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AGRICULTURAL POLICIES AND THE EGYPTIAN FARMER: 
MODIFICATIONS IN FAVOR OF AGRICULTURAL DEVELOPMENT 

Amin I. Abdou

National Research Centre, Egypt

Abstract
 The study emphasized the need for treatment of problems emerged with economic liberalization 

within the agricultural sector. Emphasis has been focused upon farm management as revealing 
the negative impacts upon crop rotations, efficient use of production requisites, marketing perfor-
mance and agricultural infrastructure. Under privatization, the agricultural policies realization 
was short of acts of motivation. Certain specific actions were suggested, based upon restoring 
governmental intervention without violation of the established principles of economic performance 
and free market, and basically relying upon incentives vs. taxes.

Keywords: agricultural policies, central-planning, open-door economy, economic liberalization, 
privatization

1. Introduction
Since 1952, the Egyptian regime started to strongly interfere in agribusiness in order to achieve 

certain socioeconomic goals. In this respect, central planning of economic sectors became domi-
nant. However, an entirely different strategy took place in 1975 with adoption of the Open-Door 
Economic Policy, gradually liberating all economic sectors from governmental intervention, 
almost accomplished during the 1990s.

Considering the agricultural sector, both those contradictive strategies had their advantages 
and disadvantages which influenced the agricultural development process. However, the currently 
dominant liberalized agriculture is experiencing serious problems which fiercely impede agricul-
tural development, and hence call for intervening treatment. In this respect, treatment suggestions 
for such problems represent the main interest of this study.

2. Objectives
The study tends to monitor the public agricultural policies adopted by Egypt’s subsequent 

governments, revealing their major developments and their causality. Emphasis is set upon both 
advantages and disadvantages of the adopted policies, especially focusing upon agricultural 
production development via producers responses. As such, the major objective is suggestion of 
empirical solutions for the main problems facing small producers, constituting the majority of the 
Egyptian farmers, and obstructing efficient management of their farms. Such solutions may call 
for governmental intervention with no violation of the principles of liberal economic behavior. 

3. Methodology
Along with descriptive analysis, the study shall assess impacts of the adopted agricultural 

policies upon small farmers’ management decision-making, using assessment tools and criteria 
most proper according to both case under scope and nature of data.
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4. Results
4.1.  Development of public agricultural policies in Egypt

To reach its goal of agricultural sector development in favor of both production and producers, 
the Egyptian regime after 1952 established a heavy interference program strongly accelerated dur-
ing the 1960s. The central planning of agricultural production was implemented through programs 
of price-subsidized distributed production requisites, mandatory deliveries of specific quotas of 
the produce, and governmental marketing of strategic crops. The main direct target was produc-
tion of specific volumes of strategic crops such as to satisfy as far as possible either domestic 
markets or exports needs. After the 1973 war, the regime tendency to change its politics strategy 
with stronger relations with the West, i.e. free economic world, exerted dramatic changes under 
the umbrella of the open-door economic policy. The government began a serial of actions toward 
withdrawal from the economic activities and providing a principal role to the private sector. Within 
the agricultural sector, subsidization of the production requisites’ prices was gradually uplifted, 
and private marketing was given more room. With the fall of the Soviet Union at the beginning of 
the 1990s, capitalism concepts became dominant and most centrally planning countries adopted 
policies of economic privatization. In this respect, programs of privatization which were earlier 
initiated in Egypt became subject to haste acceleration. The government abolished mandatory 
deliveries, and hence the farmers became free in decision making with respect to both produc-
tion and marketing, in addition to liberation of land rent. However, the government still sets up 
to date guaranteed prices for voluntary deliveries of specific crops, which are wheat and sugar 
cane, such as to maximize covering domestic consumption of subsidized price  both bread and 
sugar, respectively. That in addition to temporal intervention in fertilizers marketing whenever 
marketing supply heavily drops. 

4.2.  Implications and impacts of variant economic policies:
A.  Phase of Centrally-planned economy

The state’s plan with respect to the agricultural sector focused on production promotion of 
certain exportable crops, while maintaining the reached levels of production for other strategic 
crops. The first group included cotton, rice and onions while the second represented by wheat, 
sugarcane and specific kinds of vegetables. Maize production was also increased as a major feed-
stuff. As example, area of rice increased from about 144.4 to almost 336.4, sugarcane from 24.8 
to 53.2, onions from 10.6 to 23.1 and garlic from 3.5 to 7.6, in thousands ha during the period 
(1952-60). The widest leap occurred for maize which expanded in area from only 12 thousands to 
almost 400 thousands ha through (1952-66). Additionally, nearly 60 thousand ha were reclaimed 
in six years (1960-66). As such, the cropped area increased by almost 0.48 million ha during the 
period (1952-66) (El-Sanhouty, S.M., 2003). Such expansion was mainly attained by completion 
of the High Dam project in 1959.

Beside agricultural promotion, the welfare of small farmers was targeted through laws of land 
reform, including redistribution of agricultural land in excess of a maximum set limit for land 
possession of large landholders among landless farmers, limiting land rent at seven times land 
taxes and subsidizing prices of production requisites. 

As outcomes of the agricultural policies of (1952-66), the value of agricultural production 
rose in real term from L.E. 388 million to nearly LE. 627 million, and value of livestock produc-
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tion almost doubled (Abdou, A. I., 1983). 
In a period of five years; (1961/64) to 
(1965/69), exports of rice increased from 
about 468 to 739 thousands mt/year and 
sugar production from 454 to 601 thou-
sands mt/year, as shown in table 1.   

Nevertheless, caused by the war of 
1967, agricultural development almost 
stagnated and even recessed along with 
the whole Egyptian economy, and all land 
reclamation plans came to a halt.

B.  Phase of Open-Economy and privatization

The political diversion toward the capitalistic world started in 1974 with adoption of so-called 
Open-door economic policy. Such conversion was strongly encouraged by foreign fund donations 
and facilities of credit and imports payments. Such actions exerted a certain tendency toward favor-
ing importation over domestic production for several major crops, especially wheat. Accordingly, 
the state lost interest in development of agricultural production. As such, the share of agriculture 
in GNP dropped from 28 to 22 and further to 14% (Siam, G. & H. M. Abd El-Radi., 2012). Con-
sequently, wheat imports increased from about 2 million mt/year in average for (1965/66), to 3.9 
million and 6.4 million mt/year as averages for (1975/79) and (1983/86), respectively. For the 
same periods, maize imports increased from 148 thousands mt/year to 538 thousands from L.E. 
150 million in 1960 to almost L.E. 2 billion in 1979 (El-Sanhouty, S. M., 2003).  

Considering costs of production, as shown in table 2, their absolute values increased over 20-30 
folds during the period (1965-94) and by 80-90 folds by 2009-2010. Removal of production requisites’ 
price subsidies, labor wage leaps and liberation of land rent were the major causes of such increases.

Despite the mentioned above negative impacts, the open-door policies activated technology 
transfer through scientific cooperation with 
western and international institutions. As 
favorable outcomes, remarkable yields 
improvement occurred. As examples, 
shown in table 3, the average yield of wheat 
increased from about 2.9 mt/ha in 1965-66 
to almost 5.3 mt/ha in 1994, for maize from 
about 4.4 to 7.0 mt/ha, and for rice from 
5.3 to 8.3 mt/ha in same period. A further 
delayed leap occurred for yield of onions, 
as increasing from about 24.5 to 46.3 within 
the period (1994-2004), though suffering 
a retreat to almost 34.5 mt/ha in 2009-10 
(El-Sanhouty, S. M., 2003). 

The neglect of agricultural develop-
ment during the early phase of the open-
door economy caused dramatic increases 
in imports cost, while exports were hardly 

Table 1. Acreage of some major crops in Egypt (1000 ha)
Crop 1952 1966 1994 2002 2010
Wheat 564.8 504 844 980 989.6
Maize 11.6 421.2 696 736 790.8
Rice 144.8 336.4 550.8 602.8 547.6
Cotton 786.8 743.6 288.4 214 113.6
Onions 11.8 23.1 10.0 21.6 50.0
Sugarcane 25.0 53.2 120.4 130.8 112.0

Source: calculated from data of several bulletins of: 
Ministry of Agriculture, Agricultural   Economics Institute, 
“Agricultural Economics Bulletin”, Ameria Press

   Table 2. Total production costs for some major crops 
in Egypt (LE/ha)
Crop 1965-66 1994 1999-2001 2009-10
Wheat 95 2453 3805 9200
Maize 88 2513 4550 9258
Rice 110 2490 4273 9445
Cotton 170 3500 7005 9995
Onions 143 5585 5855 6193

Source: Ibid

Table 3. Yields of some major crops in Egypt (mt/ha)
Crop 1965-66 1993-94 2003-04 2009-10
Wheat 2.85 5.30 6.88 5.98
Maize 4.35 7.03 8.58 8.55
Rice 5.25 8.30 10.25 10.10
Cotton 1.73 2.36 2.81 2.48
Onions 20.50 24.50 46.25 34.50

Source: Ibid
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promoted, and were even subject to decline as converted, toward the free market world of severe 
competition. As such, the leaping deficit of the balance of trade and foreign debt became an in-
tolerable burden on the Egyptian economy. Accordingly, the state started to review its policies 
with respect to the strategic crops, especially wheat, corn and sugarcane. In this respect, the gov-
ernment resumed, in the last 1980s, intervention in production and marketing of the said crops. 
The main tool was ensuring guaranteed floor-prices for voluntary deliveries of wheat, maize and 
sugarcane in close levels to international prices. As a result, the area of wheat which dropped from 
an average of 0.67 million ha (1980-82) to almost 0.48 million (1984-86) increased to 0.79 and 
1.0 million ha in 1994 and 2010 (El-Sanhouty, S. M., 2003), respectively. Subsequently, the 50% 
self-sufficiency rate of the early 1970s was re-attained. Another tool was to temporally intervene 
in domestic trade of chemical fertilizers whenever prices were beyond reach of most farmers, 
through provision of price-subsidized supplies. On the other hand, despite implementation of 
certain infrastructure improvement projects, such as tile drainage, problems still prevail, causing 
quality deterioration for certain crops such as cotton and onions whose ratios of non-exportable 
produce approached one-half their total production (Abdou, A.I., 1983). 

To sum up the present situation of agricultural production and its implications with respect to 
farming practices, light should be shed upon certain major issues:
1. For both phases of centrally-planned economy and privatization, the government prepared 

plans for agricultural development. However, while the government took responsibility for 
execution of the plans’ programs in the first phase, this task was assumed by the private 
sector in the second. Accordingly, as the plans of the second phase were short with respect 
to effective measures for building up the private sector’s will and enthusiasm to fully adopt 
such programs, only 10-40% of the stated targets were reached. Under such conditions, nei-
ther producers nor the government have been fully committed to their expected obligation.

2. Farm-gate prices have increased by a great extent. However, costs of production dramatically 
increased. Hence, the small farmers’ standard of living and livelihood slightly improved.  

3. Despite the remarkable yields improvement, it was in quantity and not quality. That is mostly 
due to adoption of high-yield but not better quality varieties. That in addition to the unsolved 
problems of infrastructure, especially regarding both the irrigation and drainage systems. 
Such problems afflicted potentials of exports promotion.

4. The constantly weak agricultural extension has worsened despite its growing necessity 
under procurement of production requisites from the private sector. One of the main causes 
is non-replacement of promoted extension agents. Likewise, excessive use of both agricul-
tural chemicals and irrigation water had its negative impacts upon both produce quality and 
agricultural ecology. 

5. Despite return of agricultural labor from Arab oil countries, the problem of short labor sup-
ply still prevails. This may be due to an emerging general concept undermining farming as 
a profession. In addition to wide spread of education for farmers’ descendants driving them 
to seeking jobs out of rural areas.

6. In addition to poor agricultural extension with respect to farming practices, the conditions are 
severer considering marketing. The small farmer faces lack of marketing information beside 
oligopsony of middlemen and their acts of speculation. Such conditions strongly disturb 
farmers’ planning of cropping structures.

7. Enduring market increasing prices and labor wages, small farmers also face diminishing 
credit facilities. The Bank of Development and Agricultural Credit which has been supporting 
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small farmers since the 1930s was converted during the 1990s to a semi-commercial bank 
directing more than 80% of its credit services to non-agricultural investments. As such, most 
small farmers are forced to either borrow their financial needs at commercial interest rates 
or resort to middlemen for loans conditioned by selling their produce to those middlemen at 
less than fair market prices.

5.  Suggested agricultural policies’ adjustments
 In view of the stated above conditions, the study tends to suggest policy modifications focusing 

upon agricultural production, principally targeting small farmers. Most of the present agricultural poli-
cies aim at favorable targets but lack applicable implementation measures. Accordingly, the suggested 
adjustments embed specific arrangements that should be taken such as to enable actual fulfillment.
1. Government-producers contract agreements: To ensure specific bulks of strategic crops’ 

production, maximizing satisfaction of domestic needs, contracts prior to production may 
be issued between the government and the producers. Such contracts ensure deliveries of 
certain quotas of the produce at specific non-changeable prices. A price balance fund may 
be established to fill in the gap between the agreed upon price and the import price at time of 
delivery. Such system may be put in action in cases of wheat, maize, sugarcane, sugar beet 
and oil crops such as sunflower and soybeans.

2. Monitoring and follow-up of production requisites marketing: A specific authority should 
keep a close look on market performance and conditions. Permits to dealers should be given 
only after thorough inspection of the kind and quality of their merchandise. Satisfaction of 
hygienic, environmental and quality specifications must be strict conditions for permits of 
trade. Even in absence of complaints, periodic inspection procedures must be undertaken. 
Forecasting trends of short supply must be conducted, calling for governmental temporal 
intervention to fill in the market gap.

3. Expansion and promotion of extension services: The Ministry of Agriculture, of which 
its principal mission is agricultural extension, should reconstruct its extension program such 
as to improve performance. Its mission should rely on effectively playing the liaison role 
between research institutions and producers. A specific marketing extension body should be 
established, such as to provide farmers with reliable information with respect to market condi-
tions and price trends, as a  vital requirement for farmers’ production and marketing planning.

4. Cooperation activation: The agricultural cooperation system has mostly been, since 1952, 
governmentally initiated and operated system. That is in exception of very few specialized 
and privately established cooperatives, such as the Potatoes Producers, the Horticultural 
Producers and the Dairy Producers cooperatives. Farmers should be encouraged to combine 
their efforts and resources within forms of cooperation in both areas of production and mar-
keting. Awareness enhancement, training and organizational aid may be the most feasible 
measures to fulfill such target.

5. Financial facilities: According to its president’s verbal announcement, The Bank of De-
velopment and Agricultural Credit is currently (2012) trying to re-attain its original mission 
of supporting farmers who suffer limited financial resources. It has been suggested to offer 
loans to small land holders at ascending interest rates according to landholding size. As such, 
the poorest farmer may be provided with loans at interest rates of 1-2, reaching 6-7% for 
big landholders. Such action, if put to effect, would be of great help to small producers in 
particular. Another suggested arrangement is to couple the loan offer with adoption of new 
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proper technologies which would generate higher yields allowing loans payback. At any case, 
the forthcoming production can be considered as collateral instead of the land owned by the 
producer, enabling inclusion of land tenants who represent a great proportion of Agricultural 
producers in Egypt.

6. Activation of fiscal policy tools: incentives and taxes may be effective tools to direct farmers 
toward production patterns in favor of the country’s economy. While bonuses may be offered 
to producers of crops such as wheat and oil crops of which imports represent a burden on the 
economy, taxes may be imposed on production of competing crops of less national importance. 
 To avoid discrepancies, overlap and contradictive actions, a specific authority should assume 

responsibility for organization, coordination and liaison actions with respect to all procedures 
and actions required in course of the adjusted policies realization. The Ministry of agriculture 
(MOA) is the most proper to play this role. Fig. 1. presents a flowchart of the suggested plan of 
action for the Ministry of Agriculture.

Fig. 1. Farmers support plan of work

5.  Conclusions
The study’s suggested modifications of the present agricultural policies relies on reviving the 

government intervention role in both production and marketing, in addition to sustaining, as far as 
possible, establishing of cooperation bodies among small farmers. The government withdrawal, 
due to privatization, seems hasty and inconsiderate of small farmers’ conditions. Public agricul-
tural investments, sharing no more than 3% of gross public investments, are far below percents 
recommended by relevant international bodies, mounting up to 10%. 

As the net impact of privatization appears negative with respect to both development and 
small farmers’ conditions, intervention should target interests of both the state and farmers. Con-
tracts should be issued between the government and farmers to be fully respected by both parts. 
The government must not go back on its stated commitments under any condition. Likewise, the 
farmers, in return, must fulfill their obligation, especially with respect to delivered quotas and 
cultivated areas. The usual waving of fines on violation, due to political reasons, should be seized.  
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Abstract
Information and Communication Technologies for Development (ICT4D) have shared pre-

occupation developing specific mechanisms and tools, considering their applicability, outcome, 
and impact. An analysis of an eight-year extension project in 21 villages in India suggests that 
the development of a multimedia approach to knowledge sharing to include extension education, 
considering both the local farmers´ organization and the context, brings about good results. 
Such outcomes are related not only to the technological frame, but also to economic, social, and 
ecological issues. A qualitative research taking into account farmers and local peoples´ opinions 
using a theoretical approach of Reflective Appraisal of Programs (RAP) presents some of the 
implications and lessons learned that can be adopted in the ICT4D projects.

Keywords: agriculture, multimedia, information and communication technologies for development 
(ICT4D), extension, knowledge sharing and innovation

1. Introduction
The International Crops Research Institute for the Semi-Arid Tropics (ICRISAT) is one of the 

14 institutions of the Consultative Group on International Agricultural Research (CGIAR) con-
tinuously working on new and effective linkages between research and extension subsystems in 
the agricultural knowledge system to improve information access. Economic, social and political 
life in the 21st century will be increasingly using digital devices and those without Information 
and Communication Technologies (ICT) will be excluded (Heeks, 2008:26). 

According to Balaji et al. (2007) and Rudgard et al. (2011), the Information and Communication 
Technologies (ICT) for Development (ICT4D) is an umbrella that includes computer hardware 
and software, digital broadcast, telecommunications technologies, social networks, interfaces for 
sharing information through the Internet, TV, radio, mobile phones, cloud computing facilities, 
geographic information system (GIS). It also includes the policies and laws that govern their 
widespread use. That digital technology domain intersects with development goals in search of 
a delivery mechanism (Heeks, 2008:27).

A “triple helix model” conceptual framework was used at ICRISAT to emphasize three strands to be 
observed as a unique chain1. First, there is a necessity for useful knowledge. Second, the ICT4D model 
is emphasized. Third, an open-distance paradigm is required in an effort to personalize learning for 
masses. This also takes into cognizance the future with distances being shortened by technology access. 

1  For more information about the “triple helix model”: http://vasat.icrisat.org/?q=node/96

Acknowledgments: The authors wish to acknowledge the VASAT Project team and its leader, especially 
mentioned, Dr. Balaji. Our profound gratitude to the people of Addakal and AMS Center for sharing their 
time, allowing us to carry out the interviews and meetings in the field.
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ICRISAT, in collaboration with other institutions and aligned with the CGIAR policies, 
initiated the Virtual Academy for the Semi-Arid Tropics (VASAT) Project. The objective was to 
develop opportunities to exchange knowledge among researchers, extension workers and farm-
ers, focusing on the community preparedness to cope with drought (Dileepkumar et al., 2006). 
The project involves a platform for communication, considering that preparedness is better than 
relief and that the communication systems would necessarily combine top-down and bottom-up 
approaches, with the paradigm of open and distance learning , and ICTs applied to rural develop-
ment (Balaji et al., 2007:3). 

Climate change is one scenario that affects farmers, and resource-poor farm households con-
tinuously rely on technologies for creating or improving their incomes and livelihoods (Heeks, 
2008:29). This paper explored to assess the mechanisms and tools used in the VASAT project, a 
research for extension development initiative of ICRISAT, to identify recommendation domains 
for improving the system and draw upon the insights and experiences in the project for sharing 
these to various interest groups working on ICT4D. 

2. Objectives
The research focuses on a preliminary assessment of the mechanisms used in the VASAT 

project, taking into account the framework of ICT4D in agricultural information. It describes the 
experiences and analyzes VASAT activities, mechanisms and results. 

2.2. Specific objectives
• Describe the different tools and mechanisms used. 
• Assess the tools and mechanisms from the perception of rural farm households.
• Suggest areas for crafting an innovative extension education system.

3. Background

3.1. The place and the people
Addakal is a “Mandal” (country subdivision) in Andra Pradesh, one of the poorest regions in 

India. It covers 196 km2 and consists of 21 villages whose economy is concerned with agriculture 
and livestock (Sreedhar et al., 2009: 28). 

The region has a population of 46 380, of which 23596 is male and 22784 is female. It faces 
frequent droughts, and migration increased during last 10-12 years. People look for work out of their 
farms during summer time, searching for better income (Sreedhar et al., 2009:28). Institutional presence 
through development or extension organizations is weak. However, the strongest bonds to exchange 
information can be observed among farmers, and between vendors and farmers (Balaji et al., 2007:5).

In 2002, ICRISAT was involved in a governmental development program in Addakal, providing 
seeds and extension services. A federation of female self-help microcredit groups called Adarsha 
Mahila Samaikya (AMS) was a strong actor with 8000 members from 21 villages. Since 2004, 
ICRISAT and AMS have worked together in the VASAT Project using methodologies related to the 
ICT approach to foster drought preparedness. A hub-and-spoke model was designed, using local 
language (Telugu) (Sreedhar et al., 2010:3). At the beginning, basic ICT infrastructure facilities were 
used: a PC-based computer network with low cost Internet access in the Village Knowledge Centers 
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(VKCs). Later, video and audio conferencing, and mobile phone for two-way communication to 
ensure local knowledge acquisition. Starting a pilot experience with three villages during 2004, it 
extended to eight in 2008, covering farmers in the 21 villages in Addakal (Sreedhar et al., 2009:30). 

3.2.  VASAT Project: Communication tools and mechanisms 
 The VASAT project worked with drought preparedness based on an integrated approach for 

improving capacity in rural communities. An interface of ICT and distance-learning methods in 
a short period of time is used (Lavanya et al., 2010:2). The content was defined on a farmers´ 
demand basis and delivered in local language2. 

Since 2004, the project has been developing access to ICT tools through the eight VKC with 
PCs and the AMS building with video conferencing infrastructure. ICRISAT provides technical 
information and financial support for data collection, and AMS provides the facilitators who 
convert local terminology into a scientific one and vice-versa, serving as a bridge connecting 
ICRISAT, AMS and farmers (Dileepkumar et al., 2005). The role is being performed by eight 
Village Network Assistants (VNAs) trained by ICRISAT in ICT management.

The VKCs were designed based on the hub-and-spoke dynamics. Based on demand, the session 
schedules are prepared and provided in advance (Lavanya et al., 2010:5). The farmers´ queries are 
answered; if possible with the ICRISAT expert during the video conferencing session, or referred 
to a senior expert and the answers communicated to the VNAs. The facilitators translate the content 
into the local language. After every videoconference, the content is validated in order to build 
repositories at the VKCs and queries are uploaded to the Internet “aAqua” Forum3 (Sreedhar et 
al., 2010:3). We need to point out here that as the ICT initiatives progressed, the VNAs evolved 
as knowledge intermediaries.

Since 2009, a field investigator has been helping interaction between VNAs and farmers, 
answering questions about agricultural problems.

The project developed color-
ed maps using water budgeting, 
based on rainfall information 
collected and measured by a 
group of local farmers, and GIS 
tools provided by technical as-
sistants of ICRISAT. Combined 
together allowed the drought 
preparedness of the communi-
ties of the project site (Patwar 
et al., 2009; Rudgard et al., 
2011). According to Sreedhar 
et al.(2009:29), the message of 
the maps are easily understood 
by rural people because they are 
able to relate the corresponding 
meaning of the colors in terms 

2  More information about the VASAT Project: http://www.icrisat.org/vasat
3  More information about the Forum: http://www.aaqua.org
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Figure 1. ICT4D mechanisms and tools used in the VASAT Project
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of what is the available moisture (or water) in their soil. Farmers are then assisted for their drought-
related decision making by this kind of information. 

Recently ICRISAT has also explored on an experimental web-mobile phone communication 
platform. As video conferencing requires volunteers to move to the AMS Center, the project set 
up audio conferencing facilities in the villages, enabling several people to interact with the experts 
(Lavanya et al., 2010:4). 

The mechanisms used in the Project are shown in Figure 1. The Internet provides access to 
Agropedia, VASAT´s blog, wiki, courses and activities related to the project (Kaur et al., 2009:2). 
The Internet connection was also utilized by the rural people for other purposes such as weather, 
market information and education.

4. Methodology 
 A preliminary assessment of the VASAT Project through qualitative research is presented. 

The research elicited actors perception and knowledge gained during the project. Analysis and 
systematization of secondary data, direct observation, semi-structured interviews and group meet-
ings were combined to obtain more reliable assessment.

Evaluation is a man-
agement tool where the 
analysis of activities and 
their corresponding effects 
allows for reaching con-
clusions considering the 
objectives (de Hegedüs, 
1995; OIT, 1997). It is 
also a process to determine 
relevance, efficiency, ef-
fectiveness and impact 
of the project (Villarraga, 1998). The theoretical approach of Reflective Appraisal of Programs 
(RAP) (Bennett, 1992) was efficiently used in the evaluation of technology transfer projects (Al-
bicette et al., 1999; de Hegedüs et al., 2000; Guerra, and Zocco, 2006), using different ICT tools. 
According to that model and from Bennett’s hierarchy (Bennett and Rockwell, 2000) there are 
seven levels of evaluation; 1) inputs; 2) activities; 3) participation; 4) reactions; 5) knowledge, 
skills and attitudes; 6) behavior change and adoption; and 7) impact. The study was geared to the 
first five levels, focusing on five villages and the AMS Center (Table 1). Ninety interviews were 
carried out to know about relevant issues (Taylor, and Bogdan, 1986). 

The respondents were farmers, VNAs, and AMS members attending the meetings and farmers 
interviewed in the field (Table 1). Interview dates were fixed in advance and conducted personally 
with simultaneous translation from Telugu language. Meetings and interviews lasted approximately 
two hours. Notes and photos were taken and direct observation data were written in a booklet 
(Taylor and Steele, 1996).

An interview guide was used during individual interviews and focus group discussions. Ques-
tions were mostly open-ended to allow respondents’ openness on the issue being explored. For 
more reliable conclusions, the interviews and notes were again validated not only with the local 
communities but even with other stakeholders like the ICRISAT staff involved in the project and 
even with scientists who were providing technical assistance.

Table 1: Addakal Mandal: Interviews and meetings

Village VNA Activity Nº 
Female

Nº 
Male

Nijalapur Ms. Ramayswaramma SSI &  GM 5 3
AMS Center GM 21 5
Komireddypalli Ms. Chandrakala SSI &  GM 16 -
Janampet Ms. Vemmalmma SSI &  GM 11 1
Vemula Ms. Narmadamma SSI &  GM 15 11
Kandur Ms. Lalithamma SSI 2 -

SSI: Semi-structured interviews; GM: group meeting
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Table 2 - VASAT project results in 5 villages and AMS Center - (K&U: known and used)

Components  Nijalapur  
Village

Komireddypalli  
Village

Janampet  
Village

Vemula 
Village

Kandur  
Village AMS Center

Technological
Video/Audio 
Conferencing K&U K&U K&U K&U. K&U Infrastructure

Internet K&U. K&U K&U. K&U. K&U. K&U.

Colored Maps K&U. Fixed 
on the walls

Fixed on the 
walls

Fixed on the 
walls

On the 
walls K&U

Cell Phones K&U For the future For the future K&U K&U
Social

Field 
Investigator

K&U. Good 
relation with 
farmers

K&U
K&U. Good 
relation with  
farmers

K&U K&U

VNAs K&U K&U K&U K&U K&U K&U

Relationships

Farmer-to-
farmer

Farmer-to-
farmer

Farmer-to-
farmer

Farmer-
vendors

Farmer-
vendors

Farmer-
vendors

Learned to 
negotiate

Gender issues No gender 
differences

Some 
gender 
issues arose

No gender 
differences 
(Female 50%, 
Male 50%).

Labor New jobs New jobs
Men 
look for 
work

Rural 
employment 
grantee

Education and 
health

Internet for 
educational 
purposes

Programs: 
Livelihood, 
physical 
handicap, old 
pensioners, 
health insurance

Acquired 
knowledge Learned a lot Learned a lot Learned 

a lot Learned a lot

Economic

Aware of seed 
quality

Micro-financial 
groups

Micro-
financial 
groups

Dairy 
cooperative,  
handloom, 
restaurant

Better yields Costs reduced
Costs reduced. 
Incomes 
increased.

Institutional

No extension No extension No 
extension

Focus of rural 
development. 
Relation with 
Bank.

Ecological  

Topics for 
further research

Drought, 
Pests 
Management

Water 
management

Nutritional   
crops 
deficiencies

Non pesticide 
management.
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5. Results
A matrix summarizing people and AMS members´ opinions is presented in Table 2. Likewise, 

the overview of outcomes under technological, economic, social and institutional components, 
regarding the different tools and mechanisms used in the VASAT Project is also shown. The empty 
cells in the matrix mean that there were no comments about that item.

6. Conclusions and lessons learned
The preliminary assessment shows that the project has achieved good results as some outstanding 

outputs can be gleaned from the result of the interview. Responses like (1) ‘“We have more agricultural 
information especially those that relate with technical issues that results in better management of the 
technologies”, (2) “We have learned to minimize the use of agricultural inputs and still have better 
yields; (3) “We have learned more knowledge due to internet connectivity, mobile phones, colored 
maps and other tools; (4) “We have learned to negotiate with vendors; and (5) “Because of capac-
ity building provided by the project, some of our household members have landed in better jobs”.

6.1.  Tools and mechanisms used 
 The mechanisms and tools used for communication during the Project, which people were 

really acquainted with, were as follows: video/audio conferences, colored maps, Knowledge Cent-
ers with PC’s, VNAs, field investigators, capacity building, and mobile phones. Our preliminary 
assessment shows impact of these tools, however, it is suggested that there should be more detailed 
assessment to determine impact not only of the tool but also of the entire project.

 In line with what was expressed above, farmers used colored maps for decision- making in 
relation to drought preparedness. The advice given by the field investigator or the VNAs people 
sent through the hub-and-spoke mechanism resulted in quick response to agricultural problems.

 As observed, farmers have internalized the knowledge acquired from the various tools. It 
would be of interest to have an in-depth study on the decision-making process of farm households.

6.2.  Economic outputs 
 The farmers learned technical issues, which allowed them to have better farm management. To 

date, they have become critical to seed quality, water availability and management. Better decisions 
were taken like which crop to grow based on science. They are concerned about reducing their 
costs, so they are instructed on the benefits of precision agriculture like inputs utilization to save 
money without sacrificing productivity. Farm households also use the Internet for other agricul-
tural support like accessing market and prices information and educational purposes. As a result 
of being better informed, farmers were in good position to deal with vendors and save resources.

6.3.  Social issues  
 People in general learned to improve their negotiation skills. This contributed to upgrade 

their abilities as a result of the various capacity building activities included in the project. The 
Knowledge Centers also opened doors to the young members of the farm household to have better 
access to information and educational issues.
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As a result of the implementation of the Project, women were empowered to face new chal-
lenges. We verified that VNAs learned about technological issues or got new jobs.

In very few of the villages, some gender issues emerged, leading to the question: Are there 
differences between women and men using agricultural information? A recommendation to this 
is to understand the reasons how AMS being a women’s organization has been successful in a 
cultural domain of a patriarchal society. 

6.4.  Roles among the people participating in the project  
It was clear that the VNAs are happy and proud of the job they are doing. It would be of inter-

est for a future project to know about farmers’ opinions about VNAs performance.
The KCs are already installed and can generate interactive information among farmers, 

promoting innovation. Consequently, capacity building to enable the VNAs as facilitators for 
development, upgrading knowledge, attitudes and aptitudes is required. 

Farmers have no time to attend meetings and courses, so new ICT tools for easy access to in-
formation, as well as effective methodology to be applied by the field investigators are also needed. 

A deep relationship among AMS members, VNAs, field investigators, farmers, and ICRISAT 
researchers was observed. In extension projects, leadership, good attitude and empathy toward local 
people are important. Institutions have to be aware of the importance of these, highly value them, 
and take into account that extension workers are part of the success of projects. A strong mechanism 
of coordination among actors by developing a network for faster information access is necessary.

6.5.  Horizontal and vertical linkages  
Dialogue and discussion at horizontal and vertical levels are important for facilitating com-

munity knowledge. ICRISAT needs to know first-hand about the farmers´ problems for a better 
reach of the technological information proposed.

The vertical linkages were enhanced through various capacity building activities. AMS mem-
bers called ICRISAT to work together on the VASAT Project, and during the implementation, new 
mechanisms of communication emerged. It can be remarked/should be noted here that impact can 
be greater with better horizontal interactions and new ICT tools. Participatory research could be 
useful with pilot groups, considering the traditional farmer-to-farmer exchange of information.

7. Other recommendations 

7.1.  Institutional  
There was no evidence of a strong linkage between farmers and institutions. Thus, it seems 

apparent that extension support is needed.
The VASAT Project should be continued and expanded as an example of how scientists test 

the relevance of their research with farmers. Special value can be added looking for a coordinated 
platform to develop ICT tools for extension and research. The organization of the villages with 
private participation can improve production and explore new markets. Financial logistics, trained 
professionals, innovative learning methods and materials will be required to interact with farmers. 
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7.2.  Project advocacy   
The project and its results should be known by ICRISAT and other research institutions look-

ing for a closer relationship with small farmers. The advocacy is strongly recommended with 
multimedia approach: TV, radio, printed material, conferences and newsletters. Institutional poli-
cies regarding the use of mass media and communication devices would be useful to standardize 
strategies and activities.  

7.3.  For final assessment and other projects  
A more comprehensive assessment considering qualitative and quantitative methods can deeply 

assess activities, participation and reactions, evaluating knowledge, behaviors and impact using 
the seven levels proposed by Bennett (1982) and Bennett and Rockwell (2000).

The ICT4D framework can be applied in an effective way, using several mechanisms and 
tools with small farmers, especially considering countries where extension services count on 
few resources. Using ICT4D new interrelations among farmers, researches, institutions, local 
facilitators are generated and can possibly be viewed as a model to be adapted by research and 
extension institutions. 
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Abstract
In 2010 an EU subsidy program started to create high quality control posts in Europe. Control 

posts are companies offering facilities for animals to rest and eat during long distance transport. 
They also offer facilities for trucks, drivers and competent authorities. A decision support program 
has been developed to support owners of control posts with their investment plan. The aim of this 
computer program is to calculate what increase in truckloads or in price per truckload is needed 
to justify the investment plans. The program was tested at two control posts participating in the 
EU project in Poland1. Both owners appreciated the added value of the program and  suggested 
some improvements.

Keywords: control post, investment, BEP, mathematical model

1. Introduction
The proportions of the regional production of animals in Europe are different from the respec-

tive regional consumption. As a result, animals and meat are transported all over this area. In the 
period 2005-2009 the number of cross-border truckloads of live animals within EU increased from 
315,000 to almost 400,000 (excluding poultry). About two thirds of this transport is shorter than 
8 hours, however, 16,000 to 24,000 truckloads so called “long distance transport” last more than 
24 or 28 hours (Baltussen et al, 2011). About 40% of these are cattle truckloads, about 40% are 
horses for slaughter truckloads, about 20% are pigs and about 5% are sheep and goats truckloads. 
Figure 1 shows the main long distance transports routes of cattle in 2009 in EU. The tendency 
was that during the period 2005-2009 the total number of consignments was increasing while the 
number of long distance transport has been decreasing since 2007.

The main routes of animals transported within EU have remained the same for a long time. 
The long distance transport has to stop at so called control posts, and  has to unload the animals, 
feed them and let them rest for 24 hours. At the beginning of 2010 there were 157 control posts 
on the official EU list (approved by the EU). However, only 113 out of 157 investigated control 
posts were still in operation. Data shows that 5 of them where suspended and 39 were closed down 
because of the lack of customers. The majority of the control posts in operation also report low 
occupancy. This tendency concerns all control posts on all routes no matter which species they 
deal with. Only four control posts reported the use of more than 60% of the full capacity during 
the whole year (Gebrensbet et al, 2010).

Transport of live animals including stops at control posts is regulated by Directive 1/2005/EC. 
This regulation was evaluated in 2011 (Baltussen et al, 2011). The main conclusions are that the 
introduction of that regulation slightly improved the animal welfare during transport especially 
during long distance transport and at the same time increased the transport costs for live animals. 
1  The authors want to thank the control posts owners for their cooperation.
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Figure 1. The main routes of long 
distance cattle transport in 2009 and 
location of the control posts for cattle
Source: Gebrensbet et al, 2010

There are still differences in the implementation, enforcement and penalties for infringements of 
the Directive by individual Member States which undermine the level playing field for transport 
companies. This means that transport companies working according to the rules can hardly, or 
not at all, compete with transport companies who violate the rules.  

It can be expected that in the coming years the EU will not change the regulation but will try 
to enforce it equally in all Member States. One of the effects will be that the number of stops at 
control posts will increase. The research carried out by Baltussen et al. in 2011 showed that for 
example about 50% of all horse transport lasting 20 to 24 hours should have stopped at a control 
post, but it didn’t.

Based on a feasibility study (Gebrensbet et al, 2010) the EU stimulated the improvement 
of the quality of control posts by two subsidy programs (SANCO D5/10753/2010; SANCO 
10834/2011). As a result, 11 control posts joined the high quality project in 2011 and additionally 
5 control posts joined the high quality program in 2012. The goal of the first subsidy program is 
to develop a certification scheme for control posts to reach high quality standards with respect 
to animal welfare, bio-security and facilities for drivers and competent authorities and services 
for trucks (see Gebrensbet et al, 2010; SANCO D5/10753/2010; SANCO 10834/2011). In the 
second subsidy program also transport companies are invited to develop a high quality scheme.

Most of the existing control posts have to be rebuilt or renovated to reach the high quality 
standards. For owners of control posts it is hard to decide if and in what facilities they should 
invest. It’s difficult to predict the number of trucks stopping at their control posts, the willingness 
to pay for certain services (e.g. truck facilities, drivers facilities, animals facilities). Therefore, 
within this high quality program a computerized decision support system has been developed to 
support owners of control posts in their investment decisions. In this article this decision support 
system is described and two investment plans of control post are given as examples.
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2. Description of the model
A certain number of trucks with animals visit a control post a year. Each visit generates variable 

costs e.g. costs of fodder, costs of water, costs of electricity. The fixed costs grow if additional 
investments in equipment, buildings and new facilities are needed to enhance the quality of the 
control post. The costs of the adjustments need to be calculated to justify investment decisions. 
The additional revenues from the control post need to outweigh the additional costs.

To support an owner of a control post in managerial decision making, an economic model 
has been developed. The model supports owners in evaluating potential investment projects in 
two ways. Firstly, it helps the control post owners to decide whether they want to implement a 
particular investment project. Secondly, it will also help the control post owners to determine the 
optimal size of the investment. The tool is a deterministic mathematical program that calculates 
the break-even point for the number of truckloads at varying prices or varying occupancy rates. By 
“playing around” with various “what-if” situations, the owner of the control post gains knowledge 
about feasibility of the investment. The model offers the possibility to change the “price per load” 
(daily allowance per truck load) and to see the economic impact of the change. Thus owners are 
supported in making justified decisions in order to reach the desired standards.

The model consists of three different sheets for data input, a calculation module (i.e. the 
mathematical-/economic model) and the main sheet with the output of the calculation. The model 
is available online, free of charge and requires only Excel 97-2003 or later. It is available in 5 
languages: English, German, Spanish, Polish and French. When the user chooses a language, 
all texts of the model (including buttons) are replaced by texts of the selected language (will be 
available: http://www.controlpost.eu/joomla/index.php/project-1/2011-05-30-09-54/prototype-
break-even-analyses).

Figure 1. The decision support program for control post investment

 

• number of 
truckloads  

• daily  allowance  
•  variable costs 
• investment 

related data 

Input Calculation 
model 

• BEP number of 
truck loads, 
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truckload 
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costs. 

Output 

2.1. Input
The data input requires information about a specific animal category. In the model eight animal 

categories are distinguished for the four species: cattle, horses, sheep and pigs. The user has to 
introduce the figures concerning the current (before-investment) and the future (after-investment) 
situation (e.g. value of the investment, maintenance). For each investment there is a separate input 
sheet, to calculate the annual costs. The program provides specific default values for some items, 
so the investor does not need to estimate them (e.g. ‘useful life’ or ‘rest value’ of the investment). 
The system enables to select the options from the list or enter your own figures. 

Some investment costs (i.e. buildings and equipment) are divided into per-animal category 
and the rest are general investment costs not categorized (i.e. services for trucks, facilities for 
truck drivers, facilities for competent authorities).
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2.2.  Calculation module
When the needed inputs are provided, the mathematical model starts to distribute the total 

amount of occurring costs to the individual animal categories. It is based upon the calculated 
gross margins of the animal categories. The larger gross margin the animal category produces the 
bigger the amount of general fixed costs is assigned to the animal category. 

The main focus of the model is the break-even analysis. The model calculates three Break-Even 
Points (BEP) to cover all additional costs (Figure 1). The three BEP are: the number of truckloads at 
a given price (allowance per day), the minimum price at a given expectation of occupancy and the 
combination of number of trucks and changing prices (daily allowance). Higher prices, more truckloads 
or lower value of planned investment will result in a higher level of project justification. Variations in 
additional costs or prices result in different break-even points. Break-even points for price, for number of 
truckloads, and for categorized fixed costs are calculated for each relevant animal category A separately:

BreakEvenPriceA = ((YearlyCostsA + AllocationFixedA + TruckLoads_ISTA * GM_ISTA) / 
TruckLoads_SOLLA ) + VariableCostsA + ExtraVariableCostsA

BreakEvenTrucksA = (YearlyCostsA + AllocationFixedA + TruckLoads_ISTA *  
GM _ISTA) / GM _SOLLA

BreakEvenCatFixedA = TruckLoads_SOLLA * GM_SOLLA – TruckLoads_ISTA *  
GM_ISTA – AllocationFixedA

where:

AllocationFixedA = AllocationPctA * GeneralFixedInvestmentCosts

AllocationPctA= GM_SOLLA / ΣA (GM _SOLLA) ; GM is abbreviation for Gross Margin

GM _ISTA = Price_ISTA – VariableCostsA

GM _SOLLA = Price_SOLLA – VariableCostsA – ExtraVariableCostsA

The surplus (i.e. returns minus additional costs) is calculated for each relevant animal category 
separately from the returns, fixed costs and number of expected truckloads. These surpluses are 
summed up to yield the total surplus for the after-investment situation. The outcome can be com-
pared with the returns from the before-investment situation.

2.3.  Output
Annual costs of the investments for the animal categories as well as general investment items 

are presented on the main screen of the model. Investments, other costs and allowances are sum-
marized as the difference between IST- and SOLL outcome. The break-even analysis results 
in three outcome values: break-even number of truckloads, break-even price per truckload and 
break-even of categorized fixed costs.

2.4.  Two examples
The model has been tested on two control posts in Poland participating in the EU project for 

high quality control posts. Both control posts have been visited in the last 4 years, by 453 and 
377 truckloads of animals a year on average. Both control posts can host pigs and cattle. From 
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table 1 it can be concluded that the number of visits vary considerably from one year to another. 
Control post 1 was shut for half a year during 2012 because of renovation. Both control posts 
depend strongly on the transport of pigs from Denmark, Germany and the Netherlands to Ukraine, 
Belarus, Russia and Kazakhstan and on cattle transported the opposite direction from Lithuania 
and Poland to Spain and Italy. The transport of pigs is highly uncertain because of import break-
downs for safety or political reasons (e.g. to Russia).

The owner of control post 1, considered the investment in stables for pigs and cattle in order 
to create a high quality control post. He planned double of the existing capacity of stables while 
the owner of control post 2 considered the investment in a facility for truck wash (see table 2). 
The total investment for control post 1 and 2 was to 300.000 and 393.000 euro respectively. 

