work 
therefore is to model the cooperation of these stakeholders 
to optimize the contribution of each to sustainable 
agricultural production.  
 

ICT Solution Architecture for Agriculture 
 
ICTs   in  agriculture  have  the  potential to facilitate greater 
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access to information that drive or support knowledge 
sharing. ICTs essentially facilitate the creation, 
management, storage, retrieval, and dissemination of any 
relevant data, knowledge, and information that may have 
been already processed and adapted (Glendenning  and  
Ficarelli , 2012; Stienen , Bruinsma and Neuman , 2007). 

In figure 1 below, a model to address the aforementioned 
challenges is presented (Awuor et al., 2013). Let’s consider 
a solution model that integrates services of agriculture 
extension officers, ministry of agriculture and agricultural 
support institutions (e.g., soil nutrients scientist). In this 
model, farmers are presented with all the information they 
require to make decision on what crop to grow depending 
on the soil type, nutrients contents, market pricing and 
weather conditions among others. Making such informed 
decisions would definitely increase the production output 
of the selected product (Choubey  2009; Hasibuan  and  
Rubhassy  2010). 

In this model, tools for specific applications to meet the 
demand of the farmers are proposed. Such tools must avail 
data to database in a format that can be easily integrated 
and accessed by the farmers on demand. The tools here 
could be research systems, geographical systems, 
development of knowledge based systems and decision 
support system among others. These tools are also used by 
researchers and scientists to develop new technologies and 
innovations. Examples of such include drought resistant 
seeds, irrigation strategies for water management, 
participatory animal and plant pest and disease monitoring 
and surveillance among others.  

Since farmers are given access to market prices and 
market availability, food wastage due to surplus is easily 
addressed as farmers become well cognisant of the 
available warehouses within their reach. This ensures 
continuous and stable food supply all year round. 
Middlemen  who  overtake   advantage of  farmers’ lack     of  

Figure 1: ICT Solution Architecture for Agriculture 
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information to exploit farmers by offering “poor” market 
prices are also easily eliminated from the value chain. 
Farmers can submit information about their produce to a 
database in an attempt to reach the market, which 
simplifies the cost of marketing and pricing. In such case, 
the farmers directly get market for their produce.  

From the diagram above, it’s notable that in designing a 
computer software solution to meet the need of agriculture, 
it is critical to address all components that play key roles in 
agricultural productivity. The system model (i.e., target 
oriented database), must capture the variants affecting 
agricultural productivity. This is an optimization problem 
that can be modelled as follows: Assume A is a set of all 

agricultural extension services i.e., 1 2, ,..., na a a , B as a set of 

all information available on selling (marketing) 

i.e., 1 2, ,..., nb b b , C as a set of services offered by the 

Ministry of Agriculture and research institutions 

1 2, ,..., nc c c . Let’s define P as the expected agricultural 

output given that all the required knowledge for 
agricultural production is availed and accessible. Then 

P can be defined as (1) below. Analysing and optimizing 
(1) subject to constraint (2) would always maximize 
farmer’s agricultural productivity assuming that the 
information from the system would be readily available to 
the farmers as discussed earlier.  

 

1 1 1

max
n n n

i j k

i j k

P a b c
  

 
   

 
               (1) 

    

subject to  

0,a  0b  , 0c   (2)     

This equation can be proved for optimality as shown in 
(Fischetti and Lodi , 2003) using either analytical or 
simulation approaches, thereby achieving the proposed 
model. An e-agriculture solution framework can be 
deduced form the proposed model as follows(Awuor et al., 
2013):  
 
Conflicting Stakeholder Interests 
 
The concern of farmers to have an integrated agricultural 
system that avails all the information required for cropping 
to all agricultural players presented in equation (1) (Awuor  
et al. ,2013). The system platform bring together all the 
stakeholders in agriculture i.e., the farmers, research 
institutions, ministry for agriculture and other government 
ministries, financial institutions and the donor agents. 
Away from the technical implementation, there are a 
number of issues that must also be addressed in modeling 
this framework. Among the issues are the adaptability and 
sustainability of the system. Next is a decision on who will  
be entrusted to manage the system and how the party will 
be elected. 