The main question for owner of the control post 1 was if the investment in stables for cattle 
would be justified. The main question for the owners of control post 2 was if the investment in 
additional facilities for trucks and drivers could be justified by an increased number of expected 
visits and/or a higher price per visit because of better quality facilities. For control post 1, its 
owner expects to host between 877 and 1162 truckloads of animals after the renovation. The first 
one being a pessimistic view and the second a more optimistic one. As a result of investment in 
control post 1 there was an increase in fixed costs 
by 44,257 euro. To achieve a break-even point 
without changing the daily allowance and with-
out using EU funds, 781 truckloads are needed 
to compensate for the cost increase.  In case of 
participation in the EU project, a subsidy of 69% 
is given for all the investment (except for land 
purchase). With the EU subsidy, the break-even 
point declined to 544 truckloads (table 3).  The 
number of truckloads needed for both break even 
points is smaller than the number predicted by 
the owner. They make respectively 47 and 62% 
of the expected consignments. Therefore, there is 
high probability that the investment will increase 
the income of the owner of control post 1.  

As a result of investment in control post 2 
there was an increase in fixed costs by 50,170 
euro. For control post 2 the owner expects annu-
ally between 500 and 900 truckloads of animals 
after the renovation. To reach the break-even 
point without EU funding and without changing 
prices for services, 400 truckloads are needed. 
With the EU subsidies only 236 truckloads are 
needed to break-even. This makes 26 to 47% of 
the expected truckloads estimated by the owner 
(table 3).

Table 1. Number of truckloads visiting two control 
posts in Poland during the period 2009-2012
Year Control post 1 Control posts 2

Pigs Cattle Pigs Cattle
2009 395 0 284 275
2010 790 8 327 104
2011 123 23 431 34
2012 51 87 468 89
Average 453 39 377 125

Source: control post documentation

Table 2. Investments (in euro, excluding VAT) 
per control post to reach high quality

Type of investment Control 
post 1

Control 
post 2

Stables 208,180 -
Truck wash 11,500 150,000
Access road and 
parking space

22,820 80,000

Tractor 45,000 -
Manure storage & 
fencing

12,500 85,000

Facilities for drivers - 40,000
Charger - 38,000
Total investment 300,000 393,000

Source: control posts documentation
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Table 3. Break-even analysis CP 1 and CP 2
Specifications Self financing option EU funds  

contribution option
Pigs Cattle Pigs Cattle

Control post 1
Number of truck loads /year before the investment 790 2 790 2
Number of truck loads /year after the investment 790 87 790 87
General fixed costs 44,257 44,257
BEP (Number of truck loads) 725 56 529 15
BEP (Price per truck loads) [€] 341 247 312 175
Surplus [€] 12,094 40,881

Control post 2
Number of truck loads /year before the investment 377 125 377 125
Number of truck loads /year after the investment 377 125 377 125
General fixed costs 50,170 50,170
BEP (Number of truck loads) 277 125 194 42
BEP (Price per truck loads) [€] 341 300 310 201
Surplus [€] 14,575 38,980

Source: own calculation

3. Discussion and conclusions
The developed decision support model has proven its value at least for the owners of the 

control posts where it was tested. By “playing around” with expected numbers of truckloads and 
with prices per truckload they were able to get insight into the sensitivity of their investments. 
For both cases, the probability of net profits from these investments is quite high.

The testing of the model resulted also in some suggestions from the users for improvement 
of the model:
1. Make it more user-friendly. For example, by introducing separate “help-icons” for instructions. 

For the present model data descriptions and explanations are put in a Manual.
2. Introduce more flexibility. In the model, the stables can be used by one category of animals. 

In reality stables are used for different species. This complicates the calculations because 
also investments in stables have to be divided over the species. 

3. For the calculation of the profits the number of truckloads is multiplied by the price per truck-
load.  However, the owners of control post use different methods of pricing. Therefore, they 
suggested adding the possibility of choosing the way of data input-giving either a number of 
truckloads or a number of animals.
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Abstract
Few attempts have been made to account for the potential costs associated with soil nutrient 

mining or the potential benefits associated with nutrient remobilization in switchgrass pastures 
established and managed as a dedicated bioenergy feedstock crop. Continuous soil nutrient min-
ing could result in declining yields and profitability in the long-run and ultimately final exit out of 
switchgrass production. The objective of this study was to determine the cost associated with nutri-
ent mining and the potential benefits associated with nutrient remobilization associated with one 
and two-cut switchgrass harvest systems in the southern Great Plain, USA. Data collected from a 
four-year, two-location agronomic field trial that evaluated two harvest systems, five N rates, and 
fixed rates of P and K applications were used for analysis. A standard forage analysis was used to 
determine the concentrations of N, P and K nutrients in the feedstock harvested. Cost of mining (or 
benefit of recycling) was estimated by comparing two separate economic models. Model 1 follows 
the conventional economic approach of utilizing yield response to treatments levels of N, P and K. 
Model 2 follows an approach that accounts for the costs and benefits associated with the N, P and 
K concentrations removed by the plants at harvest. Results from the convention economic approach 
indicate that producers should harvest twice per year, lending the system to mine significant quanti-
ties of N, P and K. When the benefits and costs associated with total nutrient uptake from plants 
were accounted, assuming a $110 Mg-1 for feedstock, the results indicate a producer would be better 
off harvesting twice (once in the summer and again in the winter), and the non-market economic 
tradeoff between nutrient mining and long-run soil sustainability was $8.70 Mg-1. 

Keywords: Switchgrass, bioenergy, economic sustainability, cellulosic feedstock, nitrogen, harvest 
system

1. Introduction
Switchgrass (Panicum vigatum L.) has been identified by crop scientists and public policy 

makers as a leading source of cellulosic feedstock for conversion into bioenergy products in the 
southern Great Plains—a region in the USA that has a comparative advantage in growing na-
tive perennial grasses for conservation programs, wildlife habitat, and livestock enterprises. 
Published reports (Kazi et al. 2010; Wu, Sperow, and Wang 2010; Haque and Epplin, 2012) 
indicate that a large-scale biorefinery (≥ 189 x 106 L yr-1 production capacity) will require between  
$100 x 106 and $500 x 106 in initial investment capital, depending on the conversion technology 
utilized (e.g., enzymatic hydrolysis, thermochemical pyrolysis, gasification, etc.). Rational inves-
tors would be reluctant to invest in a large-scale biorefinery unless they are certain they can procure 
a steady, long-term and locally produced supply of feedstock in each year of the expected life of 
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the capital investment in the plant [Haque et al. 2012]. Furthermore, it is important for farmers to 
have reliable information about the actual fertilizer requirements of the plants in order for them 
to maintain productive levels of nutrient in their already fragile soil-base in order for them to 
produce a long-term, economically sustainable and steady supply of feedstock to biorefineries.

Data collected from multi-location, multi-year agronomic field trials in south-central Okla-
homa show that significant quantities of nutrients (i.e., N, P and K) in excess of levels supplied 
via controlled treatments were removed (i.e., mined) from the soil by switchgrass plants that were 
harvested at the time of plant physiological maturity (prior to plant senescence) in July (Guretzky 
et al. 2011). Conversely, data from the same trials showed that significant levels of N, P and K 
nutrients supplied to switchgrass plants were remobilized back to the root zone (and to some extent, 
back to the soil) of plants harvested in the winter after a hard freeze, after plant senescence. This 
indicates that if harvest activity can be delayed until after plant senescence, some of the N, P and 
K will remobilize back into the root system and will minimize the need for their replacement. To 
date, conventional economic methods commonly used to determine the most economical harvest 
time and corresponding rates of fertilizer (Lemus et al., 2008; Haque et al., 2009; Boyer et al., 
2013) do not consider the potential agronomic problems associated with soil nutrient mining nor 
the potential benefits associated with nutrient remobilization that are associated with producing 
switchgrass for bioenergy feedstock. 

The objectives of this study were to determine the cost of mining and the potential benefits 
associated with recycling N, P and K nutrients in one and two-cut switchgrass harvest systems in 
the southern Great Plains, and to determine the non-market price for which producers would be 
indifferent between short- and long-run profitability of growing, harvesting and storing switch-
grass feedstock on their farms.

2. Theoretical framework
Barber [1984] reported that a balance of sufficient quantities of vital nutrients is required to 

maintain proper plant growth throughout the growing cycle of the plants. The nutrient balance in 
the soil is measured by taking the difference between nutrient inflow and outflow [FAO 2004]. 
A positive balance occurs if nutrient additions (inflow) to the soil are greater than those removed 
(outflow), and a negative balance occurs if more nutrients are removed the quantity of nutrients 
added [Gruhn, 2000; Rijpma and Islam 2003; FAO 2004]. Negative balances are directly related 
to soil nutrient depletion that may lead to soil degradation [Rijpma and Islam 2003; FAO 2004], 
and soil nutrient depletion is a process by which nutrient are reduced through natural processes, 
such as soil erosion and leaching, and by human-induced processes, such as continuous nutrient 
mining through harvested plant biomass without adequate replenishments of nutrients [Drechsel 
and Gyiele 1999]. Continuous soil nutrient mining affects soil quality adversely and has been 
shown to reduce crop yields, providing for an unsustainable cropping system over the long term 
[Hopkins et al. 2001; Tan 2005; Henao and Baanante 2006].

For switchgrass produced for a bioenergy crop, the extent of soil nutrient mining depends heav-
ily on the time of the growing season that it is harvested. If switchgrass is harvested in mid-season 
(summer harvest) nutrient levels in harvested biomass are relatively high [Guretzky et al. 2011]. 
On the other hand, if harvest is delayed until after the first hard freeze (after plant senescence), 
the plants will have recycled some of the nutrients in the plant back to the root zone, providing 
for a positive nutrient balance for that growing season [Vogel et al. 2002; Mooney et al, 2010; 



ECONOMIC COSTS OF SOIL NUTRIENT MINING AND BENEFITS FROM PLANT NUTRIENT RECYCLING... 33

Guretzky et al. 2011]. Guretzky et al. (2011) reports that the difference between the quantities of 
N, P and K fertilizer treatments applied to experimental plots and quantities of the same nutrients 
removed by the plants in a two-cut harvest system was negative, representing nutrient mining. In 
the same study, a positive difference (reflecting the quantities of nutrients that were remobilized 
back to the root zone) was found to be the case with the one-cut system. 

The conventional economic approach for determining the economically optimal levels of N, P 
and K nutrients to apply to agricultural crops follow a producer expected profitability optimization 
framework where yield response to N, P and K nutrient application functions are econometrically 
estimated using yields actually measured in agronomic experiments from varying quantities of 
fertilizer treatments (Tembo et al., 2008; Biermacher et al., 2009; and Boyer et al., 2013). Response 
functions along with expected prices of crop and fertilizers are then used to analytically deter-
mine the economically optimal levels of N, P and K. However, this method does not consider the 
consequences associated with what the plants actually remove from the fixed soil nutrient base. 

In this paper, we use the expected profit maximization framework that is commonplace. In 
addition, we develop a second model that utilizes data representing N, P and K concentrations 
that were actually removed from the plants at harvest. Using the results from both models, we 
determine the cost of nutrient mining or benefits from nutrient recycling, depending on the harvest 
system. Mathematically the cost of nutrient mining can be expressed as follows:

C = E(NRC) – E(NRS),   (1)

where C refers to the cost of nutrient mining, NRC is the net return obtained using the con-
ventional economic modeling approach that uses the yields associated with the actual nutrient 
treatments applied in the agronomic experiment, NRS is the net return obtained by accounting for 
the benefits and costs associated with the data representing nutrient concentrations taken from 
the plants. A positive value of C is defined as the cost of nutrient mining and a negative value for 
C reflects a benefit associated with nutrient remobilization. At present, the marketplace does not 
place any value on the cost of excess nutrients that are removed from the soil (or surplus nutrients 
that are translocated back to the root zone) in excess of the quantities applied by the farmer; that 
is, farmers tend to consider only those cash costs associated with the quantities of N, P and K that 
they are actually purchase and applying to their crops. 

3. Data
Data were collected in four production seasons (2008-2011) from two agronomic field experi-

ments conducted on established stands of switchgrass (var. ‘Alamo’). The first site was near the 
community of Frederick in Tillman County, OK (34º23´ N, 98º85´ W) and the second located near 
the community of Burneyville in Love County, OK (33º89´ N, 97º29´ W). The experimental design 
was a randomized complete block with four replications. The two harvest systems included (1) a 
single-cut harvest system in the winter after a hard freeze, after plant senescence (WNTR); and (2) 
a two-cut system that included a summer cut in July at the time of plant maturity, followed by a 
second cutting of the regrowth in the winter (December) after a hard freeze, after plant senescence 
(SMWNTR). Each study site and harvest system received 0, 45, 90, 135, 179 and 224 kg ha-1 yr-1 
of N in the form of urea (46-0-0), 67 kg ha-1 yr-1 of phosphorus in the form of P2O5 (0-46-0), and 
135 kg ha-1 yr-1 of potassium in the form of K2O (0-0-60). 
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Sub-samples of the harvested switchgrass were collected to calculate dry matter yield and 
nutrient concentration measures for crude protein (CP), P and K. Following drying at 60°C, sam-
ples were ground to pass a < 1 mm screen using a Wiley Mill (Thomas Scientific, Swedesboro, 
NJ). Ground material was analyzed for CP, P and K using the Foss 6500 near infra-red reflectance 
spectroscopy (NIRS) instrument. The samples were scanned using Foss ISI Scan software and 
prediction equations developed by the NIRS Forage and Feed Testing Consortium (Hillsboro, 
WI). The CP concentration mean, standard error of validation, and r2 for the equation used were: 
19.9 g kg-1, 1.3 g kg-1 and 0.98, respectively. The P mean, standard error of validation, and r2 for 
the equation used were: 1.9 g kg-1, 0.4 g kg-1 and 0.73, respectively. The K mean, standard error 
of validation, and r2 for the equation used were: 16 g kg-1, 2.8 g kg-1 and 0.85, respectively. These 
equations were then used to predict CP, P, and K for all samples. Concentrations of N removed by 
the plants were then calculated from CP by dividing each observation of CP by 6.25. Amounts of P 
and K removed by biomass were converted to P2O5 and K2O kg ha-1 equivalents. Comprehensive 
details regarding the growing conditions and agronomic relationships between feedstock yield 
response to N, P and K nutrients and concentrations for the alternative harvest systems for each 
location and year are reported in Guretzky et al. (2011). 

4. Economic methods 
We assume that a rational farmer wants to know when to manage the timing of harvesting 

activities (i.e., when to cut, rake, bale and store feedstock) and how best to manage N, P and K 
nutrients for that system in order to obtain maximum profit on each acre on his farm. Therefore, 
risk-neutral farmer’s objective function can be expressed mathematically as:

Subject to:

rN, rN, rK, ra,rh,rb,rx ≥ 0  (2) 

where E(NRc) refers to the expected net returns ($ ha-1 yr-1) from conventional economic ap-
proach; Pb is the price of switchgrass feedstock ($ Mg-1); Y(H,N,P,K) is feedstock yield (Mg ha-1 
yr-1) and is a twice differentiable continuous function of the levels nitrogen (N) for fixed rates 
of P and K fertilizers (kg ha-1 yr-1) for a given harvest system H (either a winter only system 
(WNTR) or a summer and winter (SMWNTR) system); rN, rP and rK are the price of N, P and K, 
respectively; ra is the custom application rate for applying N, P and K fertilizers ($ ha-1); rh is a 
vector of custom rates for mowing, raking, and staging feedstock ($ ha-1); rb is the custom rate 
for baling switchgrass feedstock ($ Mg-1); rx is a vector of prices that corresponds to the vector X 
containing non-fertilizer, non-harvest activity inputs, such as pesticide, pesticide application and 
interest on operating capital; and FC represents fixed cost associated with the annual prorated 
cost of switchgrass establishment and a land rental rate.
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A similar framework is utilized for the sustainable economic approach (model 2) to deter-
mine the most economical harvest system. The primary difference is that the costs and benefits 
of nutrients (N, P and K) were determined by using the levels of N, P and K that were actually 
removed from the soil by the switchgrass plants. The concentration levels vary between N rate 
treatments assigned randomly in the RCBD. In this case, a twice differentiable yield response to 
nutrients concentrations equation could not be estimated; that is, the yield responded to nutrient 
concentration levels linearly. Therefore, the objective function for the sustainable economic ap-
proach is expressed mathematically as: 

Subject to:

rN, rN, rK, ra,rh,rb,rx ≥ 0,  (3) 

where E(NRs) refers to the expected net return ($ ha-1 yr-1) represented by the sustainable 
economic approach; NS, PS and KS are the nutrient concentrations levels for N, P and K actually 
removed from the plants at the time of harvest and for analytical purposes were converted to N, 
P2O5 and K2O (kg ha-1) equivalents. It is important to note that these data provide insight about 
how the plants consumed nutrient they had available to them either from the nutrient treatments 
applied in the study or by surplus sources already available in the soil. Substituting equation (2) 
and equation (3) in to equation (1) and simplifying yields: 

  (4)

Full detailed enterprise budgets (AAEA 2000) were developed to determine an estimate for all 
production cost components in equations (2) and (3), except the cost of owner’s labor, management 
and overhead. These costs were not considered because they tend to differ substantially, depending 
on farm size and location within the region. The budgets included the prorated annual establish-
ment costs as well as the costs associated with annual stand maintenance and harvesting activities. 

Under the conventional economic approach (Eq. 2), only the cost of N, P and K that was 
purchased from the market and applied on the plots was accounted in the analysis. For the 
sustainable economic approach (Eq. 3), nutrient cost adjustments were made by calculating the 
difference between the fertilizer treatments applied and nutrient removal rates. These differences 
are presented in Table 1. 

If the difference is negative, the cost of the nutrients applied to the plots, plus the cost associ-
ated with the additional quantity of nutrients removed from the soil by the plants was accounted 
in the analysis. A positive value indicates the cost of nutrients applied minus the value of the 
additional quantity of nutrients translocated to the root zone. 
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5. Results and discussion
The net cost of nutrient mining or net benefits of nutrient recycling, the non-market price adjust-

ment necessary to encourage long-run economic sustainability and the economically sustainable 
feedstock price by yield and various assumed market prices for feedstock are reported in Table 
2. For the base-case price scenario that assumed a feedstock price of $83 Mg-1 and a price of N 
of $1.19 kg-1, the expected net return estimated under the conventional economic approach was 
obtained with the SMWNTR harvest system and was $388 ha-1. Conversely, the greatest expected 
net return using the sustainable economic approach was $392 ha-1 and obtained with the one-cut 
WNTR system. The difference in these two net returns was $4 ha-1 ($392 - $388) and reflects 
the net benefits associated with nutrients that were recycled back to the root zones of the plants 
harvested in the WNTR system after plant senescence. The benefit of recycling in the two-cut 
system (SMWNTR) was also accounted, but the costs associated with the nutrients (primarily N 
and K) that were mined by the plants from the soil with the summer cutting more than exceeded 
the benefits of recycled nutrients in the winter cut. Further analysis reveals that for the base-case 
scenario, a producer would actually require $0.30 less for each metric ton produced on his farm 
in order to maintain economic sustainability. That is, instead of receiving $83 Mg-1, he would 
only require $82.7 Mg-1. 

 When a price of $110 Mg-1 of feedstock was assumed in the analysis, the greatest net return 
using the conventional economic approach was obtained with the two-cut (SMWNTR) system, 
realizing a net return of $937 ha-1. The greatest net return found using the sustainable economic 

Table 1. Levels of N, P and K treatments, removed, and nutrients mined or recycled, and feedstock 
yield by harvest systems

Nutrient treatment rates
(kg ha-1 yr-1)

Nutrients removed*

(kg ha-1 yr-1)

Nutrients levels
mined/recycled**

(kg ha-1 yr-1)

Feedstock
yield

(Mg ha-1)N P K N P K N P K
WNTR system
0 67 135 33 (33)§ 16 (10) 31 (37) -33 52 103 10.3 (4.9)
45 67 135 55 (41) 20 (11) 39 (38) -10 47 95 12.4 (4.8)
90 67 135 68 (50) 25 (13) 44 (47) 21 43 91 14.1 (5.2)
135 67 135 84 (58) 28 (18) 50 (48) 50 39 84 15.0 (6.5)
179 67 135 101 (57) 29 (16) 43 (43) 78 38 92 15.0 (6.5)
224 67 135 105 (60) 30 (17) 48 (48) 119 37 86 14.7 (6.1)
SMWNTR system
0 67 135 73 (54) 30 (17) 120 (79) -73 37 15 9.5 (5.5)
45 67 135 106 (65) 41 (20) 170 (91) -62 26 -36 12.8 (6.5)
90 67 135 154 (77) 56 (27) 236 (120) -64 11 -102 16.4 (8.1)
135 67 135 185 (86) 61 (32) 256 (135) -50 7 -121 17.0 (8.5)
179 67 135 220 (107) 71 (37) 309 (163) -40 -3 -175 20.4 (10.2)
224 67 135 229 (105) 69 (36) 286 (145) -4 -2 -151 19.3 (9.8)

* Nutrient removal levels are given by a standard forage (NIRS) analysis. These represent levels of nutrients 
N, P and K (in the form of N, P2O5 and K2O) that were removed from the soil by switchgrass plants. 
** Calculated as the difference between nutrient applied and nutrient removal level. A negative value 
implies the nutrient was mined and a positive value implies the nutrient was remobilized to the root 
zone of the plant. 
*** Numbers in parentheses are standard deviations
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approach was the one-cut (WNTR) system, realizing $806 ha-1. For this feedstock price scenario, 
our analysis shows that there was a $131 net cost associated with nutrient mining. In this case, 
a farmer would need an additional $8 for each metric ton of feedstock produced in order to en-
courage her to choose the economically sustainable one-cut (WNTR) system. That is, instead of 
$110 Mg-1, she would require $118.7 Mg-1 to compensate her for choosing the more sustainable 
system (WNTR) that produces 5 Mg ha-1 less switchgrass than is produced with the SMWNTR 
system found using the conventional economic approach. This system had more short-run profit, 
but is likely unsustainable in the long-run. 

The results were most sensitive to the expected price of feedstock and assumptions about the 
percentage of nutrients that is remobilized back to the root-zone and made available to growing plants 
in the following year. The results show that the net cost of nutrient mining in the two-cut SMWNTR 
system increases substantially as the assumptions about the total percentage of the nutrients that 
is recycled for later use are relaxed and reduced down from the 100% assumed in the base-case.

6. Conclusions
Conventional methods for determining the economical harvest timing and optimal rates of 

nutrients to apply to a dedicated cellulosic bioenergy feedstock crop do not consider the costs of 
nutrient mining associated with harvests prior to plant senescence nor the benefits from nutrient 
recycling with harvests after plant senescence. It is noteworthy to point out that price adjustments 
necessary to encourage harvest systems that are economically sustainable during the life of the 
investment into expensive, large-scale biorefineries are not currently valued in the marketplace. 
Therefore, it is believed that substantial mining of the nutrients in the fixed, already fragile 
nutrient-base of the soils in the region will be the result, placing additional risk and uncertainty 
on the economic potential of a large-scale, expensive cellulosic biorefinery. 

Table 2. Net cost of nutrient mining or net benefit of nutrient recycling, price adjustment necessary 
to encourage soil sustainability and the economically sustainable feedstock price by various assumed 
feedstock prices

Assumed 
feedstock price  
($ Mg-1)

Model 1 Conventional approach Model 2 Sustainable approach
feedstock 

yield  
(Mg ha-1)

harvest 
system

net return 
($ ha-1)

feedstock 
yield  

(Mg ha-1)

harvest 
system

net return 
($ ha-1)

55 20.0 SMWNTR -163 10.3 WNTR -33

83 20.0 SMWNTR 388 15.0 WNTR 392

110 20.0 SMWNTR 937 15.0 WNTR 806

Net cost of mining/ net 
benefits of recycling* ($ ha-1)

Price adjustment 
necessary to encourage 
sustainability ($ Mg-1)

Economically sustainable feedstock 
price ($ Mg-1)

130 -12.6 42.4
4 -0.3 82.7

-131 8.7 118.7
*  Calculated as the difference in net returns between the sustainable and conventional economic 
approaches. A negative value implies the net cost of nutrient mining and a positive value implies a net 
benefit of nutrient recycling
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Abstract
This paper focuses on the Drakensberger as competitive beef breed of cattle. The Drakensberger 

is a medium-framed black cattle breed, indigenous to South Africa. The breed fares well in key re-
quirements for successful cattle farming, and although the breed has much to offer, it does not enjoy 
a large market share in the country. Resultantly, this low market share raises questions as to why an 
indigenous, quality cattle breed has a low market share. The primary objective was to determine the 
South African farmer’s perception on Drakensberger as cattle breed in the market. This was achieved 
by the secondary objectives that identify and describe the competitive South African cattle breeds, 
identify the characteristics a South African farmer looks for a cattle breed, measure the Drakens-
berger’s performance against these identified characteristics, and to clarify the low market share. 
The literature study reviewed the background of the South African cattle industry, identified the 
competitors in the cattle market, and also assessed the Drakensberger breed’s potential. From 
the literature it was evident that the breed has no fatal flaws. It outperforms certain other more 
popular cattle breeds, and the Drakensberger is also exceptionally well adapted for the diverse 
South African conditions, performing well on even low quality sour grass veld conditions. The 
empirical research employed qualitative research to determine the characteristics important to 
South African cattle farmers. Additionally, quantitative research, using a structured questionnaire, 
was employed to determine cattle breeders’ perceptions of the Drakensberger and competitive 
cattle breed. The data showed a high reliability coefficient of 0.83 (as calculated by the Cronbach 
Alpha). The results showed that farmers prefer cattle breeds possessing hardiness, high fertility, 
high weaning weight and, surprisingly, the colour of the breed. The colour preference negatively 
impacts on the Drakensberger as South African farmer prefer red and not black cattle breeds (such 
as the Drakensberger). However, farmers farming with the Drakensberger are very satisfied with 
the breed’s performance, even more so that the farmers of other cattle breeds are with their breeds.

Keywords: Drakensberger cattle; marketing of cattle; potential of cattle; marketing perceptions; 
characteristics of cattle; black beef cattle
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1. History of the Drakensberger
The Drakensberger breed of cattle is indigenous to South Africa. It developed over the past 150 

years to become one of few true indigenous cattle breed. However, tracing history back to 1497, 
the breed was originally discovered by the Portuguese when the explorer Vasco da Gama rounded 
the Cape of Good Hope in 1497. He met with local natives and acquires a black ox, incidentally 
trading it for three copper bracelets. Da Gama was impressed with the excellent quality of its meat 
(a characteristic of the breed that stood the test of time) (The Cattle Site, 2010). The Drakensberger 
gained popularity as breed, and by the time of the Great Trek (1834), the Drakensberger was part 
and parcel of the migration to the north when these families left the Cape. These cattle were then 
called Vaderland cattle (Home country cattle). 

A large number of these migrating farmers halted against the fertile slopes of the Drakensberg 
mountain range (located today in the midlands of the KwaZulu-Natal province of South Africa), 
and the cattle became known as the “Drakensberger” (Pentz, 2009:1). Drakensberger Cattle 
Breeders Society of South Africa was founded in 1947, and the name “Drakensberger” eventu-
ally gained official status. 

The Drakensberger breed of cattle enjoys widespread recognition for its ability to thrive on 
a variety of grazing types, even the sour veld to be found in the Drakensberg region. They even 
strive in the mountainous and arid Karoo region as well as in Namibia. Recent research showed 
that the breed does even better on sweet grazing and has the ability to round off on the farm 
without requiring feedlots or excessive conditioning supplementary feeds (Smit, 2010). This is an 
exceptional advantage where premium priced free-range beef is in high demand. Furthermore, an 
additional benefit of the breed is embedded in its history. Being part of the demanding migration 
in the 19th century, only the most hardy, illness resistant and best adapted cattle survived, making a 
case for natural selection where the best genetic material remained to as breeding material for the 
Drakensberger breed of cattle for the future (Roos, 2007:1). This means that these cattle are very 
suitable for the “natural” beef markets because they require little medication and antibiotics, and 
its beef could fetch premium prices on the market. It is relatively inexpensive when compared to 
other breeds and it competes well in important cattle characteristics like fertility, feed conversion 
ratio, hardiness and weight gain. It is reasonably to very resilient against illness and pests such 
as ticks (Drakensberger, 2013). 

Today the Drakensberger can be found all over South Africa, but its main concentration 
remains the Mpumalanga and KwaZulu-Natal regions where it originated as registered breed. 
The Drakensberger is dispersed mainly in Southern Africa, and roughly 14 000 purebred Drak-
ensberger cows and 5 300 bulls are registered. Annually an average of another 2 700 cows and 
2 800 heifers are added as to the registrations roll (Drakensberger, 2013). The Drakensberger 
Cattle Breeding Association adopted the well-respected mantra: “The profit breed” in the late 
1980s (Foster et al., 2008).

2. The South African beef- and beef cattle market
Cattle farming form an integral part of the South African economy and culture of South Afri-

cans. Agriculture contributes nearly 2.2% to the South African GDP. Cattle and calves contribute 
12% to the agricultural GDP (Thato, 2009), which in turn contributes around R100 billion to the 
total SA GDP of R2 000 billion per annum (Anon., 2009a). South Africa produces 85% of the 
domestic demand while the remaining 15% are imported from Namibië, Botswana, Swaziland, 



THE DRAKENSBERGER AS COMPETITIVE BREED OF CATTLE IN THE SOUTH AFRICAN BEEF INDUSTRY 41

Australia, New Zealand and the United Kingdom. Brazil is competing fiercely to gain entrance in 
the South African beef market (Gallardo, 2012). The red meat industry is a valuable contributor 
to the gross domestic product of the South African national economy, and also has an important 
multiplier effect through creation of employment throughout the value chain; from the farm to the 
table. The livestock sector in South Africa produces on average 900 000 tons red meat per annum. 

In the South African cattle industry, farmers are spoilt for choice among different breeds, 
having to choose between indigenous or imported breeds and having to choose a breed in these 
categories. No single breed dominates the market. (The popularity of breeds is shown in Table 4).

Despite the various positive attributes associated with the indigenous Drakensbergerit does 
not enjoy a dominant market share. There are areas where the Drakensberger is a prevalent breed 
(see Figure 1), but there are large areas where other breeds totally dominate. The areas where 
relatively strong presences of the Drakensberger are observed are the following:
• Eastern regions of Mpumalanga, with the Drakensberger Cattle Breeders Organisation based 

in Volksrust;
• Certain parts of the Northern Free State; and
• Small pockets in the Northern and Eastern Cape.

One of the most prominent cattle producing areas in South Africa is the North West Province, 
but the Drakensberger is not popular in this area (Morgenthal et al., 2004; Fourie, 2011). 

Figure 1. Area of Drakensberger concentration 
Source: Anon (2009b)
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3. Research objectives
The primary objective was to determine the South African farmer’s perception on Drakensberger 

as cattle breed in the market. This was achieved by the following secondary objectives, namely to:
1. Identify and describe the competitive South African cattle breeds;
2. Identify the characteristics a South African farmer looks for in his or her cattle breed;
3. Measure the Drakensberger’s performance against these identified characteristics; and to
4. Clarify the low market share based on the research findings.

4. Research methodology

4.1. Research orientation
The results are based on the perceptions of the farmer(s) pertaining to their respective cattle 

breeds. The perceptions pertaining different breeds of cattle is directly comparable seeing as they 
reflect how each farmer feels about his or her breed of cattle and its performance. Therefore, 
should “Cattle breed A” perform better than “Cattle breed B”, it means that farmers who farm 
with “Breed A”, are more impressed with the breed than farmers who farm with “Breed B”. Each 
farmer is thus the judge of his own cattle and their performance.

4.2. Research schedule
The schedule consisted of five phases. These phases are explained below.

Phase 1: Discussions and conceptualisation of the research area with delegates from the Drak-
ensberger Breeders’ Association. 

Phase 2: Consultation with different large stock authorities and experts pertaining to the chosen 
characteristics of beef cattle and the production of wieners. 

Phase 3: Consultation with a joint interest group where, according to the Meta technique, cattle 
characteristics were identified and prioritised in order to finalise the questionnaire for 
the empirical research. 

Phase 4: Data collection and processing. In total, 158 questionnaires were received. Of these, 
seven were received after the cut-off date and were not processed in the quantitative 
calculations. Furthermore, eight questionnaires were incomplete, and were therefore 
only partially processed. Another five questionnaires were not processed due to incor-
rect completion thereof. This means that 138 complete questionnaires were received and 
could be fully processed.  

Phase 5: Reporting based on the empirical survey.

The research made use of qualitative as well as quantitative data collection. Phases 1, 2 and 
3 employed qualitative research to gather data by means of focus group discussions. The aim 
of these discussions was to identify the characteristics a beef farmer is looking for in his or her 
preferred breed of cattle. It was also important to determine a ranking of the characteristics. The 
results obtained from the discussions led to the compilation of the structured interval-scaled 
questionnaire. In total 29 dedicated beef cattle farmers participated in three focus group meetings.

After the questionnaire was compiled, the research made use of quantitative data collection. 
The Drakensberger breeders’ association assisted to ensure that all their members received a 
questionnaire with a special request to complete. A total of 158 questionnaires were received back.
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5. Results
5.1.  Objectives 1. Identify competitive cattle breeds 

Contrary to a large producer of beef such as Brazil where a major market share in beef cattle is 
held by the adapted South African cattle breed, the Bonsmara (Bisschoff, 2007), the South African 
beef cattle farmers are spoilt for choice when it comes to the number of breeds available. Farmers 
can select their breed of choice according to distinguishing features such as: 
• Characteristics of the different cattle breeds in relation to grazing;
• The South African farming environment;
• Personal preference; 
• Climate; and 
• Other cattle breed characteristics.

In this regard, the Drakensberger as cattle breed has a formidable offering to a prospective 
cattle farmer. The Drakensberger is a medium frame breed with a long and deep body. It has a 
smooth black coat. The mature bulls weigh between 820kg to 1100kg. Cows weigh between 550kg 
and 720kg. The breed has a relative low birth weight of 35 kg at birth. In addition, the cows calve 
easily, have high fertility, display excellent mothers’ instincts and can remain productive for up 
to 20 years. The breed as motherline breed, cross-breeds very well with most other breeds (The 
Cattle Site, 2010). Regarding specific offerings as a breed, the Drakensberger fares well on the 
following characteristics:
• Ability to adapt to all conditions, 
• Good milk production – 240 kg weaning weight (205 days) is common in stud,
• Fertility – 90%, ICP to 353 days/92 cows, 
• Low mortality – in official tests 49% lower than most breeds from birth to wean, 
• Impressive weight reached by wiener calves - heifers 210 kg and bull calves 240 kg, on aver-

age 25 kg more in sweetveld, 
• Even temperament, easy handling, 
• Outstanding mothering ability, 
• Long productive life of 14 years and more, 
• Tender and succulent meat. 

Some of the popular competitors to the Drakensberger are the following beef cattle breeds 
available in South African: Bonsmara, Hereford, Simmentaler, Limousin, Sussex, Aberdeen Angus 
and Beefmaster. The Bonsmara, bred specifically for South African conditions by the renowned 
professor Jan Bonsma, is the only other competitive indigenous cattle breed. The cattle breeds 
are introduced in the table below. 
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Table 1. Competitive cattle breeds 
Bonsmara – market share 15.9% (Anon, 2009c)
The Bonsmara breed was developed through cross-
breeding by the late professor Jan Bonsma. It is the only 
cattle breed in the world to have been developed through 
objectively recording performance data. The breed was 
mainly developed in response to the British breeds not 
being able to handle the sub-tropic climate and relatively 
high temperatures in South Africa. It is the market leader in 
South Africa.
Hereford – market share 12.7% (Anon, 2009d)
The Hereford originated in the United Kingdom in 1742 
near Herefordshire as an answer to fulfil the expanding need 
for beef following the Industrial Revolution. The Hereford 
distinguished itself with high beef yield and production 
efficiency, which is still a breed attribute today. Considering 
its rich history and excellent features, the Hereford earned 
its strong place in the South African cattle market and 
should be a strong contender for years to come.
Simmentaler – market share 12.3% (Anon, 2009e)
The first Simmentalers were introduced to South Africa 
when President Steyn of the Free State established a stud 
in 1905. The breed did not occupy a strong position in the 
South African market until the 1960s when tests revealed 
its excellent attributes. The breed fares well in aspects like 
the reproduction index, weaning weight, yearling weight 
of heifers and feedlot growth. One possible challenge with 
Simmentaler animals is their relative heat sensitivity when 
judging rectal temperatures in high ambient heat.
Limousin – 8.9% market share (Anon, 2009f)
The Limousin is a breed with a long history, originating in 
the south of France in the 1800s. The animals fare well in 
rocky and harsh conditions and were often used as drought 
animals prior to fattening them up for slaughter. They 
were imported to South Africa in 1974. The Limousin is 
a medium-framed animal that calves easily and fares very 
well in hybrids or cross breeding. They can feed efficiently 
on the veld and has a high feed conversion ratio, which 
should suit commercial farmers and feedlots. They are, 
however, more suitable to the Highveld regions of South 
Africa, which might hamper a countrywide growth strategy. 
SA Aberdeen Angus – 8.2% market share (Anon, 2009g)
The Angus originated in the cold Scottish highlands and is 
currently numerically the largest breed in the world. It is 
quite popular in South Africa, especially in the Free State, 
Western Cape and KwaZulu-Natal. The breed can withstand 
the extreme cold of some parts of South Africa well and 
therefore is a popular choice in cold areas and areas with 
winter rainfall. (Contrary to black being the colour of choice 
uin the United States of America, the South African farmers 
opt for the red Aberdeen Angus). 
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Beefmaster – 6.0% market share (Anon, 2009b)
The Beefmaster originated in Texas in 1908 when a breeder 
crossed a Brahman, Hereford and Shorthorn. The primary 
focus of the Beefmaster during development was the 
production of beef, and other attributes were not pursued 
strongly. 

Sussex – 4.5% market share (Anon, 2009h)
The Sussex is one of the oldest and purest cattle breeds. 
The breed has been recorded as early as 1066 in England. 
The breed was imported to South Africa for the first time 
in the early 1900s by Mr Alec Holm of the Potchefstroom 
Agricultural College. The breed has many winning 
characteristics, but its strong features are mainly its: size 
(medium-sized); hardiness; and milk abundance.

Charolais – 4.2% market share (Anon, 2009x)
The exact origins of the breed is not known, but is suspected 
to have originated in France in the 800s to 900s. It is a large 
breed with a thick, matted coat. Whether it can be attributed 
to its coat or not, the breed was found to be more prone to 
heat sensitivity than other breeds tested. Also suffers from 
excessive teeth wear in sandy regions

Source: Pentz, 2009; Wiese, 2012

The South African beef cattle market 
share is shown in table 2.

The table clearly shows the superiority 
of the Bonsmara, enjoying three times the 
market share of the Drakensberger (5.3%) 
at 15.9%, followed by the British Hereford 
and the Simmintaler (both at 12%) 

Table 2. Market share per cattle breed (CARCASSES) 

Position Cattle breed % of 
total

1 Bonsmara 15.9
2 Hereford 12.7
3 Simmentaler 12.3
4 Limousin 8.9
5 SA Angus 8.2
6 Beefmaster 6.0
7 Drakensberger 5.3
8 Sussex 4.5
9 Charolais 4.2
10 Holstein 4.1
11 Afrikaner 3.8
12 Santas Gertrudis 3.4
13 Brahman/Simbra/Brangus 5.3
14 Other breeds 5.4

Source: Pentz (2009)
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Table 3. Perceptions of expected performance of different breeds in comparison to the Drakensberger 
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1 Temperament 2.00 1.70 1.08 1.00 1.00 1.50 1.67 0.75 1.75 0.71
2 Mothering characteristics 2.46 1.40 1.19 1.50 1.43 1.00 1.00 0.50 1.50 1.14
3 Fertility (Cows) 1.96 1.56 1.04 1.00 0.86 0.50 1.00 0.50 1.50 0.43
4 Growth rate 1.38 0.80 0.42 0.50 0.86 0.50 0.67 0.75 0.25 -0.43
5 Hardiness 2.48 1.00 0.76 1.50 1.86 2.25 0.00 0.75 0.75 0.86
6 Adaptability 2.43 1.30 0.50 1.00 1.71 1.75 1.00 1.25 0.75 0.00
7 Quality of meat 1.91 1.30 0.88 1.00 0.71 1.00 0.33 0.50 0.50 -0.29
8 Productive life span 2.21 0.90 0.84 1.00 1.71 1.00 0.67 0.33 1.25 0.57

9
Recovery ability  
(E.g. after a cold winter 
or drought)

2.29 1.20 0.35 1.00 1.14 1.50 0.67 1.50 0.00 -0.29

10 Feed conversion ratio 
(FCR.) 1.54 0.90 0.15 0.00 0.86 0.25 1.33 0.50 0.50 -0.43

11 Walking ability 2.25 0.70 0.88 1.50 1.57 1.50 1.00 0.00 0.50 1.14
12 Serving ability (Bulls) 2.04 1.10 0.73 1.00 1.29 1.25 0.33 0.50 0.50 1.00
13 Easy calving 2.17 1.00 1.08 2.00 1.71 1.25 0.67 0.25 1.50 1.43

14 Prepotency (heredity of 
characteristics) 1.63 0.70 0.85 1.50 0.71 0.75 0.00 0.67 1.25 1.00

15 Heat sensitivity 1.38 0.20 0.12 0.50 0.57 0.75 -0.67 0.25 0.75 0.57
Source: Bisschoff & Lotriet (2009)

5.2. Objectives 2 and 3. Identify characteristics and measure perceptions  
of cattle breeds 

Objective 2 was reached per se from analysing and ordering the qualitative research in the 
process of compiling the questionnaire. The characteristics of beef cattle breeds was identified and 
formalised in the questionnaire. The data was collected as described above to achieve objective 
3, and the results are discussed below.

Processing of data

The data were processed by the statistical software Statistical Package for Social Sciences 
(SPSS version 18). Reliability coefficients and descriptive statistics were used. 
• Regarding the reliability and internal stability, the data show a very satisfying Cronbach Alpha 

coefficient of 0.83, exceeding the required 0.70 with ease (Field, 2005:668). 
• Descriptive statistics were employed to perform the comparative analysis, and the mean values 

were calculated. Standard deviations were also scrutinised, but no significant deviations were 
identified, hence these figures were omitted from the results. 

Market perceptions

The questionnaire makes comparisons between the expected performances of the Drakens-
berger as breed of cattle on the cattle breed characteristics versus the expected performance by 
other breeds of cattle. The interval measurement scale varies from -3 (much poorer) to +3 (much 
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better). An average performance of a cattle breed should yield a mean value of zero while a better 
than average expected performance by the cattle should yield a positive value (the inverse is true 
for negative values). The results appear in table 3.

It is clear from the table that the Drakensberger farmers are very satisfied with their breed, even 
more so than the farmers of the competitive breeds with their own cattle breed. Especially charac-
teristic 5, 6 and 9 (respectively Hardiness, Adaptability and Recovery ability) are experienced as 
very positive by the Drakensberger farmers. Furthermore, it is also important to take note of the 
characteristics that other breeds evaluated below 1, namely 4, 10 and 15 (Growth rate, FCR and 
Heat sensitivity), seeing as they lean towards negative perceptions about the Drakensberger as breed. 

5.3.  Most important cattle breed characteristics
From the questionnaires, farmers were also required to indicate the three most important char-

acteristics required for the cattle breed they farm with. The results appear in the table 4. Interesting 
is, however, that there is a deviation at Bonsmaras, namely that a core characteristic of the breed is 
Popularity of the breed, and that this stimulates the sales of the bulls. Because of this, the market shows 
that a significant premium on the price of Bonsmaras can be levied if breeding material is purchased. 

5.4.  Objective 4. Market share
Both the literature as well as the empirical research clearly showed that the Drakensberger 

as cattle breed is not flawed. From the literature review it is clear that the breed is hardy, has 
excellent farming qualities and is well adapted to a variety of veld conditions. It even fares well 
under poor veld (such as sour veld) conditions. The literature also showed that the breed has a 
number of distinctive and very competitive qualities such as its hardiness and resilience to illness 
and pests. Add to that the ability to be able to gain the required carcass condition for market-

Table 4. Most important characteristics of cattle per breed 
Breed Characteristic 1 Characteristic 2 Characteristic 3
Drakensberger * Adaptability Hardiness Temperament
Brahman Hardiness Is not stolen Mothering characteristics
Bonsmara ** Bulls marketability Fertility Mothering characteristics
Aberdeen Angus Fertility Field finishing Temperament
Other breeds 
(mixed) Udder weight Mothering 

characteristics Hardiness

Santa Gertrudis Fertility Udder weight & FCR Hardiness & calves easily
Afrikaners * Mothering characteristics Hardiness Low maintenance
Simmentaler Udder weight Meat quality ***
Beefmaster Udder weight Adaptability ***
Simbra Fertility Udder weight ***

Drakensberger X Adaptability Hardiness Fertility & Mothering 
characteristics

Brahman X Hardiness Adaptability Mothering characteristics
Bonsmara X Hardiness Udder weight ***
Other X Mothering characteristics Udder weight Hardiness

* Indiginous, ** SA developed cattle breed
Source: Bisschoff & Lotriet (2009)
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readiness, and the Drakensberger is clearly well positioned to enter into the premium beef markets 
of free range, health and natural beef. Strangely, in contrast to farmers in the United States of 
America, Scotland and other countries, colour seem to be an issue with the South African farmer 
who believes that a black cattle breed is not able to perform well in harsh African sun. However, 
this misnomer is clearly reputed by Foster, et al. (2008), Fourie (2011) and Jordaan (2012) who 
explain that animal heat tolerance is not determined by colour of skin, but by the thickness of the 
skin (as isolator) as well as the density of sweat glands on the skin (as cooling mechanism). The 
Drakensberger breed is exceptionally well equipped in both instances, and has a high tolerance 
for heat (scientifically possessing higher heat tolerance levels than some of the popular European 
cattle breeds in South Africa). From the literature there is no explanation why the Drakensberger 
does not enjoy a significant market share, as it should, in South Africa. 

The empirical research shows clearly that the Drakensberger performs excellently in South 
Africa. Also here not even one failure in performance could be identified. More mysterious is the 
fact that, although a black coloured animal seems to be dismissed outright, the empirical research 
have shown that none of the required characteristics (as identified by farmers) identified the colour 
of beef cattle to be a characteristic of choice! 

A marketing-focussed managerial analysis reveals that, in the event of poor market perfor-
mance with a seemingly well-performing product, a market and marketing mix analysis should be 
performed (Kotler and Armstrong, 2011). In this regard, it is evident that the beef cattle market 
is above suspicion, and can be ruled out. The marketing mix on the other hand showed that the:
• Product (Drakensberger) is acceptable, 
• Price offering is fine, 
• Distribution and the availability of the breed is satisfactory, but that 
• Promotion as marketing mix element fails catastrophically. 

The breed per se is not promoted properly (if at all) and its qualities are not known to prospec-
tive farmers. The conservative marketing approach in this regard by the Drakensberger Breeders 
Association adds to the poor knowledge of the breed. In addition, the association also does not 
attempt to address any misnomers of the breed, such as the correlation between heat tolerance 
and black colour. The failure of the marketing mix (via promotion) is, therefore, the reason for 
the poor market performance. Tragically, this is essentially and easy failure to correct in the 
marketing mix, and the window of market opportunity that currently exists is fast being closed 
by the successful marketing of the Bonsmara (SA adapted and excellent cross-bred bulls), the 
Angus (premium beef qualities), and even some feeding lots with a specialised beef branding 
focus. Other cattle breeds are also starting to brand themselves, and the Drakensberger continues 
to lose market share, despite being an excellent cattle breed. 

6. Conclusions
The results of this empirical survey indicate that the Drakensberger as breed of cattle, pertaining 

to the 15 identified beef cattle characteristics, fares well in certain categories, but that there are 
areas of concern. The success of a cattle breed rests on its ability to provide good quality meat, 
adapt to the environment and be an economically viable asset based on its breed characteristics. 
However, unfortunately this is not enough to ensure a success for a cattle breed. Economic and 
market influences also plays a role because the market requires bulls as breeding material, and 
cattle breeds, as supplier of good quality bulls to the meat-producing market, can charge a premium 
for a bull from a cattle breed that is more well-known or has a superior image. 



THE DRAKENSBERGER AS COMPETITIVE BREED OF CATTLE IN THE SOUTH AFRICAN BEEF INDUSTRY 49

The marketing failure on the part of the Drakensberger is a managerial issue, and sadly breeders and 
the breeders’ association focus on improving the breed rather than properly marketing the breed and de-
veloping the market. It is still possible to utilise the marketing window of opportunity and to promote the 
Drakensberger as one of the top breeds within a premium market niche. It, however, remains to be seen 
if the role-players would recognise this opportunity and timeously refocus also on the first part of their 
mission statement (and not only on the second part thereof to continuously to improving the cattle breed): 

“The declared mission of Drakensberger farmers is to propagate the traditional black animals 
carrying a maximum amount of high quality beef without sacrifice of the breed’s inherent qualities”
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Abstract
The issue of consumers’s reaction to changes in prices of food products is particularly im-

portant at the time of the global financial crisis. The research aimed at surveying the opinions of 
selected consumers and their reactions to changes in prices of food products during the financial 
crisis. The literature study reviewed the determinants of the financial crisis, identified its causes 
and effects, and also assessed changes in prices of food product in Poland over 2007-2012. 
From the literature it was evident that the global financial crisis was a result of many factors 
both microeconomic and macroeconomic, i.e. shortcomings of regulatory systems and the rapid 
growth of the consumption of households financed mainly by debt and the long-term persistence 
of (real) interest rates at a low level, which led to a rapid growth of credit and an increase in 
prices of many assets.

The questionnaire was conducted among 250 consumers comprising students of two selected 
universities in Poland and their families. 47% filled-in questionnaires were returned.Results of 
the analysis showed that during the financial crisis, the prices of most of food products have 
increased. In the opinion of the surveyed, in the previous 5 years the prices of the following food 
products increased the most: bread, meat, cold meat, sugar, fruit, and fish. On the other hand, 
the prices of the following food products dropped the most: water, potatoes and other vegetables.

Key words: consumers, prices of food products, financial crisis

1. Introduction
According to literature, a financial crisis is a situation, in which there are serious disruptions 

in the financial market manifested through a significant fall in prices of assets and the bankruptcy 
of numerous financial and non-financial institutions (Wague, 2009, p.82).

The global financial crisis started before 2008 and was a result of many factors. However, the 
biggest significance can be assigned to the problems in the real estate market and the mortgage 
market in the United States as well as the abuse of complicated financial instruments, whose risk 
was neither correctly estimated nor treated with appropriate attention. Possessing an increasing 
number of outstanding credits and low valuation of foreclosed real property resulted in huge losses 
for mortgage institutions, and in consequence, in their downfall.

Simultaneously, the effects of the financial crisis spread to the real economy. The lack of 
orders for construction companies led to lay-offs and bankruptcies of many enterprises. It should 
be noted that primarily, as a result of the global financial crisis, there was a rising tide of bank 
and company bankruptcies. In a situation of global relationships and economic connections, the 
occurring domino effect may be a threat not only to transnational entities. 
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2. Methodology of research
The paper consists of a theoretical and an empirical part. It contains an overview of literature 

on the influence of the crisis on the food industry and changes in food products prices. This study 
was supplemented with the authors’ primary research based on an online questionnaire sent to 
250 students of two selected universities in Poland and their families. The rationale for selecting 
these two universities was that two of the Authors of the paper are employed at these universities. 
It was rational to send questionnaire to present academic year’s students and theirs families. The 
Authors had a lecture for these students. One hundred and seventeen completed questionnaires 
have been returned. It constituted 47% of the total surveyed.

The research aimed at surveying the opinions of selected consumers and their reactions to 
changes in prices of food products during the financial crisis. 

3. Causes and effects of the financial crisis
The outbreak of the financial and economic crisis in 2008 was preceded by a long period of 

prosperity, not only in the United States, but also in most of the countries of the European Union. 
The rise in work productivity and the import of cheap products stopped price increases, which 
in turn helped to keep inflation at a low level. Unemployment rates were also modest. The cause 
of the current financial and economic crisis was fluctuations in global financial markets and their 
spread to real economies. Minsky (2008) claims that these problems were caused by microeco-
nomic factors (i.e. shortcomings of regulatory systems, inadequate corporate governance struc-
tures, errors in measurement techniques and in the valuation of risk and risk management) and 
macroeconomic factors (i.e. the boom in real property markets and the financial market, the rapid 
growth of the consumption of households financed mainly by debt and the long-term persistence 
of (real) interest rates at a low level, which led to a rapid growth of credit and an increase in prices 
of assets – shares, real property and certain minerals). It can be assumed, in line with Schumpeter 
(1954) that the fluctuating variable economic situation is a form of life of capitalism, and the only 
ultimate cause of every crisis and depression is prosperity and an implementation of innovations. 
A crisis is a process of adjusting the economy and societies to the results of development and 
quick transformations. According to Schumpeter (1954), it is “a normal process of absorption and 
liquidation”. Globalisation, the digital revolution, deregulation, privatisation, the weakening of 
the role of the state – these are the main innovations, as understood by Schumpeter, of our times. 
The current crisis is a period when the unsettled balance of the global economy is restored, which 
in turn will create conditions for a new phase of development caused by the implementation of 
new innovations, which today we are still not yet able to imagine (Glapiński 2009, p.51-52).

4. Price as a basic economic category
Price is the basic information coming from the market which determines the preferences of 

the buyers and sellers. Price dictates how much of a product will be on the market and how much 
of the product the consumers will want to buy. The lower the price of a product (service), the 
more of it the consumers will buy, whereas the higher the price of a product, the more of it the 
producers will supply to the market. It is in the interest of the buyer to buy at cheaper prices, and 
in the interest of the seller to sell at higher prices. The market sets the price at which the sellers 
are willing to sell their goods and the customers are willing to buy (Adamowicz, Gregorczyk, 
Romanowska, Sopińska, Wachowiak 2003, p.15). 
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Prices influence economic processes and are of interest to all individuals because they determine 
the scale of production and consumption and they explain the actions of producers and consumers 
(Marciniak 2001, p. 132). Demand is a function of price and even a small change in price will 
impact demand significantly. Price is a specified volume of customer spending and revenues of 
the seller. It contains information on the value of the product (Wyrzykowski 2007, p. 82).

Each change in the price of products influences the actions of consumers. Consumers are sen-
sitive to changes in prices of expensive products and products used extensively, and they attach 
less importance to an increase in prices of cheap products which have many substitutes or in the 
prices of products rarely purchased. A decrease in the price of a product made by a producer may 
be interpreted differently by the buyer.
1. The product is in the decline stage of its life cycle and will be shortly substituted with a new 

product.
2. The product has some flaws and is not selling well.
3. The producer has financial problems and needs a quick inflow of cash.
4. The product price may fall even further, it is worthwhile waiting.
5. The product quality has decreased (Michalski 2009, p. 414).
6. On the other hand, an increase in the price of a product may be understood by the buyers in 

the following ways:
7. The demand for the product is rising and the producer has difficulties in meeting the demand.
8. The product is of high quality.
9. The producer wants to make more profit (Michalski 2009, p. 414).

The price policy, based on the development of demand, refers to the results of research on 
consumer demand from the point of view of its reaction to changes in prices, or the estimated price 
elasticity of demand. There are some useful procedures for planning a company price policy, which 
involves assessing the elasticity of demand in relation to the so-called degrees of price elasticity 
of demand. The price elasticity of the demand ratio for a given product should be determined on 
the basis of the following formula (Altkorn 2004, p. 202):

Ep = M% : P%   
which means that the elasticity ratio Ep determines the quotient of the difference between 

demand at a given price and demand after the change in price, expressed in percentages, and 
likewise, the expressed change in the price of a given product. The price elasticity of the demand 
ratio answers the question of how demand will change if price changes by a given amount (Alt-
korn 2004, p. 202).

5.  The influence of the crisis on the food industry and changes  
in prices of food products

Lower household incomes and higher credit burdens contributed to a limitation of consump-
tion during a crisis (Bartkowiak 2010). Investors started to sell shares of those entities, which 
no longer had investor trust, which affects the value of companies also from outside the sector. 
Investors who withdrew their funds from stock exchanges and the real property market invested 
them in derivatives based on natural resources and food products. It caused a rise in food prices 
and a rise, most severe for many sectors, in the price of crude oil in the world markets. The higher 
prices of crude oil contributed to the increase in costs of business activity and companies had to 
raise the prices of products and services to be able to cover the growing costs. In consequence, 
inflation rose in many countries (Bartkowiak 2010). 



POLISH CONSUMERS’ REACTION TO CHANGES IN PRICES OF FOOD PRODUCTS... 53

The food economy and the food industry in Poland are among the most important sectors of 
the national economy and branches of industry. In 2009, the food industry produced around 4% 
of the GDP, over 18% of production sold, and had around 16% of employees. Around 18,000 
entities operated in this sector. It is also a significant producer of food and drinks on the European 
market (Chechelski, Judzińska 2011, p. 6). 

According to Chechelski and Judzińska (2011, p. 8), the crisis in the financial market did not 
substantially contribute to changes in food production. There was a slow-down in the development 
of production and consumption in developed countries, which was compensated by an increase in the 
developing countries. The rising demand for food in developing countries may cause a rise in global 
prices, which may contribute to significant changes in the development of the global food economy, 
e.g. through the influence on the perspectives of the Common Agricultural Policy in the European 
Union, the imbalance arising between transnational corporations and other market participants.

Both in previous year, and during the crisis, many threats (Bartkowiak 2010) were seen in the 
global food economy. The main ones are the increase in protectionism and speculation. The increase 
in prices concerns all raw materials in the world. Price surges have also been reported in the agri-
cultural raw materials market. There was a two-and-a-half fold increase in the price of cereals and 
rice, one-and-a-half fold rise in the price of meat, more than twofold in the price of sugar. According 
to Orłowski (2011, p. 105) ‘the supply of raw materials did not keep pace with the rising demand’.

In the years 2007-2011, there was a tendency, observed from 2004, of relative rise in prices 
of food. In 2011, the rise in the retail price of food in comparison with 2008 amounted to 13% 
and was 2.2 percentage points higher than the inflation rate. There was a significant increase in 
the prices of, primarily: sugar (by 52.1%), beef (by 25.2%), fish and processed fish (by 19.5%), 
poultry meat (by 19.1%), cereal products (by 16.4%, including bakery products by 19.5%) (Świetlik 
2012, p. 13). There was also a rise in the price of fats (by 15.6%, including butter by 21%), veg-
etables and fruit (by around 15%) and eggs (by 13%). The price of pork and dairy products rose 
less than the average food price ratio. The high average annual growth in food prices since 2007 
stands at around 5%. In 2011, in comparison with 2003, the price of food and soft drinks rose by 
36.9%, including food by 38.2%, compared with a rise in the average level of prices of consump-
tion goods and services by 26.3%. This means a real increase in the price of food by 9.4%. In 
the post-accession period, in years 2004-2011 (2003 = 100), the price of the following products 
rose the most: potatoes (by 105.1%), beef (by 102.7%) and sugar (by 95.3%). Average prices of 
bakery and cereal products rose by 50.9%, including bakery products by around 60%. The price 
of edible fats increased by 47.6%, including butter by 61.6%. In 2011, consumers paid on average 
46% more for fruit, including 82.5% more for apples, than in 2003. Meat, offal and processed 
meat prices rose by an average of 33.3%, including poultry meat by 32%, and pork by 27.1%. 
Egg prices rose by 32.5%, and prices of fish and processed fish by 31.7%. The products whose 
price rose the least were dairy products (by 28.1%), including drinking milk by 34.1%, yoghurts 
by 9.4% and vegetables (excluding potatoes) by 19.2%. In accordance with the methodology of 
the Eurostat, in 2011, in comparison with 2006, the rise in the prices of consumption goods and 
services in EU-27 amounted to an average of 12.9%, and in Poland 18.6%. In the periods under 
comparison, the prices of food and soft drinks in EU-27 increased on average by 16.3%, and in 
Poland by 24.9%. According to information provided by FAO, in 2011 global food prices were 
79.5% higher than in 2006. In the years 2007-2011 (2006 = 100), global prices of oils and edible 
fats rose by 125%, cereal products by 102.5%, sugar by 75.7% and dairy products by 72.7%. 
Meat products rose the least – by 48.7% (Świetlik 2012, p. 15).
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Table 1. Retail prices of selected dairy products (PLN)

Years/
months

Processed milk 
(1 l)

Full 
powder 

milk  
(350 g)

Extra 
butter 

packaged 
(200 g)

Kefir 
(150 g)

Fruit 
yoghurt 
(150 g)

18% 
cream 
(200 g)

Semi-fat 
cottage 
cheese  
(1 kg)

Ripened 
cheese

in foil UHT

2007
I
XII

1,59
1,97

2,38
2,71

10,73
11,36

3,02
4,11

0,63
0,66

1,06
1,07

1,35
1,52

9,65
11,42

15,95
22,06

2008
I
XII

2,00
2,05

2,77
2,70

11,70
12,86

4,07
3,50

0,68
0,71

1,08
1,10

1,56
1,59

11,66
11,84

21,85
17,08

2009
I
XII

2,05
2,04

2,71
2,66

12,84
12,71

3,49
4,07

0,71
0,70

1,09
1,11

1,59
1,56

11,85
11,86

16,80
16,90

2010
I
XII

2,05
2,45

2,65
2,67

12,84
13,03

4,11
4,27

0,69
0,69

1,10
1,09

1,56
1,59

11,87
13,08

17,18
17,97

2011
I
XII

2,47
2,59

2,71
2,78

13,20
13,70

4,31
4,63

0,69
0,71

1,09
1,18

1,58
1,63

13,19
13,59

18,10
19,25

2012
I
XII

2,60
2,61

2,80
2,73

13,83
14,94

4,64
4,29

0,71
0,70

1,19
1,22

1,64
1,67

13,59
13,55

19,59
19,87

Source: own study based on Rynek rolny, Analizy, tendencje, oceny, Biuletyn miesięczny grudzień 
2006 – maj 2013, Instytut Ekonomiki Rolnictwa i Gospodarki Żywnościowej PIB

Table 2. Retail prices of selected meat products (PLN)
Years/months Beef on the bone Pork

loin on the bone cooked ham Toruńska sausage
2007
I
XII

17,11
17,68

13,09
13,69

19,69
20,15

11,73
12,20

2008
I
XII

17,82
18,42

14,13
14,62

20,35
21,06

12,27
13,04

2009
I
XII

18,61
20,26

14,94
14,24

21,11
22,05

13,13
14,11

2010
I
XII

20,32
20,54

14,25
13,68

22,05
21,65

14,15
13,93

2011
I
XII

21,09
23,96

13,92
15,34

21,64
22,95

14,09
15,16

2012
I
XII

24,24
26,18

15,51
15,96

22,94
23,88

15,35
16,10

Source: own study based on Rynek rolny, Analizy, tendencje, oceny, Biuletyn miesięczny grudzień 
2006 – maj 2013, Instytut Ekonomiki Rolnictwa i Gospodarki Żywnościowej PIB
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In the years 2007-2012, the price of dairy products increased (processed milk in foil by 64.15%, 
and UHT milk by 14.70%, full powder milk by 39.23%, extra butter by 42.05%, milk kefir by 
11.11%, fruit yoghurt by 15.09%, 18% cream by 23.70%, semi-fat cottage cheese by 40.41% and 
ripened cheese by 24.58%) (Table 1).

In the years 2007-2012, the price of beef on the bone rose by 53%. In the years 2007-2009 
(I), there was an increase in the price of loin on the bone (by 14.13%), in December 2009 and in 
2010, the price fell (from PLN 14.94 to PLN 13.68), and in the years 2011-2012, there was another 
rise in prices (by 14.65%). In the analysed period (apart from December 2010 and January 2011), 
the price of cooked ham and Toruńska sausage rose by 21.28 and 32.25%, respectively (Table 2).

6.  Changes in prices of food products in the opinion of the consumers  
– results of the questionnaire

In May 2013, a questionnaire was conducted among 250 consumers comprising students of two 
intentionally selected universities in Poland and their families. It contained 19 closed questions 
and 3 open ones. 47% filled-in questionnaires were returned. Due to the lack of representative 
character of the research sample, the obtained results cannot be applied to the whole population. 
However, they may constitute source material of a cognitive nature. 74% of the survey participants 
were female, and only 26% male. The majority of the survey participants (71%) were between 19 
and 30 years old. Consumers between 31 and 40 years old constituted 19% of the research sam-
ple. The majority of the survey participants had either a university degree (33%) or high school 
education (29%). The largest number of respondents lived in a city with more than 300 thousand 
inhabitants (35%) or in rural areas (28%). 

In the case of 31% of the survey participants, the number of people living in the household was 
three, for 30% it was four. 23% of the respondents stated that the net monthly income per person in 
the household was between PLN 501 and PLN 1,000, and 22% – between PLN 1,501 and PLN 2,000. 
19% pointed to a net monthly income per person of above PLN 2,500, and 5% – below PLN 500. 

42% of the survey participants went shopping three or four times a week, and 27% of them 
daily. According to 28% of the respondents, the share of food expenditure in the household budget 
amounted to between 31 and 40%, according to 23% it amounted to between 41 and 50%. The 
majority of the survey participants (54%) indicated that in comparison with last year, the propor-
tion of the household budget allocated to food expenditure increased, for 30% of them it remained 
unchanged. Should a decrease in food expenses be needed, 51% of the survey participants stated 
that they would look for a shop where they could buy products of the same quality but at a lower 
price, and 35% would curb food expenditure. 

In the opinion of the survey participants, in the previous 5 years the prices of the following 
food products increased the most: bread, meat, cold meat, sugar, fruit, and fish. On the other hand, 
the prices of the following food products dropped the most: water, potatoes and other vegetables. 
According to 57% of the questioned, inadequate advertisement or a lack thereof may substantially 
contribute to bankruptcies of companies. The information of a potential bankruptcy has a deterring 
effect on 34% of the respondents, and an encouraging effect on 31% of the surveyed, primarily 
because consumers expect a sale of products. The vast majority of consumers (85%) stated that 
during the financial crisis, the prices of most of food products have increased and 58% of the 
survey participants have restricted the purchase of food products. The answers to the open ques-
tions appeared interesting. Among industries most prone to the financial crisis, the respondents 
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indicated, among others: the fishing, confectionery and meat industry. It was stated that, above 
all, the small local shops are unable to compete with the big chain shops and mega stores. Small 
farms are also vulnerable to crisis phenomena. According to the research conducted, the sectors 
least prone to crisis are primarily the bakery and dairy sector. One of the respondents indicated 
that the producers may use information about the crisis as a pretext to increase prices at every 
stage of trade.

7.  Summary and conclusions
Several summarising remarks and conclusions can be made on the basis of the analysis con-

ducted in the article.
Factors of both microeconomic and macroeconomic nature were underlined among the causes 

of the financial crisis.
Prices determine the scale of production and consumption and they explain the actions of pro-

ducers and consumers. A change in the price of products influences the actions of the consumers. 
In the years 2007-2011, there was a tendency, observed from 2004, of a relative rise in food 

prices. In 2011, the rise in retail prices of food in comparison with 2008 amounted to 13% and 
was 2.2 percentage points higher than the inflation rate.

The results of the conducted questionnaire confirm the upward tendencies shown on the ba-
sis of statistical data. The vast majority of consumers stated that during the financial crisis, the 
prices of most of food products have increased. In the opinion of the surveyed, in the previous 5 
years the prices of the following food products increased the most: bread, meat, cold meat, sugar, 
fruit, and fish. On the other hand, the prices of the following food products dropped the most: 
water, potatoes and other vegetables. Among the branches most prone to the financial crisis, the 
respondents indicated, among others: the fishing, confectionery and meat industry.

The majority of the survey participants indicated that in comparison with 2012, the proportion 
of the household budget allocated to food expenditure increased, for 30% of them it remained 
unchanged. Should a decrease in food expenses be needed, 51% of the survey participants stated 
that they would look for a shop where they could buy products of the same quality but at a lower 
price, and 35% would restrict food expenditure. 
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Abstract
The primary agriculture production industry in OECD countries has been going through rapid 

increases in the concentration of production, giving rise to concerns about the industry developing 
into a bimodal distribution of farms with many small lifestyle oriented farms, a growing number 
of large farms, where the bulk of the production takes place, and fewer middle sized farms. It is 
true that larger farm businesses produce most of the agricultural commodities and get most of the 
government payments although less than the percentage of commodities they produce. However 
increased profitability is not completely correlated with increased farm business size, in that some 
small and medium sized farms are profitable. Unfortunately, many farm businesses especially the 
smaller ones are reliant on government payments for their financial survival. This is particularly 
true for Europe. Finally, the structural change in agricultural production that has occurred in 
the past will continue into the future. Concentration of production will continue with fewer and 
larger farm businesses. Niche market farm businesses, part time farms with off-farm income and 
lifestyle farms will dominate the farm numbers but not farm production. 

Keywords: farm financial structure, profitability, government payments 

1. Introduction 
This paper reviews the literature to document the extent of the structural change, that is, the 

distribution of enterprise size and type within a region or country, in the primary agricultural 
production industry in many countries of the Organization for Economic Co-operation and De-
velopment (OECD). How this structure has changed over time and what it may look like in the 
future are also discussed.

The primary agriculture production industry in OECD countries has been going through rapid 
increases in the concentration of production, giving rise to concerns about the industry developing 
into a bimodal distribution of farms with many small lifestyle oriented farms, a growing number of 
large farms, where the bulk of the production takes place, and fewer middle sized farms. Contributing 
to this concentration of production is the industrialization of many parts of production agriculture, 
especially in the livestock sectors. Technological advances have also contributed, especially in the 
crop sector with regards to larger and more technologically advanced machinery requiring increased 
amounts of land and thereby production to reduce the fixed costs per unit. Organizational changes 
in the form of industrialization and market coordination have also occurred. Industrialization refers 
to the control of natural production processes to the extent that uniform products are mass produced 
at a minimum per unit cost. It is obvious that only very large farm businesses can accomplish this 
industrialization and it has occurred extensively in the livestock industry and is occurring rapidly 
in crop production as well. Market coordination deals with the extent to which supply chains are 
coordinated through contracts and less use of open markets. This increased coordination comes at 
the costs of a loss of independence and increased uncertainty over the continuation of the contracts, 
but also reduces some of the risk associated with market variability (Harrington and Koenig 2000).
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Economic opportunity results in off-farm income becoming more important to the point where 
net farm income is only 1/8 of the income of farm households across most sizes of farms in the U.S. 
(Harrington and Koenig 2000). In Saskatchewan, Canada in 2009, off-farm income represented 
70.7% of total farm family income and was significantly higher in previous years (Saskatchewan 
Ministry of Agriculture 2012). Off-farm income affects farm structure by taking time away from 
the farm, reducing involvement in labour intensive enterprises and in many cases means the farm 
business is losing its position of primary importance.

Agricultural policies, such as price and income support, also influence structural change by 
giving more risk reduction benefits and larger direct payments to larger farms. This in turn allows 
them to take on more financial leverage and acquire the assets of smaller farms (Harrington and 
Koenig 2000). Macroeconomic policies with regard to inflation control and taxation also influ-
ence farm business structural change because farmland values increases have tended to equal or 
exceed inflation rates, especially in the recent past. The tax rate on the capital gain associated with 
farmland is lower than normal income in many countries and can be deferred almost indefinitely 
as long as the land stays in the immediate family (Canada Revenue Agency 2012). The combina-
tion of these two forces makes the ownership of farmland attractive.

The future of structural change in the farm sector, at least in the short term will include continued 
industrialization, consolidation, and greater coordination of production and distribution systems. 
The gains from this structural change; are needed to maintain or improve global competitiveness, 
increase productivity, lower consumer prices and respond to consumer demands for quality, variety, 
and accountability in food supplies. The potential losses include; the disappearance of traditional 
market channels, problematic price discovery due to thin or non-existent markets, and loss of 
producer bargaining power. Farm sizes will continue to grow and farm numbers will continue to 
decline in most developed countries. 

2. The Canadian experience
The number of farms in Saskatchewan, a western province, and in Canada as a whole have 

been decreasing since 1941 while the average farm size has been increasing (Saskatchewan Min-
istry of Agriculture 2012). In 2006 Saskatchewan had 44,329 farms down from 138,713 in 1941, 
with an average size of 1450 acres as compared to 432. This represents a drop of 68% in farm 
numbers while average farm size increased by 336%. A similar situation occurred in Canada as a 
whole with 732,832 farms in 1941 with an average size of 237 acres and 229,373 farms in 2006 
with an average size of 728 acres. Again, this represents a drop of 69% in farm numbers while 
average farm size increased by 307%. 

The economics of crop farming on the Canadian prairies and especially in Saskatchewan is 
dependent on wheat and canola. In Saskatchewan, all wheat (spring, durum and winter) and canola 
account for more than 60% of the seeded acres and total cash receipts from crops (Saskatchewan 
Ministry of Agriculture 2012). Livestock are also an important part of the agricultural economy 
on the Canadian prairies. On the Canadian Prairies livestock account for between 20 and 50% of 
farm cash receipts, with cattle making up about 70% of the livestock receipts (Alberta Agriculture 
and Rural Development 2012) (Saskatchewan Ministry of Agriculture 2012). 

The assets, debt and equity of an average farm in Saskatchewan have changed substantially between 
1971 and 2010. The value of land usually represents between 65 – 80% of the average Saskatchewan 
farm’s assets. The rise and fall of the price of farm land, thereby has a major effect on the value of the 
farm’s equity. The inflation adjusted or real assets, debt and equity of an average farm in Saskatchewan 
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have changed substantially between 1971 and 2010. Real assets and equity increased substantially in 
the 1970s and again since 2006 (Figure 1) (Saskatchewan Ministry of Agriculture 2012). However, 
the decline from the early 1980s to the mid 1990s was substantial in real terms where both assets and 
equity lost about 50 – 60% of their value. In fact real asset values did not regain their 1982 peak of 
about $1.1 million until 2010. Real equity values had still not regained their 1982 value of $1.0 million 
by 2010. Farm debt on the other hand has risen fairly consistently, although not a much, over the time 
period, with only a slight decline during the period from 1985 to 1995.  

As can be seen in Figure 1 it takes quite a long time for equity value to regain from losses 
caused by land value decreases; in Saskatchewan, 38 years, 1982 to 2010 and still counting. 

The Farm Income Issues Data Source Book last done is 2005 summarizes the changes that 
have occurred in the structure of Canadian agriculture (Strategic Research Policy and Planning 
Team 2005). In 1971 the largest 5% of farms produced about 37% of the farm production which 
grew to about 41% by 2001. In the same period, the largest 20% of farms increased their share 
of total production from 66 to 77%. 

Bakshi and Culver analyzed and compared Canadian farm data from the 1986 and 2006 census 
and found that there are less farms generating less than $250,000 in annual sales and more farms 
generating more than $250,000 in annual sales in 2006 compared to 1986 (Bakshi 2010). These 
large farms are also getting a bigger share of annual sales, 27% in 1986 and 69.4% in 2006, and 
generally tend to be more profitable than the smaller farms (Bakshi 2010).  

Another study was done to improve the understanding of the structure of farms according to 
income status in Canada (Mussell 2005). The results showed the following: 
• There is a significant diversity in farm incomes that vary across region, farm type, and farm size.
• Off-farm income is critical in accurately reflecting the income status of farms.
• If $35,000 is held as a low income cut-off, many farms across provinces, farm types, and sizes 

are experiencing low incomes. Where this is occurring, income from other family members is 
needed to finance debt servicing, capital replacement and family living expenses.

• Farms were found below the low income cut-off irrespective of size. 
• There was clearly more variability in net operating income plus operator off-farm income 

within a farm sales category than across categories. 
• Most farms with greater than $250,000 in sales had assets valued at over $1 million (Mussell 2005). 

Figure 1. Real Assets, Debt, and Equity Per Farm – Saskatchewan (2010 Dollars)
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Therefore one can conclude that in Canada and Saskatchewan at least, farms are getting larger 
and the largest farms are producing much of the output and making most of the profit. However, 
large farms are not guaranteed to make a profit.

2.1.  Other areas of the world
The following analysis looks at agricultural structural change in the US, Australia and the 

European Union (EU). The Economic Research Service (ERS) of the United States Department 
of Agriculture (USDA) has developed a “Family Farm Classification System” that includes the 
following:
• Small family farms (sales less than $250,000)
• Retirement farms. Small farms whose operators report they are retired, although they continue 

to farm on a small scale.
• Residential/lifestyle farms. Small farms whose operators report a major occupation other 

than farming.
• Farming-occupation farms. Small farms whose operators report farming as their major oc-

cupation.
• Low-sales. Gross sales less than $100,000.
• Medium-sales. Gross sales between $100,000 and $249,999.

Large-scale family farms (sales of $250,000 or more)
• Large family farms. Farms with gross sales between $250,000 and $499,999.
• Very large family farms. Farms with gross sales of $500,000 or more.

Nonfamily farms
• Nonfamily farms. Any farm where the operator and persons related to the operator do not own 

a majority of the business” (Economic Research Service 2010).
The study found that between 45 and 75% of the farms in each small farm type had a nega-

tive operating profit margin in 2007, but other small farms were more profitable: between 17 and 
32% had an operating profit margin of at least 20%. The ERS also pointed out that only 3% of 
U.S. farms are classified as vulnerable (negative net farm income and debt/asset ratio greater than 
40%), and the majority (71%) of these farms are residential/lifestyle farms. Small farms make up 
most of the farm count and account for the bulk of farm assets, including farmland. Most farm 
production, however, occurs on large-scale and nonfamily farms. Small-farm households rely on 
off-farm work for most of their income. Twenty-eight percent of U.S. farms have a principal opera-
tor at least 65 years old. Most of these older operators, however, are on retirement or residential/
lifestyle farms that produce only 2 percent of U.S. farm output (Economic Research Service 2010). 

In 2007 small family farms made up 88% of U.S. farms and held about 64% of all farm assets, 
including 63% of the land. Also in 2007, large-scale family farms, plus nonfamily farms, made 
up only 12% of U.S. farms but accounted for 84% of the value of U.S. production. The average 
operating profit margin and rates of return on assets and equity for large farms and very large farms 
were all positive in 2007, and most of these farms had a positive operating profit margin. Average 
operating profit margin and rates of return on assets and equity were negative for most small-farm 
types. Nevertheless, some farms within each small-farm type had relatively high operating margins 
of at least 20%. Small-farm households typically receive substantial off-farm income and do not 
rely primarily on their farms for their livelihood. Median household income for retirement farms 
or low-sales farms were below the U.S. median in 2007 (Hoppe 2010). 
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Australian farms exhibit much the same concentration of production in all of its regions as 
do farms in Canada and the US (Australian Bureau of Agriculural and Resource Economics and 
Sciences 2011a,b,c,d,e). The data range from a low of approximately 5% of the farms realizing 
approximately 42% of the value of agricultural production in Tasmania to a high of 15% of the 
farms realizing approximately 53% of the value of agricultural production Western Australia. 

Farm data from several European countries were analyzed and found to have quite different 
farm business strategies, capabilities to generate capital revenues, and segmented agricultural 
loan market regimes (Myyra 2011). In Denmark for example, farmers have adopted aggressive 
farm expansion strategies with average equity ratios in the 33-39% range with the lower end oc-
cupied by pig and poultry farms. Italian farms are the other extreme with equity ratios between 
97-98%, although this may mean they do not have access to lenders. Obviously if interest rates 
rise substantially, Danish farms could experience major adjustments. Agricultural asset markets 
or the way the assets are valued also differ substantially among countries. Ireland and Denmark 
saw very large increases in asset values during 2004-2007, whereas France did not. This large 
variation in leverage positions means that farms in different countries will be affected differently 
by product and financial market changes.

The Farm Accountancy and Data Network (FADN) of the European Commission Directorate 
of Agriculture and Rural Development occasionally publishes an “EU Farm Economics Overview” 
describes the financial structure of farms in the EU (Farm Accountancy and Data Network 2010). 
The study found that the distribution of income among the farms in the EU25 from 2004-06 re-
sulted in about 70% of income being realised by 20% of the farms (Table 1) (Farm Accountancy 
and Data Network 2010). The study also found that the profitability of the agricultural sector is 
dependent on direct payments because average total costs are higher than market revenue even 
on the largest farms (Table 1). 

When examining the differences between farm types and size class, it can be seen that in the 
cases of field crops, milk, grazing livestock and mixed farms expenses exceed market revenue 
for even the largest farms (Table 2). However, in general the gap between costs and revenue 
diminishes with increasing size. 

Table 1. Number of farms, share of income and share of input costs to income in the EU-25 by size 
class, average 2004-2006

Farm Size in Economic Units  
(Economic Unit is a Gross Margin of 1,000 Euros)

<4.8 4.8-9.6 9.6-19.6 19.6-48 48-120 >120 Total
% of Farms 13.6% 27.8% 18.6% 20.1% 13.1% 6.8% 100%
Share of Total Income 2% 6% 7% 16% 25% 45% 100%
Income per Farm e7,974 e12,932 e22,586 e48,771 e117,554 e404,377 e61,731

as % of Income
Gov’t Payments 25% 21% 25% 25% 21% 13% 19%
Cash Costs as a 64.8% 52.9% 59.8% 67.4% 72.3% 78.0% 72.0%
Depreciation 21.7% 15.3% 16.7% 15.7% 14.9% 11.5% 13.8%
Imputed Own Labour Costs 69.8% 71.7% 52.6% 36.9% 22.4% 8.8% 24.4%
Imputed Own Land Costs 5.3% 7.4% 7.5% 7.0% 5.2% 4.0% 5.2%
Imputed Capital Costs 9.4% 4.5% 5.4% 4.6% 3.7% 3.0% 3.8%
Total Costs 170.9% 151.8% 142.0% 131.7% 118.5% 105.2% 119.1%

Source: DG AGRI EU-FADN
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Table 2. Share of total costs to income by farm type and size class in the EU-25, average 2004-2006

Farm Size in Economic Units 
(Economic Unit is a Gross Margin of 1,000 Euros)

<4.8 4.8-9.6 9.6-19.6 19.6-48 48-120 >120 Total
Field Crops 168.5% 162.7% 158.6% 144.7% 131.4% 118.8% 132.9%
Horticulture 106.6% 101.6% 103.7% 94.5% 95.0% 92.9% 94.2%
Wine 199.3% 166.7% 137.6% 113.3% 99.3% 87.8% 103.1%
Permanent Crops 187.5% 138.6% 124.1% 107.3% 95.5% 92.7% 112.4%
Milk 153.8% 137.7% 133.7% 121.1% 107.8% 118.3%
Grazing Livestock 287.8% 196.3% 171.0% 157.0% 136.1% 112.3% 147.2%
Granivores 98.3% 96.8% 105.2% 102.5% 96.2% 91.0% 93.7%
Mixed 181.1% 153.9% 133.5% 134.7% 122.1% 113.3% 123.3%
Total 170.9% 151.8% 142.0% 131.7% 118.5% 105.2% 119.1%

Source: DG AGRI EU-FADN

Table 3. Share of farms where total costs are covered by market revenue by farm type and size class 
in the EU-25, average 2004-2006

Farm Size in Economic Units 
(Economic Unit is a Gross Margin of 1,000 Euros)

<4.8 4.8-9.6 9.6-19.6 19.6-48 48-120 >120 Total
Field Crops 9.2% 12.4% 14.7% 16.8% 17.8% 20.5% 14.4%
Horticulture 21.5% 37.3% 40.5% 49.4% 47.2% 50.9% 44.4%
Wine 10.2% 13.6% 18.7% 32.1% 42.9% 57.2% 27.1%
Permanent Crops 10.6% 23.1% 29.1% 40.4% 50.4% 53.6% 27.4%
Milk 6.2% 13.1% 21.6% 18.1% 16.0% 29.5% 18.4%
Grazing Livestock 3.1% 6.3% 14.7% 18.7% 18.0% 24.0% 13.6%
Pig and Poultry 29.5% 21.9% 22.6% 37.4% 49.7% 57.9% 39.5%
Mixed 3.5% 7.4% 16.4% 24.7% 19.1% 24.4% 12.6%
Total 7.6% 15.5% 20.1% 24.9% 24.8% 34.1% 19.7%

Source: DG AGRI EU-FADN

Table 4. Share of profitable farms by farm type and size in the EU-25, average 2004-2006

Farm Size in Economic Units 
(Economic Unit is a Gross Margin of 1,000 Euros)

<4.8 4.8-9.6 9.6-19.6 19.6-48 48-120 >120 Total
Field Crops 19.2% 22.0% 29.2% 38.0% 48.6% 61.3% 32.0%
Horticulture 29.0% 39.1% 43.7% 51.3% 49.6% 53.4% 47.0%
Wine 15.9% 16.0% 23.9% 37.0% 50.0% 63.3% 31.8%
Permanent Crops 15.6% 33.0% 37.4% 51.1% 59.7% 64.4% 36.4%
Milk 21.3% 29.3% 38.4% 37.6% 45.4% 62.5% 42.1%
Grazing Livestock 12.6% 21.5% 34.3% 41.9% 49.8% 65.1% 34.7%
Pig and Poultry 31.8% 25.7% 34.5% 51.1% 60.7% 68.1% 49.1%
Mixed 8.6% 15.8% 35.1% 44.2% 47.7% 63.3% 27.4%
Total 14.9% 25.0% 33.7% 42.2% 49.5% 62.4% 34.5%

Source: DG AGRI EU-FADN
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The share of farms in the EU-25 which are able to cover total costs based on market revenue 
alone without receiving government payments is only about 20% (Table 3). It is difficult for field 
crops, milk, grazing livestock and mixed farms to cover total costs based on market revenue. 
These farm type in turn are the ones receiving the largest amount of direct payments (Farm Ac-
countancy and Data Network 2010).

The receipt of government payments significantly increases the profitability of farms where 
the share of all farms covering total costs increases from 19.7 to 34.5%, a 14.8% increase (Table 
4). The amount of increase is much more pronounced as farm sixe increases with an increase of 
7.3% for the smallest farms and an increase of 28.3% for the largest farms (Table 4). The biggest 
increase in the share of farms covering total costs is for milk at 23.7%, grazing livestock at 21.1%, 
and field crops at 17.6% (Farm Accountancy and Data Network 2010).

3. Conclusions
First, larger farm businesses produce most of the agricultural commodities and get most of the 

government payments although less than the percentage of commodities they produce. Second, 
farm businesses are getting larger but increased profitability is not completely correlated with 
increased farm business size, in that some small and medium sized farms are profitable. Thirdly, 
many farm businesses especially the smaller ones are reliant on government payments for their 
financial survival. This is particularly true for Europe. Finally, the structural change in agricultural 
production that has occurred in the past will continue into the future. Concentration of production 
will continue with fewer and larger farm businesses. Niche market farm businesses, part time farms 
with off-farm income and lifestyle farms will dominate the farm numbers but not farm production. 
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Abstract
Despite recent statistics suggesting that the South African Wildlife industry is experiencing 

economic pressure coupled with a general financial upswing in the livestock sector; there is still an 
on-going switch from livestock to wildlife ranching making the wildlife sector the fastest growing 
agricultural sector in South Africa. Assuming that this switch is viewed as rational behaviour; can 
it be argued that the financial performance of the wildlife sector is still superior when compared 
with livestock? The study employs a profitability performance measurement in the form of Return 
on Investment to answer the research question. Primary data, collected by means of personal 
interviews among leading wildlife ranchers and farmers in the Northern Cape Province of South 
Africa was used for the required calculations. Results revealed that the economic pressure expe-
rienced by the industry is also visible in certain wildlife operations, specifically among wildlife 
harvesting and biltong hunting operations. Wildlife harvesting in particular yielded significant 
lower Returns on Investment compared to cattle farming. On the contrary, the financial performance 
of ranching operations such as a combination between biltong and trophy hunting as well as the 
breeding of plains and higher-value species for live sales proves to be superior when compared 
with cattle. Therefore, it is not reasonable to argue that despite economic pressure, the financial 
performance of wildlife is still superior to that of livestock. Moreover, it can be concluded that 
the continued switch from livestock to wildlife is only motivated by the financial performance of 
selected few wildlife operations in South Africa.

Key words: wildlife ranching; financial performance; return on investment 

1. Introduction 
Until 1991, wildlife in South Africa was seen as part of nature (NAMC, 2006). It had no 

monetary value and the accepted wisdom was that in order for modern agriculture to prosper, 
wildlife should be exterminated because: (i) transmittable wildlife diseases threaten the health 
of livestock and, (ii) it competes with domestic livestock for grazing (Joubert 1977). Ironically, 
today the accepted belief is that wildlife’s disease tolerance and ability to adapt and to be more 
efficient users of local vegetation (Dlamini and Fraser, 2010) contributes towards its competitive 
edge compared to domestic livestock in South Africa. The realisation of these benefits and the 
need to tap into them from a sustainable agriculture point of view has contributed towards the 
growth in the industry (Dlamini and Fraser, 2010).