 
 
 
 
Potentially, all the stakeholders are looking forward to 
benefiting from the system since they are all making a 
contribution to the system. For instance, ministry of 
agriculture and other government ministries provide the 
central focus that brings all the stakeholders together to 
meet and discuss. They make the policies and regulations 
that manage all national agricultural activities and thus 
they may negotiate to have the system managed by them. 
However, research institutions like universities are 
concerned about sustaining agriculture through improved 
cropping techniques i.e., improved seeds, improved 
irrigations methods, better ploughing methods among 
others. Research institutions with their intense research 
would want to manage the system and all the players (FAO, 
2012). The financial institutions for the fact that they 
finance agricultural may want to manage the e-agriculture 
system to ensure that they recoup their investment. On the 
other hand, donor agencies are also concerned with 
perennial food insecurity in developing countries. Such 
agencies (e.g., USAID, FAO, JICA, SIDA among others) are 
currently investing a lot of resources in sustainable 
agriculture in developing nations (Bertolini , 2004; 
International Telecommunication Union (ITU), 2011; 
Palmieri  et al., 2007; The World Bank, 2011). The 
contribution of these donor agencies cannot be 
underscored, and since they have un-doubtable interest in 
agriculture, they would potentially want to manage the e-
agriculture integrated system. This can be due to the fact 
that they may be unbiased in their operations with their 
main focus on farmers. However, we need to address the 
concerns of the farmers. The farmer is a very important 
player in this proposed system and all the activities and 
operations of the proposed framework (for e-agriculture) 
must address farmers’ challenges. It would therefore be 
ideal to allow the farmers to drive and manage the system 
themselves. 

The stakeholder presented in figure 2 i.e., farmers, 
research institutions, ministry for agriculture and other 
government ministries, financial institutions and the donor 
agencies have conflicting and competing interests as 
pointed above. All the stakeholders have un-doubtable 
reasons to control and manage the framework on behalf of 
the others. To address these competing and conflicting 
interests, the management of the system may need to be 
assigned to an independent authority (a trustee board). 
Such an authority should have a representation from all the 
stakeholders to have all their interests addressed. 
Assuming that we can assign monetary value to the 
contribution of stakeholders (Sexton , 1994b), the players 
can have a slots of representation on the trustee board that 
is democratically assigned. That is, for example, a board of 
ten members can have three members representing 
farmers (farmers elect the three members among 
themselves). The bottleneck will be to have ideal 
representation of all the stakeholders enough to drive the 
interests of the group they represent. Deciding on the board  
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representation is similar to a game where the players 
(stakeholders)strive to optimize (maximize) their interests 
(utility) with or with no interest of other players’ utilities 
(that is, cooperative and non-cooperative games). The 
concept of the ‘game theory’ to determine the ideal 
representation on the board was proposed. Such a 
representation must be able to maximize the interest of all 
the players therein optimizing agricultural productivity 
(and sustainable agriculture). Such a tool has been used to 
model various issues involving competition and 
cooperation or no cooperation in economics (Dillon, 1962), 
communications (Huang, 2005), agriculture (Adeoye , Yusuf 
, Balogun and Alabuja , 2012; Ozkan B. and Akcaoz , 2002; 
Sahin , Miran , Yildirm and  Murat , 2009; Sexton, 1994a, 

1994b; Taalimoghaddama  and Karbasi , 2012) among 
others. Game theory concept would therefore be an ideal 
tool to analyze the stakeholder representation in the 
trustee board proposed above. In the next section the game 
theory in general with specific attention to its application to 
agriculture is discussed. 
 