However, the real transition from livestock to wildlife started in the early 1990s with conditional 
ownership of wildlife that was granted to private landowners. This resulted in a monetary value 
for wildlife and coupled with fundamental developments such as improvements in the techniques 
of translocation, capture and immobilisation; developments surrounding information flows, 
resilient market for the sale of live animals, hunting and tourism, core leadership etc., enabled 
farmers to fully exploit the economic and ecological benefits associated with wildlife ranching. 
On the back of this, the wildlife ranching sector is the fastest growing agricultural sector in South 



FARM LEVEL FINANCIAL ANALYSIS OF THE WILDLIFE SECTOR IN SOUTH AFRICA 67

Africa, expanding at between 5 and 20% annually, whereas the real farm incomes have declined 
by approximately 5.3% (Eloff, 2002; Dry, 2010a, b; Jenkins, 2011).

A similar trend is observed in terms of the number of farmers/ranchers. The total number of 
commercial farmers in South Africa declined from 60 000 in 1994 to 37 000 today (Mcgroarty 
and Chaykowski, 2012) whereas the number of wildlife ranchers has increased from 9 000 to 
approximately 15 000; including those that combined wildlife with livestock (Cousins et al. 
2010). In other words, approximately 40.5% of all commercial farming activities in South Africa 
involved wildlife. This resulted in more than 20 million hectares of marginal agricultural land 
being transformed into thriving wildlife land use options (Dry, 2010b); with an estimated 18.6 
million head of game roaming the said land (Du Toit, 2007). 

With these growth rates as the barometer, it seems that the industry is prospering although recent 
statistics suggest that some spheres of the wildlife industry are experiencing economic pressure. 
These include the stagnation of prices of plains wildlife on wildlife auctions, the negative impact 
of the strong exchange rate on trophy hunting operations, and the amount of negative publicity on 
unethical and exploitive wildlife practices which have a negative impact on eco-tourism (Cloete, 
2012). The afore-mentioned factors, coupled with the large capital outlays required for convert-
ing from livestock to wildlife ranching, reveal that the switch from livestock to wildlife ranching 
is in most cases not lucrative (Cloete et al. 2007). Nonetheless, there is still an on-going switch 
from livestock to wildlife ranching, motivated by the breeding of exotic and higher- value spe-
cies fetching exceptional prices on the back of extraordinary investor confidence (Cloete, 2012).

As a result, continued growth in the sector despite indicators suggesting that the industry is 
experiencing economic pressure coupled with a general financial upswing (mainly in terms of 
output prices) in the livestock sector raise questions with regard to the financial performance 
of the wildlife sector. Is it reasonable to argue that despite some spheres being under economic 
pressure, its financial performance is still superior to that of livestock? 

In order to answer the research question, the Northern Cape Province (NCP) of South Africa 
will be used as a case study region. Most parts of the province are semi-arid to arid with wildlife 
and livestock farming being the major agricultural activities. The following section elaborates on 
the approach and data used, followed by the results, discussion and finally concluding remarks.

2. Approach and data used 
The study employs a profitability measure to evaluate the performance of different wildlife 

and livestock activities. Return on investment (ROI) is arguably one of the most popular financial 
performance measurements (Andru and Botchkarev, 2011). Although ROI is widely considered 
a valid method to evaluate two or more investment opportunities against one another, it will be 
used in a slightly different context in this study, namely to gauge and compare the financial per-
formance of different wildlife and livestock activities in order to determine whether wildlife is 
superior to livestock. Although different approaches to calculating ROI exist, the traditional ROI 
will be calculated. The difference between the traditional approach and others (i.e. extensions 
and virtualisation) is mainly the way in which profitability is calculated. For traditional ROI, 
profitability is calculated based on the actual income and cost of a specific investment (farming/
ranching activity in this case) in a specific year, whereas the other forms make use of estimated 
income and costs (Andru and Botchkarev, 2011). In other words, the traditional ROI is much more 
accurate compared to the other two approaches. The traditional ROI can be calculated as follows: 
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ROI [t] =  
∑ 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹(𝑗𝑗) −  ∑ 𝐶𝐶𝐶𝐶𝐶𝐶𝐹𝐹(𝑗𝑗)𝑗𝑗𝐹𝐹

∑ 𝐶𝐶𝐶𝐶𝐶𝐶𝐹𝐹(𝑗𝑗)𝑗𝑗
 𝑥𝑥 100 

     
(1)

The approach requires that actual or precise accounting records (data) be used to calculate 
profitability of a specific enterprise. Therefore the data used in the study were obtained from lead-
ing wildlife ranchers in the NCP of South Africa. The data was gathered by means of personal 
interviews. Moreover, the ranching operations considered in the analysis comprise both consump-
tive and non-consumptive utilisation of wildlife with participants being selected based on their 
primary ranching/ farming focus. The participants include those that focused on game harvesting, 
biltong hunting, a combination of biltong- and trophy hunting as well as the breeding of wildlife 
(both plains and higher-value species) for live sales. Plains wildlife refer to species which are 
typically found in open plains or savannah habitats and include a great range of animals from 
the springbok to the very much larger kudu and eland (Wikipedia, 2012); whereas higher-value 
species refers to animals such as roan- and sable antelope as well as African savanna buffalo. 

In order to compare the different ranching/ farming operations with each other, similar spe-
cies compositions, capital outlays and land size were assumed. In other words, the data obtained 
from the leading wildlife ranchers was used to compile species-specific enterprise budgets for 
each respective ranching practice. For example, enterprise budgets for springbuck were compiled 
for utilisation by means of harvesting (meat), biltong, a combination between biltong and trophy 
hunting and the breeding for live sales. The data used for the compilation of species-specific 
enterprise budgets for each of the species included reflects the income and cost that prevailed in 
the market during the 2011/12 financial year. The profitability of the different practices was cal-
culated by means of cash flow statements compiled from the species-specific enterprise budgets.

3. Results and discussion

3.1.  Species composition and assumptions
As mentioned, a similar species-composition was assumed for the different ranching operations in 

order to compare financial performances with one another (see Table 1). The data portrayed in Table 
1 reflect the information obtained from various leading wildlife ranchers in the NCP of South Africa. 

The species composition is typical of a so-called plains wildlife composition that can be 
ranched with on 2000 ha in the NCP. In order to remain sustainable, a utilisation rate equal to the 
population growth rate for each species was assumed. For example, a game harvesting operation 
will cull between 25 and 30% per annum, depending on the respective species. The same applies 
with regard to a combined operation (biltong and trophy hunting); with trophy hunting account-
ing for 12% of the income with the remaining 13 to 18%, depending on the species, being hunted 
for biltong. The latter also provided additional income in the form of day fees. Based on the data 
gathered, 180 hunting days per annum were assumed i.e. 60 hunters with the average hunting 
safari that lasts 3 days. The average day fees charged by ranchers in the NCP range between R250 
and R1 875 per day, depending on the safari and animals to be hunted i.e. day fees for dangerous 
game (buffalo, lion, hippo etc.) is much higher compared to plains game species. 

In addition, literature also alludes to the fact that several farmers are motivated to enter the 
wildlife sector based on the exceptional prices fetched by scarce or higher-value species. Thus, in 
addition to the plains wildlife operations, the study will also investigate the financial performance 
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of a wildlife ranching operation that focuses on the breeding and live sale of plains and higher-
value wildlife. The main assumptions for this operation include: 
• Based on the rate of recurrence of the various higher-value species among game ranchers in 

the NCP, only sable antelope will be considered part of the plains and higher-value species 
composition;

• Considering the required capital outlay and the average sable antelope breeding herd size; the 
number of animals will be restricted to 20% of the carrying capacity of the farm; 

• A 80% weaning rate is assumed for sable antelope while the same population growth rate will 
account for the plains wildlife (see Table 1);

• 50/50 male- female offspring ratio for sable antelope with the entire offspring to be sold at 
the age of 18 months.
The livestock enterprise included in the analysis reflects a commercial weaner operation. 

With the average carrying capacity of 12 ha/LSU1, which is similar to the grazing capacity used 
to determine the optimal wildlife composition; the total cattle herd consists of 165 animals. The 
main assumptions include an 85% weaning rate with an average selling weight of 220 kg.

The following sub-section provides a detailed discussion on the financial performance of the 
different practices, taking into consideration the afore-mentioned data and assumptions. 

3.2.  Financial performance 
Table 2 shows the ROI of the respective operations for the period under review. From the table 

it is clear that the majority of the ‘plains wildlife ranching operations’ yielded lower returns than 
a commercial weaner production system. The results are slightly different from those of other 
studies in the 1990s. For instance, Jansen et al. (1992), as cited by Child et al. (2012), report that 
most wildlife operations “are much more profitable with only 5% of livestock operations gener-
ating a return on capital in excess of 10% when profits were calculated using market (financial) 
prices”. During this period, and even up to the mid-2000s, wildlife ranching yielded exceptional 
ROI on the back of continued output price increases with the demand for wildlife being driven 
by the restocking of farms previously used for conventional livestock farming. However, this 
trend peaked in 2004 after which new land for wildlife production became increasingly scarce. 
As the plains wildlife were by then fairly numerous, demand and subsequently prices started to 

1  Large Stock Unit (LSU) equal to live weight of 450kg

Table 1. Species composition and assumptions 
Species Number Population 

growth (%)
Average 

weight (kg)
Average price

Meat Biltong (per 
animal)

Trophy 
(1US$/ R 7.5

Springbuck 250 30 15

R 18/kg

R 450 R 2,625
Blesbuck 120 30 29 R 850 R 3,000
Impala 150 30 25 R 800 R 3,375
Gemsbuck 120 30 90 R 3,500 R 8,250
Blue Wildebeest 100 30 90 R 3,000 R 8,250
Kudu 60 25 81 R 2,500 R 11,250
Eland 20 25 225 R 4,500 R 16,500
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decline, and established ranchers increasingly began to produce higher-value species (Bothma, 
2010, personal communication).

The results from the Jansen et al. (1992) study do not only highlight the change in competi-
tiveness between wildlife operations and livestock; it is also an indication that time has changed 
for agriculture in general, especially in South Africa. Today, a 10% ROI in the agricultural sector 
seemed a bit ‘far-fetched’. This is mainly due to the significant increase in land values coupled 
with input inflation that continues to outstrip output inflation i.e. cost price squeeze/ lower profits. 

 Nevertheless, the gross margin per hectare for a wildlife harvesting operation amounts to a mere 
R104 per ha or R208 089 for the entire operation on 2 000 ha. Considering the initial investment 
of R15,3 million (i.e. R14 million for the land and an additional R1.3 million for the wildlife); 
the ROI of 1.36% is the lowest for all operations included in the analysis. This is almost a third 
of the returns yielded by a cattle operation in the same region. The same accounts for a biltong 
hunting operation with an estimated ROI of 3.05% compared to the 3.19% for cattle. 

The exception in the case of plains wildlife operations is the combination between biltong and 
trophy hunting (see Table 2). The significant higher ROI can be attributed to the significant higher 
prices received for the 12% of the animals hunted for their trophies coupled with the additional 
day fees (see Table 1). When compared with cattle, the ROI (6.35%) of a biltong/ trophy hunting 
operation is almost double that of cattle (3.19%). 

A similar situation accounts for the combination between plains and higher-value species (see 
Table 2 above). With an income per hectare of R1 668 that equates to a ROI of 15.5%, ranching 
with a combination of plains and higher-value species is probably the most profitable farming 
enterprise in South Africa at the moment. The exceptional ROI (15.5%) could be attributed to the 
average auction prices of sable antelope as well as fundamental developments in the intensive 
breeding of these animals. The average price for young Sable bulls ranges between R23 451 and 
R34 035 with the auction price for heifers ranging between R188 519 and R277 945 during 2011/12 
(Cloete, 2012). Moreover, improvements in terms of the breeding, health control, management 
etc. contributed towards ranchers achieving weaning rates in excess of 80 to 85%.

Table 2. Financial performance of the various operations
Operation Land (2000 

ha)
Animals Investment Income Income/ 

ha
ROI 
(%)

R (ZAR)
Cattle 10,000,000 1,000,000 11,000,000 351,936 176 3.19
Game harvest 14,000,000 1,329,000 15,329,000 208,089 104 1.36
Biltong hunting 14,000,000 1,329,000 15,329,000 467,100 234 3.05
Biltong/ Trophy hunting 14,000,000 1,329,000 15,329,000 972,859 486 6.35
Game/ 20% Sable Antelope 14,000,000 7,439,000 21,439,000 3,355,191 1668 15.56

However, concerns have been raised with regard to the end game strategy and subsequently 
the sustainability of higher-value species in South Africa. Maud (2012) states:

“When you keep on blowing up a balloon it will eventually explode. Throughout history there have 
been investment opportunities that have caught the imagination of the public and which, through greed 
and ingenuity, have caused prices to rise way beyond reasonable expectations. It is also usually the 
people who get drawn into the situation long after it has started that are left holding the remnants 
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of the balloon when it explodes. It is the insiders that get in early in the cycle who usually make the 
profits unless they, too, get carried away and greed takes over. This is a classical pyramid scheme”. 

He elaborates by arguing that “a simple basic law of economics dictates that the supply of these 
high-priced wildlife is soon going to exceed the demand”. This is especially true considering that 
the only well-established market for these animals is non-consumptive (live sales). Nevertheless, 
a combination of plains and higher-value species has yielded a far greater ROI compared to any 
other wildlife or livestock operation, at least for now.

4.  Conclusions
The results from the study provide value information not only to new entrants (farmers) that 

wish to convert from livestock to wildlife but also for established ranchers that want to expand 
their practices or those who want/ need to diversify in order to remain financially sustainable in 
the current economic environment. 

It can be concluded that the economic pressure in some spheres of the wildlife industry is also 
evident in the financial performances of operations with results that indicated that consumptive 
utilisation of plains wildlife, especially in terms of harvesting and biltong hunting, is not yielding 
the desired financial returns. It is therefore not reasonable to argue that despite economic pressure, 
the financial performance of wildlife in general, is still superior to livestock. Moreover, it is clear 
that the continued switch from livestock to wildlife in South Africa is motivated by the financial 
performance of a selected few wildlife operations. 
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Abstract
Rural areas in Poland which offer biological and landscape diversity are of the most abundant 

in Europe. Small ecological farms, especially in southern and south-eastern Poland, still host 
rare weed species named in red lists of many European states. The diversity of animal and plant 
species in these areas is significantly higher than in the remaining parts of Poland. Consequently, 
the balance of agroecosystems is far more stable. The presence of rare weed species in the fields 
does not equal lower crop but contributes to maintaining of the considerable diversity of insects 
or birds. Preserving the mosaic structure of crop fields and traditional rural landscape is only 
possible on small farms and hence the importance of their further existence.

Keywords: weeds, preservation, small farms, agroecosystems, diversity 

1. Introduction
Throughout ages the pressure of a man onto the environment has grown enormously. Shifting 

from hunting and gathering to farming caused replacement of the mosaic system of habitats by 
a growing number of single species cultivations. By simplifying the complex ecosystems and 
eliminating the ‘unwanted’ species, the man made his diet poorer and changed the habitats of 
wild flora and fauna completely. At the end of the 20th century there were 4.5 billion people and 
as little as 180 species of plants consumed of which 6 species provided more/less 90% of food of 
plant origin (FAO, 1996). In Polish registers there are 140 varieties of cultivated plants of several 
dozens of species (details of 2011, Research Centre for Cultivar Testing – COBORU).

Modern agriculture should put considerable emphasis on maintaining biological diversity. The 
purpose of original and modern agriculture is to produce food. The difference is that primitive farm-
ing uses mainly the work of men and animals and simple tools while modern farming is based on 
advanced technology of cultivation, which is characterised by very intense nature, and the entire 
production is meant for sale. There is no place to maintain diversity in agricultural ecosystems. 
Large scale monocultures, excessive chemisation and heavy machinery destroyed the balance of 
agroecosystems. Genetic erosion of crop plants is observed; also accompanying plants species as 
well as microorganisms and animals directly related to them die. Surviving of small farms agriculture 
is the only method of maintaining diversity and balance in agricultural agroecosystems.

2. Materials and methods
The research area is situated in the Nadnidziański natural landscape park and partly within the 

‘Natura 2000’ network (Ponidzie area). This area has been settled for a very long time. The oldest 
traces of settlement date back to the neolith times. The Ponidzie was examined in detail, among 
others thanks to funding by the State Committee for Scientific Research of a supervisor research 
grant ‘Diversity of field weeds of the Nadnidziański Natural Landscape Park, its determinants 
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and preservation’ (Dostatny, 2000) and by a grant of the Ekofundusz Foundation as well as the Plant 
Breeding and Acclimatization Institute (2007-2009). A detailed survey of weed species was performed 
that enables comparison of changes occurring in segetal communities and further monitoring thereof. 
Places of occurrence of vanishing weed species, in particular among cereal crops cultivated on small 
farms of the region were identified. Research was carried out in close cooperation with local farmers 
that were very helpful with providing information on traditional cultivations in of the area. Favour-
able inclination towards the idea of maintaining of biodiversity and relevant activities was observed.

Occurrence of weed species in cultivations of 15 farmers was monitored. The number of weed spe-
cies in the material harvested directly from the farmer was defined. Marking of weed seeds was made 
according to Kulpa (1988). For that purpose 0.5 kg of material was taken directly from the harvester on 
the aforesaid fields between 2008 and 2012. A list of weed species in the entire material was prepared 
based on the indexes of frequency and abundance of occurrence (Kulpa & Tabisz, 1963). It must be 
mentioned that farmers who took part in the research have small farms (usually up to 10 ha) and de-
spite crop rotation the fields were more or less in the same area. Thus, the material could be compared.

3. Results and discussion
Extremely interesting weeds of crop fields occur in Niecka Nidziańska, on rendzina soils, which 

make 1% of Polish soils. Most of them are very rare plants in Poland (Dostatny, 2004). An example 
could be Adonis flammea which is endangered due to intensified farming systems. There are several 
factors causing the extinction of the species as well as other of the Caucalido-Scandicetum com-
plex. The main include intensification and modernisation of contemporary agriculture: introduction 
of prolific cereal varieties, improved cleaning of seeding material, long-term usage of herbicides. 
Equally significant are changes of habitat conditions, particularly strong and continuing acidifica-
tion of limestone soils (Aniol-Kwiatkowska, Popiela, 2011). Also urbanisation and changing arable 
land into non-arable as well as abandoning of farming on difficult land (e.g. high slopes) are of 
great importance. These factors had a strong influence on extinction of Adonis flammea and other 
species of the complex (calciphile archaeophytes related to traditional methods of cultivation, of 
Mediterranean reach).

In the analysed material, after harvest in the initial years of monitoring in Niecka Nidziańska 
area, a small number of weed species was observed (from 65 to 67 species, between 2008 - 2010) 
with high number of more common species such as: Agropyron repens, Avena fatua, Convolvu-
lus arvensis, Galium aparine, Polygonum convolvulus, that were present in almost each of the 
15 samples, with a high abundance index. In the consecutive years, the number of weeds in the 
material collected from farmers was increasing gradually. In the last 2 years (2011 – 2012) the 
differences in abundance between common and rare weeds were not so evident (from 71 to 91 
species in 0,5 kg of collected material, in all of 15 samples) (graph 1). Abundance of common 
species dropped which was caused by occurrence of other, less common, species, such as: Adonis 
aestivalis, Aethusa cynapium, Agrosthemma githago, Bupleurum rotundifolium, Camelina micro-
carpa, Lithospermum arvense, Neslia paniculata, Valerianella dentata, between others. Specimens 
of these species probably came from the soil seed resources. What is important, single specimens 
of rare species have occurred in the fields, such as: Anagallis foemina, Bupleurum rotundifolium 
(It’s increasing its coverage in the fields), Caucalis platycarpos. However, to date their seeds 
have not been identified in the collected material. After years of cultivation without the use of 
herbicides one may expect that vanishing weed species still present in soil seed resources will 
sprout and create a full composition of different vanishing weed complexes. A higher number of 
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segetal plants in crop fields equals increased abundance of other species such as: microorganisms, 
insects, birds, etc., that are necessary to keep agroecosystems in balance.

During the collection missions organised by National Centre for Plant Genetic Resources in 
the last 10 years, we observed that the South and Southeastern part of Poland is still abundant in 
local, old varieties of annual vegetable plants, leguminous plants, medicinal plants and rare spe-
cies of weeds, as well as old varieties of fruit trees. Rare species of weeds are only present in the 
fields in small farms in the single villages in Poland, where the mosaic structure of crop fields is 
preserved, like in the researched area. Unfortunately such kind of place are becoming rare in Poland. 

Further existence of populations of rare, annual weed species is connected with turning of soils 
surface during field works. This agrotechnical treatment prevents from occupation of biotopes of 
different grasses or perennials with higher competitive potential. We may hereby state that the 
seed resources in soil are of crucial significance for the preservation and dynamics of populations 
of segetal flora (Czarnecka, Czarnecka, 2006).

Species that accompany cultivations have the ability to adapt to the life cycles of crop plants 
(Kornaś, 1977). A given complex of weeds with a whole spectrum of species reflects a specific 
type of cultivation. If the cultivation is abandoned, then the accompanying species slowly yield. 
The same happens with bird and insect species that were directly connected with these plants. 
For example for the last 300 years approximately 150 species of mammals (another 240 are 
endangered) and 100 bird species have became extinct; of which around 70% species died due 
to elimination of their habitats. In the second half of the 20th century world agricultural produc-
tion became 2.6 times higher and mineral fertilisation 8 times more intense. At the same time 
6 million hectares of arable land per year changes into a desert owing to excessively extensive 
agricultural use. The national strategy of preservation and moderate use of biological diversity 
(2003) emphasises that all that has not been appreciated or even intentionally destroyed to date, 
e.g. ’pests and weeds’ should be preserved. Therefore, from the point of view of the convention 
and nature there is no ‘pest’ or ‘weed’. The strategy has been prepared upon request of the Polish 
Ministry of Environment and drawn up in accordance with the ‘Convention on Biological Di-
versity’ announced during the Earth Summit in Rio de Janeiro held in 1992. To maintain balance 
and increase diversity in agricultural ecosystems, a ‘model refuge of agrobiodiversity’ has been 

Figure 1. Frequency of occurrence of weeds in the seed material of 15 farms in Poland



76 DENISE F. DOSTATNY

formed in Niecka Nidziańska, southern Poland. The model refuge has been created thanks to the 
funds of Ekofundusz Foundation and the Plant Breeding and Acclimatization Institute. Its aims 
is to preserve and maintain biodiversity in farming ecosystems and to protect field weed species 
that are threaten by extinction by maintaining typical weed species of the region in the fields. 

Weeds prove many positive impacts in agroecosystems. They protect the surface of soil from 
crusting, drying and erosion. Furthermore, after ploughing weeds decay in soil replacing compost-
ing and organic fertilisation. They also stimulate growth of crop plants through its allelopathic 
activity - the so called positive allelopathy consists in improved growth of a given species in the 
vicinity of others, by emitting complexes of different chemical compounds. They are used as 
‘biological weapon’. Weeds may indicate actual habitat conditions and therefore they are used 
as bioindicators. They make food or an ingredient of fodder mixtures for animals. They are also 
widely used in phytotherapy and cosmetic industry.

Very often segetal plants compete with one another, not only the crop plant, which means that a 
bigger number of weeds, with low coverage, only slightly decrease the harvest of a crop plant. The 
phenomenon may be explained by the fact that the more species (partners) to share the resources 
of an ecological niche, which is a field, the more often growth of one of them limits the growth 
and development of other which results in absence of dominance. A reverse case occurs when 
one or several weed species predominate in fields treated with herbicides. Some of the species 
became resistant to herbicides which causes growing number thereof in the field (the so-called 
compensation), consequently resulting in a drop of crop plant harvest.

The layer in cornfield decides about getting of the weed seeds to the collected material (crop). 
Research made in Kurpie confirms the phenomenon (Dostatny, Małuszyńska, 2007). Most of the 
seeds came from the medium layer, some from the higher, and few from lower. Therefore, we do 
not have to be afraid of weeds from the lowest layer of cornfield getting to the harvested crop. 
Their presence is recommended as they protect soils from crusting (Dostatny, Małuszyńska, 2007).

As it has already been mentioned, weeds prove many positive impacts in agricultural systems 
and therefore they should be covered by protecting or preserving schemes (reserves and refuges 
are not sufficient). The base of an efficient plan of weed management is ecological knowledge of 
this plant group and relations thereof with other organisms. Research carried out in Great Britain 
(Marshall and others, 2003) show that many segetal plant species influence maintaining of high 
diversity of insects. A drop in the number of feeding plants, i.e. weeds, may have an impact on the 
reduction of insect population as well as other animal species, such as birds. Weeds play an important 
ecological role by giving shelter to spiders and insects on which birds feed (e.g. larks). Poland has 
26% percent of the entire bird population depending on arable land (BirdLife International, 2004). 
In order to keep this abundance of bird species, current diversity of agricultural landscape must be 
preserved (Wuczyński i in., 2011), this refers among others to buffer zones planted with grass and 
papilionaceous plants (Dajdok, Wuczyński, 2008).

Transformation of natural environment and production of food including chemicals that have 
a negative impact of human life. A reaction to the situation was, among others, Directive 2078/92 
of 1992 of the UE Parliament introducing the term of agri-environmental plans, i.e. such types of 
agricultural production that guarantee preservation of the natural environment values being the base 
of agricultural production and enable obtaining satisfactory economic results. Farmers joining the 
agri-environmental plans produce food and maintain diversity in agroecosystems. These activities 
are subsidised. In Poland, the national agri-environmental plan was established within the Rural 
Areas Development Plan aiming at satisfaction of objections, priorities and principles based on which 
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activities towards a sustainable development are supported. The plan was drawn up the Ministry of 
Agriculture and Rural Development and approved by the European Commission. The Sixth Package 
(second stage: 2007-2013) – Preservation of endangered genetic plant resources in agriculture is 
directly connected with improvement of diversity in rural areas. Option 6.3 of the package – Seed 
production requested by gene bank, is addressed to small farms. Sub-option C provides for preserva-
tion of rare flora accompanying cultivations. Participation in this option allows farmers from Niecka 
Nidziańska (also from the rest of the country) to continue activities undertaken as part of the aforesaid 
project and enables other interested farmers from the entire country to join the plan which, with 
no doubt, contributes to improvement of diversity and maintaining the balance of agroecosystems.

4. Summary
Constant presence of rare weed species in crop fields does not mean “worse crop”, as a significant 

part of these species belong to the lowest layer of cornfield that will never be collected by a harvester. 
Additionally, after a longer period of ecological or extensive farming the ecosystems gains balance. 
Different species coexist, supplement and compete with one another, which does not end in expansion 
of any of them. This is, with no doubt, more favourable to nature than uniform landscapes with immense 
areas of one crop plant, where only few species of the most common weeds, resistant to herbicides, 
prevail, creating a simple system of agricultural ecosystems. The mosaic structure of crop fields of 
small farms ensures living conditions for many animals and plants already rare across Europe and may 
help us save some species that may have a crucial meaning for the generations to come.
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Abstract 
Rural and regional policies towards rural areas have been a subject of evaluation and dis-

cussions of results. As a consequence some changes have been taken place, even in fundamental 
assumptions, which determine strategic decisions in the field of public support for rural develop-
ment. The aim of the paper is to identify similarities and differences in a strategic approach of 
rural and regional policies towards rural development in Poland basing on a document analysis of 
the National Strategy of Regional Development 2010-2020: Regions, Cities, Rural Areas and the 
Strategy for sustainable development of rural areas, agriculture and fisheries 2012-2020. Results 
of investigations display that both documents setting up strategic objectives for rural development 
in Poland have a lot in common with new paradigms of rural and regional policies described in 
OECD works. Both strategies tend towards multifunctional approach enhancing competitiveness 
of rural areas and assuming engagement of stakeholders of different levels. At this point it is not 
possible to asses to what extent instruments of the two discussed policies will close to the new 
approach. It results from a situation when construction of implementation mechanisms is highly 
influenced by solutions introduced by European cohesion and agricultural policies. 

Keywords: agricultural policy, regional policy, rural development, strategy, Poland 

1. Introduction
After the accession to the European Union rural development in Poland has been addressed 

especially by two policies: rural development policy (as the second pillar of the Common Agri-
cultural Policy) and regional policy (which programmed at the European level is conducted as 
cohesion policy). Both of these policies have been undergoing transformations since the begin-
ning of the Polish participation in their programming and implementation. There have been dif-
ferent sources of changes. Some of them have been results of evaluations performed at different 
levels, for instance European, national, regional or have been consequences of evaluations from 
a perspective of particular sectors (conclusions from agricultural policy implementation are one 
of the most important in this case). Deliberations on a shape of both regional and agricultural 
policies have been leading even to fundamental changes in strategic approaches of these policies. 

The European perspective is not the only one important for development of strategies towards 
rural areas in Poland. The National Strategy of Regional Development 2010-2020: Regions, Cities, 
Rural Areas (NSRD) elaborated in the Ministry of Regional Development as well as the Strategy 
for sustainable development of rural areas, agriculture and fisheries 2012-2020 elaborated in the 
Ministry of Agriculture and Rural Development are parts of the new national development man-
agement system. The foundation of this system is required by the amended law of 6 December 
2006 on the principles of development policy (Polish Journal of Laws of 2009 No 84, item 712, 
as amended) and by the document on Poland’s Development Management System, adopted by 
the Council of Ministers on 27 April 2009. This holistic approach to the national development 
management system was established in order to organize the Polish development policy. The two 
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above mentioned strategies with the most territorial significance for rural areas are parts of a group 
of nine integrated strategies accompanied by the Long-Term National Development Strategy and 
Medium-Term National Development Strategy. 

At least these two dimensions, European and national, have influenced setting up strategic 
objectives of policy towards rural areas in Poland. When one type of territory, in that case rural 
areas, are addressed by two policies coordinated by two different institutions it seems to be fun-
damental to identify similarities and differences at least in a strategic approaches of these policies. 

2. Material and methods
The aim of the paper is to identify similarities and differences in a strategic approach of rural 

and regional policies towards rural development in Poland. There were used the following sources 
of information in the research: 
• publications in the area of rural development by Organisation for Economic Co-operation and 

Development (OECD),
• basic strategies for rural development in Poland till 2020: the National Strategy of Regional 

Development 2010-2020: Regions, Cities, Rural Areas (NSRD) elaborated in the Ministry of 
Regional Development and the Strategy for sustainable development of rural areas, agriculture 
and fisheries 2012-2020 elaborated in the Ministry of Agriculture and Rural Development.
To investigate similarities and differences in a strategic approach of rural and regional policies 

towards rural development document analysis was performed.

3. Paradigms of regional and rural policies 
Wide discussions on fundamentals of both regional and rural policies have been taking place 

on a forum of countries gathered in the OECD. The results of analyses accompanying exchange 
of different points of view were presented in many publications. In the case of rural policy it is 
stressed that its challenge is to transform policy frameworks for rural regions, which have hith-
erto emphasized sectoral approaches, into policies and programs adapted to different economic 
development trajectories (OECD, 2006). It was expressed in so called the new rural paradigm. 
Evaluations and discussions on foundations of regional policy also have resulted in formulation 
of its new paradigm. A comparison of these two new approaches is presented in the table 1. 

Table 1. The new rural and regional paradigms 
Specification New rural paradigm New regional paradigm

Objectives
Competitiveness of rural areas, 
valorisation of local assets, exploitation 
of unused resources

Tapping under-utilised potential for 
enhancing regional competitiveness

Key target 
sector

Various sectors of rural economies 
(ex. rural tourism, manufacturing, ICT 
industry, etc.)

Integrated development projects

Main tool Investments Mix of soft and hard capital investment

Key actors

All levels of government (supranational, 
national, regional and local), various 
local stakeholders (public, private, 
NGOs)

Different levels of government; private 
sector and civil society

Source: own elaboration on: The new rural paradigm: policies and governance. OECD Rural policy reviews. 
OECD Publishing, 2006, p. 15; OECD Territorial Reviews. Sweden. OECD Publishing 2010, p. 90.
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Both policies seem to head in the same directions. They stress competitiveness of whole ter-
ritories in spite of equalisation and farm income (rural policy) and compensating temporarily for 
locational disadvantages (regional policy). They have switched from the sectoral to comprehensive 
approach with use of integrated instruments. Also both new rural and agricultural paradigm as-
sume engagement of different actors (stakeholders) in programming and implementation in spite 
of the old centralised approach. This theoretical analysis of similarities would suggest that in fact 
these two policies should have much in common. However, a question always stays about a real 
process of programming and realization. 

4. Strategies for rural development in Poland till 2020
The National Strategy of Regional Development 2010-2020: Regions, Cities, Rural Areas 

directly refers to the paradigm of regional policy described primarily by the OECD. It assumes 
support for rural areas especially within the following objectives:
1) Support for the growth of competitiveness of regions (“competitiveness”) for instance through 

increasing employment opportunities through increased professional and spatial mobility:
 – ensuring effective transport infrastructure and improving public transport,
 – support for the development of poviat towns and other towns,
 – creating institutional conditions for increasing non-agricultural investments,
 – stimulating the local development.

2) Building territorial cohesion and preventing the marginalization of problem areas (“cohesion”):
 – support to rural areas with the lowest level of inhabitants access to the goods and services fol-

lowing from the development possibilities (education and training services, medical services, 
communication services, municipal and environmental protection services, cultural services),

 – overcoming the difficulties related to the situation of the border areas, especially along 
the external EU borders,

 – increasing transport accessibility to voivodeship centres situated within the areas with the 
lowest accessibility.

Five objectives of the Strategy for sustainable development of rural areas, agriculture and 
fisheries 2012-2020 cover a wide range of topics: 
1) Increase of the quality of human and social potential, employment and entrepreneurship in 

rural areas;
2) Improvement of life standard on rural areas and improvement of their spatial accessibility;
3) Food security;
4) Increase of productivity and competitiveness of agri-food sector;
5) Environmental protection and adaptation to climatic changes in rural areas.

It proves that policy makers thought here not only about agriculture as a traditional sector of 
operations on rural areas but they could see also non-agricultural role of these territories. However, 
taking into account the field of activities of the institution responsible for this Strategy it could 
appear that the sectoral agricultural dimension is strong there. A process of programming in the 
case of this strategy involved external experts as well as actors of different levels (regional and 
local authorities, representatives of Local Action Groups, etc.). Mechanisms of the Strategy’s 
coordination assume a close cooperation with entities responsible for realization of regional and 
local development strategies. Taking into consideration the above mentioned facts referring to the 
Strategy for sustainable development of rural areas, agriculture and fisheries 2012-2020, it could 
be concluded that it is also close to the new rural paradigm described by OECD. 



RURAL AND REGIONAL POLICIES FOR RURAL DEVELOPMENT – A STRATEGIC APPROACH IN POLISH... 81

5.  European dimensions of the Polish strategic approach to rural areas
Taking into account that a considerable part of financial resources supporting rural areas comes 

from the European Union, it is reasonable to construct such strategies which are consisted with 
the EU approach to development policy in case of rural areas. Two analysed documents refers 
to this fact directly. 

The NSRD is binding until 2020. This time horizon assume gradual implementation of many 
proposed instruments of institutional and legal character and it should simultaneously ensure 
their application in the programming of activities co-financed within the framework of the next 
European Union financial perspective covering the 2014–2020 period.

Five objectives of the Strategy for sustainable development of rural areas, agriculture and 
fisheries 2012-2020 were defined with reference to the European Strategy “Europe 2020”. It is 
clearly stated that the Strategy’s budget is going to be financed in nearly 48% from the EU funds, 
and thus the accessibility and allocation of measures from cohesion policy and Common Agri-
cultural Policy shall have a big impact on the level of achievement of the Strategy’s objectives.

The relations between rural and regional policies are also strengthened at the EU level, for 
example by proposal of the regulation of the European Parliament and of the Council laying down 
common provisions on the European Regional Development Fund, the European Social Fund, 
the Cohesion Fund, the European Agricultural Fund for Rural Development and the European 
Maritime and Fisheries Fund covered by the Common Strategic Framework and laying down 
general provisions on the European Regional Development Fund, the European Social Fund and 
the Cohesion Fund and repealing Regulation (EC) No 1083/2006. Without detailed knowledge 
about specific solutions proposed there and in proposals concerning particular funds it is difficult 
to assess their impact on strategic planning of rural development in Poland. However, it seems 
that for example specially designed tools, like community-led local development or integrated ter-
ritorial investments, will influence on implementation of objectives of both considered strategies. 

6. Conclusions 
Results of document analysis performed for the National Strategy of Regional Development 

2010-2020: Regions, Cities, Rural Areas (NSRD) and the Strategy for sustainable development of 
rural areas, agriculture and fisheries 2012-2020 indicate that there is a general common strategic 
approach for rural development. Objectives set in both strategies, processes of their elaboration as 
well as coordination mechanisms seem to be coherent with new approaches to rural and regional 
development postulated in OECD works. However, it is not obvious if the implementation of the 
strategies allow to lead this way in reality. It is not possible to asses to what extent instruments of 
the two discussed policies will close to the new approach because they are still a subject of works 
for detailed solutions at the European level in agricultural and cohesion policy. 
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Abstract
Initial attempts of developed and developing countries to eradicate poverty focused on the 

development of large scale industries, based on the traditional economy of scale theory. How-
ever, the economic downturn that followed the collapse of the world oil market in 1980s and the 
financial crisis in Asia in the 1990s brought to fore the important role of Micro, Small and Me-
dium Enterprises (MSMEs) in industrial and economic development in any given country. It has 
been recognized that among the constraints to effective development of MSMEs in Nigeria is the 
limited access of the investors to long term credit. Various credit initiatives have been instituted 
in the past to improve the access of MSMEs to long term funds. Analysis carried out in this study 
showed that commercial banks loans constituted over 90 percent of sources of funds to MSMEs in 
Nigeria and their loans and advances to agriculture and manufacturing sectors combined(where 
the MSMEs are dominant) grew from N83.40million in 1970 to N1,129,158.30 million in 2009 
and averaged N149,106.08 million per annum thereby constituting 17.81% of total commercial 
banks loans and advances to the Nigerian economy on the average between 1970 and 2009, 
whereas the MSMEs currently contribute about 50%  to the nation’s Gross Domestic Product. 
Furthermore, the survey results indicated that MSME operators still do not have enough funds 
for their operations as a frequency analysis indicated that inadequate fund/working capital was 
the most mentioned problem with a percentage share of 60.7%. In view of the assured role of 
MSMEs in economic development and poverty alleviation, it is recommended that all the funding 
apparatus directed at the MSMEs in Nigeria, be sustained and intensified.

Keywords: micro, small and medium enterprises, financing, economic development

1. Introduction

1.1.  Definition and concept of micro, small and medium enterprises 
Enterprises may be classified by size, sector, organisation, technology and location.  From 

the perspective of policy and planning, size provides the most practical basis for classification. 
The usual criteria include one or more of the following; employment, turnover, assets, and paid-
up capital (SMEDAN, 2007).  However, definitions vary from country to country relative to the 
overall size and structure of the domestic economy.

In countries such as the USA, Britain, and Canada, small-scale business is defined in terms of 
annual turnover and the number of paid employees. In Britain for instance, small-scale business 
is defined as that industry with an annual turnover of 2 million pounds or less with fewer than 
200 paid employees.

According to the European Commission (EC) Small enterprises are defined as those employing 
less than 50 persons and with annual sales or total assets that do not exceed $13 million, while, 
micro enterprises are defined as those which employ fewer than 10 persons and with annual sales 
or total assets that do not exceed $3 million.
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Meanwhile Asia Pacific Economic Cooperation (APEC) defines micro, small and medium 
enterprises (MSMEs) as enterprises with less than 100 people, whereby, a medium sized enterprise 
employs between 20 and 99 people, a small firm employs between 5 and 19, and a micro firm 
employs less than 5 employees which include self employed managers.

In Japan, small-scale industry is defined according to the type of industry, paid-up capital and 
number of paid employees. Consequently, small and medium-scale enterprises are defined as: those 
in manufacturing with 100 million yen paid-up capital and 300 employees, those in wholesale 
trade with 30 million yen paid-up capital and 100 employees, and those in the retail and service 
trades with 10 million yen paid-up capital and 50 employees (Elijah and Nsikak, 2011).

In Nigeria, before the launch of the National Policy on MSMEs in Nigeria in 2007, various 
institutions have adopted varying definitions according to their perception of the concept. For the 
purpose of a coherent national policy, the standard definition in order to provide a common object 
of reference by stakeholders in Nigeria today as contained in the National Policy on MSMEs in 
Nigeria (SMEDAN, 2007), is adopted in this paper as shown in Table 1. The National Policy 
document states that, where there exist a conflict in classification between employment and assets 
criteria (for example, if an enterprise has assets worth seven million naira (N7m) but employs 7 
persons), the employment-based classification will take precedence and the enterprise would be 
regarded as micro.  This is because employment-based classification tends to be relatively more 
stable definition, given that inflationary pressures may compromise the asset-based definition.

Table 1. Classification of MSMEs in Nigeria

Size Category Employment Assets (N million)
(excluding land and buildings)

Micro enterprises Less than 10 Less than 5
Small enterprises 10 -49 5 less than 50
Medium enterprises 50 -199 50 – less than 500

Source: Small and Medium Enterprises Development Agency of Nigeria (SMEDAN), Abuja, 2007

1.2.  Problem statement
The importance of micro, small and medium scale enterprises cannot be overemphasised. They 

are known to adapt with greater ease under difficult and changing circumstances because they are 
typically low in capital intensity and allow product lines and inputs to be changed at relatively 
low cost.  They also retain a competitive advantage over large enterprises by serving dispersed 
local markets and produce various goods with low scale economies for niche markets (Olorun-
shola, 2003). In furtherance of this, MSMEs in Nigeria have expanded following the adoption of 
the Structural Adjustment Programme (SAP) to fill the supply gap in industrial consumer goods 
created by the difficulties faced by large scale firms which could not easily adapt to the policy 
changes of SAP (Adebusuyi, 1997). Similarly, in Indonesia their contribution to the country’s 
Gross National Product (GNP) grew during the period of the monetary crisis as opposed to that 
of large scale enterprises which were more affected by the crisis (Timberg, 2000).

In both developed and developing economies, there are evidences of the immense contributions 
of MSMEs (WBCSD, 2004). In Indonesia, SMEs account for 98% of her enterprises and over 
60% of her GNP (Timberg, 2000). Not all these MSMEs are in the formal sector; some occupy the 
unofficial labour market, which varies in size from an estimated 4-6% in developed countries to 
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over 50% in developing nations (WBCSD, 2004). By global standards large enterprises are very 
few in Nigeria. Peasant agriculture predominates, accounting for about 95% of total agricultural 
output in Nigeria and employment in the sector (Central Bank of Nigeria (CBN), Research Dept., 
2000), while the agricultural sector has been the mainstay of the Nigerian economy and currently 
accounts for 40.9% of the country’s GDP (CBN, 2010). It is also estimated that non-farm MS-
MEs account for over 25% of total employment and 20% of GDP in Nigeria (SMEDAN, 2007). 
Empirical evidence shows that MSMEs dominate the industrial sector in Nigeria, accounting for 
about 70% of industrial employment and 10 – 15% of manufacturing output (CBN, 2000). Avail-
able information confirms that informal manufacturing enterprises are dominated by small-size 
operators in the country, in terms of number of people employed with percentage distribution 
ranging between 92 and 98 across activity sectors. Furthermore, the contribution of the entire 
informal sector (agricultural sector inclusive) to the GDP was put at 38.7% (CBN/FOS/NISER, 
2001). They have been very prominent in the manufacture of bakery products, leather products, 
furniture, textiles and products required for the construction industry. 

It has been recognized that among the constraints to effective development of MSMEs in 
Nigeria is the limited access of the investors to long term credit and the general non availability 
of comprehensive information which can guide potential investors and hence reduce the cost of 
pre-investment information gathering which may be very high and prohibitive (Inang and Uk-
pong 1993, Essien 2001, Owualah, S. I. 2002, Anyanwu, Adebusuyi and Okafor 2003, Ogujiuba, 
Ohuche and Adenuga 2004, Akinyosoye 2006, Adelaja, 2007, Adamu, 2009). 

While financing is obviously not the only problem militating against the MSME sector, it is 
certainly the most formidable. Like any other investment in the real sector of the economy (where 
the MSMEs are dominant), investment in MSMEs is relatively bulky because of the need for fixed 
assets such as land, civil works, buildings, machinery and equipment and movable assets. Moreover, 
empirical studies (Udechukwu, 2003; NISER, 2005), show that the incidence of the extra outlays 
required to compensate for deficiencies in the supply of basic utilities in Nigeria, is relatively heavier 
on MSMEs than large enterprises. While such extra investments have been shown to account for 
about 10% of the cost of machinery and equipment of large enterprises, they represent about 20 to 
30% of that of MSMEs because of the absence of economies of scale. Similarly, The World Bank in 
its 1989 report notes that finance is the key to investment and hence to growth (World Bank, 1989).  