Game Theory Concept 
 
Within the restrictions of resources, technical knowledge, 
market information, institutional possibilities, legal 
opportunities and moral judgments, a rational decision 
makers need to adopt is a dynamic mechanism to achieve 
desired goals. In an event that these factors are competitive,  

Farmers 

Weather 

Report 

Figure 2: Framework for e-agriculture 
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there would be a severe problem in deciding on the best 
balance of factors to realize desired goals. This may include 
establishing a trade-off relation between the competing 
factors (Dillon , 1962, 1977). In the presence of uncertainty, 
the decision maker has to decide what outcomes are 
possible taking in account the available predictions based 
on probability and historical data. In handling cases of 
uncertainty, competition (or noncompetition) and selfish 
behaviors as are observed between various stakeholders in 
agriculture, (Sexton, 1994a) a game theoretic approach is 
proposed. This is almost similar to the Bayesian model 
proposed by (Dillon , 1977) except that the utility function 
is modeled from the competitive players’ view. In such an 
approach, the players are encouraged to play the optimal 
strategy to maximize their utility functions. (Sexton , 
1994b) argues that the imperfect competitions (involving 
selfish players) observed in agricultural markets can be 
analyzed using game theory. Besides the game theory, 
linear programming can also be used. However, this 
programming method does not assume lack of knowledge, 
risks and uncertainties during the model formulation, that 
are very critical in the decision making, for instance, during 
voting as mentioned early. Alternatively, the game theory is 
a planning technique that evaluates the risks and 
uncertainties (Adeoye et al., 2012). By means of using this 
technique, production and marketing prices risks could be 
controlled to some extent and thus the success of farms in 
terms of profit maximization may be increased. As a 
decision making or strategy choice, game theory is a useful 
tool used in planning amid uncertainties. In addition, this 
technique is also applied in solving the problems of 
competitions where a conflict of interest occurs among the 
decision makers (Sahin et al., 2009). 

A number of game theory frameworks for agriculture 
have been proposed in literature. Among these are Wald’s 
criterion (maximin), Laplace’s criterion, Hurwicz’s criterion 
and Savage’s regret criterion (Ozkan  and Akcaoz , 2002). 
For example, farm planning problems perceive the farmer 
playing a game against nature. According to (Ozkan  and 
Akcaoz , 2002), the highest expected income level under the 
worst farming circumstances was determined using the 
game theory model. The results of the game theory model 
indicated that groundnut and cotton were the most risky 
crops in the research area yet the best performing crops. 

In adopting a game theory concept to model the behavior 
of the board members, crowdsourcing as proposed in 
(Silversmith and Tulchin, 2013) is assumed. Crowdsourcing 
is when information is sourced from a group of people in 
response to an open call, a request for specific information, 
or for an exchange, organized by a central 
organizer/organizing body. ICT-enabled crowdsourcing 
applications can be used within different agricultural 
development initiatives, particularly those that pertain to 
smallholder farmers. They include increasing farmer access 
to   information,  promoting   market   access   and     farmer  
collectivization,     tracking   pest    outbreaks, and    sharing 

 
 
 
 
weather information (Silversmith and Tulchin , 2013). 
 
System Model using Game Theory 
 
Consider an agricultural trustee board composed of all the 
agricultural stakeholders (players): farmers, research 
institutions, ministry for agriculture and other government 
ministries, financial institutions and donor agencies. As 
stated earlier, these players are likely to have competing 
interest on the board representation. In such a system, 
cooperative decision making in the context of 
heterogeneous preference is useful to develop a model that 
explicitly addresses the need to have unbiased 
representation on the board. It is noted that the players’ 
payoffs is higher if all the players cooperate than if they 
defect. Each individual has incentive to defect although 
each knows that their opponent is acting similarly (Staatz, 
1983). Therefore the problem using cooperative games as 
argued by (Sexton , 1994a, 1994b; Taalimoghaddama  and 
Karbasi , 2012) was modeled. Let’s assume that the 
distribution of members’ preferences is single-peaked and 
no logrolling - interdependent voting (Staatz , 1983). 

Suppose that the game G  has the following set of players 

 , , , ,G A B C D Z
 

where A , B , C , D  and Z  

represents the farmers, research institutions, ministry for 
agriculture and other government ministries, financial 
institutions and donor agencies respectively. These players 
are assumed to have mixed and pure 

strategies , , ,f h i ja b c d  and kz , which is equal to 

fhijka (Ozkan  and Akcaoz , 2002). The payment function 

A  that is, mathematical expectancy A  is defined as 
follows: 