Various funding initiatives have been instituted in the past to improve the access of MSMEs to 
long term funds in order to improve their performance and contribution to the economy. Funding 
consists of the financial resources required to transform the ideas of an entrepreneur into a viable 
project. It can take the form of loans, equity capital, venture capital, working capital or any other 
form (Raji, 2000). The main objective of this paper is to determine if access to credit by MSMEs 
in Nigeria has improved over the years with the introduction of various finance initiatives with 
specific focus on those in the agricultural and manufacturing sub-sectors where MSMEs are 
dominant in the country.

1.3. Data and methodology
Both secondary and primary data were used for the study. Secondary data were sourced from 

the Central Bank of Nigeria on the disbursements of funds to MSMEs by commercial banks, 
development finance institutions and under the various funding schemes over the years. With 
the aid of a structured questionnaire, primary data were sourced from MSMEs in five of the six 
geopolitical zones of the country where the SMEEIS funds were disbursed being the most recent 
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finance initiative in the country. From inception in 2001 to March 2009 when the participation 
in SMEEIS was made optional to banks, a total of 333 projects were financed in 24 states and 
the Federal Capital Territory. Thus, a purposive random sampling technique was used to draw 
a sample of 100 for the study. The questionnaire was used to gather information on the socio-
economic characteristics of MSME operators, firm characteristics, financing and operations of 
the MSMEs as well as their constraints. 

A combination of analytical tools was employed in order to achieve the objective of the study. 
These include descriptive statistics (measures of central tendency and dispersion, proportional 
analysis, growth rate and trends, and frequency distribution) and analysis of variance.

2. Government funding schemes for micro, small and medium enterprises 
in Nigeria

 A brief review of both the old and new funding initiatives for MSMEs in Nigeria is presented 
below (see CBN Briefs, 1992 to 2006 for details). 
• The Nigerian Industrial Development Bank (NIDB). The NIDB was established in 1964 and 

charged with the function of harnessing local and foreign skills and local and foreign private 
capital in the development of new industries and the expansion of existing ones.  

• Small-Scale Industries Credit Scheme (SSICS). The small-scale industries credit scheme 
was introduced in 1971 as a revolving grant by the federal and state governments to assist in 
meeting the credit needs of small-scale enterprises on liberal terms. 

• Promotion of small-Scale Enterprises. The CBN, from 1970, was instrumental in promoting 
wholly-owned Nigerian enterprises. In its then Policy Guidelines, the Bank directed that with 
effect from April 30, 1970; credit to indigenous borrowers was to be at least 35% of com-
mercial and merchant banks’ total loans and advances. The proportion of loans to indigenous 
borrowers was raised in subsequent years with special emphasis on small-scale enterprises.  

• Promotion of Agricultural and Manufacturing Activities. Through its Monetary Policy 
Circulars (before its abrogation in 1996), the CBN  prescribed that not less than 15% of com-
mercial and 10% of merchant banks’ credit be granted to agricultural activities. The banks were 
also to allow grace periods on agricultural loans: one year for small-scale peasant farming, 
four years for cash crop farming, five years for medium and large-scale mechanized farming 
and seven years for ranching. To promote manufacturing activities, the Bank stipulated in its 
guidelines that not less than 35% of commercial and 40% of merchant banks’ credit be granted 
to manufacturing enterprises.

• Promotion of Rural Banking. To encourage banking habit nationwide and channel funds 
into rural development, the CBN introduced the Rural Banking Scheme in June 1977 in three 
phases-1977-1980, 1980-1985 and 1st August, 1985 through 31st July, 1989. As at end-June 1992, 
765 of the 766 branches stipulated by the CBN had been opened.  Also, the CBN stipulated that 
not less than 50% of the deposits mobilized from the rural areas be advanced as credit to rural 
borrowers to solve the problem of inadequacy of credit to rural based small-scale industries. 

• The Nigerian Agricultural and Co-operative Bank (NACB). The NACB was established in 
1972 to assist in financing viable agricultural projects and thus enhance the level and quality 
of agricultural production. 

• The Nigerian Bank for Commerce and Industry (NBCI). It was established by Decree 22 
of May, 1973 and charged with the function of providing equity capital funds by way of loans 
to small and medium scale industries
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•  The Agricultural Credit Guarantee Scheme Fund (ACGSF). The Agricultural Credit Guar-
antee Scheme Fund (ACGSF) was established in 1977 and it took off in April, 1978 under 
the management of the CBN, while a Board of Directors was constituted for policy making.  
The scheme was designed to encourage banks to increase lending to the agricultural sector 
by providing some form of guarantee against risks inherent in agricultural lending.  In case of 
default, the lending banks is expected to exhaust all legal means of loans recovery, including 
realisation of any security pledged for loan, before the ACGSF pays 75% of guaranteed loans 
in default.

•  The National Economic Reconstruction Fund (NERFUND). NERFUND was set up by 
Decree No. 25 of 1988 as a funding mechanism aimed at bridging the gap in the provision of 
local and foreign funds to small and medium scale enterprises. The federal government set it 
up to provide relatively long-term loans (5-10 years) to small and medium scale enterprises 
at relatively concessionary rates of interest. 

•  People’s Bank of Nigeria. The People’s Bank of Nigeria (PBN) was established by the Federal 
Government in 1988 with an initial take-off grant of N30 million to meet the credit needs of 
small borrowers who cannot satisfy the stringent collateral requirements normally demanded 
by conventional banks.  The bank was designed to cater for the credit needs of informal sec-
tor operators such as artisans and petty traders’s in both the urban and rural areas and thereby 
increase their self-reliance.  

•  Community Banks (CBs). These were established in 1990 with the objectives of providing 
effective financial services for the rural areas as well as micro-enterprises in the urban centres. 
Community banks in Nigeria were self-sustaining financial institutions owned and managed 
by local communities such as community development associations, town unions, coopera-
tive society’s, farmers’ groups, social clubs, etc to provide financial services to the respective 
communities.  

•  The Small and Medium-Scale Enterprises (SME) Apex Unit Loan Scheme. In order to 
increase access to credit by the SMEs, the CBN and the Federal Ministry of Finance, on behalf 
of the Federal Government, obtained a World Bank Loan for SMEs.  The total project cost 
was US$451.8 million, of which the World Bank provided US$270 million or 64%. The CBN 
established an SME Apex Unit in the Bank in 1990 to administer the credit components and 
other related activities of the World Bank loan in order to facilitate project implementation.  
Loans disbursement under the Scheme ceased in 1996.

•  Nigerian Export-Import Bank (NEXIM). The Nigerian Export Import Bank (NEXIM) was 
established by Decree 38 of 1991 to manage a number of credit facilities introduced specifi-
cally to boost Nigeria’s non-oil export sector. The bank commenced operations on 2nd January, 
1991 with facilities in the following areas: trade finance, project finance, treasury operations, 
export advisory service, and market information.  

•  The Nigerian Agricultural, Cooperative, and Rural Development Bank (NACRDB), now 
Bank of Agriculture (BOA). The bank was set up in October 2000 as an amalgam of the old 
Peoples Bank of Nigeria (PBN), Nigerian Agricultural and Cooperative Bank (NACB) and 
Family Economic Advancement Programme (FEAP). It is jointly owned by the Federal Ministry 
of Finance Incorporated (MOFI) and the Central Bank of Nigeria (CBN) with a shareholding 
ratio of 60 and 40% respectively. The primary aim is to finance agriculture as well as small 
and medium enterprises. While micro credit facilities account for 70%, the balance of 30% is 
for macro-credit facilities.
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• The Bank of Industry (BOI). This is also an amalgam of the former Nigerian Industrial 
Development Bank (NIDB), the Nigerian Bank for Commerce and Industry (NBCI) and the 
National Economic Reconstruction Fund (NERFUND). It was set up in 2000 principally to 
provide credit to the industrial sector. The mandate of the BOI include providing financial 
assistance for the establishment of large, medium, and small projects; as well as expansion, 
diversification and modernization of existing enterprises; and rehabilitation of ailing industries. 
The percentage of its annual lending to MSMEs increased to 96% by December 2010 from 
35% in 2005 (Bank of Industry, 2011).   

•  Small and Medium Enterprises Equity Investment Scheme (SMEEIS). Bothered by the 
persistent decline in the performance of the Industrial sector and with the realization of the fact 
that the small and medium scale industries hold the key to the revival of the manufacturing 
sector and the economy, the Banker’s Committee in 1999, initiated the Small and Medium 
Industries Equity Investment Scheme (SMIEIS) aimed at ensuring assistance to small-scale 
industries.  Under this new scheme, banks are required to set aside 10.0% of their profit before 
tax for investment in small-scale industries in the country. A bank’s investment in the scheme 
is conceived to be in the form of equity participation, project packaging/monitoring, advisory 
services and nurturing of specific industries to maturity. The SMIEIS was named Small and 
Medium Equity Investment Scheme (SMEEIS) in March 2005, to broaden the scope of activi-
ties that can be funded under it.

3.  Examination of trend in institutional financing of MSMEs  
in Nigeria

3.1. Commercial banks
The financial system plays a fundamental role in the growth and development of an economy, 

particularly by serving as the fulcrum for financial intermediation between the surplus and defi-
cit units in the economy. For many years, theoretical discussions about the importance of credit 
development and the role that financial intermediaries play in economic growth have occupied a 
key position in the literature of developmental finance. Shaw (1973), stated that financial or credit 
development can foster economic growth by raising savings, improving efficiency of loan-able 
funds and promoting capital accumulation. 

Table 1. Commercial Banks Selected Performance Indicators (Averages, 1970-2009, in Million Naira)

Total Credit to the 
Economy(A)

Demand 
Deposits

Time, Savings 
and Foreign 

Currency 
Deposits(B)

Total Deposit 
Liabilities (C)

B as a 
proportion 

of C

A as a 
proportion 

of C

836,995.45 382,923.58 499,172.44 882,096.02 56.59% 94.89%
Source: Data Analysis

Table 1, indicates that between 1970 and 2009 total deposit liabilities of the deposit money 
banks in Nigeria averaged N882.1 billion, while total credit to the Nigerian economy averaged 
N837.0 billion. This means that banks gave out 94.9% of the total deposits mobilized as credit 
for productive activities in the Nigerian economy in the period under review on the average. 
However, the table also reveals that demand deposits constituted almost half of the banks’ total 
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deposit liabilities from which loans were granted to the economy as time deposits constituted 
56.6% of total deposit liabilities, and these have implications for tenure of these loans.  Further 
analysis of commercial banks loans and advances revealed that credit to agriculture and manu-
facturing sectors combined grew from N83.40 million in 1970 to N1,129,158.30 million in 2009 
and averaged N149,106.08 million per annum. 

Table 2. Commercial Banks Loans and Advances to Agriculture and Manufacturing as Proportion of 
Loans to the Economy

Year Average loans & 
Advances to Agric. & 

Manufacturing(A)

Average Total Loans to the 
Economy(B)

A as a Proportion of B

1970-2009 N149,106.08 mil N836,995.45 mil 17.81%
Source: Data Analysis

Similarly, total commercial banks loans and advances to the whole economy grew from N351.5 
million in 1970 to N9, 667,876.70 million in 2009, averaging N836,995.45 million per annum. 
Consequently, commercial banks loans and advances to agriculture and manufacturing constituted 
17.81% of total commercial banks loans and advances to the Nigerian economy on the average 
between 1970 and 2009 (Table 2).     

3.2. Other institutional loans/funds granted to MSMEs in Nigeria
An attempt is made to analyze the fund that has been targeted at MSMEs in Nigeria by the two 

development finance institutions (BOI and BOA) and the two special fund and scheme (ACGSF 
and SMEEIS) reviewed above.

Table 3. Summary Statistics of the Other Institutional Loans/Funds Granted to MSMEs in Nigeria 
(1978 -2009) 

ACGSF 
(N ‘M)

BOI 
(N ‘M)

BOA 
(N ‘M)

SMEEIS 
(N ‘M)

Maximum 8,328.566 17,798.4 6,104.2 7054.1
Mean 1,069.073 2,372.6 931.695 3525.51
Minimum 12.839 16.5 6.7 99.3
Total 34,210.333 66,432.96 23,292.39 28204.1
S. D. 2,046.504 4,688.376 1,530.163 2215.75
C.V. 1.914 1.976 1.642 0.628
No. of Years 32 28 25 8

Source: Data Analysis

A descriptive analysis of other institutional loans/funds granted to MSMEs in Nigeria is as 
shown in Table 3, while Table 4 shows the analysis of variance to test the difference among the 
mean values of the annual value of loans given to the MSMEs by the various institutions. Results 
indicate that there is clearly a significant difference among the mean values of loans disbursed 
at 5 and 1% levels of significance, as the calculated F-value is higher than the critical value at 3 
degrees of freedom.



90 G.O. EVBUOMWAN, A.E. IKPI, V.O. OKORUWA, V.O. AKINYOSOYE 

The Small and Medium Enterprises Equity Investment Scheme (SMEEIS) has the highest 
mean annual value of funds granted to SMEs which averaged, N3, 525.51 million per annum 
followed by the Bank of Industry (BOI) which gave an average of N2, 372.6 million per annum. 
Under the Agricultural Credit Guarantee Scheme Fund (ACGSF), an average of N1,069.07 million 
was granted per annum while the Bank of Agriculture (BOA) recorded the lowest mean annual 
value of loans disbursed, N931.69 million. The major reason that might be responsible for the 
huge volume of funds by the SMEEIS is that it was an initiative of the Bankers’ Committee and 
so they were committed to it and backed it by their financial strength, commercial banks being 
the custodian of most of the deposits in the Nigerian economy. On the other hand, the BOA has 
suffered policy interventions and inconsistencies which have affected its viability and ability to 
achieve self-sustainability over the years hence it offered the least volume of funds to the MSMEs 
in the period under consideration (CBN./World Bank, 1999; Evbuomwan, 2002; Akinyosoye, 2005; 
CBN, 2006).   In terms of variability, grants from the SMEEIS were much less dispersed around 
the average compared with those of the other three. This is an indication of the fact that in some 
years the grants were very high while in some others they were very low in the three others that 
showed high coefficient of variation (CV). This further confirms the fact that the capital bases of 
the various specialized financial institutions established by the government were seriously eroded 
and thus prompted their restructuring and merger in the late 1990s. Unfortunately, the situation 
seem not to have abated as even in 2006 the CBN reported in its Annual Report and Statement of 
Accounts that, ‘an analysis of the asset portfolio of the DFIs indicated a general deterioration in 
quality………a far cry from what is required for these institutions to play their expected role of 
financing development projects in the economy.’ It will be recalled that it was also the failure of 
the past financing initiatives to purvey enough funds to the MSMEs that prompted the evolution of 
the SMEEIS which provided substantial funding for SMEs from 2001 before it was suspended in 
the third quarter of 2008. An assessment of the funds disbursed under the SMEEIS now follows. 

3.3  Disbursement under the Small and Medium Enterprises Equity Investment Scheme
From inception in 2001 to end December 2008, the cumulative sum set aside by banks under 

the SMEEIS was N42.0 billion. The sum of N28.2 billion or 67.1% of the sum was invested in 
333 projects, out of which the real sector accounted for 205 projects, and the service-related 
sector, excluding trading, accounted for 128 projects (CBN, 2008). Table 5, indicates that 45 
projects were funded under agro-allied (including wood work and water bottling), to the tune of 

Table 4. Analysis of Variance
ANOVA

Source of 
Variation

SS Df MS F P-value F crit

Between 
Groups 2.39023E+13 3 7.96744E+12 5.461596987 0.00171506 2.706998797

Within 
Groups 1.29834E+14 89 1.45881E+12

Total 1.53737E+14 92
Source: Data Analysis
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N2.3 billion, and this represented 13.5% of the total number of projects financed and 8.2% of total 
amount invested by banks in SMEs from 2001 to 2009. In the manufacturing (including printing 
& publishing) sector, 144 projects were funded to the tune of N8.1 billion, which represented 
43.2% of the total number of projects financed and 28.7% of the total amount invested by all the 
banks under SMEEIS. In total 189 projects were funded under SMEEIS in the agricultural and 
manufacturing sector to the tune of N10.4 billion, representing 56.8% of the total number of pro-
jects financed and 36.9% of total amount invested during the period under review. In proportional 
terms, this 36.9% of total amount invested in the agricultural and manufacturing sector under 
SMEEIS compares favourably with the 17.8% of total credit which was given to the agricultural 
and manufacturing sector by all the commercial banks between 1970 and 2009 (refer to Table 2). 
An analysis of the geographical distribution of SMEEIS investments revealed that Lagos State 
got the highest number and amount. Banks funded 187 projects in Lagos to the tune of N11.6 bil-
lion, which represented 56.2% of the total number of projects funded and 41.3% of total amount 
invested. This is not unconnected with the fact that most of the banks’ headquarters are in Lagos 
where the officers in charge of the SMEEIS were domiciled.

Table 5. Sectoral Distribution of SMEEIS Investments

A. Real Sector/Enterprise Investment as at March, 2009
No. of 

Projects
Amount (N) Number % Amount %

Agro-allied (including wood 
work and water bottling) 45 2,311,975,707 13.51 8.20

Manufacturing (inclu-ding printing 
and publishing) 144 8,103,773,769 43.24 28.73

Construction (including quarrying) 13 2,786,287,000 3.90 9.88
Solid Minerals 3 59,440,000 0.90 0.21
Sub- Total 205 13,261,476,476 61.56 47.02
B. Service- related Sector
Information Technology and 
Telecommunications 24 1,821,809,249 7.21 6.46

Educational Establishment 7 897,935,000 2.10 3.18
Services 74 4,768,855,719 22.22 16.91
Tourism & Leisure 23 7,454,001,847 6.91 26.43
Sub-Total 128 14,942,601,815 38.44 52.98
C. Micro Enterprises Sector 0 0 - -
Grand Total 333 28,204,078,292 100 100

Total Amount Set Aside under SMEEIS by Consolidated Banks: N42, 024,988,746.00
Source: Development Finance Department, Central Bank of Nigeria, Abuja

Certainly, it was cheaper and more convenient for the banks since they were required to ap-
point their staff as Directors on the Board of the Companies they financed. However, this skewed 
distribution of SMEEIS investments has negative implications as 12 out of the 36 states in Nigeria 
did not benefit from the SMEEIS during the period under review (Table 6). 



92 G.O. EVBUOMWAN, A.E. IKPI, V.O. OKORUWA, V.O. AKINYOSOYE 

Table 6. Geographical Distribution of SMEEIS Investments

Investment as at March 2009
S/N State No. of 

Projects
Amount (N) Number (%) Amount (%)

1 Abuja FCT 10 1,548,335,999 3.00 5.49
2 Abia 9 728,400,000 2.70 2.58
3 Adamawa 0 - 0.00 0.00
4 Akwa-Ibom 2 118,075,000 0.60 0.42
5 Anambra 6 422,398,123 1.80 1.50
6 Bauchi 1 68,400,000 0.30 0.24
7 Bayelsa 0 - 0.00 0.00
8 Benue 3 88,420,000 0.90 0.31
9 Borno 0 - 0.00 0.00
10 Cross-River 7 6,190,341,647 2.10 21.95
11 Delta 7 247,731,000 2.10 0.88
12 Ebonyi 0 - 0.00 0.00
13 Edo 8 493,144,958 2.40 1.75
14 Ekiti 2 57,600,000 0.60 0.20
15 Enugu 2 117,994,000 0.60 0.42
16 Gombe 0 - 0.00 0.00
17 Imo 2 214,938,994 0.60 0.76
18 Jigawa 0 - 0.00 0.00
19 Kaduna 7 436,000,000 2.10 1.55
20 Kano 8 343,898,346 2.40 1.22
21 Katsina 0 - 0.00 0.00
22 Kebbi 0 - 0.00 0.00
23 Kogi 0 - 0.00 0.00
24 Kwara 5 274,004,000 1.50. 0.97
25 Lagos 187 11,634,618,774 56.16 41.25
26 Nassarawa 1 153,000,000 0.30 0.54
27 Niger 0 - 0.00 0.00
28 Ogun 26 1,923,606,250 7.81 6.82
29 Ondo 6 622,700,000 1.80 2.21
30 Oshun 1 80,000,000 0.30 0.28
31 Oyo 18 443,201,792 5.41 1.57
32 Plateau 4 194,661,228 1.20 0.69
33 Rivers 9 1,724,943,181 2.70 6.12
34 Sokoto 1 27,665,000 0.30 0.10
35 Taraba 0 - 0.00 0.00
36 Yobe 0 - 0.00 0.00
37 Zamfara 1 50,000,000 0.30 0.18

Total 333 28,204,078,292 100 100
Source: Development Finance Department, Central Bank of Nigeria, Abuja



SOURCES OF FINANCE FOR MICRO, SMALL AND MEDIUM ENTERPRISES IN NIGERIA 93

As stated in the SMEEIS guidelines, a minimum of 10% of the total sum set aside by banks was 
to be invested in Micro Enterprises, but this never happened despite the fact that as much as N13.8 
billion or 32.9% of the total sum set aside remained un-invested as at end December, 2009. In addi-
tion, following the decision to make participation under the SMEEIS optional for banks, the balance 
of the total funds set aside by banks under the scheme and total sum invested remained at N42.02 
billion and N28.2 billion respectively, just like in December 2008, while the cumulative number of 
projects was reported to be 336 (CBN, 2009). All these have negative implication for the purveyance 
of finance to the MSMEs. In specific terms, the access of MSMEs to funds under the SMEEIS did 
not improve between 2008 and 2009 because the SMEEIS had become optional for banks from the 
3rd quarter of 2008. This confirms the views by previous authors that increased access of MSMEs in 
developing countries and Africa in particular, can only be achieved and(or) enhanced by deliberate 
policy (WBCSD, 2004; UNEP Finance Initiative, 2007; Adamu, 2009; and Kormawa et al, 2011). 

3.4.  Comparative analysis of per beneficiary loan/fund disbursement under 
the ACGSF and the SMEEIS

Analysis of available data indicated that the amount disbursed under SMEEIS averaged N83.9 
million per project between 2001 and 2009, compared with an average of N0.053 million disbursed 
under the ACGSF per project from inception in 1978 to 2009. This implies that per beneficiary 
amount under the ACGSF is only about 0.1% of that under the SMEEIS. Thus, the SMEEIS made 
more money available to their beneficiaries compared with the ACGSF (Table 7). 

Table 7. Average amount of loan/fund per beneficiary under ACGSF and SMEEIS

Total Value of Loans Granted 
under ACGSF(1978-2009)

Total Number of Beneficiaries Average amount per beneficiary

N34,210.35 million 642,886 N0.053million
Cumulative Value of 

Investment under SMEEIS
Cumulative Number of Project 

Funded under SMEEIS
Average amount per 

beneficiary
N28,203.10 million 336 N83.94 million

Source: Data Analysis

3.5.  Geographical analysis of per beneficiary loan/fund disbursement under 
the ACGSF and the SMEEIS 

The geopolitical analysis of per beneficiary funding revealed that the South-South Zone came 
first both under the ACGSF and the SMEEIS with N99, 250.53 and N264, 413,127.4 respectively. 
Under the ACGSF, the North-Central Zone came last with N39, 748.04 while, the North-West 
Zone came last under the SMEEIS with N40, 217,431.08 (Table 8). These have implication for 
the level of economic activity in the zones and ultimately on poverty level. Inadequate credit 
or the lack of it has been cited as being responsible for MSMEs not being able to expand their 
operations and have therefore remained poor (Owualah, 2002; CBN/CeRAM, 2007). In the same 
vein, poverty indices have been reported to be highest in the Northern part of the country (CBN, 
Research Department, 1998; NBS, 2004). In fact, available data from the National Bureau of 
Statistics show that the North East zone recorded the highest poverty incidence of 54.9, 54.0 
and 72.2% in 1985, 1992 and 2004 respectively, while the North West zone recorded the highest 
incidence of 37.7% and 77.2% in 1980 and 1996 respectively.
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Table 8. Per Beneficiary loan/funds Distribution by Zone

Zone Loan Per beneficiary under 
ACGSF (1978-2009)

Ranking Fund Per beneficiary under 
SMEEIS (2001-2009)

Ranking

South-South N99,250.53 1st N264,413,127.4 1st

South-East N77,372.49 4th N79,449,879.42 3rd

South-West N81,119.05 2nd N62,234,620.6 5th

North-West N45,452.72 5th N40,217,431.08 6th

North-East N77,649.36 3rd N68,400,000.00 4th

North-Central N39,748.04 6th N83,843,125.75 2nd

Source: Data Analysis

The trends in geographical distribution of poverty in Nigeria seem to move in tandem with 
trend in geographical distribution of per beneficiary loan/fund under ACGSF and SMEEIS. Fur-
thermore, out of the six states reported with the highest incidence of poverty in 2004 (NBS, 2004), 
namely Jigawa, Kebbi, Kogi, Bauchi, Yobe and Kwara, four of them namely; Jigawa, Kebbi, Kogi 
and Yobe did not benefit from the SMEEIS fund. Similarly, out of the six states with the lowest 
incidence of poverty, namely; Oyo, Osun, Imo, Bayelsa, Abia and Ogun, only one state (Bayelsa) 
did not benefit from the SMEEIS fund (refer to Table 6 above). This further confirms the fact that 
access to credit can help alleviate poverty. 

3.6.  Survey result
Out of the 100 questionnaires that were administered, 80 gave consistent response. This 

signifies a response rate of 80%. However, information supplied by the respondents were quite 
revealing and confirmed the findings of previous surveys by the Central Bank of Nigeria, the 
National Bureau of Statistics and the Nigerian Institute for Social and Economic Research on the 
structure of MSMEs in Nigeria (2001 and 2004). 

Type of business enterprise 

In line with the Central Bank of Nigeria classification of enterprises eligible for funding under 
the SMEEIS, the type of businesses engaged in by the respondents were analyzed. Results show 
that 37.7% of the respondents were engaged in the agriculture/agro-processing sector, 42.9% were 
in the manufacturing sector, 16.9% were in the services sector while 2.6% were in the construction 
sector. This sectored distribution of business enterprises confirms that MSMEs are dominant in 
the real sector of the Nigerian economy (80.6%). 

Size of enterprise

Enterprises were classified into sizes based on the number of employees as contained in the 
National Policy on MSMEs (SMEDAN, 2007). The analysis revealed that more than half of the 
respondents (53.5%), were in the micro-enterprise category (having less than 10 workers). This 
was followed by those in the small-scale category (29.6%), employing 10 to 49 workers. The 
medium enterprise category constituted 14.1% (employing 50 to 199 workers). The least were 
those in the large scale category (2.8%), employing 200 workers and above. This result further 
validates previous studies that MSMEs dominates Nigeria’s economic landscape (CBN, 2004, 
SMEDAN, 2007, Ojo, 2010).
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Sources of fnance
Analysis of survey results indicated that 75.7% of respondents relied mostly on own funds to 

finance their businesses while 20.3% relied mostly on banks to finance their operations. About 
2.7% of the respondents financed their operations from the share capital while 1.3% relied on 
suppliers’credit. This survey result confirms the copious literature on the problem of access to credit 
by MSMEs in Nigeria (Inang and Ukpong 1993, Essien 2001, Owualah, S. I. 2002, Anyanwu, 
Adebusuyi and Okafor 2003, CBN 2004, Ogujiuba, Ohuche and Adenuga 2004, Akinyosoye 
2006, Adelaja, 2007, Meludu and Adekoya, 2007; Adamu, 2009).

Distribution of operating expenses and capital expenditure
Analysis of the survey data revealed that on average, raw materials constituted 61.7% of re-

spondents operating cost, while labour cost was about 12.5%. This has implication for working 
capital availability. As regards capital expenditure, plant and machinery took the highest propor-
tion (about 40%), confirming the fact that plant and machinery constitute a huge part of MSMEs 
investment outlay (Udechukwu, 2003). The study by Ogunrinola and Alege, 2007, further confirm 
that business equipment and working capital constitute major expenditure items for credit users. 

Constraints limiting the performance of MSMEs in Nigeria 
MSMEs in Nigeria have not performed like their counterparts in Asia, Latin America and some 

other African countries (Oyelaran-Oyeyinka, 2007; Ojo, 2010; Elijah and Nsikak,  2011). In order 
to appreciate the problems militating against their effective performance, they were asked to list 
them in the questionnaire administered to them.  Analysis of their responses is presented in Table 
9. A frequency analysis indicated that inadequate fund/working capital was the most mentioned 
problem with a percentage share of 60.7%. This therefore means that access to credit is still a 
major problem militating against the effective performance of MSMEs in Nigeria despite all the 
funding programmes that have been put in place all over the years. 

The problem of poor power supply/inadequate infrastructure was also mentioned severally. It 
took a percent share of 55.7%. This also confirms that the problem of inadequate infrastructure 
which has been a major issue being focused since the new democratic governance started in Ni-
geria in 1999 is still with us. Inadequate power supply has been reported as largely responsible 
for low capacity utilization rates by the Manufacturers Association of Nigeria (MAN) while this 
together with poor road network and other infrastructure has been reported to have been responsible 
for high overhead cost (MAN, 2008), which ultimately reduce MSMEs operators profit margin. 

Table 9. The major constraints listed by MSMEs in order of severity 
Type of Constraint Percentage share
Inadequate fund/working capital 60.7 
Poor power supply/inadequate infrastructure 55.7 
Unfriendly Macroeconomic Policy 26.2 
High Cost of Raw Materials 21.3 
Low Demand 21.3
High labour Turnover/Unskilled Labour 13.1 
No Modern Equipment 8.2
Natural Disaster 4.9 
Security Problems 3.3

Source: Survey Returns
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Unfriendly macroeconomic policy (monetary, fiscal and external sector policies) also rated 
highly at 26.2%. High cost of raw materials also featured prominently at 21.3%. So was the 
problem of low demand due to a sluggish economy. MSMEs also complained of problem of high 
labour turnover/unskilled labour. This may not be unconnected with problem of poor wages as 
workers will always seek ‘greener pastures’. The problem of lack of modern equipment was also 
mentioned (8.2%) which may not be unconnected with the problem of inadequate funding which 
most of them complained about.

Use of SMEEIS funds

According to Frank and Bernanke (2007), credit is not an end in itself; it is a means to an 
end. The ultimate goal is to affect productivity. Thus, a successful economy not only saves, but 
also uses its savings wisely by applying these limited funds to the investment projects that seem 
likely to be the most productive. Consequently, this study sought to know the use(s) to which 
the SMEEIS funds were applied by the MSMEs. The result of the survey analysis revealed that 
business expansion took the greatest proportion (36.4%), followed by working capital finance 
(27.3%). A good number of the respondents (22.7%) used it to purchase new equipment while 
9.1% of the respondents used it for debt finance. The rest of them (4.5%) used the SMEEIS fund 
to resuscitate their dying businesses. Similarly, the study by Ogunrinola and Alege (2007), re-
vealed that 67% of their respondents claimed to have invested the last loan received on business 
equipment, while the remaining 33% maintained that theirs was spent on working capital for their 
business expansion. This analysis is quite instructive on the enormous potentials of the MSMEs 
in the Nigerian economy if their access to credit is enhanced.

 Problem with SMEEIS

As stated in the SMEEIS guidelines, a minimum of 10% of the total sum set aside by banks 
was to be invested in Micro Enterprises, but this never happened despite the fact that as much 
as N13.8 billion or 32.9% of the total sum set aside remained un-invested as at end December, 
2009 (CBN 2009 Annual Report and Statement of Accounts). This state of affairs is an indica-
tion that there is a problem. Thus, respondents were requested to list the problem with SMEEIS 
from their perspective. The major problems the respondents complained about with the SMEEIS 
are presented in Table 10. The MSMEs complained of too stringent requirements for the assess-
ment of SMEEIS. This problem scored 48.1%. This is not surprising as less than fifty percent of 
them did not register their company as limited liability company which is a major requirement to 
assess the SMEEIS. This was followed by the problem of long/cumbersome processing period 
which scored 37%. This is a problem that had characterized the earlier funding schemes and the 
SMEEIS was not spared because of our peculiar environment.

Table 10. Respondents’ Problem with the SMEEIS

Type of Problem Percentage share
Stringent Requirement 48.1
Long/Cumbersome Processing Period 37.0 
Inadequate Enlightenment 14.8 

Source: Analysis of Survey Returns
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4.  Summary and conclusions
From the result of the survey carried out the fact that MSMEs dominate the country’s landscape 

has once again been validated and they are dominant in the real sector of the Nigerian economy 
(agriculture and manufacturing).  This calls for need to focus on policies that will support their 
activities as they have been confirmed as agents of economic development. In specific terms, as 
stated by the World Business Council for Sustainable Development (WBCSD), ‘the key to poverty 
alleviation is economic growth that is inclusive and reaches the majority of people. Improving the 
performance and sustainability of local entrepreneurs and micro, small and medium enterprises 
(MSMEs), which represent the backbone of global economic activity, can help achieve this type 
of growth’ (WBCSD, 2004). In this vein, the activities of government institutions focused on 
MSMEs in Nigeria such as the Small and Medium Enterprises Development Agency of Nigeria 
(SMEDAN), as well as those in the organized private sector such as the National Association of 
Small Scale Industries (NASSI), Lagos Chamber of Commerce and Industry (LCCI), etc. should 
be encouraged, particularly now that unemployment rate and poverty index in Nigeria are on the 
upward trend (CBN, 2010, World Bank, 2012). Furthermore, the Action Plan and Institutional 
Framework for the Implementation of the National Policy on MSMEs in Nigeria (which is one 
of the key literature for this study) is quite comprehensive. It is recommended that it should be 
implemented fully to achieve the laudable goals of the Federal Government in the MSME sector.

Empirical studies have confirmed a positive relationship between volume of credit and per-
formance of MSMEs Worldwide, it is therefore recommended that every effort should be made 
to improve access to credit by MSMEs so that they can play their effective roles of employment 
generation and wealth creation and move the nation out of poverty. In specific terms, it is recom-
mended that the deposit money banks in Nigeria should increase the proportion of their credit 
portfolio to the agricultural and manufacturing sectors as these two sectors are dominated by 
MSMEs. Furthermore all the funding institutions, schemes and funds directed at the MSMEs in 
Nigeria, such as the Bank of Industry, the Bank of Agriculture, The Agricultural Credit Guarantee 
Scheme Fund, the Small and Medium Enterprises Credit Guarantee Scheme Fund (SMECGS) 
should be sustained, in order to improve the access of MSMEs to credit as it has been demonstrated 
that MSMEs access to funding is boosted by specific funds/schemes targeted at them. In addi-
tion, adequate attention should be paid to geographical spread in credit initiatives as the poverty 
indices seem to have been moving in tandem with access to credit as demonstrated by the result 
of the geopolitical analysis carried out in this study with the SMEEIS disbursement data and the 
National Bureau of Statistics data on geopolitical distribution of poverty in Nigeria. Most of the 
states with high poverty incidence did not access the SMEEIS, while most of those that could 
access the SMEEIS had low poverty indices.

The problem of inadequate power supply needs to be urgently tackled as it is really hampering 
the activities of the MSMEs and impoverishing Nigerians. Similarly, the problem of inadequate 
road network and bad roads if addressed will boost MSMEs activities in Nigeria. Finally, the 
Central Bank of Nigeria and the Ministry of Finance and other government agencies in charge of 
Nigeria’s economic management process should intensify efforts to provide a conducive macro-
economic environment for MSME operations. 
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Abstract
The study investigated crop farmers’ adaptation to the temporal changes in climate variables 

in Anambra state, Southeast Nigeria. The multi–stage sampling technique was used in selecting 
the respondents. A total of 80 respondents were randomly selected and interviewed with the aid of 
questionnaire. Data were analyzed using simple descriptive statistical tools and ordered regres-
sion model. Results of the analysis showed that most of the farmers are small scale farmers, with 
moderate household sizes to provide labour as well as old and well experienced in farming. Also 
from the results, the use of changing planting date was the most adaptation strategy practised to 
ameliorate the catastrophic effect of climate variability. The results of logit regression showed that 
gender, membership of co-operative societies and income from farm business were determinants 
of the level of adaptation to climate change in the area. Farmers should adopt more adaptation 
strategies as this will increase their resilience to the changes emanating from climate variability.

Keywords: temporal, adaptation, climate change

1. Introduction
Climate change is already affecting people, their livelihoods and ecosystems and presents a 

great development challenge for the global community in general and for the people in developing 
countries particularly (Khanal, 2009). Indeed the warming of the earth’s climate is an environ-
mental catastrophe on a new scale with the potential to violently disrupt virtually every ecosystem 
and many of the structures and institutions that humanity has grown to depend on (Aju, 2008). 
Clearly, agriculture is highly dependent on climate conditions and is therefore subject to change 
and variability, with obvious impacts on food security. Changing environmental conditions such 
as rising temperatures, changing precipitation patterns and an increase of extreme weather events 
seriously affect agricultural productivity, as vulnerability increases and even farming viability 
(FAO, 2007). Moreover, the scarcity of capital for adaptation measures predisposes African 
agriculture to be more vulnerable to climate change (Nnachi, Ozor, 2009). Climate change will 
have a global impact on agriculture, the world’s poorest people and countries are more at risk 
(Eze, 2010). This is because of their sole dependence on agriculture for livelihood as well as a 
generalised capacity to cope and adapt to climate extremes (Rarieya, 2007). Therefore, the quest 
for climate-proof food systems is of interest to all. Nigerian agriculture is already under pressure 
to meet the demand of the rising population using finite, often degraded soil and water resources, 
which are now stressed by the impact of climate change (Awotoye, Mathew, 2010). Besides, 
food crops are particularly sensitive to climate variability because crop yields depend largely on 
prevailing climate conditions (rainfall patterns and temperature) (Platnik, Roson, 2009). There 
is therefore the need to isolate the adaptation strategies. This is attributed to some impacts of the 
warmer world which are irreversible implying that adaptation especially in the most vulnerable 
regions of the world must begin swiftly (Okezie, Okorie, 2009). It is therefore evident that farm-
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ers adjust their adaptive strategies in some cases to integrate the organic farming practices on 
practical mitigation actions and measures to respond to climate change. Adaptations are adjust-
ments or interventions which take place in order to manage the losses or take advantage of the 
opportunities presented by a changing climate (IPCC, 2001). The study sought to achieve the 
following objectives: to determine the socio-economic characteristics of the respondents in the 
area, identify their adaptation strategies as well as ascertain factors affecting adaptation of farmers 
to changes in temporal weather variabilities in the study area.

2. Materials and methods
The study was carried out in Anambra state. A multi-stage random sampling technique was 

employed in sample selection. Anambra state was chosen due to the high number of crop farmers 
as well as changing climate variable prevalent in the area. In the first stage, two (2) agricultural 
zones namely Onitsha and Anambra agricultural zones were selected. In the second stage, two (2) 
Local Government Areas were selected from each agricultural zone. In each Local Government 
Area, eight (8) villages were randomly selected. Finally, ten (10) crop farmers were randomly 
selected from the list of crop farmers in each selected village, making a sample size of eighty 
(80) farmers in the area. 

Data for the study were collected from both primary and secondary sources. The primary data 
were obtained using a set of questionnaire as well as oral interviews. The secondary sources of 
data were from textbooks, journals, internet data base and other relevant literature. 

Simple descriptive statistical tools such as mean, frequency distribution and percentages and 
logit regression technique were employed in the data analysis.

Where, the Logit model is expressed as:

Y*  =  β’X  +  ɛi

Logit(Pi) = ln =   Pi   α + βiXi, + 1 + ... + βkXk i...  ................................. eqtn1  
                               eqn1   1 – Pi 

     I = 1,...n,
Where: 
Yi  =  Level of adaptation (D: 1= Adapted; 2= not adapted)
X1  =   Gender (D : 1= Male; 2 = Female)
X2  = Age (years)
X3 = Household Size (no)
X4  = Farming Experience (years)
X5  = Farm size (hectare)
X6  = Membership of co-operative societies (D: 1 = Yes; 2 = No)
X7   =  Income from farm business (naira)
E     = Error term
It is expected a priori that the coefficients of  X1, X2, X4,X5,  X6, X7 > 0; X2 < 0.
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3. Results and discussion

3.1.  Socio-economic characteristics of farmers in Anambra State
Table 1 shows that the mean age of the farmers was 54 

years. This is an indication that cassava farming is domi-
nated by old people, while the young people go in search 
of white collar jobs in the cities. Onuoha and Nnadi (1999) 
asserted that older farmers are more conservative and treat 
new ideas with sceptism. Also from Table 1, farming in the 
area is dominated by males (75%) while women (25%) are 
less involved in farming. This according to Eze et al., (2010) 
is because, farming is more laborious and women are more 
involved in less laborious activities. This is contrary to the 
findings of Henri-Ukoha et al (2012), that women are more 
involved in farming than men. Moreover, the mean house-Moreover, the mean house-
hold size of 7 persons in the households surveyed. This 
shows that the farmers had probably reasonable farm hands 
that could help in crop production. This is consistent with 
Adegbite et.al., (2008). This implies that most of the farm 
hands (labour force) can be sourced within the household. 
The mean farm size was 2.5 hectares, this shows that crop 
farming is dominated by small scale farmers in the area. 
The farmers are well experienced in crop production, this 
is evident in their mean years of experience of 40.2 years 
as crop farmers. This suggests that these farmers could 
have a better knowledge and information on changes in 
climatic conditions. 

As shown in the table 2, use of mulch and tree planting 
(3.1%) were the least strategy employed by the farmers 
while changing planting dates (43.4%) was the strategy 
practised most.  This could be due to the fact that this 
method is associated with convenience and had no direct 
labour cost whereas the limited use of other methods could 
be attributed to inaccessibility, poor access to information as 
well as higher expenses associated with adaptation of such 

Table 1. Socio-economic charac-
teristics of the respondents in 
Anambra State
Variables Frequency Percentage
Age
16-25 3 3.75
26-35 6 7.5
36-45 22 27.5
46-55 8 10
56-65 18 22.5
66-75 20 25
76-85 3 3.75
Mean 54 years
Gender
Male 60 75.00
Female 20 25.00
Household Size
1-5 20 25.00
6-10 54 67.50
11-15 5 6.25
16-20 1 1.25
Mean 7
Farm size (ha)
0.5-1.0 20 25.00
1.5- 2.0 11 13.75
2.5-3.0 26 32.50
3.5-4.0 18 22.50
4.5-5.0 5 6.25
Mean 2.5
Farming experience
1-20 19 23.75
21-40 23 28.75
41-60 20 25.00
61-80 18 22.50
Mean 40.2 years
Total 80 100

Source: Field Survey, 2011

Table 2. Adaptation strategies to changing climate variability
Variable Frequency Percentage
Plant different varieties of crops 38 23.9
Cultivating different crops 25 15.7
Changing planting dates 69 43.4
Use of chemicals 20 12.6
Mulch and tree planting 2 1.3
No adaptation method used 5 3.1
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strategies. Jagtap (1995) also identified 
changing planting dates as a strategy 
used by most farmers in overcoming 
climate variability. 

From the results of the Logit regres-
sion model, the likelihood = 87.159125 
and Chi square of 22.08 with a p- value 
of 0.0025 showed that the model is sta-
tistically significant. Threshold D1 and 
D2 indicated that the two categories in 
the response were indeed ordered. The 
gender of the respondents were posi-
tive and significantly related to level of 
adaptation. This is in line with a priori 
expectation. This implies that males were 
more likely to adapt to climate change 
than females. Income from farm busi-
ness was also positive and significantly 
related to level of adaptation. This sug-

gests that the higher the income obtained from farm business, the higher the ability to adapt to 
climate change. This could be attributed to the fact that income makes one resilient to shock 
from climate variability. Membership to co-operative societies was also positive and significantly 
related to level of adaptation. This is expected, because members of co-operative groups were 
more likely to adapt to climate change than others. This is because co-operative societies expose 
its members to information as well as opportunities that will enhance their adaptive capacities 
and capabilities doing things jointly. 

4. Conclusions
The study revealed that the crop farmers are small scale farmers, with moderate household 

sizes to provide labour for the households, they are aged and experienced in farming. The study 
also showed that the use of changing planting date was the most important adaptation strategy 
practised to reduce the effect of climate variability. The results of logit regression showed that 
gender, membership of co-operative societies and income from farm business significantly influ-
enced the level of adaptation to climate change in the area. 

5. Recommendation
Farmers should adopt more strategies that will not only increase but also improve their levels 

of adaptation to the effects of climate change in the area.

Table 3. Result of ordered logit model on crop 
farmers adaptation to climate variability.

Variables Logit 
Regression

Coefficient  
P-values

Gender (X1) 1.294592*** 0.009
Age (X2) -0.0510896 0.273
Household Size (X3) -0.0534447 0.325
Farming Experience (X4) 0.0482796** 0.025
Farm size (X5) -0.03735008 0.871
Membership of 
Co-operative (X6)

0.5395975* 0.053

Income from farm 
business (X7)

-0.7970237 0.131

D1 2.401853
D2 4.066338

Log likelihood = 87.159125; Chi2 = 22.08; Prob. > Chi2 
= 0.0025; Pseudo R2 = 0.1124; ***Significant at 1%; 
**Significant at 5%; *Significant at 10% 
Source: Computed from survey data, 2011
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DEVELOPMENT OF A BENCHMARKING SYSTEM FOR IRISH BEEF 
FARMS USING DATA ENVELOPMENT ANALYSIS

Eoghan Finneran, Paul Crosson

AGRIC, Teagasc, Grange, Dunsany, Co. Meath, Ireland

Abstract
Agricultural extension trends have involved greater use of collaborative “discussion group” 

dissemination approaches. These discussion groups involve regular participatory meetings between 
a consistent cohort of farmers and extension practitioners with occasional input from industry and 
research stakeholders. In Ireland, policy change, small farm scale and low incomes are some of 
the factors incentivising beef farmers and industry to seek increased whole-farm income efficiency. 
Whole-farm comparative analysis may provide a means of identifying and explaining efficiency 
drivers at farm level. This article describes the development of BEEFMARK, a benchmarking 
model with potential to act as a tool to facilitate farmer-farmer and farmer-adviser group learning 
within discussion groups. BEEFMARK utilised Data Envelopment Analysis (DEA) to measure beef 
farm income and scale efficiency and to identify and characterise efficient peer farms which act 
as benchmarks for similarly structured, but lower efficiency farms. Market derived gross output 
(€) per livestock unit was positively associated with farm efficiency while greater overhead and 
concentrate feed expenditure was negatively associated with income and scale efficiency.

Keywords: beef, benchmarking, comparative analysis, efficiency, efficient peers 

1. Introduction
Internationally, beef production is characterised by low productivity, and consequently low profit-

ability relative to other farm enterprises (Rakipova et al., 2003; Newman and Matthews, 2007). In 
Ireland, incomes on beef farms have typically been supplemented by other farm enterprises, direct 
payment farm subsidies and off-farm incomes (Kinsella et al., 2000; Hennessy and Rehman, 2008). 
The domestic and international macro-economic environment since 2007 has resulted in decreased 
availability of off-farm employment in rural regions of Ireland (CSO, 2012). This reduced off-farm 
employment, coupled with impending changes in the distribution of farm subsidies under reform of 
the European Union (EU) Common Agricultural Policy (CAP) has led to a renewed focus on beef 
farm profitability and efficiency amongst farmers and agricultural extension. 

1.1.  The discussion group in comparative analysis
Farm comparative analysis involves identifying and measuring the management and structural 

differences between successful and unsuccessful farms. The ultimate objective is to help extension 
practitioners and farmers themselves identify specific production strategies likely to increase farm 
profits (Sheehy and McAlexander, 1965; Fleming et al., 2006). While traditionally blueprints for 
efficient farm production were devised by agricultural researchers and passed down to farmers via 
the medium of farm advisors, the identification of successful farm systems has in recent decades 

Acknowledgements: The authors gratefully acknowledge the co-operation of the farmers and Teagasc staff 
participating in the National Farm Survey and the eProfit Monitor programme.
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become more of a participative process (Lacy, 2011; Hennessy and Heanue, 2012). This change has 
been partly driven by a realisation that research findings are not universally relevant to all farmers 
in practice and participatory approaches enable exploration of on-farm issues which may not be 
considered by the top-down approach (Lacy, 2011).  Discussion groups, farm open days and group 
forums utilising multi-directional communication channels have become increasingly common 
means of information dissemination and exchange in farm extension (Millar and Curtis, 1997). 

1.2.  Whole-farm analysis and benchmarking 
Gross margin per hectare (GM/ha) is commonly used as a profit measure when comparing 

farms employing pasture-based production systems (McCall and Clark, 1999). However two 
criticisms are often made of the “partial accounting” nature of this measure:
• The exclusion of fixed costs from gross margin calculation means that farm systems which 

employ inherently higher ratios of fixed costs to variable costs appear to achieve greater profits 
(Firth, 2002; White et al., 2010).

• The expression of profit on a per hectare basis neglects the productivity of other assets 
employed. It creates a bias in favour of farms which substitute other fixed assets (e.g. build-
ings or machinery) for land in their production system (Farrell, 1957; Fleming et al., 2006; 
Shadbolt, 2012).
A solution to these weaknesses is the measurement of whole-farm economic efficiency. This 

concept was based on the principles described by Farrell (1957). Including all fixed and variable 
costs in whole-farm; rather than partial measures of efficiency permits more robust specification 
of strategies that may improve profitability over both the short and long-term (Tauer, 1993). 

Benchmarking is a comparative analysis approach which involves identifying tangible blueprint 
targets with the aim of improving efficiency and profitability (Fleming et al., 2006). This paper 
describes the development of a benchmarking model BEEFMARK, which utilised data envelop-
ment analysis (DEA) to measure whole-farm income and scale efficiency on Irish beef farms. The 
qualitative validation of BEEFMARK using an independent commercial farm dataset and its ability 
to identify efficient peer farms are discussed in the context of designing a discussion group tool. 

2. Methodology
Data envelopment analysis is a non-parametric linear programming methodology for measuring 

efficiency (Farrell 1957; Charnes et al. 1978). DEA is non-parametric in that the efficiency frontier 
is defined by the most efficient farms in the sample rather than by the modeller. This means that 
DEA efficiency blueprints have been empirically measured on farms rather than being the product 
of theoretically possible calculations (Farrell, 1957).

Fried et al. (2008) defined productivity as a ratio of aggregated outputs to aggregated inputs 
and efficiency as the ratio of measured productivity to potential productivity. Figure 1 illustrates 
how efficiency is calculated in the BEEFMARK model. The ‘best observed practice’ farms exhibit 
an efficiency score of one and the efficiency frontier created by joining their production functions 
‘envelops’ farms below the frontier which have an efficiency score of less than one (Farms A and E).  
Efficiency models can be either output or input oriented. BEEFMARK efficiency scores are 
output oriented because inputs such as land and labour on most farms are essentially fixed and 
therefore model results prescribing changes of such input variables would be largely impractical 
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(Tauer, 1993; Newman and Matthews, 2007). Output oriented efficiency scores give the farmer 
an indication of how output can be increased by more judicious and efficient management of the 
existing farm inputs.

2.1.  The benchmark dataset
Data from the Teagasc National Farm survey (NFS; Hennessey et al., 2012) for 2009 and 2010 

were used as the benchmark dataset for the initial development of BEEFMARK. The NFS is an 
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Figure 1. Illustration of efficiency calculation and efficient peers 

annual voluntary survey of approximately 1,100 farms, representative of over 100,000 farms in 
Ireland, providing data to the Farm Accountancy Data Network (FADN). The modelled farms 
were categorised as either ‘cattle rearing’ (CR) or ‘cattle other’ (CO) within this dataset. Cattle 
rearing farms are primarily suckler farms while CO farms are primarily beef finishing farms. 

2.2.  BEEFMARK model inputs and outputs
The eight model inputs were land area farmed (ha), number of livestock units (LU), total la-

bour units employed (paid and unpaid), concentrate feed expenditure, fertiliser expenditure, other 
variable input costs, overhead costs and total direct payment subsidies; all annual, whole-farm 
values. Whole-farm output was annual net income; nominally family farm income (FFI measured 
in €/farm). FFI includes income from subsidiary farm enterprises, market derived income from 
cattle and farm direct payments.

2.3.  Bootstrapping
To address sampling bias BEEFMARK employed a bootstrapping re-sampling procedure to 

all sample farms as described by Simar and Wilson (1998). Sampling bias is a problem inherent 
in all DEA models (Latruffe et al., 2005). The bootstrap involved 10,000 random Monte Carlo 
re-samples. This procedure produced a distribution of efficiency scores and a bootstrap bias term 
for each sample farm. The bootstrap bias term (essentially a sampling error term) was deducted 
from the deterministic efficiency score (ES) to give the bias-corrected efficiency score. Income 
efficiency (IES) and scale efficiency (SES) scores referred to throughout this article are bias-
corrected efficiency scores.
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2.4.  Efficient peers
Efficient peers (EP) act as commercial blueprint farms for similarly structured, but less ef-

ficient farms. Each sample farm in the BEEFMARK model which is classed as inefficient has 
an EP. This EP represents the closest farm on the best-practice frontier and indicates the shortest 
radial route for the inefficient farm to achieve efficiency. In Figure 1, farm B is the EP for inef-
ficient farm A and farm D is the EP for farm E. The farm acting as EP for the greatest number of 
inefficient farms was identified as the “most common efficient peer”.  The most common efficient 
peer shared more common characteristics than the other efficient farms with the inefficient farms 
in the sample. By observing the characteristics which differed between the inefficient farms and 
their most common efficient peer, pathways to increased efficiency could be deduced.

2.5.  BEEFMARK operation
The BEEFMARK model was run in four discrete steps:

1. Scale and income efficiency scores were calculated using “FEAR” in the R language (Wilson, 2009). 
2. All sample farms were assigned to top, middle and bottom thirds ranked in order of bias-corrected 

efficiency score. To identify determinants of efficiency, explanatory management, environmental 
and demographic variables were then compared across these thirds using a Mann-Whitney test 
for difference of means (Table 4). This procedure was repeated for scale efficiency.

3. Efficient peers were identified using “DEAP” (Coelli, 2005). 
4. Because DEAP identified peers based on deterministic efficiency scores, the most common 

efficient peers were ranked on bias-corrected efficiency scores (stage 1 output). An EP was 
only identified as such by BEEFMARK if it was in the top 20% of its respective sample both 
in terms of income and scale efficiency.

2.6.  BEEFMARK dataset comparison
The consistency of BEEFMARK was qualitatively assessed using an independent dataset of 

Irish beef farms. The independent dataset comprised approximately 500 beef farms which recorded 
farm production and financial data using the Teagasc web-enabled profit analysis program, the 
“eProfit Monitor” (ePM), over the years 2009 and 2010. Model input and output variables were 
equivalent to those used for the analysis of NFS farm data described above. Comparative analysis 
results were compared between the datasets to assess the performance of BEEFMARK under 
differing beef farm samples.

3.  Results and discussion

3.1.  Mean efficiency scores and comparative analysis of explanatory variables
Table 1 details the mean efficiency scores and proportion of farms operating at increasing and 

decreasing returns to scale and scale efficiency for the benchmark (NFS) and the independent 
(ePM) datasets for 2009 and 2010. 

Tables 2 and 3 show the comparative analysis results for the NFS and ePM datasets, respec-
tively, with farms ranked on IES. Higher concentrate and overhead expenditure per LU were 
consistently associated with lower income efficiency. Lower efficiency NFS farms were more 
fragmented (results not shown).  Stocking rate, farmer age, and off farm employment had no 
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Table 1. Mean efficiency scores and percentage of farms operating at scale efficiency, increasing and decreasing 
returns to scale for the benchmark (NFS) sample and the independent (ePM) sample of Irish beef farms
Dataset Farm Sample Year Bias IES SES IRS % SE % DRS %

Benchmark
dataset

Cattle Rearing
2009 0.06 0.80 0.67 1 2 96
2010 0.10 0.71 0.73 4 2 94

Cattle Other
2009 0.12 0.66 0.60 0 13 87
2010 0.12 0.64 0.57 0 12 88

Independent
dataset

Cattle Rearing
2009 0.10 0.61 0.54 0 6 94
2010 0.07 0.73 0.36 0 2 97

Cattle Other
2009 0.15 0.67 0.55 0 15 85
2010 0.09 0.78 0.41 6 2 92

Overall mean 0.10 0.70 0.55 2 7 92
Benchmark dataset mean 0.10 0.70 0.64 1 7 91
Independent dataset mean 0.10 0.70 0.46 2 6 92
2009 mean 0.11 0.69 0.59 0 9 91
2010 mean 0.09 0.71 0.52 3 4 93
Cattle Rearing mean 0.08 0.71 0.57 1 3 95
Cattle Other mean 0.12 0.69 0.53 2 10 88

Bias = sampling bias calculated by 10,000 bootstrap re-samples. IES = Income efficiency score. SES = Scale 
efficiency score. IRS = increasing returns to scale. SE = Scale efficient. DRS = Decreasing returns to scale

Table 2. Characteristics  of top and bottom 1/3 of  National Farm Survey beef farms ranked on bias 
corrected income efficiency score

Cattle Rearing Cattle Other
Year 2009 2010 2009 2010
Scale efficiency tercile Top 

1/3
Bottom 1/3 Top 

1/3
Bottom 1/3 Top 

1/3
Bottom 1/3 Top 

1/3
Bottom 1/3

Income efficiency 
score

0.89 0.69 *** 0.84 0.57 *** 0.82 0.50 *** 0.79 0.47 ***

Scale efficiency  score 0.58 0.51 *** 0.65 0.58 *** 0.56 0.59 NS 0.50 0.57 NS
Cattle numbers LU 44 46 NS 43 46 ** 52 54 NS 56 52 NS
Land farmed ha 42 45 * 47 44 NS 42 44 NS 46 47 NS
Farm gross 
output

€ 40,600 35,129 NS 41,745 38,508 NS 48,263 42,041 NS 54,545 41,712 NS

Farm direct 
payments

€ 21,057 18,565 *** 21,224 18,230 *** 21,754 20,366 NS 22,943 18,774 NS

Stocking rate LU/ha 1.24 1.21 NS 1.11 1.23 NS 1.34 1.33 NS 1.35 1.23 *
Overhead costs €/LU 285 438 *** 329 430 *** 275 337 *** 296 454 ***
Concentrates 
fed

€/LU 74 123 *** 82 125 *** 103 123 * 143 181 NS

AI expenditure €/cow1 8 7 NS 6 8 NS - - - -
Gross output €/LU 978 772 *** 1,058 864 *** 918 790 ** 992 976 *
Family farm 
income

€/ha 230 194 NS 232 205 NS 265 290 NS 338 278 NS

1 per cow or in-calf heifer. Signif levels: *** P < 0.01; *** P < 0.05; * P < 0.10
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significant effect on IES. The observed positive relationship of market gross output per LU with 
efficiency is indicative of either greater genetic merit of cattle or an improved productivity due 
to superior management relative to the mean. These results were discussed more thoroughly in 
Finneran and Crosson (2012) and Finneran and Crosson, (2013).

3.2.  Comparison of the datasets
A number of sample by year interactions were observed. For example, in the 2010 cattle rearing 

ePM farm sample, land area farmed was significantly greater on the low IES farms. Farm direct 
payments were significantly greater on the NFS high IES cattle rearing farms but this was not 
observed on the ePM farms. However, apart from these exceptions the relationships between the 
explanatory variables and income efficiency were consistent across the data-sets. This suggests that 
despite differences in size and sampling procedure (ePM - farmer voluntary unbalanced sample; 
NFS - a nationally representative balanced sample) the bootstrapping procedure in BEEFMARK 
generally dealt well with sampling bias.

3.3.  Analysis of efficient peers
The most common efficient cattle rearing peer on ePM farms in both 2009 and 2010 was 

identified and designated “Farm X”. Table 5 details the characteristics of Farm X relative to the 
sample mean and the mean of the inefficient farms in the sample for which Farm X was a peer. It 
is evident that for most variables Farm X is more similar to the peer mean than the cattle rearing 
sample mean, as one would expect. However, the variables for which Farm X is different to the 

Table 3. Characteristics of top and bottom 1/3 ePM beef farms ranked on bias corrected income efficiency
Cattle Rearing Cattle Other

Year 2009 2010 2009 2010

Scale efficiency tercile Top 
1/3

Bottom 1/3 Top 
1/3

Bottom 1/3 Top 
1/3

Bottom 1/3 Top 
1/3

Bottom 
1/3

Income efficiency score 0.77 0.45 *** 0.86 0.59 *** 0.83 0.49 *** 0.90 0.63 ***
Scale efficiency  score 0.56 0.51 ** 0.42 0.32 *** 0.54 0.62 NS 0.37 0.46 NS
Cattle numbers LU 86 83 NS 79 100 *** 71 80 NS 67 97 NS
Land farmed ha 52 51 NS 49 59 *** 45 54 NS 43 62 NS
Farm gross 
output € 82,372 67,960 NS 76,359 84,497 * 75,710 70,994 NS 74,799 84,079 NS

Farm direct 
payments € 35,205 31,288 NS 31,312 34,106 NS 31,022 30,306 NS 31,605 32,135 NS

Stocking rate LU/
ha 1.66 1.67 NS 1.61 1.70 *** 1.65 1.45 NS 1.63 1.45 NS

Overhead costs €/LU 272 384 *** 251 375 *** 249 416 *** 273 422 **
Concentrates 
fed €/LU 168 190 NS 144 206 *** 258 263 NS 226 283 NS

AI expenditure €/
cow1 8 16 NS 8 18 * - - - -

Gross output €/LU 992 822 *** 981 857 *** 1,066 927 ** 1,099 927 **
Family farm 
income €/ha 704 137 *** 709 194 *** 752 163 *** 814 133 ***

1 per cow or in-calf heifer. Signif levels: *** P < 0.01; *** P < 0.05; * P < 0.10
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peer mean may indicate determinants of efficiency on Farm X. While Farm X is similar to its peers 
in terms of land area (ha), stock numbers (LU) and stocking rate (LU/ha), it achieved a market 
gross output (€/LU) three times greater than its inefficient peers. Similarly, Farm X incurred 25% 
less concentrate feed costs and 50% less overhead costs per LU than its peers. In addition, Farm 
X included no rental land in contrast with the 18% peer mean. 

These efficiency drivers highlighted by the peer analysis had all been previously observed in 
the whole-sample comparative analysis results (Finneran and Crosson, 2012; Finneran and Cros-
son, 2013). However, as discussed by Fraser and Cortina (1999), identifying “real world” efficient 
best-practice farms gives much more weight to the comparative analysis learning experience for 
farmers than analysis of means of anonymous samples. 

Table 5. Characteristics of Farm X, an efficient cattle rearing peer in 2009 relative to the cattle rearing 
sample mean and the mean of Farm X’s inefficient peers

Farm X Sample 
Mean

Difference 
to sample 
mean %

Peer Mean Difference 
to peer 
mean %

Income efficiency score 0.79 0.62 +17 0.61 +18
Ha 39 52 -24 35 +13
LU 72 86 -17 61 +16
Stocking rate LU/ha 1.82 1.68 +8 1.78 +2
Gross output €/LU 1108 902 +23 899 +23
Market Gross output €/LU 625 478 +31 447 +40
Gross margin €/ha 666 235 +184 166 +301
Family Farm Income €/ha 1355 437 +210 426 +218
Concentrate feed €/LU 150 180 -17 208 -28
Fertiliser €/LU 44 70 -37 70 -36
Other variable costs €/LU 139 180 -23 179 -22
Overhead costs €/LU 152 315 -52 304 -50
Proportion of land rented 0.00 0.15 0.18

Ha = hectares, LU = livestock units (1 unit is equivalent to 1 dairy cow)

4.  Conclusions
Greater efficiency on Irish beef farms was found to be associated with greater production from 

pasture and less purchased concentrate feed inputs. This provides a challenge for expanding beef 
output, given the limited availability of pasture and the decreasing returns to scale observed on 
larger farms. Market derived gross output (€/LU) was positively associated with farm efficiency 
while greater overhead and concentrate feed expenditure was negatively associated with income 
and scale efficiency. The BEEFMARK efficient peer procedure enables efficiency drivers to be 
observed at the individual farm level and could provide a valuable learning tool for farmers and 
extension practitioners within beef discussion groups.
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Abstract
In 2006, the Solomon Islands (SI) Government implemented the National Rural Rice Devel-

opment Programme (NRRDP) aiming to promote rice growing in SI. However, the low level of 
rice adoption raised questions relating to the successful implementation of this programme. The 
aim of this paper is to identify the factors that contributed to farmers’ decision to adopt or not 
to adopt rice growing. The data collected was analysed using the qualitative data analysis. This 
study found several key factors that influenced the farmers’ decision to adopt rice technology. 
These factors were separated into three broad categories: characteristics of technology, internal 
factors and external factors. Several characteristics of the technology such as: relative advantage, 
compatibility, complexity and risk were identified by the adopters. The internal factors were: per-
sonal characteristics, on-farm factors, cultural factors and leadership. The external factors that 
influenced adoption decision were: government policy, infrastructure, agro-climatic condition, 
access to extension services and markets. However, it was found that poor policy implementation, 
poor leadership by the community leaders and poor delivery of extension service were the key 
factors that affected the adopters’ decision to discontinue the use of the technology in 2010. This 
study also showed that the majority of farmers in Fiu village did not adopt the technology due 
to the negative attributes of the rice technology such as: complexity, lack of compatibility with 
traditional practices, resource requirements and risk of crop failure. For the project to be suc-
cessful, funds needed to be made available so that the Ministry of Agriculture and Livestock could 
provide the capital and variable inputs and the labour subsidy in a timely fashion to the community 
group. This would have reduced the lack of trust that the farmers had in the governments’ ability 
to deliver on programmes and help ensure high crop yields, whilst minimising the risk of crop 
failure. Furthermore, the selection of community group leaders with the right attitudes, techni-
cal and group management skills was critical for the successful implementation of the project.  

Keywords: farmer adoption, rice adoption, Malaiata Province, Solomon Islands

1. Introduction
For decades, the people of the Solomon Islands (SI) have depended on traditional staple crops, 

such as sweet potato, cassava, taro and yam for their dietary energy (SIG, 2008). However, this trend 
has slowly changed over the past 50 years, as the population has developed a taste for rice and rice 
is now third most important crop after sweet potato and cassava. Rice was first introduced into the 
SI in 1942 by American soldiers during World War II (McGregor, 2006; Warner, 2007; SIG, 2009). 
However, 16 years after the war, the taste for rice had grown and this resulted in the first importation 
of rice in 1961. Rice imports increased from 2,700 tons in 1961, to 3,322 tons in 1970. The price 
of rice also increased from US$144/ton in 1961, to US$ 201/ton in 1970 (FAO Statistic, 2010). 

The increase in the price of rice imports over the period 1961-1970, led the SI Government 
to intervene by implementing a food policy during the 1960s. The aim of this policy was to limit 
food imports and increase local food production. In 1966 the government leased 4,235 ha of land 
to a privately owned Australian commercial company “Guadalcanal Plain Limited” (GPL) for 
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rice production (Barrett 1970). In 1967, the GPL planted 599 ha of rice and this allowed the SI to 
become self-sufficient for the first time (Barrett, 1970; Fleming, 1996). In 1975, GPL formed a 
joint venture with the SI Brewers Solomon Associates (BSA) a local based subsidiary of C. Brewer 
Corporation (a Hawaiian-based agribusiness firm) to form the Sol-rice Company. This company 
increased the rice area from 599 ha in 1975 to 2,512 ha in 1978 and allowed SI to become an ex-
porter of rice to Australia, New Zealand and Fiji. When exports peaked at almost USD$5 million 
in 1980, rice had become the fifth most valuable export and the third most valuable agricultural 
export crop after copra and palm oil (Fleming, 1996).  

Rice exports declined through the early 1980s and in 1986, BSA withdrew from the joint 
venture, after four years of experiencing successive losses due to serious insect problems, a drop 
in world rice prices and the high costs associated with mechanised production practices. In 1986, 
the rice plantations suffered serious infrastructure damage due to cyclone Namu. As a result, the 
Sol-Rice Company ceased rice production and exports (Fleming, 1996).

Despite the liquidation of the Sol-Rice Company, the rice consumption per head increased from 
37 kg in 1987 to 72 kg in 2007 (Figure1). This was due to a combination of population growth 
(2.8% p.a.), rapid urbanization and change of consumption patterns (SIG, 2009). The rice imports 
also increased from over 10,000 tons in 1987 to over 35,000 tons in 2007 (Figure 1). 

From 1987 the world price of rice has been increasing (Figure 2) and in 2008, the world price 
of rice spiked to US$1,664/ton (FAO, 2010). As a consequence, per capita rice consumption in 
2008 dropped to a record low of 26kg/head (Figure 1). 

The cost of rice imports and increased rice consumption were a major concern for the SI 
government. To reduce rice imports, improve food security and increase local rice production, 
the Ministry of Agriculture and Livestock (MAL) initiated a National Rural Rice Development 
Programme (NRRDP) in 2006 (SIG, 2008). A Rice Section was established to implement the 
programme and encourage local farmers to adopt rice growing. The Rice Section employed a 
community group approach because of the high labour requirements of rice growing. They also 

Figure 1. Rice consumption pattern in the Solomon Islands (1987-2008)
Source: FAO, 2010
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planned to provide farmers with assistance in the form of extension advice, labour subsidies, 
capital (e.g. tractors, fuel) and variable inputs (e.g. fertilizer, seeds). These incentives were to be 
provided for three years, to allow the rice farms to become viable and able to continue to produce 
without government assistance after the third year of operation (SIG, 2009). 

Since the inception of the programme in 2006, the government spent approximately USD$1.73 
million over a three year period (SIG, 2009). Additional funds were invested in 2008, when the 
government provided an extra US$4.1 million (SIG, 2009b). In early 2010, a further USD$1.6 
million was allocated from the government’s budget, to assist with the rice programme (SIG, 2010). 

Despite the significant investment in this programme over the past five years, only a limited 
number of farmers have joined it (SIG, 2009a). NRRDP had only managed to establish 323 ha of 
rice in 5 years of operation, compared to their target of 3,000 ha (SIG, 2008). This paper reports 
on a study that was undertaken to investigate why farmers adopted or did not adopt the rice grow-
ing technology promoted by the SI government.  

2. Research methodology
A single–case study approach was chosen for this research. The Fiu community Rice Project 

in the Central Kwara’ae Constituency of the Malaita Province was selected as case for three 
reasons: 1) it was the only rice project in Malaita province of the SI that was still functioning 
when the primary data collection was organised; 2) it was located in an area that was safe for the 
researcher to collect data, and 3) it was accessible, with respect to contacts and the existence of 
roads and transport to the study site. 

The government officers involved in the rice programme and the Fiu rice committee members 
were the first respondents identified by the researcher. The farmers who adopted the rice technology 
were selected using a snowball sampling technique. In this case, the researcher used the commit-
tee members as a strategic starting point for the identification of information-rich respondents. A 
purposive sampling was used for the farmers who did not adopted the rice to capture a diversity 
of opinions and views of the members of the Fiu community. 

Figure 2. Rice imports into the Solomon Islands (1987-2008)
Source: FAO, 2010
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The data collection for this research was carried out between June and July 2010. A total of 
24 respondents were interviewed. The respondents included: two government officers (national 
& provincial levels); two Fiu project committee members; ten farmers in Fiu village who adopted 
rice technology; and eight farmers in Fiu village who did not adopt the rice technology. 

Primary and secondary sources of data were used in gathering relevant information. The 
primary data was collected through semi-structured interviews that were tape recorded and later 
transcribed. Secondary information and relevant documents/reports were also collected from the 
governmental, regional and local offices relating to the Rice Development Programme as well 
as the Fiu community.

A qualitative data analysis technique developed by Dey (1993) was used to analyse the data. 
This is a three step iterative process comprising description, classification and connection. The 
data was transcribed, summarised and categorised to look for connections and relationships. 

2.1. Classification of the case
The case studied is located in Fiu village in the Central Kwara’ae Constituency of Malaita 

province of the Solomon Islands. The age of farmers ranged between 20 to 65 years (Table 1). 
There was a low level of literacy amongst the farmers in the community. Most of the farmers 
had previous experience in growing rice as part of a community group in the 1990s. The main 
source of livelihood for the majority of people in the community was agriculture. They generated 
additional revenues from other activities such as fishing, pig rearing, and basket weaving. The 
Fiu Community Rice Project (FCRP) was situated close to Fiu village. The land on which the 
community rice project was located, was owned by the Church of Melanesia (COM) and leased 
to the community by the government for rice development. Because of this arrangement, tenure 
of land was therefore secure from disputes. The land area set aside for rice development was 
approximately 20 ha. 

The case was a community project which required farmers to form a community group in order 
to grow rice (Table 2). The establishment of the community group was facilitated by local extension 
officers. Membership was open to all community members of Fiu village. The community rice 

Table 1. Farmer and farm characteristics

Characteristics Case study classification
Age of farmers (years) 20 - 65 years
Gender equality Men usually make  household decisions

Education The majority of farmers have predominantly primary with limited 
secondary education. Literacy rates are low.

Experience with the technology 
(rice growing)

The majority of farmers had some experience with rice growing 
within a community project

Homogeneity Four different tribes with four chiefs representing each tribe. The 
tribes  share  the same religion

Wealth 99% are termed as poor and only 1% are rich

Livelihood situation Subsistence agriculture and also gain income from fishing, pig 
rearing, and basket weaving.

Location of the rice farm Close to farmers homes
Land tenure The land is not in dispute
Farm size 20 hectares
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project had 30 farmer members including 
six committee members. The main role of 
the committee was to plan and develop a 
work programme for rice production. There 
was no official constitution developed by 
the committee that set out formal rules to 
guide the project’s operations. The decisions 
were made by the project committee with 
minimal consultation with group members. 

The government provided support under 
the NRRDP for the Fiu community to grow 
rice. The support that the government had 
planned to provide to the Fiu Community 
Rice Project included the provision of capi-
tal and variable inputs, a labour subsidy, and 
the provision of rice information and technical advice from extension officers. 

3. Results and discussion
The research findings revealed that there were several factors that influenced the farmers’ 

initial decision to adopt or not adopt at the inception of the project in 2007. These factors could 
be separated into three categories: 1) characteristics of technology, 2) internal factors, and 3) 
external factors. These are discussed in the following section.

3.1.  Characteristics of the rice technology
The study identified six characteristics of technology to have influenced the farmers’ decision 

to adopt the technology. The first four factors were consistent with Rogers (1995; 2003) adoption 
model. These are: relative advantage, compatibility, complexity and observability. Trialibility was 
not important because the rice technology requires 10 - 20 ha of land to be grown immediately, 
and therefore trialling it in a small scale was not possible. The other two characteristics of the 
technology that were identified related to resource use and risk.  

The perceived relative advantages of rice that influenced adoption decision of farmers were: 
improved food security, improved income, early maturity of rice crop, improved palatability and 
convenience. The study revealed that flooding is the main threat to local staple production in the 
area. Therefore, farmers thought that because rice crop had much better storage characteristics 
than local staples crops, it would provide the source of food during this flooding period. The 
farmers also suggested that they would improve income through the sale of surplus rice and from 
the wages that they could receive through labour subsidy payments. 

This research also revealed that adopters decided to grow rice rather than local staples because 
it only took three months to reach maturity, whereas the local staples took 6-11 months to mature. 
This meant that farmers could grow two crops of rice in the time it took to grow one staple crop 
which in turn could improve both their food security and income. This finding is consistent with 
the work of Feder et al. (1993).

Because of a combination of poor group leadership and failure by the government to provide 
capital and variable inputs, many of these relative advantages did not eventuate and after two 

Table 2. Community group characteristics

Characteristics Case study classification

Nature of group Formed by local extension 
officers

Membership Open
Group size 30 farmers
Written constitution No

Level of 
participation in 
decision making

Decisions were made 
by the leadership with 
minimal consultation with 
group members

Leadership capacity:
Group management
Rice production

Poor
Poor



118 ELENA GARNEVSKA, DAVID GRAY, SIMON BAETE

years of crop failure, the farmers decided to discontinue the project in late 2010. The result also 
revealed that farmers who had joined the community project and adopted rice were worse off in 
terms of food security and income than those that did not adopt. Azilah (2007) also reported that 
farmers may discontinue the use of a technology after being dissatisfied with the performance 
of the new idea. 

In contrast to the 30 adopters, the majority of the community did not adopt the rice technol-
ogy in 2007 because they believed that they would be better off in terms of food and income by 
growing their traditional staple crops, fishing and rearing pigs. 

The rice was more complex to grow than the local staple crops. Despite this, thirty farmers 
adopted the rice technology because they had previous experience in rice growing and expected 
to receive extension support.  Many of the non-adopters also had previous experience, but they 
did not trust the government to provide the necessary support, nor the leadership to manage the 
project effectively. Ogunlana (2004) and Rogers (2003) stressed that the greater the complexity of 
a technology the more negatively farmers may view it and that this may lead to its non-adoption. 

Observability did not influence the farmers’ initial decision in 2007 to adopt the rice technol-
ogy because there were no similar projects within the vicinity to be observed. However, when 
the project was implemented during the period from 2007 to 2010, the non-adopters observed 
the project being poorly implemented and this confirmed that their initial decision not to adopt 
the rice technology was correct. 

In this study, the resource use characteristics of the rice technology were capital and variable 
input intensive, labour intensive and land-using and had an important influence on the farmers’ 
adoption decision. Although the adopters were aware of these negative resource-use characteris-
tics, they believed that the government had put in place actions to overcome them. Sunding and 
Zilberman (2001) found that resource use characteristics often acted as barriers to adoption if 
they were not overcome. 

In 2007, the non-adopters’ perceived rice technology to be input intensive particularly when 
compared to their staple crops and this influenced their decision not to adopt, results consist-
ent with the work of Khanna (2001). The non-adopters also perceived rice growing as labour 
intensive, involving multiple activities and required a large labour force. They also did not adopt 
the technology because they also perceived rice growing as land-using compared to local crops. 

The risk associated with the production of rice also influenced the farmers’ adoption decision. 
Feder and Umali (1993) and Pannell et al. (2006) identified the risk associated with a new technol-
ogy as an important factor that influenced the adoption decision of farmers. Although the adopters 
were aware that rice was susceptible to pests and diseases, it did not deter them from adopting 
the rice technology due to the available governmental support in terms of fertilisers, pesticides, 
and fungicide and extension support. However, when these inputs were not fully provided by the 
government, the rice crop was attacked by pests and diseases, and this in turn lead to crop failure. 

3.2.  Internal factors 
Four internal factors that influenced the farmers’ initial decision to adopt the rice growing 

technology were identified. These were: personal characteristic, on-farm factors, cultural fac-
tors and the leadership characteristics of the community group.  Although other studies (Doss 
& Morris, 2001; Deressa et al., 2009) have identified gender, level of education, and training as 
important determinants of the adoption decision of farmers, these factors did not influence the 
adoption decision of farmers in this study.  
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Age has been reported to positively influence the adoption decision of farmers (Deressa et al., 
2009). However, in this study, the results were less clear cut. Age and the labour intensive nature 
of the crop influenced the oldest farmer not to adopt. The majority of farmers in this study had 
previous experience in rice growing and community groups in the 1990’s, which influenced their 
decision to adopt the technology.  Khanna (2001) and Hassan & Nhemachena (2008) reported 
that previous experience with agricultural technologies had a positive influence on the adoption 
decisions of farmers. However, the non-adopters found that the rice programme in the 1990’s did 
not work well and this influenced their decision not to adopt. Despite many of the adopters having 
negative experiences in relation to the previous rice project and other government programmes, 
they still adopted the technology because they believed that the government would put in place 
mechanisms that would overcome the problems experienced in the past. 

The on-farm characteristics that were identified to have influenced the farmers’ initial adop-
tion decision included: proximity of the rice farm to farmers’ home, land free from land-dispute 
and location of the farm close to the water source. The proximity of the rice field to the farmers’ 
homes reduced the time and effort required to travel to the farm. In the SI, land is increasingly a 
subject of conflict, where tribes argue with each other over which development projects they will 
undertake on their land. The location of the farm on a piece of land free of dispute influenced the 
farmers’ decision to adopt the rice growing. The location of the farm close to an available water 
source also affected the farmers’ decision to adopt rice. Despite a number of positive on-farm 
characteristics, the majority of the farmers in the village did not adopt the technology. 

The cultural practices of the local community also influenced the farmers’ decision to adopt 
rice growing and showed two contrasting perspectives. Rice played an important role as the main 
food source during local feasts, ceremonies and other traditional village activities. Herbig and 
Miller (1991) and Stanley et al. (2000) reported that farmers will only adopt a technology which 
is compatible to their norms and cultural practices. In contrast, the non-adopters stated that one 
of their reasons for not adopting the technology was because it was labour intensive and that this 
would limit the time they had available to attend cultural activities. 

Leadership characteristics of the project leaders did not influence the decision of farmers who 
adopted the rice technology. Both, the adopters and non-adopters perceived that the leaders of the 
community group had limited technical skills and knowledge in rice growing, lacked both technical 
and management skills and had poor attitudes. Similar leadership characteristics were identified 
in the literature (Damanpour & Schneider, 2008). The non-adopters stated that the leaders did 
not put the interests of the community group ahead of their own. They showed a lack of respect 
towards some group members, even though they had considerable experience in rice production. 

3.3.  External factors
This research identified five external factors that influenced the farmers’ decision to adopt 

the rice growing. These were: government policy, infrastructure development, agro-climatic 
condition, access to extension services, and access to markets. Similar external factors have been 
identified in the literature (Zeller et al., 1998; Granner and Sharpe, 2004; Akpabio and Inyang, 
2007; Langyintuo and Mungoma, 2008). 

This study found that government policy was one of the most important factors that influenced 
the farmers’ initial decision to grow rice. Government policy provided several incentives: provi-
sion of capital and variable inputs, provision of a labour subsidy, adoption of a community group 
approach, leasing of suitable land, and provision of advice through the extension organisation. The 
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key element of the policy that influenced the farmers’ initial decision to adopt the rice technology 
was the community group approach. The adopters perceived the community group approach as 
positive because it increased the opportunity for group members to acquire new knowledge and 
skills from experts within the group. Other studies (Meinzen-Dick, 2002; Granner & Sharpe, 2004) 
also reported that a community group approach has the potential for pooling the abilities, expertise 
and resources of people in the group. The farmers also perceived that working in a community 
group would allow them to share the work load. 

Poor implementation of the policy influenced the adopters to discontinue the rice technology 
in 2010. Only three of the policy elements (leased land, labour subsidies and provision of advice) 
were implemented, and the labour subsidy was only implemented partially. The government had 
failed to deliver the capital and variable inputs such as: tractor, rice processing equipment, fertilis-
ers, pesticides and fungicides to the farmers as promised. This led to crop failures and discouraged 
the farmers from continuing the project. 

The village had a good road and transport system. Access to processing equipment was also 
found to influence the farmers’ decision to adopt the rice technology. It was found that the village 
had rice processing equipment and as such farmers compared this situation to the 1990’s, when 
rice was harvested and sent to Honiara for processing, which was expensive. 

The agro-climatic conditions of the area also influenced the farmers’ decision to adopt the 
rice technology. Favourable agro-climatic factors such as: soil quality, rainfall sunshine hours 
and temperature were perceived by farmers to contribute to high rice yields and, therefore, it was 
expected that this would lead to improved food security and income. 

Although the infrastructure and agro-climatic conditions were good the majority of farmers 
did not adopt rice.  They mentioned that the quality of the road and transportation system in the 
area had greatly reduced the cost of transporting local produce to market.

Access to extension services was one of the factors that influenced the farmers’ initial decision 
to adopt the rice growing. The farmers perceived that since they were located close to the provincial 
capital Auki, they would have good access to extension services. When the project was implemented 
post-2007, the extension officers provided advice on rice growing, but they did not provide the capi-
tal and variable inputs. Despite the provision of good advice on rice cultivation, failure to provide 
critical inputs resulted in crop failure and as a result, farmers discontinued growing rice in 2010. 

Market access was an important external factor that influenced the farmers’ decision to adopt rice. 
The Fiu Rice Project was located close to three expanding markets: Fiu village, Aligegeo School 
and Auki. The price for rice in these markets was also increasing due to the expanding population. 
Other studies (Zeller et al., 1998; Ransom et al., 2003; Akpabio & Inyang, 2007) also reported 
that good access to markets positively influenced the adoption decision of farmers. In contrast, the 
non-adopters did not adopt rice because of access to the three markets. In this case, there was also a 
growing market for local staples and the non-adopters saw this as a better source of additional income. 

4. Conclusions
The Rice Section of the MAL encouraged and promoted rice growing to farmers in the SI in 

order to be able to reduce the country’s rice imports and improve food security in rural areas. The 
study identified that the decision related to the adoption of rice as a new crop was different to most 
other studies in two distinct ways. First, the new crop was to be grown by a community group as 
opposed to individual farmers. This meant that issues such as the management and leadership of 
the community group were important factors that are not relevant when an individual farmer grows 
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a new crop on his own land. Second, where the adoption of a new crop is concerned, farmers tend 
to consider this as a substitution problem. That is, they consider if they are better off substituting 
a hectare of the new crop for a hectare of their old crop. In this instance, the substitution did not 
occur through land use, but rather through the substitution of labour. 

The factors that influenced the adoption of rice growing could be classified into the character-
istics of the technology, internal and external factors. However, the influence of these factors on 
the adoption decision of the farmers was context dependent. As such, a factor might be important 
to one farmer, but irrelevant to another from within the same community. This suggests that view-
ing adoption from a “factor” perspective is too simplistic and that future work should investigate 
adoption in a more systemic manner.

The case was interesting because the technology had a number of positive attributes and the 
government had gone to some lengths to counter the negative attributes. Rice growing provided 
a number of relative advantages over the existing crops, it suited the agro-climatic conditions, 
the crop was valued by the community and played an important role in cultural events, and the 
infrastructure in terms of processing, transport, markets and access to extension support was good. 
Against this, the negative attributes were the complexity, lack of compatibility with traditional 
practices, the resource requirements of the crop and the risk of crop failure. To counter these 
problems, the government developed a policy that would provide extension support, capital and 
variable inputs, a labour subsidy, undisputed land and a community group approach. Despite this, 
only 30 out of 1152 farmers in the village adopted rice growing.  

The major constraint to adoption was the farmers’ distrust of government programmes which have 
failed to deliver in the past. They also distrusted the leadership of the community group because they 
lacked technical and group management skills and put their own interests before that of the commu-
nity. The farmers that adopted rice believed that the government would provide the promised support 
and that the extension service would develop the capability of the leadership such that the project 
would succeed. Unfortunately, the government failed to deliver key inputs which resulted in crop 
failure and the leadership of the community group proved inept in their management of the project. 

For the project to be successful, funds needed to be made available so that the MAL could 
provide the capital and variable inputs and the labour subsidy in a timely fashion to the community 
group. This would have reduced the lack of trust that the farmers had in the governments’ ability 
to deliver on programmes and help ensure high crop yields, whilst minimising the risk of crop 
failure. Furthermore, the selection of community group leaders with the right attitudes, technical 
and group management skills was critical for the successful implementation of the project.  
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Abstract
The small-scale farms in the communal areas of Noodsberg mill supply area, KwaZulu-Natal 

Province, South Africa, were not productive for many reasons, including a lack of resources, 
knowledge and access to finance and high food insecurity. An innovative extension approach 
was required to uplift communities and ensure the success of agricultural projects at a small 
grower level. Thus the “Demonstration Plot Seedcane Model” was initiated and developed. The 
project was a multi-stakeholder, private-public approach which aimed to improve the agronomic 
knowledge and skills of small growers while raising awareness of the high potential of the area’s 
natural resources for sugarcane production. Through this extension methodology, growers could 
become aware of the value of scientific research for their livelihoods. Key agronomic skills and 
knowledge transfer would include understanding differences in varieties; the importance of soil 
sampling, approved, locally available seed cane and pest and disease monitoring. In addition, 
environmental sustainability and good farming practices form the basis of the extension and 
technology transfer activities and promotes improved farmer co-operation and community coher-
ence. The “Demonstration Plot Seedcane Model” allows for highly scientific information to be 
transferred and adopted in an accessible manner. The project, spanning 11 years, has resulted in 
vastly improved yields, increased area under sugarcane and improved livelihoods in the commu-
nity. The contribution to the local economy is significant as is the increased stability of sugarcane 
supply to the local mill. This has, in turn, created job opportunities and reduced poverty at both 
household and community level. The model is repeatable in other regions, can be extended to 
other commodities and results in improved skills adoption, income generation and job creation. 