    
1 11 1 1

, , , ,
p qr m n

i jf h k fhijk
i jf h k

E A B C D Z a b c d z a
   



 (3)   
 

where  1 2, ,..., lA a a a ,  2, ,...,a mB b b b , 

 1 2, ,..., nC c c c ,  1 2, ,..., pD d d d  and 

 1 2, ,..., qZ z z z  are strategies for , , ,A B C D  and  Z  

respectively. The possible replay strategy is a number of 
mixed strategies defined in (Just , 2010) as follows: 

 1 2, ,..., lA a a a  

 1 2, ,..., mB b b b  

 1 2, ,..., nC c c c  

 1 2, ,..., pD d d d  

 1 2, ,..., qZ z z z  (4)     



 
 
 
 

And E  is a real number such that  

 , , , ,E A h i j k  

 , , , ,E B f i j k  

 , , , ,E C f h j k                                         (5) 

 , , , ,E D f h i k  

 , , , ,E Z f h i j       

where , , , , 1,2,3...,f h i j k   for pure strategy 

assuming that  . 

Here , , ,A B C D  and Z  are the optimal strategies and 

E  is the game value. For example, if player B chooses 

1b strategy, strategy of players should be such that: 

11 11 11 11 1 21 21 21 21 2 31 31 31 31 3 1 1 1 1...a c d z X a c d z X a c d z X a c d z X E        

  (6) 

The same way, if player B implies strategy 2b , the player 

must act in order to ensure that , ,A C D  and Z obtains the 

value of E  as follows (Taalimoghaddama A. & Karbasi A., 
2012). 

12 12 12 12 1 22 22 22 22 2 32 32 32 32 3 2 2 2 2...a c d z X a c d z X a c d z X a c d z X E        

  (7) 

0, 0, 0, 0, 0ij ij ij ijiX a c d z       (8) 

     

where 1,2,3....i  , 1,2,3....j   and    

To ensure that the total probability would be equal to 
one, (Just , 2010;Ozkan B. and Akcaoz , 2002; 
Taalimoghaddama  and  Karbasi , 2012) proposes the 
constraint in equation (9) below; 

1 2 3 ... 1X X X X      (9)    

The optimal strategy for player B (i.e., B ’s utility 
function) can be given by objective function (3) given the 

constraint functions (6), (7),(8) and (9) i.e., if we define 
*E  

as the optimal strategy for every player, then  

 * argmaxE E (10)     

Such that equation (6), (7), (8) and (9) 

The strategy for all other players i.e., , ,A C D  and Z as 

in (10) can be formulated from (3), (4), (6) and (7). Thus 

the payoff (or decision) matrix  , , , ,G A B C C Z  

formally defines a decision analysis problem. 
The optimality and existence of a bargaining nash 

equilibrium 
*E  that represents the optimal stakeholder 

representations in the board of trustee proposed in figure 2 
and equation (10) can be proved to ensure that all the 
stakeholders are represented fairly and that agricultural 
development  is  sustainable. Such a   proof is   presented in  

Awuor et al.          178 
 
 
 
(Huang, 2005).  In our next work the optimality of the 

acclaimed nash equilibrium 
*E  will be proved and 

computer software used to simulate and illustrate 
optimality.  

 
 

Conclusion 
 
The concern of farmers to have an integrated agricultural 
system that avails all the information required for cropping 
has been addressed by e-agriculture. The e-agriculture 
framework brings together all the stakeholders in 
agriculture i.e., the farmers, research institutions, ministry 
for agriculture and other government ministries, financial 
institutions and the donor agencies. Away from the 
technical implementation, there are a number of issues that 
must also be addressed in modelling this framework. 
Among the issues is the adaptability and sustainability of 
the system in which who management will be entrusted to 
and how the party will be elected ought to be illustrated.  

Deciding on the trustee board representation is similar to 
a game where the players (stakeholders) strive to optimize 
(maximize) their interests (utility) with or with no interest 
in other players’ utilities (non-cooperative games). We 
therefore propose the concept of the game to determine the 
ideal representation on the board. Such a representation 
has been illustrated to maximize the interest of all the 
players therein to optimize agricultural productivity (and 
sustainable agriculture). In our future work, we will be 
proving the optimality of the proposed voting strategy 
using analytical methods and computer simulation 
software. 
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