Keywords: extension, rural development, sugarcane small growers

1. Introduction
Smallholder farms represent more than 95% of Sub-Saharan Africa’s agriculture. However, with 

foreign aid and investment in Africa declining due to the global economic crisis, it is more critical 
than ever to assist small farmers to become economically successful and sustainable. Historically, 
small grower projects are viewed as a poor investment and have generally not remained sustain-
able once investment and support is withdrawn. Extensive investment capital has previously been 
channelled into KwaZulu-Natal (KZN) Province, South Africa small grower projects with little 
or no long term success.  Several reasons for these failures have been identified, including a lack 
of capital, resources and technology, poor natural resource management and complex issues of 
land tenure and security. A lack of understanding of local socio-economic conditions and cultures 
has also been a challenge. The South African sugar industry is under pressure to stabilize the sup-
ply of sugarcane to the mills and some mills are currently operating below capacity. In addition, 
commercial grower production levels are beginning to plateau due to a loss of agricultural land 
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to non-agricultural development such as residential estates, industry and mining, expansion onto 
marginal land and increases in production inputs. Land available for significant future expansion 
for sugarcane production exists primarily within communally owned areas where large tracts of 
high value land are underutilized. Small scale growers number about 48 000 and currently produce 
12% of the total South African sugarcane supply (SACGA, 2005), with farm sizes of 30 hectares 
or less. Sugarcane as an industry offers a unique opportunity for rural development, job creation 
for unskilled and skilled labour and income generation.  The industry currently employs 11% of 
South Africa’s agricultural labour force and has been shown to accelerate social and infrastructural 
development in rural KZN, as well as developing emerging farmers and supporting land reform 
initiatives (Blom, 2011).

To improve production in communal areas, an extension methodology is required that addresses 
the numerous constraints and challenges, develops skills and builds financial independence. Such 
a methodology must result in effective and sustainable improvement in sugarcane yields of small 
grower farmers.  In the study area, Noodsberg, KZN Province, South Africa, much of the land 
available to small growers is highly suited to the production of sugarcane but lies fallow due to 
many challenges that face small growers. However, the sugar industry is well organized to accept 
and support new growers in that the local mill is able to accept additional cane, contractors are 
available to assist growers with land preparation, planting, harvesting and transport, the price per 
ton is guaranteed and no marketing is required. This presents a unique opportunity for these new 
entrants to the industry to become successful.

2. Background
Prior to 1999, the communities of Noodsberg communal area were involved in mixed farming 

including small plots of maize, sugarcane, household vegetables and livestock.  In 1999, funds 
were released by government departments to assist the small sugar growers with planting two 
sugarcane demonstration plots to show the viability of sugarcane as a commodity, offer agronomic 
training and showcase the high potential of the natural resources. Agricultural development in 
these areas was challenging as homesteads traversed the landscape for thousands of hectares, 
land parcels were small and soil conservation management such as contours and waterways 
were difficult to implement due to scattered settlements, informal road networks and gravesites. 
Sugarcane production was decreasing, growers displayed a low level of technical knowledge 
and there appeared to be no structured system of knowledge transfer. In addition, growers lacked 
resources such finance for inputs, fertilizer, seedcane, transport and other equipment and struggled 
with ineffective and/or insufficient extension support and guidance. Most small growers depend 
on contractors for harvesting and transport since very few own or have access to equipment and 
machinery.  However, many of the contractors offer poor service quality (Meyer & Nothard, 2005) 
and pricing is not standardised. Other complex issues such as political infighting, land tenure and 
security remained stumbling blocks to agricultural productivity. Thus, the small growers remained 
trapped in economically non-viable activities, were food insecure and highly vulnerable to risk.  
Sugarcane was not viewed as a viable economic alternative as income levels were low due to 
poor production practices, ageing ratoons (regrowth after harvesting) and a lack of access to low 
cost disease free seedcane (vegetative plant material).

 In the Noodsberg Mill supply area, a lack of access to finance for suitable seedcane was an 
important limitation to sustainability and the potential of the communally owned areas was not 
being realized. The use of demonstration plots for training, technology transfer, evaluating varie-
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ties under local conditions and as seedcane nurseries, needed to be expanded. Since small growers 
were reluctant to replant fields due to the expense of purchasing and transporting seedcane long 
distances, the demonstration plots offered a practical opportunity to close the seedcane gap and 
introduce new varieties to local growers.  

While the demonstration plots were very successful for showing the economic viability of 
sugarcane in the region, as well as the high potential land resources the communities resided 
upon, expansion remained stagnant. In 2002, an additional demonstration plot was implemented 
which also produced high yields under local conditions, but crop losses, fires and a lack of secu-
rity led to no income being realised until 2005, even though the traditional leadership was very 
supportive and allocated land for new plantings. Detailed natural resource surveys undertaken in 
2005 by extension staff finally raised awareness of the extremely high potential of the area for 
all forms of agriculture. 

The Noodsberg area falls into the top 1% of South Africa’s land potential categories ie. deep, 
apedal, well-drained humic soils, high rainfall, moderate temperatures, wind and frost free and 
gently sloping terrain. Additionally, the area was in close proximity to the local mill, local contrac-
tors were available to harvest, plant and transport sugarcane, there was a guaranteed market and 
good road infrastructure and most dwellings had access to potable water and electricity. Another 
advantage of the area was that growers were well organized with grower group representatives. An 
innovative approach was needed to ensure the successful adoption, implementation and sustain-
ability of this development project; a methodology which would capacitate growers and exten-
sion officers and increase the involvement of the local mill and other roleplayers in the project. 
If this could be achieved, the project would become a vehicle for rural development, job creation 
and income generation for the communities as well as remaining self-sustaining into the future.

3. Methodology
A new methodology, developed to address the above mentioned issues, was implemented in 

2005 in the Noodsberg communal area (KZN Province, South Africa) (Figure 1).
This methodology offered a structured and highly organized approach which insisted on com-

mitment from relevant roleplayers including financiers, millers, research organizations, extension 
support, cooperatives and contractors with clearly outlined tasks and responsibilities for each 
organization and/or individual. Previous projects had failed where the growers, in particular, 
were not involved in the planning process, a factor that had been recognized by Hart (2001). It is 
important that the planning stages are participatory and that the roleplayers were in agreement and 
had committed resources to the project, the newly developed methodology followed a stepwise 
process outlined below for each additional demonstration plot planted:
1. Community consultation with growers and leadership to select a co-operator (successful 

grower) who will become a seedcane merchant for the next two crops.
2. Acquire finance for the project.
3. Selection of land with suitable land potential (Camp, 2001) which is of uniform and representative 

soil type for the area, accessible by car, weed free, approximately two hectares in size and fenced. 
4. Regular (monthly), monitored field training days and meetings (Bembridge, 1997) were organ-

ized according to the agronomic calendar which covered all aspects of sugarcane agronomy 
from soil classification, soil fertility, land use planning, runoff control, weedicides, herbicides, 
choice of variety,  planting, pest and disease control, fertilization, harvesting etc. As each 
training day progressed through the growing season, the relevant action was implemented on 
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or before that day eg hand planting of sugarcane (the norm for small scale growers) would 
be demonstrated on an already prepared field and then undertaken by the attending growers 
under the supervision and direction of the extension officer and/or field scientists.

5. Land use planning surveys were undertaken to ensure correct land use management and com-
pliance with legislation ie waterways, contours, sugarcane extraction routes, soil sampling 
for fertility correction. A detailed natural resources survey and data sheet must be completed 
with the grower and roleplayers at which the link between the soil type, yield potential and 
potential income is explained and quantified.

6. Arrange for inputs to be supplied and delivered timeously (seedcane, transport, land prepara-
tion, planting).

7. Agricultural Extension Officer (AEO) and the grower agree to a site management plan (weed 
control, topdressing, firebreaks, fencing) and sign an agreement which commits both to under-
taking various responsibilities throughout the life of the project. This includes detailed record 
keeping for each plot by the grower and AEO. The co-operator agrees to allow unrestricted 
access to the plot by roleplayers, make available its use for training and undertakes the on-
going management of the plot.

8. The AEO’s work programme must include two critical areas: the annual planting of additional 
demonstration plots and issuing and pricing of seedcane. The AEO must also ensure an in-
crease in the number of local growers, the number of hectares planted and technology transfer 
on e.g. good agricultural practices, business skills, forward planning, environmental stability 
(Gillespie & Mitchell, 2006 & 2009).

Figure 1. The locality of the Study Area of Noodsberg, KZN Province, South Africa
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9. The selected site will only be used as a seedcane nursery for the plant and first ratoon crop 
in accordance with pest and disease control regulations, after which it reverts to commercial 
cane. A higher profit can be realised for seedcane sold locally to neighbouring growers since 
transport costs are lower.  From the second ratoon crop, the grower will then be paid by the 
mill for subsequent crops, as it can no longer be used for seedcane.  Growers in the area are 
not allowed to buy seed cane from their neighbours unless the seed cane has been approved 
by the local Pest & Disease and Variety Control Committee.

10. A new seedcane merchant is identified each year so as to continue the growth of the industry 
and sustain the demand for seedcane due to expansion.

4.  Results and discussion

4.1.  Growth in demonstration plots and knowledge transfer
To date 20 demonstration plots have been planted varying in size from 1 to 2 ha and totalling an 

area of 24.6 hectares.  From these demonstration plots, the Noodsberg communities have adopted 
new technologies, converted their fields to more suitable higher yielding varieties and improved 
the sustainability and productivity of their crops. Since 2006, 105 field training days were arranged 
to which all growers were invited. Attendance at these training days was never fewer than 13 but 
often exceeded 70 people.  This is indicative of the renewed interest in sugarcane as a cropping 
option since the start of this project in the area.

4.2.  Resource optimization
This extension methodology has exposed the high potential of natural resources in Noodsberg 

communal areas and the economic viability of sugarcane as a crop.  The communal area planted 
to sugarcane and supplying Noodsberg Mill has increased by 87% since 2006, expanding from 
537.2 hectares to more than 1026 hectares in 2013. A further 8000 ha remains available for future 
expansion. The total tons sugarcane delivered to the mill per year has increased by 158% from 
16466 tons in 2006 to 42600 tons for 2013 (Figure 2). This indicates that the Noodsberg small 
growers have embraced sugarcane as a viable cropping enterprise and have become successful 
technically competent growers. 

Figure 2. Increase in small grower sugarcane yield and area planted in Noodsberg, South Africa
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4.3.  Income generation
With the success of this methodology, funding and investment has become increasingly avail-

able in recent years to plant additional areas to sugarcane, which has further stabilized supply 
to the local mill and resulted in job creation and significant income generation within the area. 
Individual growers have amalgamated into group farming systems (cooperatives) which enables 
greater control, bargaining power for reduced input costs and more effective management. The 
project currently has 9 trained and capacitated seedcane merchants who can meet the needs of 
future growers by supplying locally accessible seedcane. The yields on the demonstration plots 
are excellent with some achieving in excess of 150 tons per hectare, representing an income of 
R37 750 per hectare to the seedcane merchant. The number of growers delivering to the mill has 
more than doubled in 7 years, from 231 (2006) to 477 (2013). Due to improved production and 
technology transfer, average yields have increased dramatically from 61 tons per hectare (2006) 
to commercially comparable levels of 85 tons per hectare (2013). This improved production 
relates to a direct increase in income generation. Total revenue (at current price per ton) to the 
community has almost tripled: in 2006 gross income was R6.497 million, while in 2013, gross 
income had risen to R16.819 million (Figure 3).

Figure 3. Project impact in terms of increase in small grower numbers and income in Noodsberg, 
South Africa

4.4.  Adoption of new technologies

The link between growers, extension services and research scientists is critical yet is often 
tenuous. This methodology allowed complex scientific concepts to be related at an appropriate 
level and in the relevant language. Scientific research results were delivered through on-site train-
ing to growers who adopted new technologies within land use planning, soil fertility, production 
potential, site/soil specific varieties and good agricultural practices to achieve commercial level 
yields. Three new varieties have been planted in Noodsberg and are being assessed in terms of 
their productivity in the area when compared to older varieties. Land use planning has been 
implemented throughout the project area and payment for services such as laboratory testing 
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for fertilizer recommendations and pest and disease monitoring has been adopted. The value of 
continuous weed control and the use of herbicides have been accepted. These technologies have 
enabled growers to realise higher yields and income. The link between good site management, 
yield, area and income has been clearly recognized.

5.  Conclusions
Land resource assessments have had significant value in identifying and optimizing natural re-

source potential in Noodsberg Mill supply area. Demonstration plots planted as seedcane nurseries 
have motivated small growers to adopt better farming practices, offered greater access to cheaper 
disease-free seedcane and have resulted in significant increases in sugarcane supply to the mill. 
The plots have resulted in an awareness and adoption of new varieties and served as a technical 
training facility.  Relationships between local growers, technicians and the miller, as well as the 
link to scientific research, have been strengthened. Growers have learnt valuable business skills 
and have learned to be more cost-effective in their management and production activities. The 
demonstration plots have acted as a catalyst for development, job creation and higher economic 
returns, resulting in sustainable and improved livelihoods. The methodology has been documented 
in a detailed manual for use by extension staff and other development agencies. Growers in the 
Noodsberg area have participated and benefitted from this project methodology, resulting in im-
proved yields, increased income, food security and levels of knowledge that lead to sustainability 
of the growers themselves, making them less dependent on support. This methodology can be 
easily repeated in other areas, and can be applied to other commodities.
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Abstract
Declining Agricultural Productivity in Nigeria has necessitates implementation of various pro-

grammes and projects. Some of these projects/programmes were supported, funded or co-founded by 
International Organizations and Agencies. Recently, the World Bank (WB) and African Development 
Bank (ADB) implemented the Second National Fadama Development Project (NFDP II) during the 
year 2004-2010 in eighteen (18) States of Nigeria. Twelve (12) States including Adamawa State were 
supported by the World Bank while the remaining six (6) States by the African Development Bank. This 
study evaluates the performance of Rice Agri-business via comparison of Fadama II participating and 
Non-Fadama II Rice Actors in the study area, with a view to ascertain and validate Fadama documents 
which reported success of the project. Primary data were collected through the use of questionnaire 
administered to a total of three hundred and forty six (346) randomly selected respondents comprising 
of 202 Fadama II and 144 Non- Fadama II Actors. Socio-economic analysis of the respondents shows 
that Fadama II Rice Actors were better educated, younger and more productive than the Non- Fadama 
II Rice Actors. Profitability analysis also revealed that Fadama II Rice Actors were making more profit 
than the Non- Fadama II Rice Actors. It is therefore concluded that, the World Bank Assisted Second 
National Fadama Development Project had impacted positively on Rice sector and hence Agricultural 
Development in Adamawa State. It is therefore recommended that, similar projects should be put in 
place by various International Organizations and Agencies in Nigeria.

Keywords: Fadama,international organizations, agencies, rice, agri-business and development

1. Introduction
The World Conference on Agrarian Reform and Rural Development (WCARRD) held in 1979 

agreed on primary objective of Agricultural and Rural Development Projects to be eradication of 
Poverty, Hunger, and Malnutrition. Also, essential contributory objectives include growth with Eq-
uity, National Self- reliance, Ecological harmony and the Conservation of natural resources (Arene, 
2008). Different Countries of the World have had to execute several projects targeted at improving 
Agricultural Production, and provision of social infrastructure in the rural areas (UN- ACC, 1994). 
The World Bank and the African Development Bank recently supported the Second National Fadama 
Development Project (NFDP II) in Nigeria with US$ 100 million and US$ 30 million respectively. 
Out of the 18 States that participated in Fadama II project, twelve (12) of them were assisted by 
the World Bank and include Adamawa, Bauchi, Gombe, FCT, Imo, Kaduna, Kebbi, Lagos, Niger, 
Ogun, Oyo and Taraba (NFDO, 2007) while the remaining six (6)  by the  ADB. Fadama II was 
designed to operate for six years (2004- 2010) with a goal of contributing to Poverty reduction in 
Nigeria.  However, actual implementation did not begin until September, 2005. 
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NFDP II was targeted as a follow up to Fadama1 that was adjudged successful. Its approach 
was Community Driven Development (CDD) with emphasis on social inclusiveness and empow-
erment of the rural people to take charge of their development agenda. The main objective of the 
project is to sustainably increase the incomes of the Fadama users through expansion of Farm 
and Non- Farm activities with high value added output (PCU- NFDO, 2005).   

Rice Agri-business comprises Input suppliers, Producers, Processors, Traders/Marketers and 
Consumers (Rujis, et. al., 2001).  The ban imposed in Nigeria on rice importation in 1985 was 
due to the colossal amount of money being expended to import large quantity of the commodity 
resulting from high demand and low domestic supply. The policy objectives were to encourage 
domestic production and since then available statistics has indicates improvement in the hectares 
and quantity of rice produced domestically. However, even though the quantity is not enough to 
meet domestic requirement but have encouraged proliferations of more rice farmers, processors, 
produce and inputs marketers in the Country and Adamawa State in particular. Therefore, it pro-
vided employment opportunities to many stakeholders along the rice value chain. Accordingly, 
any meaningful approach to improving domestic rice sector should consider the entire chain. In 
line with this development, the researcher embarked on enterprise by enterprise analysis of the 
rice sub – sector specifically under a particular project with the hope of understanding how far 
the project has achieve for better planning.  

2. Objectives
The main objective of the study was to compare the performances of Fadama II and Non- 

Fadama II rice actors in the study area. Specific objective include to:
a) describe the socio-economic characteristics of Fadama II and Non- Fadama II rice actors in 

the study area; and
b) estimate cost and returns of rice actors under Fadama II and Non- Fadama II in the study area.

3. Methodology

3.1. The study area
The study area is Adamawa State ( latitudes 8o and 11o North and longitudes 11.5oo and 13.75o 

East) with land area of 39,742.12 sq. km which is about 4.4 percent of the land area in Nigeria 
(Kornoma et al., 2002 ,Adamawa State Diary, 2005).  The State had a population of 3,178,950 
according to National Population Census (NPC, 2006) (80% reside in rural areas and engaged in 
Agricultural Production) and is divided into 21 Local Government Areas (Kormowa et. al., 2002, 
Adamawa State Diary, 2005). 

The State has about 4.2 million hectares of land out of which 2.9 million are arable but only 
0.232 million hectares (i.e. 8%) are under cultivation annually. The mean farm size per farming 
household in 2001 was 0.73 hectares which indicate that majority are small scale farmers. However, 
there are few medium and large scale farmers with farm holdings exceeding 5 hectares (Kormowa 
et al., 2002). The rainy season commences in April and ends in October. Average rainfall for the 
State is 700 mm in the northern parts and 1600 mm in the southern parts which is a good range 
for rice cultivation (Adebayo, 1999).
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3.2. Sampling technique and sample size
Multi-stage Sampling Technique was used. First stage involved purposive selection of ten (10) 

Local Government Areas (L.G.As) out of the twenty one (21) L.G.As that participated in Fadama 
II project in the State which comprised Mubi- North, Michika, Gombi, Song, Fufore, Yola- South, 
Yola- North, Lamorde,  Guyuk,and Ganye.

Second stage involved purposive selection of all the Rice Fadama User Groups (FUGs) and it 
members including Input sellers (68), Rice Producers (120), Mill Operators (96), and Rice Market-
ers (120) which gave a total of four hundred and four (404) that constituted the target population.    

Third stage involved random selection of fifty Percent (50%) of each of the category of the 
target population that is Input sellers 48, Rice Producer’s 60, Mill Operators 48, and Rice Marketers 
60 which gave a total of two hundred and two (202) sampled respondents.   For the Non-Fadama 
II participants (the list of rice interest groups were collected from their associations) within the 
10 Fadama II participating LGAs and includes Input sellers 60, Rice Producers 102, Mill Opera-
tors 66 and Rice Marketers 60 which gave a total population of two hundred and eighty eight 
(288). Fifty percent (50%) of the population from each of the rice economic interest groups were 
randomly selected and includes Input sellers 30, Rice Producers 51, Mill Operators 33 and Rice 
Marketers 30 that gave a total of 114 sampled respondents.

3.3. Data collection procedure
 Data for this study was collected from both primary and secondary sources. Primary data were 

collected from samples of the respondents. Sources of primary data were Fadama II and Non- 
Fadama II Rice Actors. The actors considered for the study were Input- sellers, Rice producers, 
Rice millers and Rice marketers. 

4. Data analysis

4.1. Socio-economic analysis (objective I)
Frequency, percentage and mean distribution were used to describe the socio-economic char-

acteristics of Fadama II and Non- Fadama II Rice Actors in the study area.

4.2. Profitability analysis (objective II)
Nuru et al., (2006) used profitability analysis of processing crude honey to estimate profitabil-

ity of crude honey at farm gate, local markets of the study area were considered. Dejene (2008) 
also studied the profitability of extension package inputs for Wheat and Barley in Ethiopia. He 
used simple calculation of value – cost – ratio and the unit of analysis was hectare of land. This 
study adopted the concept of gross margin and gross profit analysis to analyze the profitability of 
Fadama II and Non-Fadama II rice actors in the study area. The models were specified as follows:

𝐺𝐺𝐺𝐺𝐶𝐶𝐶𝐶𝐶𝐶 𝑃𝑃𝐺𝐺𝐶𝐶𝑃𝑃𝐹𝐹𝐹𝐹 = 𝑉𝑉 − 𝐶𝐶 = 𝑃𝑃𝑃𝑃 −�𝑝𝑝𝐹𝐹

𝐹𝐹

𝐹𝐹

𝑞𝑞𝐹𝐹  

Where:
P = Price of the produce;
pi = price of the input I;
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qi = quantity of input I;
Q = Total production per hectare;
V = Value of production; and
C = Total cost of production

Gross Margin Analysis was used to measure profit objective 2 of the study. Mathematically, 
the Gross Margin is expressed as follows:

𝐺𝐺𝐺𝐺 = 𝐺𝐺𝐹𝐹 − 𝑇𝑇𝑉𝑉𝐶𝐶 

Where:
GM = gross margin per unit of output (N); 
GR = gross revenue per unit of output (N); and
TVC = total variable costs per unit of output (N).

5. Results and discussions

5.1. Socio-economic characteristics
Gender of the respondent 

Results shows that all (100%) of the Fadama II and Non- Fadama II inputs sellers were 
Males while majority (90 and 72.7%) of the Rice Producers were Females. Also, all (100%) of 
the Fadama II and Non- Fadama II Mill Operators were Males. The result further reveals that 
majority (81.7 and 83.3%) of the Fadama II and Non- Fadama II Rice Marketers were Females. 
The result implied that females were engaged only on rice production and marketing while rice 
milling operation and inputs selling were entirely male activities.      

Age distribution of the respondents

Results reveals that (88.2 and 36.7%) of the Fadama II and Non- Fadama II Inputs Sellers 
were within the age brackets of 21-30 years while (78.3 and 36.45%) of the Fadama II and Non- 
Fadama II Rice Producers were also within the age limit of 21-30 years. It also reveals that 52.1 
and 40 % of the Mill Operators under Fadama II and Non- Fadama II were within the age limit 
of 21-30 years. Majority (75 and 50%) of the Rice Marketers under Fadama II and Non- Fadama 
II were within the age bracket of 21-30 years respectively. The result is contrary with the find-
ings of Yusuf et al. (2009) in Zamfara State who found that 37% of the rice marketers were at the 
average age of 35 and 36 years while those youths between 20-30 years constitute the minority. 
It clearly shows that all the actors under the rice supply chain were at their active and productive 
age. Ogundele and Okoruwa (2006) also reported that, as age of actors increase, productivity will 
continue to fall owing to their declining strength. Hence, he suggested that the occupation needed 
injection of young able people.

5.2. Marital status of the respondents
 Results on the marital status of the respondents show that 91.2 and 73.3% of the Fadama II 

and Non- Fadama II Input- sellers were married. The result also shows that 78.3% of the Fadama 
II rice producers were married, while 42.4% of the Non- Fadama II were single.
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For the Mill Operators, it shows that 75 and 56.7% of Fadama II and Non-Fadama II were 
married. The result further reveals that 65 and 63.3% of the Fadama II and Non-Fadama II rice 
marketers were married .The result implied that rice actors in the area were matured and hence 
their decision making capability and ability is expected to be developed. This could also mean 
they can discharge their responsibilities diligently. 

Family size of the respondents

Result of family size of the respondent shows that both Fadama II and Non-Fadama II Rice Actors 
had an average of six (6) members in their households. The result implied that respondents need to hire 
labor because family labor constitutes the bulk labor in small- scale farm operations in Nigeria since 
they don’t have large members in their households more particularly when considering expanding the 
business. Ogundele and Okoruwa (2006) supported this by reporting that labor constitutes the most 
important input into small-holder Agricultural production in Nigeria, they further asserts that, labor 
input can be sourced from within the family (Family Labour), from commercial pool in the labor market 
(Hired Labour), and from among other farmers (Group Labour). However, family labour constituted 
the major proportion of the aggregate labour use in Nigerian Agriculture. The report also lamented 
that, the amount of man -days of family labour that can be engaged by rice farmers will depend on 
the house hold size, structure of the household and primary occupation of the household members.

The foregoing has clearly indicated the importance of family size. Large family could mean 
availability of labour for economic activities. It could also mean that, the income generation will 
be high; hence, there is tendency for savings and investment in better facilities which can improve 
the quality of the products and income of the actors. However, on one side large family could also 
mean so many mouths to feed and many people to take care. 

Educational status of the respondents
Result on the educational background of the respondents shows that (70.6 and 47.7%) of 

Fadama II Inputs Sellers and Producers had primary education while (46.7 and 48.5%) of Non- 
Fadama II input – sellers and producers did not have formal education. For the Mill Operators, 
52.1 and 40% under Fadama II and Non- Fadama II had primary education.

Similarly, majority (66.7 and 56.7%) of the Fadama II and Non-Fadama II Rice Marketers had 
primary education. The results revealed that Fadama II Rice Actors were more educated than the 
Non- Fadama II Rice Actors. However, both cases had low educational status. This agrees with the 
National Rice Development Strategy (2006) which reported that low level of education and other 
players in the rice value chain impacts negatively on local rice production. Ogundele and Okoruwa 
(2006) also reported that, education plays a significant role in skills acquisition and technology 
transfer. It enhances technology adoption and the ability of farmers to plan and take risk. Actors with 
higher levels of education are likely to be more efficient in the use of inputs than their counterparts 
with little or no education. Therefore, this low educational background of the actors under rice sup-
ply chain in the study area is a serious problem and deserves immediate attention and intervention. 

Membership of co-operative society
Results on the membership of cooperative societies shows that all (100%) of the  input- sell-

ers, Rice Producers, Mill Operators and Rice Marketers under Fadama II belong to Co-operative 
Societies while only half (53.5%) of the  actors under Non- Fadama II belongs to Co-operative 
Societies. The reason why  all Fadama II rice actors belongs to co-operative  group is that,  it was 
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mandatory to register as co-operative  under a particular Economic Interest Group (EIG) before 
participating in Fadama II project. 

The results implied that rice actors under Fadama II Project were more co-operated than the 
Non- Fadama II Rice Actors. And by extension, since co-operative serve as a prelude to capital 
mobilization and business formation, it is a powerful tool for Empowerment and Poverty Allevia-
tion.  This could mean that Fadama II Rice Actors were alleviated from Poverty and therefore 
better off than Non- Fadama II Rice Actors. Also it might means that they were more exposed 
and have better opportunities to pursue their common social as well as economic goals within and 
outside (such as assistance from Local, National and International Agencies).

Agri-business experience of respondents

Results on the years of experience of Fadama II and Non- Fadama II Rice Actors in the area 
shows that 47.1% of the input – sellers under Fadama II had less than five years experience while 
53.3% of the Input – sellers under Non – Fadama II had five to ten years experience on the enterprise.

It reveals that 36.7 and 36.4% of the farmers under Fadama II and Non- Fadama II had put 
eleven to twenty years on farming. Also, 43.8% of the Fadama II Mill Operators and 53.3% of the 
Non-Fadama II Mill Operators has put in less than five to ten years in milling business respectively. 
Further, it shows that 46.7% of the rice marketers under Fadama II have put 5-10 years on the busi-
ness while 50% of the rice marketers under Non- Fadama II had less than five years experience.

This result implied that Non- Fadama II rice actors have put more years on the business than 
the Fadama II Actor. Putting many years on the business might not be the only determinant of 
efficiency; other factors play a role. Ogundele and Okoruwa (2006) reported that, experience is 
the best teacher. Thus the longer a person stays on a job, the more likely he becomes an expert. 
Further, they asserted that Agri-business involves a lot of risk and uncertainties; hence to be 
competent enough to handle the vagaries associated with Agri-business, actors must have stayed 
on the farm for quite some time. Since in both cases, they have moderate years of experience 
on the business, with more emphasis on training, their know-how, skills and capabilities can be 
enhanced and promoted for better performance.

Consequently this result also implied that, rice milling is an infant industry in the area since 
majority (78 and 70%) of the millers under Fadama II and Non- Fadama II had less than twenty 
years experience. This shows that rice milling business received a boost only after the ban of 
rice import by the Federal Government of Nigeria in 1985 that is nearly three (3) decades ago. 
This means that, the ban on rice imports has increased rice output, productivity and post harvest 
activities (milling and trading) in the area.

Net- capital for Fadama II and Non- Fadama II rice actors   

Table 1 presents results on the Net- capital of Fadama II and Non- Fadama II Rice Actors. 
It  shows that Fadama II input sellers at the  inception of the project (2005-2006) had a mean of 
N1,277,353 but this amount dropped by 15% to a mean  of N1,087,059 during the period (2007- 
2008) and increased by 8.3%  to N1,177,353 during the period (2009-2010). The reason for the 
dropped during the 2007-2008 could be due to the payment of counterpart funds which stood at 
30% of the total requirement for acquisition of pilot assets which have not been supplied.  While 
the Non- Fadama II input sellers had a mean of N663,333.3 at inception (2005-2006). However 
the mean increased by 25% to N830,333.3 during the period (2007-2008) and rise by 30% to 
N1,080,333.3. This reveals a steady increase.
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The result further indicated that, rice producers under Fadama II at inception (2005-2006) had 
a mean capital of N100,566.7, increased by 35.5% to N136,250 during the (2007-2008) period and 
by (2009-2010), the mean had increased by 36.3% to N185,700. Similarly, Non-Fadama II rice 
producers had a mean of N83,030.30 at inception (2005-2006) increased by 25.5% during the period 
(2007-2008) to N104,242.4 and by (2009-2010), the amount increased by 38.1% to N143,939.4.

Furthermore, the result revealed that, Fadama II Mill Operators had a mean capital of 
N170,565.0 at inception (2005-2006). The amount increased by 30.9% to N223,333.3 during the 
period (2007-2008), it then increased by 23.3% to N275,416.7 during the (2009-2010) period. The 
Non- Fadama II Mill Operators at inception (2005-2006) had a mean of N147,833.3, the amount 
increased by 27.8% to N189,000.0 during the (2007-2008) period, then increased by 17.1% to 
N221,333.0 during the period (2009-2010).

The result also showed that Fadama II rice marketers had a mean capital of N97,166.67 at 
inception (2005-2006), the value increased by 0.2% to N97,333.33 during the period (2007- 
2008), and then increased by 37.3% to N133,550.0 during the (2009-2010) period. Similarly, the 
Non- Fadama II rice marketers had a mean of N109,000 at inception (2005-2006), this amount 
increased by 50.2% to N163,666.7 during the (2007-2008) period and then dropped by 5.9% to 
N154,000 during the (2009-2010) period.

Table 1.  Net-Capital of Fadama II and Non-Fadama II Rice Actor before, during and after the project
REIGs (Rice 
Economic Interest 
Groups)

Observation (n) Before  
(2005-2006)

During 
(2007-2008)

After  
(2009-2010)

Mean N
Input supplier F (34) 1,277,353 1,087,059 (-15%) 1,177,353 (+8.3%)
Input supplier NF (30) 663,333 830,333 (+25%) 1,080,333 (+30%)
Rice producers F (60) 100,566 36,250 (+35.5%) 185,700 (+36.3%)
Rice producers NF (33) 83,030 104,242 (+25.5%) 143,939 (+38.1%)
Mill operators F (34) 170,565 223,333 (+30.9%) 275,416 (+23.3%)
Mill operator NF (30) 147,833 189,000 (+27.8%) 221,333 (+17.1%)
Rice Marketers F (60) 97,166 97,333 (+0.2%) 133,550 (37.2%)
Rice Marketers NF (30) 109,000 163,666 (+50.2%) 154,000 (-5.9%)

(%) = values in brackets are changes in  F = Fadama II, NF = Non- Fadama II
Source: Survey data, 2012

5.3. Profitability analysis
Gross Margin/ Net Marketing Income For Fadama II and Non-Fadama II Input Sellers
Table 2 present’s results on Gross margin of Fadama II and Non-Fadama II inputs marketers. 

It shows that Fadama II Input - marketers were making an average returns and Gross margin of 
N544,117.65 and N201,470.59 while the Non-Fadama II rice marketers were making an average 
returns and gross margin of N455,666.67 and N112,333.33 respectively.    

The results implied that Fadama II inputs marketers were making more money as returns 
than their Non- Fadama II input marketers. This could be attributed to improvement in marketing 
infrastructures, training and advices received by the Fadama II input marketers. Improvements 
in infrastructures were in areas of market shades, stores, and transport facilities. These offered 
the potentials of cutting down expenses significantly. The variable costs include the followings: 
Transportation cost, communication, loading and off- loading, security, market assistants, tax and 
revenues. The fixed cost includes depreciation on Buildings, Stores and Vehicles.
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Gross Margin/ Net Production Income For Fadama II and Non-Fadama II Rice Producers

Table 2 present’s results on Gross margin/ Net Production income for Fadama II and Non- 
Fadama II rice producers. It revealed that Fadama II rice producers were making an average returns 
and Gross Margin of N423,340.80 and N135,001.05 respectively while the Non- Fadama II Rice 
Producers were making an average returns and gross margin of  N340,909.09  and N104,545.45  
respectively. The above results implied that Fadama II rice producers were performing better 
than the Non- Fadama II rice producers. This could be as results of improved investment in farm 
assets, access to genuine farm inputs, and capacity building training received by the Fadama II 
Rice Actors which translate to increased output and income. 

The variable cost include costs of the followings; Seed, Fertilizer, Herbicides, Labour, Trans-
portation. Fixed costs were depreciation on Land, Buildings and Machinery. The Annual income 
from Fadama II and Non-Fadama II Rice Producers is however lower than the findings of Agom 
et al.,(2009) who found that majority (50%) of  upland rice farmers in Imo State earned an annual 
income of N201,000 and above with an annual mean of N205,021.43 within the research period. 
This suggested that there is still need for improvement among the Fadama II and Non- Fadama 
II Rice Farmers. Idowu et al., (2009) in a study on profitability level of upland rice production in 
Ilaro Agricultural Zone of Ogun State, Nigeria used budgetary techniques (cost and returns) to 
estimate the profit of rice production. They reported a gross margin and net income that accrued to 
each upland rice farmer per production season on the average to be N194,094.88 and N185,409.53 
respectively. This amount was also higher than what was obtained both under Fadama II and Non 
– Fadama II rice production in Adamawa State.

Gross Margin/ Net Production Income for Fadama II And Non-Fadama II  
Rice Mill Operators

Table 2 present’s results on Gross Margin/Net Milling Income of Fadama II and Non-Fadama II 
Rice Mill Operators. It revealed that Fadama II rice  mill operators were making an average returns and 
Gross Margin of N176,479.99 and  N53,479.99 respectively while the Non- Fadama II Rice Mill Opera-
tors were making an average returns and gross margin of  N150,400.30  and  N38,200.30  respectively. 

The results above implied that Rice Mill Operators under Fadama II had more returns that 
the Non- Fadama II. Similarly the Gross Margin of N53,479.99 for the Fadama II Mill Operators 
was greater than that of Non- Fadama II Mill Operators which stood at N36,350.00. The reason 
for this difference could be explained as result of increased/expansion in milling facilities and 
improved milling capacity acquired through capacity training offered by the Fadama II project. 
The variable costs include, cost of diesel/electricity, labor, servicing, tax and revenue, rent and 
security. The fixed costs were depreciation on building and machine.

Gross Margin/Net Marketing Income for Fadama II and Non-Fadama II  
Rice Marketers

Table 2 present’s results on Gross margin/Net marketing income of Fadama II and Non- Fadama 
II rice marketers. It revealed that Fadama II rice marketers were making an average returns and 
gross margin of N352,759.98 and N62,609.98  respectively while the Non- Fadama II rice Mill 
Operators were making an average returns and gross margin of N290,500.50 and N45,500.5 
respectively. The above results implied that Fadama II rice marketers had an average returns and 
gross margin that were greater than the Non-Fadama II Rice Marketers. This could as results of 
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improvement in parboiling skills and marketing strategies. The variable costs include cost of 
purchasing paddy, milling cost, parboiling cost, transportation and communication, loading and 
off-loading, tax and revenue, rent and security. The fixed cost were depreciation on items like 
drums, bowls, buckets wheel barrows, vehicles and trampoline.

6. Conclusions
The findings of this research revealed that Fadama II Rice Actors were younger, better educated 

and more productive than the Non-Fadama II. Also Fadama II actors have more capital and were 
making more profit than the Non-Fadama II actors in the area. It is therefore concluded that the 
Second National Fadama Development Project (NFDP II) had Impacted positively on the Income 
and livelihood of the rice actors and hence reduce poverty across the gender in the study area. 
This therefore is in agreement with Fadama II reports and objectives. 

Table 2. Costs and Returns (Gross Margin/Net Marketing Income) For Fadama II and Non-Fadama 
II Rice Actors 

Item Fadama II (n = 34) Non-Fadama II (n = 30)
average N total N average N total N

Input- Sellers
(i). Returns 544,117.65 18,500,000.00 455,666.67 13,670,000.00
(ii). VC 342,647.06 11,650,000.00 343,333.33 10,300,000.00
(iii). FC 5,273.00 179,282.00 4,181.67 125,450.00
(iv). GM 201,470.59 6,850,000.00 112,333.33 3,370,000.00
(v). NMI 196,197.59 6,670,718.00 108,151.67 3,244,550.00
Rice Producers
(i). Returns 423,340.80 25,400,450.00 340,909.09 11,250,000.00
(ii). VC 288,339.79 17,300,387.50 236,363.64 7,800,000.00
(iii). FC 8,335.74 500,144.20 6,969.70 230,000.00
(iv). GM 135,001.05 8,100,063.00 104,545.45 3,450,000.00
(v). NFI 126,665.31 7,599,918.80 97,575.76 3,220,000.00
Mill Operators
(i). Returns 176,479.99 6,000,319.70 150,400.30 4,512,009.00
(ii). VC 123,000.00 4,182,000.00 112,200.00 3,366,000.00
(iii). FC 3,400.00 115,600.00 1,850.30 55,509.00
(iv). GM 53,479.99 1,818,319.66 38,200.30 1,146,009.00
(v). NMI 50,079.99 1,702,719.66 36,350.00 1,090,500.00
Rice Marketers
(i). Returns 352,759.98 21,165,598.80 290,500.50 8,715,015.00
(ii). VC 290,150.00 17,409,000.00 245,000.00 7,350,000.00
(iii). FC 3,050.00 183,000.00 2,400.60 72,018.00
(iv). GM 62,609.98 3,756,598.80 45,500.50 1,365,015.00
(v). NMI 59,559.98 3,573,598.80 43,099.90 1,292,997.00

VC = variable cost; FC = fixed cost; GM = gross margin; NFI/NMI = Net farming income/Net 
marketing income
Source: Survey Data, 2012
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7. Recommendations
The following recommendations were made based on the finding of the research:

1. The Non-Fadama II Rice Actors should form viable co-operative groups so that they can 
benefits from government and Non- Governmental Agencies.

2. Youth should be encouraged to venture into Agri-business as a source of livelihood.
3. Agri-business should be promoted as veritable tool for Poverty Alleviation and Food Security. 
4. Appropriate technology should be promoted due to expensive nature for foreign machines 

and equipments.
5. The skills and know-how of rice actors should be enhanced through reliable training (capac-

ity building). 
6. Basic infrastructures should be provided in rural and urban areas to facilitate transportation 

and exchange function.
7. Prices of basic inputs and outputs should be monitored on win – win basis.
8. Credit facilities for agribusiness operators should be made accessible and affordable.  
9. More donor agencies should be advocated to come to the aid of agribusiness operators in 

Nigeria.

8. References
ADADP, 2002. Adamawa State Agricultural Development Programme Diary.
ADSG, 2005. Adamawa State Government Official Diary
Adebayo A.A., 1999. “Climate 1”In: Adebayo, A.A. and Tukur, A.L. (eds.) Adamawa State in Maps, 

Paracletes Publishers, and Yola, Nigeria. Pp. 20-22.
Agom D. I., Ohen S. B., Idiong I.C., Oji R., 2009. Production function Analysis of upland Rice Farmers 

in Imo State Nigeria. Proceedings of the 23rd Annual National Conference of Farm Management 
Society of Nigeria, 14 – 17th December, 2009. Usman Danfodio University, Sokoto, Nigeria. 

Arene C. J., 2008. Economic Analysis of Agricultural and Rural Development Projects. Snaap press 
Limited, Enugu, Nigeria.

Dejene L., 2008. Profitability of extension Package inputs for Wheat and Barley in Ethiopia. The case 
of Limuna Bilbilo Wareda (Arsi Zone). Rural Development and Environment in Ethiopia; prospects 
and challenges. Proceedings of the 10th Annual Conference of Agricultural Economics Society of 
Ethiopia. Addis Ababa, Ethiopia.

FRN, 2009. National Rice Development Strategy (NRDS), A Federal Republic of Nigeria Document, 
Prepared   for the Coalition for African Rice Development (CARD) May, 2009.

Idowu A.O., Ojiako I., Akerele E.O., 2009. Profitability Level of Upland Rice Production in Ilaro 
Agricultural Zone of Ogun State, Nigeria. Proceedings of the 23rd Annual National Conference of 
Farm Management Society of Nigeria, 14 – 17th December, 2009.

Kormawa P.M., Ega L., Olukosi J.O., 2002. Needs Assessment Study for Markets – Driven Agricultural 
Technology Transfer and commercialization in Adamawa State, Nigeria, USAID, Abuja, Nigeria.

National Rice Development Strategy, 2009. Federal Government of Nigeria Document. Prepared for 
the coalition for African Rice Development (CARD) .

Nuru A., Eddosa N., Sebsibe Z., 2006. Profitability of processing crude honey. Reversing Rural Poverty 
in Ethiopia; Dilemmas and Critical Issues. Proceedings of the 9th Annual Conference of Agricultural 
Society of Ethiopia, Addis Ababa. Ethiopia. PP. 133.

Ogundele O.O., Okoruwa V. O., 2006. Technical efficiency differentials in Rice production technology 
in Nigeria, AERC Research Paper 154, African Economic Research Consortium, Nairobi.

Oladele O.I., Abisoye B.S, 2008. Technology and Extension Gaps Among Rice Farmers in Ogun State, 
Nigeria, Agricultural Tropical et Sub Tropical Vol.4, pp.160-164.



140 M.Y. HAMID, S.A. MUSA, Z. ABDU 

Olayide S.O., 1980. “Agricultural technology and Nigerian small farmers”. In: S.O. Olayide, J. A. 
Eweka and V.E. Bello- Osagie, eds., Nigerian Small Farmers: Problems and Prospects in Integrated 
Rural development. Centre for Agricultural Research and Development (CARD). University of 
Ibadan, Nigeria.

PCU-NFDO, 2005. “Poverty Reduction and increased Productivity through Empowerment”. National 
Fadama Development Project. 

Rujis A., Schweigman C., Lutz C., Sirpe G., 2001. In: Benjamin O., Damian I., Simon I., Paul O., 
2008. Making Rice Agribusiness Work in Sub-humid Tropic of Nigeria: The Commodity Value 
Chain Development Approach: African Journal of Agricultural Research Vol.3, No.1, pp.779-786.

Second National Fadama Development Office NFDP II, 2007. Poverty Reduction through Empower-
ment. A publication of PCU – NFDO, Abuja, Nigeria. 

Takele A., 2010. Analysis of Rice Profitability and marketing chain: the case of Fogera Woreda, south 
Gondar zone, Amhara national Regional state, Ethiopia. A thesis submitted to the college of Agri-
culture Department of Agricultural Economics, School of Graduate Studies, Haramaya University.

Yusuf B. I., Baba K.M., Mohammed I., Dogon Daji S.D., 2009. Determinants of Rice Production: A 
Guide for Food Security Policy in Nigeria. Proceedings of the 23rd Annual National Conference 
of Farm Management Society of Nigeria, 14 – 17th December, 2009. Usman Danfodio University, 
Sokoto, Nigeria.

National Population Commission, 2006. National Population Census. 



FINANCIAL MEASUREMENTS TO RANK FARMS IN THE NORTHERN CAPE, SOUTH AFRICA... 141

FINANCIAL MEASUREMENTS TO RANK FARMS IN THE 
NORTHERN CAPE, SOUTH AFRICA, USING DATA ENVELOPMENT 

ANALYSIS

J.I.F. Henning, D.B. Strydom, B.J. Willemse, N. Matthews

Department Agriculture Economics, University of the Free State

Abstract
Producers use financial benchmarking in agriculture to compare financial performance across 

production years and to compare competitors in the industry. This study determined whether Data 
Envelopment Analysis could be used to divide farms in the Northern Cape (South Africa) into dif-
ferent performance groups using financial measurements. Three enterprise groups (crop, mixed, 
and livestock) were benchmarked using Data Envelopment Analysis and subsequently divided into 
efficient or inefficient groups according to operating efficiency. Efficient farms had an operating 
efficiency score of one and inefficient farms less than one. Results indicated that Data Envelopment 
Analysis could be applied to determine efficient and inefficient farms according to financial results. 
An alternative benchmarking tool to compare the operating efficiency of one farm relative to similar 
farms included in the data set was thus provided. It is recommended that the Data Envelopment 
Analysis benchmarking model be used in conjunction with other models or established norms to 
provide accurate information and a comprehensive overview of financial performance. 

Key words: farm management, Data Envelopment Analysis, financial benchmarking, financial 
measurements

1. Introduction
An effective method for executing and monitoring strategic and operational plans on a farm is 

very important to ensure success. These plans, which include the financial structure of the farm, 
provide a clear sense of the producer’s objectives. To ensure the financial objective of the farm is 
met, producers must constantly evaluate and monitor the financial performance of the farm (Boe-
hlje et al., 1999). Financial ratio analysis is considered to be a standard approach for evaluating 
financial performance (Ozcan & McCue, 1996). There are some useful financial measurements that 
when used collectively over time can provide much information about the financial performance 
of a farm (Ferris & Malcolm, 1999). 

The Farm Financial Standards Council, U.S.A., developed financial guidelines for agricultural 
producers. These measurements are divided into five categories: liquidity, solvency, profitability, 
repayment capacity and financial efficiency. In each of these categories there are measurements 
that are referred to as the “Sweet 16” financial measurements (Crane, 2004). Blocker et al., (2003) 
illustrated the use of the “sweet 16” measurements to obtain norms for the measures where farm 
performance is divided into three groups, the top -, midpoint - and bottom performance groups 
to benchmark a farm’s financial performance.

Benchmarking is an important tool that can assist farm managers to improve the performance 
of a business. Benchmarking is defined by Wilson et al., (2004) as a performance indicator that 
identifies a specific level of performance, which includes best practice performance. Benchmark-
ing with financial measurements provide the performance measurements of the different financial 
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categories of a farm. The measurements can then be compared with the performance measurements 
of other farms (Wilson et al., 2004). Benchmarking provides information that can be compared 
to past performances of the farm and can also be compared to other farms (Blocker et al., 2003). 
Financial benchmarking can be done by dividing the farms into two or more groups on the basis 
of their performance. In order to divide the farms into performance groups, norms and boundaries 
have to be established. 

A linear mathematical method, the Data Envelopment Analysis (DEA), uses financial measure-
ments of farms to benchmark performance. The DEA method is a nonparametric mathematical 
model that evaluates the relative efficiency of a group of decision makers based on their input 
use to produce outputs (Al-Shammari & Salimi, 1998). The DEA uses a linear programming 
technique to find a set of weights for each farm so that the efficiency score is maximised, but does 
not exceed a score higher than one (Sarafidis, 2002). Since the development of the original DEA 
model by Charnes et al., (1978), several extensions have been made. The Charnes et al., (1978) 
model assumed constant returns to scale, thus assumed a proportional increase in input use would 
result in a proportional increase in output. The first adjustment to this original model was made 
by Banker et al., (1984) who accommodated for variable returns to scale. Thus the assumption is 
that a proportional increase in input use would result in a less or more than proportional change 
in outputs. Although most of the application of DEA models focus on the use of absolute number 
variables there are however cases where researchers needed to use ratio variables as input data 
especially when the aim is to evaluate producers financial performance. This led to the develop-
ment of a non-parametric model for financial ratios by Fernandez-Castro and Smith (1994), and 
has since been used by Al-Shammari and Salimi (1998), Feng and Wang (2000), Scheraga (2004), 
and Ablanedo Rosas (2010) to evaluate relative efficiencies using financial ratios. 

This study used the financially based DEA model to evaluate the financial performance of 
agricultural producers from the Northern Cape, South Africa. The financially based DEA model 
was used to benchmark the producers based on their financial performance. To evaluate the use-
fulness of the financially based DEA model the DEA results were compared to results from Hen-
ning (2011). Henning divided farms from the cooperative area of ‘Griekwaland Wes Korporatief 
Limited’ (GWK) into three groups in order to determine their financial performance. 

2. Literature review
Financial measurements highlight many factors that can cause unacceptable farm financial 

performances. Of these factors, some are not in the producer’s control (Boehlje et al., 1999). The 
producer has several options to improve financial performance; the usefulness of these options 
will be reflected in the financial measurements. 

2.1.  Data Envelopment Analysis
Data Envelopment Analysis was used to determine the efficiency of ports and shipping in-

dustries by Tongzon (2001). Lin et al., (2005) used DEA to measure the efficiency of selected 
Australian and other international ports and a performance efficiency evaluation of the Taiwan’s 
shipping industry. Results of Lin et al., (2005) indicated that performance evaluation for shipping 
industries can be more comprehensive if financial ratios are used. An innovative adopted version 
of DEA was used by Ablanedo-Rosas et al., (2010) to study the relative efficiency of Chinese 
ports. This study made use of a financial ratio based DEA approach and results indicated that the 
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higher a port’s efficiency ratio in relation to the corresponding ratio of other ports, the higher the 
efficiency of this specific port. Apart from shipping examples, DEA was also used as a financial 
performance index for hospitals (Ozcan & McCue, 1996). Al Shammari and Salimi (1998) and 
Avkiran (2011) applied DEA to determine the operating efficiency of banks. Both studies used 
financial ratios to determine the operating efficiency of banks. Min-Feng and Wang (2000) evalu-
ated the performance of airlines and found that performance evaluation was more comprehensive 
if financial ratios were considered.

The DEA is a method that is widely used in agriculture for a variety of reasons. Fraser and 
Cordina (1999) used DEA to assess the technical efficiency of dairy farms in Northern Victoria, 
Australia. Rouse et al., (2007) also used DEA to benchmark the performance of dairy farms. These 
authors illustrated how DEA can be a useful tool for benchmarking in the dairy industry and how 
to examine the impact of environmental factors on farm efficiency. 

2.2.  Benchmarking
Benchmarking is a long-standing, highly developed practice that is used in the agricultural 

sector (Jack, 2009). Flemming et al., (2006), mention that benchmarking was developed as a farm 
management tool to detect areas where producers could increase their profit or performance by 
adopting the methods of their more successful peers. Benchmarking is a powerful management 
tool that can be used by agricultural producers to manage their risks and improve their profitabil-
ity (Craven et al., 2011). According to Ferris and Malcolm (1999), benchmarking has a valuable 
role to play in the improvement of farm productivity and plays a role in farm standards to help 
identify weaknesses. 

There are two types of benchmarking that can be used to analyse and interpret financial records. 
With historical benchmarking, producers must focus on the improvement of their own financial 
measurements and the discovery of possible problems (Blocker et al., 2003). The other type of 
benchmarking compares a farm to other similar farms. The best farm analysis must include ac-
counting guidelines and both of the benchmarking options, namely historical data and similar 
farm benchmark (Blocker et al., 2003).

Accurate and complete information is needed when a benchmarking system is developed. 
Another important factor is the amount of information collected over a number of years that 
will adequately reflect the producer’s situation. Yeager and Langemeier (2007) used a sample of 
Kansas farms and concluded that five years of data are necessary to benchmark similar produc-
tion enterprise farms.

3. Methodology
The data used in the study was obtained from GWK agribusiness head office in Douglas, South 

Africa. GWK has a study group of producers in their Northern Cape trading area1. The financial 
statements from the study groups for the years 2004 to 2009 totalled between 76 and 85 farms. 
Data obtained from GWK included balance sheets and income statements. Only 38 farms were 
identified to have complete financial statements for the period 2005 to 2009 (5 years). The farms 
(identified by a number) were divided into three enterprise groups: livestock (9), crop producers 
(17) and mixed enterprise (12) as shown in Table 1. 

1  Barkley West, Douglas, Hopetown, Marydale, Modderrivier, Niekerkshoop and Prieska. 
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The balance sheet and income statements provided 
enough information for analysis using the “Sweet 16” 
financial measurements as identified by the Farm Finan-
cial Standards Council (Hoag, 2009). For this study 14 
of the “sweet 16” financial ratios were used to analyse 
the farms and are shown in Table 2 with border ratios for 
three performance groups as identified by Blocker et al., 
(2003). Only 142 of the 16 measurements were included 
in the study because information on depreciation was not 
included in the data set obtained from GWK. 

A financial ratio based DEA model was used to 
rank the farms according to their operating efficiency. 
Every farm is seen as a decision-making unit (DEA). 
The DEA model combines multiple financial measure-
ments, as indicated in Table 2, into a single measurement 
of operating efficiency. The output orientated financial 
ratio based DEA model with variable returns to scale is 
defined as follows:

Maximise     Z0  

Subject to:  i=1,…, m

Z0 ≥ 0;  λn ≥ 0 (n = 1, ... ..., N)

Where Z0 indicates the ratio enlargement rate for DMU0, λn represents the multiplier weights 
that is used to determine the efficiency frontier. While ri0 represents the observed measurement 
for DMU0. N refers to the total number of DMU’s that is appraised on m financial measurements 
(Al-Shammari & Salimi, 1998). 

The mathematical model is solved for every farm, and in this manner the relative operating 
efficiency is determined for each DMU in question (Ablanedo-Rosas et al., 2010). The higher 
the estimated ratio enlargement rate (Z0) the lower the level of efficiency. However, interpretation 
of the estimated Z0 value can be confusing, therefore an easily interpretable efficiency score (α) 
was estimated as:

α = 1/Z0     1 ≥ α ≥ 0 

This efficiency score or α allows the ranking of the current DMU’s (DMU0), where an ef-
ficiency score of one is considerd as efficient and any score less than one (α < 1) is inefficient 
(Ablanedo-Rosas et al., 2010). The optimisation model used to estimate the DMU’s efficiencies 
was built in the General Algebraic Modelling System (GAMS). The optimisation model was 

2 Depreciation was omitted because different methods exist to calculate depreciation debt repayment 
ratio was not reliable and only a monetary value showing debt repayment capacity was included. 

Table 1. Farm identification numbers, 
organised per enterprise (n = 38)
Mixed 
enterprise

Cop 
enterprise

Livestock 
enterprise

farm number
2 4 30
3 5 32
6 8 34
7 9 40
15 13 43
18 14 45
22 16 49
25 17 50
31 20 54
33 21 ---
35 23 ---
61 24 ---
--- 27 ---
--- 29 ---
--- 38 ---
--- 44 ---
--- 69 ---
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Table 2. Financial measurements used for estimation of the DEA, formulas to estimate financial measures 
border ratios for the top, mid and bottom performance groups

Source: FFSC, 2008; Blocker et al., 2003

solved 15 times, solving the model for three enterprise groups, once for every year over the five 
years. This provided data results for the five years to determine changes in performance for each 
of the farms. An operational efficiency comparison can be made between efficient and inefficient 
farms of the same enterprise. To compare the results from the financial ratio based DEA to the 
border measurements from Henning (2011) the percentage of measurements that were in the top 
third performance for each farm were calculated. 
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4. Results and discussion
One of the important factors to remember when using DEA was that the farms were compared 

relative to one another. A farm identified as inefficient or efficient was seen in context to the other 
farms in the same enterprise category. Farms were benchmarked according to the performance of 
overall measurements with other similar enterprise farms. An inefficient score did not always indicate 
that the farm was in danger of bankruptcy, but was just an indication that other farms had a more 
efficient financial performance. There will always be farms in the bottom, mid-point and top perfor-
mance group as determined by the border measurements by Henning (2011). The reason for this is 
because the data is analysed over five years to determine the border values for each measurements. 

4.1. Crop enterprise farms
The DEA results for crop enterprise farms are given in Table 3. Farms 13, 14 and 16 were 

identified as the most efficient over five years. Farms 14 and 16 had more than 50% of their meas-
urements in the top performance groups over the five years. Farm 13 was in the top performance 
group only once (2007/08) during the five year period. Farm 20 was efficient for four of the five 
years with a score of 0.998 for 2004/05. The same results were found with Henning’s (2011) 
benchmarking border measurements as indicated by the percentage of measurements in the top 
performance group. However during the 2004/05 year the percentage of measurement recorded 
is 28%. During 2004/05, the owner’s withdrawals as a percentage of farm profit were very high 
and that led to decreased measurements. Farm 24 was considered inefficient during the first two 
years, however, this rating changed to efficient from 2006/07. The border measurement indicated 
an improvement from only 28% in 2004/05 to a 100% in 2007/08. There was once again a decrease 

Table 3. DEA results for crop enterprise farms from 2004 to 2009 (n = 17) and percentage of 
measurements in the top performance group calculated from Henning (2011)
Farm 
No.

DEA Results Percentage of measurements in top 
performance group

2004/05 2005/06 2006/07 2007/08 2008/09 2004/05 2005/06 2006/07 2007/08 2008/09
4 0.983 0.97 0.982 0.984 0.992 28.6% 35.7% 42.9% 42.9% 50.0%
5 0.99 0.917 0.937 1 0.878 28.6% 14.3% 28.6% 42.9% 35.7%
8 0.951 0.947 0.944 0.976 0.956 7.1% 7.1% 14.3% 50.0% 14.3%
9 0.981 0.901 0.895 0.921 0.956 35.7% 14.3% 14.3% 21.4% 35.7%
13 1 1 1 1 1 28.6% 35.7% 35.7% 78.6% 35.7%
14 1 1 1 1 1 64.3% 71.4% 85.7% 100.0% 71.4%
16 1 1 1 1 1 57.1% 50.0% 92.9% 71.4% 78.6%
17 0.819 1 0.993 0.966 0.986 0.0% 7.1% 42.9% 42.9% 28.6%
20 0.998 1 1 1 1 28.6% 78.6% 78.6% 71.4% 78.6%
21 0.885 0.891 0.937 0.981 1 0.0% 14.3% 0.0% 57.1% 42.9%
23 1 0.955 0.961 0.981 1 50.0% 28.6% 28.6% 64.3% 64.3%
24 0.986 0.997 1 1 1 28.6% 42.9% 78.6% 100.0% 92.9%
27 1 0.947 0.961 1 0.997 42.9% 28.6% 21.4% 57.1% 50.0%
29 1 0.947 0.984 0.982 0.983 7.1% 21.4% 57.1% 85.7% 64.3%
38 0.954 0.963 0.894 1 0.902 7.1% 28.6% 21.4% 50.0% 21.4%
44 0.961 0.943 0.96 0.941 0.908 14.3% 7.1% 35.7% 35.7% 21.4%
69 0.709 1 1 0.982 1 0.0% 57.1% 57.1% 14.3% 78.6%
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in the number of measurements in the top performance group for the last year but the percentage 
still remained very high with 93% in this group.

Farms 4, 8, 9 and 44 were inefficient. Using Henning’s (2011) technique these farms scored 
at the bottom or mid-point for each year. When the efficient scores were compared to Henning’s 
(2011) benchmarking measurements most of the scores for farms 4, 8, 9 and 44 were at the bottom 
or bottom half of the mid-point performance groups. Not one of these farms had more than 50% 
of their measurements in the top performance group over the five years. When farm measurements 
were divided into their respective performance groups, the results could be compared to that of 
the DEA model. The farms identified as efficient by the DEA model were also the farms with 
the most measurements in the top performance groups or at least in the mid performance group. 

4.2. Mixed enterprise farms
The DEA results for the mixed enterprise farms are given in Table 4. Only one mixed enter-

prise farm (25) was identified as efficient over the five years. Farm 25 was in a very good posi-
tion when the analysis of each financial measurement was compared to the norms for the GWK 
mixed farms by Henning (2011). The percentage of measurements in the top performance group 
indicated the same results with more than 70% of measurements in the top performance group in 
all years except for 2004/05. Farms 7, 35, and 61 performed well during four production years, 
there were years when the number of measurements for these farms were lower and performed 
in the midpoint performance group. 

There was only one farm (Farm 2) that never had a DEA efficiency score of one. When com-
paring the differences in farms that showed an efficient financial performance measure in one or 
two years to an efficiency in four or five years, the differences were clear. The farms identified 
as efficient over all five years were the top performers, or at the top of the midpoint performance 
group according to the cut-off measurements calculated by Henning (2011). There were years 

Table 4. Efficiency score of the mixed enterprise farms from 2004 to 2009 (n = 12) and percentage of 
measurements in the top performance group calculated from Henning (2011)

Farm 
No.

DEA Results Percentage of measurements in top 
performance group

2004/05 2005/06 2006/07 2007/08 2008/09 2004/05 2005/06 2006/07 2007/08 2008/09
2 0.959 0.994 0.909 0.946 0.917 7.1% 0.0% 0.0% 14.3% 7.0%
3 0.986 1 0.949 0.998 0.957 28.6% 28.6% 14.3% 35.7% 14.0%
6 0.959 1 1 1 0.978 14.3% 50.0% 64.3% 35.7% 21.0%
7 1 1 0.996 1 1 78.6% 50.0% 57.1% 71.4% 57.0%

15 0.935 0.952 0.944 0.996 1 21.4% 21.4% 35.7% 35.7% 36.0%
18 1 0.984 0.976 1 0.968 28.6% 28.6% 21.4% 85.7% 21.0%
22 1 1 0.962 1 0.988 28.6% 85.7% 14.3% 71.4% 43.0%
25 1 1 1 1 1 42.9% 78.6% 85.7% 78.6% 71.0%
31 1 1 0.971 1 0.942 42.9% 78.6% 21.4% 42.9% 43.0%
33 0.98 0.974 0.979 0.978 1 28.6% 28.6% 35.7% 28.6% 57.0%
35 0.992 1 1 1 1 28.6% 57.1% 71.4% 71.4% 57.0%
61 1 0.998 1 1 1 28.6% 28.6% 64.3% 35.7% 64.0%
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where some farms showed a decline in efficiency, however they still remained in a very good 
performance position relative to the other mixed enterprise farms. This could also be seen in the 
number of years where the percentage of measurements was in the top performance group. The 
remaining farms were mostly in the midpoint or bottom performance groups. These farms were 
not in the top third of the mixed enterprise farm performance groups in the GWK trading region 
and would have to improve their performance to enter the top third. 

4.3. Livestock enterprise farms
The DEA results for livestock enterprise farms are shown in Table 5. There were only nine 

livestock enterprise farms that were analysed of which four were efficient over all five years. All 
farms were efficient for at least one of the five years. Results for the livestock enterprise farms 
could be interpreted the same as for the crop and mixed enterprise groups. With the high number 
of efficient farms over all five years there were certain farms that had no measurements in the top 
performance group for certain years. 

The farms that had an efficiency score of one in three years or less were in the bottom of the 
midpoint and bottom performance groups. These farms could still have measurements that were in 
the top performance group in any specific year, but most of the performance measurements were 
in the bottom performances of the enterprise group. There were variations in the percentages of 
measurements in the top performance group (number of top performance measurements), but the 
farms that were identified as being efficient performed better than those that had an inefficiency 
score from the DEA results. 

4.4. Differences between inefficient and efficient farms
The question arose as to why some farms were more efficient than others. The average financial 

ratios for debt against assets, equity against assets, asset turnover ratio and net income ratio, over the 
five years, for efficient and inefficient crop-, mix- and livestock enterprise farms are shown in Table 
6. The difference in performance was explained by the financial factors: capital structure (leverage), 
efficiency (asset turnover ratio) and net income. Thus, the financial structures of the farms differed.

Table 5. Efficiency scores of the Livestock enterprise farms from 2004 to 2009 (n = 9) and percentage 
of measurements in the top performance group calculated from Henning (2011)

Farm 
No.

DEA Results Percentage of measurements in top 
performance group

2004/05 2005/06 2006/07 2007/08 2008/09 2004/05 2005/06 2006/07 2007/08 2008/09
30 1 1 1 1 1 64.3% 35.7% 57.1% 14.3% 43.0%
32 1 0.979 0.968 0.978 0.957 35.7% 21.4% 0.0% 21.4% 7.0%
34 1 0.963 0.966 1 0.991 64.3% 0.0% 35.7% 78.6% 29.0%
40 0.91 0.842 1 0.965 0.897 21.4% 0.0% 50.0% 42.9% 14.0%
43 1 1 1 1 1 28.6% 57.1% 64.3% 42.9% 36.0%
45 1 1 1 1 1 28.6% 42.9% 57.1% 35.7% 36.0%
49 1 1 1 1 1 35.7% 92.9% 100.0% 78.6% 71.0%
50 1 1 1 0.995 1 35.7% 78.6% 85.7% 42.9% 57.0%
54 0.976 1 0.969 0.957 1 35.7% 21.4% 0.0% 0.0% 57.0%
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The capital structure between efficient (22%) and inefficient (29%) crop enterprise farms was 
compared (Table 6) and the efficient farms were less reliant on borrowed capital

Asset turnover ratio indicated how effective assets had been used to generate income. The 
difference between the farms that were efficient and those that were inefficient were 62 against 
51%. Another ratio that indicated the difference between the efficient and inefficient farms was 
the net income ratio, which indicated how much of the gross value of production was left after 
all farm expenses had been paid. The difference in average net income ratio for the efficient and 
inefficient farms was 10 percentage-points, with a 43% average for efficient farms and 33% for 
inefficient farms. 

Differences between efficient and inefficient mixed enterprise farms were similar to those of 
crop enterprise farms. The difference in capital structure was, as shown in Table 6, viewed as the 
average debt against assets, debt against equity, asset turnover ratio and net income ratio. The 
results shown in Table 6 indicated that the efficient farms had more equity than borrowed capital 
in their capital structures, with borrowed capital being half the value of equity (efficient farms: 
30%, inefficient farms: 48%). The efficient farms (58%) also used their assets more effectively 
with higher asset turnover ratios, which reflected in the net income ratios difference between the 
efficient (40%), and inefficient farms (36%). 

The capital structure of livestock enterprise farms varied from crop and mixed enterprise farms 
(Table 6). This confirmed that different enterprises should not be compared, because results could 
be based and lead to mistakes during decision-making. The borrowed capital, debt against assets 
for efficient (3%) and inefficient (16%) livestock farms was lower than for the other enterprise 
farms. The difference in capital structures was also seen in the average values of efficient and 
inefficient farms, with debt against assets and debt against equity values much lower than those 
of crop and mixed enterprise farms. 

The income that was generated by efficient farms were higher than for other farms, and this 
was reflected by the higher net income ratios (efficient farms: 73% and inefficient farms: 57%). 

5. Conclusion and recommendations
The financial ratio based DEA model was applied to the South African agricultural sector, 

specifically the producers of the GWK trading region, Northern Cape to benchmark the financial 
performance. The DEA model was applied to three different enterprise groups over a period of 
five years and results indicated that the DEA model could be used successfully to benchmark 
agricultural producers. 

In comparison the DEA model presented similar results to the performance groups determined 
by Henning (2011). Farms that were identified as being efficient by the ratio based DEA model 

Table 6. Average financial ratios for debt against assets, equity against assets, asset turnover ratio and 
net income ratio for efficient and inefficient crop-, mix- and livestock enterprise farms

Financial status Crop farms (n = 17) Mixed farms (n = 12) Livestock farms (n = 9)
Efficient Inefficient Efficient Inefficient Efficient Inefficient

Debt against asset 22% 29% 22% 29% 3% 16%
Debt against equity 30% 87% 30% 48% 4% 20%
Asset turnover 62% 51% 58% 44% 28% 24%
Net income ratio 43% 33% 40% 36% 73% 57%
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was also the farms that had a high percentage of Henning’s (2011) measurements in the top per-
formance group. There were instances were measurements was not in the top performance group 
but in the mid-point performance group. Farms classified as DEA inefficient were in the bottom 
performance and the bottom half of the midpoint performance groups. These results indicated 
that the DEA model could be used as a financial measurement benchmarking tool to analyse the 
financial performance of farms. The methods of benchmarking could be used by producers to 
improve their decision-making and to identify specific regions of their financial structures that 
must improve.

The financial ratio based DEA and Henning’s (2011) benchmark measurement should not be 
viewed as substitute benchmarking techniques but rather as supplement techniques. Henning’s 
(2011) benchmark measurement technique compares the various financial measures to the financial 
norms whereas the DEA compares the financial measures of producers and determines the actual 
benchmark as represented by the best producers. 

Producers within the same enterprises and not in different enterprises must be compared. 
The financial structures between the enterprises are different, making comparisons between the 
enterprises inappropriate.
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Abstract
In germany the cultivation of silage maize has risen due to the increasing number of biogas 

plants and the good qualities of maize as biogas substrate. But, various reasons speak for the 
limitation of maize. So the policy may be promoting alternative biogas substrates. A currently 
much discussed biogas substrate is the use of a special floral seed blend. A business simulation 
game is used to investigate whether the implementation of a reward and a penalty policy will 
improve the uptake of flower strips in the production program of farmers. The results indicate that 
the implementation of these policy measures have a promoting effect on the cultivation area of 
flower strips. The penalty policy leads to a stronger increase in the growing area of flower strips 
than the reward policy, although the policies have the same income effect. 

Keywords: policy impact analysis, flower strips, experimental economics, business simulation game

1. Introduction
Fossil energy sources are finite resources and contribute significantly to anthropogenic global 

warming by the release of CO2 emissions. Therefore, the German government has resolved to 
promote the expansion of renewable energy sources with the “Act on granting priority to renew-
able energy sources” (Deutscher Bundestag 2011). This governs the remuneration of electricity 
from renewable energy sources and was last adjusted in 2012. Its goal is to realize a 35% share 
of renewable energy in total electricity generation by 2020 and 85% by 2050 in Germany. 

Due to the increased remuneration for power derived from renewable energy sources, many 
farmers have invested in biogas plants. The electricity production from biomass, with a share 
of 26.7%, is the second most important source of renewable energy behind wind power with a 
share of 33.3% (Statistisches Bundesamt 2012). The importance of renewable raw materials is 
also reflected in the strong expansion of biogas plants. From 2001 to 2011, the number of biogas 
plants increased from 1,300 to 7,320 with a total installed capacity of 2,997 megawatts throughout 
Germany (Fachverband Biogas e.V. 2012). Because of this, the cultivation of energy crops such as 
maize and whole crop silage increased sharply. In 2012, energy crops for fermentation in biogas 
were grown on a surface of 962,000 ha. This consisted mostly of energy maize with 800,000 ha 
(Fachagentur Nachwachsende Rohstoffe e.V. 2012). 

The expansion of energy production from biomass however is not necessarily viewed positively 
and is attracting increasing public criticism. “The creation of maize deserts” is a catchword which 
falls within this context (Bosch and Peyke 2011; Steinhäußer 2012). However, due to its high 
conversion of dry matter to energy, maize is the preferred crop for biogas. A conflict of interest 
has arisen between parts of the public that demand the cultivation of less maize, and farmers that 
require cultivation to be profitable (Steinhäußer 2012).
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For the subsequent development of electricity production from biomass, it is essential to 
reconcile the interests of farmers and the public. An initial step in policy is to cap off the use of 
energy maize and grain, including corn-crop mix, grain maize, and ground ear maize in biogas 
plants to 60 mass percent, which is anchored in the “Act on granting priority to renewable energy 
sources” and became effective on 01.01.2012 (Deutscher Bundestag 2011). A variety of alterna-
tive biogas substrates such as cup plant, sudan grass, and sorghum are discussed. In addition, the 
fermentation of flower strips in biogas plants is being explored. Initial results show that flower 
strips are well suited. Further advantages include low input, the creation of habitats for wildlife, 
and also the increasing acceptance shown by the positive public response to fields that are sur-
rounded by flower strips (Vollrath et al. 2010). 

For the aforementioned reasons, a policy aim could be the integration of flower strips cultivation 
into the production program of farmers. But, the introduction of a new policy is accompanied by high 
costs. Therefore, prior to the introduction, a policy impact analysis is essential to evaluate whether 
a policy measure is effective or an unintended effect occurs. Human behavior can be characterized 
by a range of goals, such as making profit, risk aversion, traditions, recreational activities, or social 
recognition (Benz 2009). In addition, decision-makers act in many cases bounded rational (Selten 
1990) and rely on heuristics to decide (Kahneman and Tversky 1979). Rational choice models for 
policy impact analysis often assume a rational behaving homo economicus (Veetil 2011). Therefore, 
behavior often does not correspond to the identified expectations. Because of this, rational choice 
models can reflect the consequences of policy implementation distorted. Experiments and in particular 
business simulation games offer the opportunity to address this limitation with an appropriate design. 
In both laboratory experiments and in business simulation game situations it is possible to set incen-
tives to motivate participants to make “good” decisions (Hertwig and Ortmann 2001). Furthermore, 
the realistic design of the decision-making situation in business simulation games (Levitt and List 
2007) is an important advantage compared to classical lab experiments. For these reasons, business 
simulation games in particular seem to be suitable for policy impact analysis. 

This paper shall explicitly examine the reaction of farmers to the approach of policies for 
increasing the share of flower strips in the agricultural landscape. For this purpose, the developed 
multi-period, single-person business simulation game is arranged in a way that the farmers are in 
a realistic farming situation. Furthermore, they will be confronted with different policy measures. 
The following questions will be addressed: 
1. Has the implementation of reward and penalty policies an impact on the proportion of flower 

strips in the production program of the farmers?
2. Is a reward or a penalty policy more effective?
3. Does the policy change leads to cultivation of flower strips as a biogas substrate?

The novelty of this paper is that the policy impact analysis is geared towards implementing flower 
strips in the production program of real farmers. Scientists have increasingly concerned themselves 
in recent years with flower strips and their environmental benefits. Primarily research has considered 
the nature conservation concept and impacts on biodiversity (Haenke et al. 2009; Haaland and Gyl-
lin 2010). To our knowledge, there are no publications that address the individual effect of policies 
to increase the quantity of flower strips in the agricultural landscape. Furthermore, a new aspect is 
that a business simulation game conducted with real farmers is used for the policy impact analysis.

The article is structured as follows: First, the behavioral theoretical hypotheses are derived (sec-
tion 2). Sections 3 and 4 explain the experimental design and sample characteristics. Afterwards, the 
results are presented (section 5). The article ends with a summary and future prospect (section 6).
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2.  Hypothesis generation
Human behavior is controlled primarily through incentives or penalties. Incentive and penalty 

strategies lead the human behavior to comply with rules and laws and establish in this way a social 
order (Tyler 1990). Penalty payments pursue a strategy of deterrence to prevent that rules are broken, 
whereas rewards represent incentives to direct human behavior in a desired direction (Tyler and Blader 
2005). Therefore, there is the assumption that a reward or penalty strategy of the policy can direct the 
behavior of farmers to extend the cultivation of flower strips. This yields the following hypothesis: 
• H1: Regardless of whether the policy introduces a reward for growing flower strips or a 

penalty for not growing flower strips, the share of flower strips in the production program of 
farmers will increase.
In the economic literature there are hints that policy approaches which will be implemented 

by penalties differ with regard to policies with incentive schemes (Tyler 1990). With experiments 
Kahneman and Tversky (1979) and Kahneman et al. (1991) have proven “Loss Aversion” which 
states that people weight a monetary loss more heavily than an equally high profit. Concerning 
the reward and penalty policy, which have the same income effect, it means that the loss of the 
penalty payment is higher weighted than the reward payment. Even the “Opportunity Cost Ef-
fect” supports the assumption that reward and penalty policies differ in their effect. Out of pocket 
costs like penalty payments are given a higher weight than opportunity costs, which correspond 
to a loss of reward payments (Kahneman et al. 1991). The following hypothesis can be derived: 
• H2: The penalty policy changes the cultivation behavior of farmers regarding the scope of 

flower strips stronger than the economic equivalent of a reward policy.
Flower strips can be cultivated as nature conservation measure (Hartmann et al. 2006) or as 

biogas substrate for energy production (Vollrath et al. 2010). The implementation of policy meas-
ures to increase the share of flower strips directs the assumption that the cultivation of flower strips 
can complement the production of a biogas substrate. Thus the following hypothesis is derived: 
• H3: The establishment of reward and penalty policies would promote that flower strips are 

grown as a biogas substrate.

3.  Design of the experiment
The experiment is divided into three sections. In the first part of the experiment, the incentive 

compatible, multi-period, one-person business simulation game is conducted. Subsequently, a Holt-
and-Laury lottery (Holt and Laury 2002) takes place to examine the risk attitude of the participants. 
As a third part, socio-demographic and socio-economic information of the participants are collected.

In the following parts, the general structure of the business game will be explained and the 
policy measures will be described. The Holt-and-Laury lottery is not discussed further because 
no changes were made to the methodology presented by Holt and Laury (2002). Furthermore, 
this method is already established in agricultural economics (Brick et al. 2012). 

3.1. Fundamental structure of the business simulation game
The structure of the business simulation game follows a “Framed Field Experiment” (Harrison 

and List 2004). In the business simulation game, participants put themselves in the situation of the 
manager of a farm. The yield and price level of production activities correspond to real conditions, 
where as the price developments and weather risks are reflected as uncertainties. The design is to 
put the participants into a realistic business situation which results in realistic decisions (Harrison 
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und List 2004). In the business simulation game documented decision behavior is the basis for 
studying the effect of various policy measures. 

Within the framework of the simulation the participants manage a farm with 100 hectares of 
arable land for twelve production periods. For all participants, the given objective is to attain 
the maximum profit. Each game turn is a production period and requires the following basic 
decisions of the participants:
1. Production program decision: The configuration of the production program for the cultivation 

of the farm land with the production activities wheat, silage maize, sorghum and flower strips.
2. Contract decision: Acceptance of a substrate delivery contract for an adjacent biogas plant for 

about 0 t, 1,500 t, 3,000 t and 4,500 t of fresh matter. For fulfillment silage maize, sorghum 
and flower strips can be used.

In the business simulation game (1) deterministic and (2) stochastic parameters are given.
Ad 1). The deterministic parameters apply to all participants and do not change randomly. They 

are communicated at the beginning of the game. When the simulation starts, each attendant has a 
starting capital of € 100,000. In each production period, withdrawals in the amount of € 30,000 are 
made to cover the costs of living. Furthermore, each participant receives after each completed period 
of production a transfer payment of € 300 per hectare. At the same time, they are informed that 
amendments may occur during the playing time. A production period is complete when the partici-
pants have set their production program and made their contract decisions. All production activities 
can be grown in a maximum circumference of 70 hectares. Note that the entire farm land must be 
cultivated with the four crops. There is no possibility to let land lie idle. Winter wheat is only used 
for selling on the market, while maize is for fulfilling the delivery contract, and also for marketing. 
The cultivation of sorghum is solely for the production of biogas substrate. Flower strips, in contrast, 
have two useful alternatives; they can be grown as a substrate for biogas plants or they may remain 
unused for ecological reasons to create habitat for animals and thus potentially increase biodiversity.

Ad 2). The stochastic parameters change randomly from production period to production period 
and, therefore, vary between the participants. The market prices for winter wheat and silage maize are 
volatile. The prices follow an arithmetic Brownian motion starting with an identical starting value for 
all participants. The market prices decrease or increase, starting with the current price in any produc-
tion period with a probability of 50% by € 20/t for winter wheat and by € 1.50/t for maize silage. The 
contracted substrate delivery is remunerated at € 35/t, regardless of whether the biomass is provided 
with maize silage, sorghum, or flower strips. The delivery contract has to be 100% fulfilled. If this is 
not the case, then the missing substrate amount of maize has to be bought from the market for twice the 
current market price of silage maize. Weather conditions will affect yield and, therefore, gross margins. 
There is a distinction between above-average, average, and below-average weather conditions. The 
periods of good and bad weather occur each with a probability of 20%. Average weather is expected 
with a probability of 60%. Above-average weather has the consequence that the yield per hectare of all 
cultures achieves its maximum, whereas below-average weather leads to a yield drop to the minimum. 
Both the probabilities and the yields per hectare are communicated at the beginning of the simulation.

Since there are no storage possibilities for crops, all goods are sold at the end of each period 
at the current market prices. The current prices and the weather conditions of the previous period 
are communicated at the beginning of each new production interval. Furthermore the participants 
receive further information about the profit of the production program, contract decisions of the 
previous production periods, and the observed prices. These observed prices are the starting point 
for the price changes in the next production period.
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3.2.  Changes in the policy framework
At the beginning of the simulation, participants are randomly assigned to one of three policy 

scenarios. During the first six production periods of the simulation, the design is identical for the 
three policy scenarios. In subsequent production periods 7 to 12, the following policy changes for 
the three scenarios occur: 
• Scenario 1 (reference scenario): The policy framework remains unchanged over the entire 

duration of the simulation.
• Scenario 2 (reward scenario): The participants are informed that the transfer payment decreases 

by 10% to € 270 per hectare. Simultaneously, the policy introduces an additional premium of € 
300 per hectare for sustainable agriculture and promotes acceptance by growing flower strips. 
The state pays a maximum amount of € 3,000 per farm and in this way subsidizes a maximum 
cultivation of 10 hectare flower strips. 

• Scenario 3 (penalty scenario): The policy punishes all participants who use less than 10% of 
their farm land for the cultivation of flower strips. Each hectare lacking to fulfill the growing 
requirement will incur a penalty of € 300. 
Scenarios 2 and 3 do not differ in their profit impact. To compare the scenarios, always three 

different farmers play the simulation with the same price and weather trends but operate in dif-
ferent policy scenarios. 

3.3. Incentives
To achieve incentive compatibility, monetary incentives for “good” decisions are set. A 

total of two cash prizes are raffled among the planned 120 participants to four farmers. The 
first cash prize totaling € 1,620 is raffled to three farmers in the business simulation game. 
Goal for all participants is to maximize their business success. Therefore, the profit depends 
on the business success. With purely rational behavior, the monetary gain totals to a maxi-
mum of € 540 per cash prize. Winners receive the share of the maximum monetary gain that 
corresponds to their business success. The second cash prize is played in the Holt-and-Laury 
lottery. In this part of the experiment the participants are aware of the cash prize they could 
win, that depends on their own decisions. When raffle the trophy, one participant is drawn 
randomly, and the lottery is carried out. The participant will receive a cash prize ranging from  
€ 10 to € 385, which conforms to his risk attitude.

4.  Description of the sample
The experiment was performed at the agricultural exhibition “EuroTier” from the 13th to 

the 16th of November 2012 in Hanover. Nine hundred and forty-six visitors to the exhibition 
were contacted directly and invited to participate in the simulation. In total, 123 farmers (13% of 
those contacted) successfully completed the experiment, with 41 farmers playing in each policy 
scenario. In average 43 minutes were need to complete the experiment. The socio-demographic 
and socio-economic characteristics of the participants are shown in table 1. 

On average, the participants were 29 years old, with the youngest participant 16 years, and 
the oldest 62 years old. Thirty-four percent of the farmers managed a farm of their own. The 
arable land of the agricultural enterprises is on average 245 ha in size. The largest farm has 
3,000 ha of arable land. Fourteen percent of agricultural businesses are run as farms farmed on 
a parttime basis. The sample consists of 12% female participants. The average HLL-value of 
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5.4 indicates that the participants are slightly risk averse. With the H-test, according to Kruskal 
and Wallis, it can be shown that the socio-demographic and socio-economic characteristics 
of the participants in the three policy scenarios do not significantly differ in age (p-value = 
0.140), years of education (p-value = 0.961), the HLL-value (p-value = 0.228), and the farmland  
(p-value = 0.759). In addition, a chi-square test, indicates that there were no significant differences 
between the participant groups in the percentage of female participants (p-value = 0.800), farm 
managers (p-value = 0.855), and parttime farms (p-value = 0.273). 

5.  Behavioral control impacts of different policy measures on farmers
In the first six production periods, all participants use the same basic conditions. On this basis, 

one can analyze how the cultivation area of flower strips change when the three policy scenarios 
appear. The average growing area of flower strips is represented in table 2 for the production 
periods 1 to 6 and 7 to 12 for each of the three policy scenarios.

The paired t-test shows for scenario 1 (refer-
ence scenario), that the growing area in the first six 
periods does not significantly differ from the grow-
ing area in periods 7 to 12 (p-value = 0.732). In 
contrast, the cultivation area changed significantly 
with the introduction of a reward (scenario 2)  
or penalty policy (scenario 3) (p-value = 0.080 and 
p-value = 0.001 respectively).

There are four initial situations: The cropping 
areas of flower strips for all three policy scenarios 
for the first six periods represent the reference situ-
ation. The policy scenarios 1 to 3, which occur at 

the seventh production period, reflect the policy implementation effects. They are referred to in 
table 3 as dummy scenario 1 to 3 and refer in to the baseline of the first six production periods in 
the estimated models. Model 1 reflects the effects of the independent variables on the total crop-
ping area of flower strips. Furthermore, models 2 and 3 highlight the effects separately for the 
cultivation of flower strips for biogas production or nature conservation purposes.

Hypothesis H1 can be seen as being confirmed: Both in reward and in the penalty scenarios, 
the share of flower strips increase significantly (see Table 3, Model 1). Participants who are con-

Table 1. Socio-demographic and socio-economic characteristics of the participants (N = 123)

Characteristics Policy scenario 1 Policy scenario 2 Policy scenario 3
mean SD mean SD mean SD

Age 31.8 12.7 28.8 10.3 27.7 9.4
Percent of female participants 12.2% - 14.6% - 9.8% -
Years of education 13.6 3.3 13.7 3.5 13.8 3.2
HLL-value (a) 5.9 2.0 5.2 2.2 5.1 1.6
Farm manager 39.0% - 34.1% - 29.3% -
Farms farmed on a parttime basis 19.5% - 7.3% - 14.6% -
Farmland in ha 225.5 392.3 196.9 220.4 312.5 617.4

(a) 1-3 = risk seeking, 4 = risk neutral, 5-9 = risk averse

Table 2: Growing area of flower strips in the 
business game (41 participants in each policy 
scenario)
Policy  
scenario

Area of flower  
strips periods 

1-6

Area of flower  
strips periods 

7-12
1 10.21 ha 9.88 ha
2 7.92 ha 10.01 ha
3 8.22 ha 12.73 ha
Average 8.78 ha 10.87 ha
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fronted with the reward policy grow on average 2.230 hectares more flower strips in comparison 
to the reference periods 1 to 6. Participants who are confronted with the penalty policy increase 
their share of flower strips on average by 5.276 hectares. No significant change occurs in the pe-
riods 7 to 12 in the reference scenario in comparison to the reference situation of periods 1 to 6. 
Consequently, the deterrence strategy of the penalty policy and the incentive strategy of the reward 
policy have effected a change in participant’s behavior regarding the growing of flower strips.

Hypothesis H2 can be seen as being confirmed: The implementation of a penalty policy 
leads to a stronger increase in the growing area of flower strips than implementation of a reward 
policy (see Table 3, Model 1). A linear restriction reveals that the effects of the reward and the 
penalty policy differ on a significance level of 10% from each other suggesting that when esti-
mating policy consequences, the “loss aversion” and the “Opportunity Cost Effect” have to be 
taken into account because these effects influence the awareness of reward and penalty scenarios.

Hypothesis H3 can partly be seen as being confirmed: A penalty policy results in an increase in 
cultivation of flower strips to produce biogas substrate by 2.866 ha (see Table 3, Model 2). In contrast, 
the introduction of a reward policy has no significant effect on the cultivation of flower strips for biogas 
plants. Despite having the same income effect of the policy scenarios 2 and 3, only the penalty policy 
(scenario 3) achieved a significant increase in the growing of flower strips to produce biogas substrate.

Table 3. Pooled regression to declare the growing of flower strips (N = 1.476), robust standard errors

Model 1 
dependent variable: 

flower strips cumulative

Model 2 
dependent variable: 
flower strips biogas 

plant

Model 3 
dependent variable: 
flower strips nature 

conservation
Coefficient t-statistic Coefficient t-statistic Coefficient t-statistic

constant 26.294 5.084*** 10.936 4.024*** 15.358 3.802***
Dummy scenario 1 1.204 0.992 0.283 0.336 0.921 1.322
Dummy scenario 2 2.230 1.701* 0.599 0.676 1.631 1.733*
Dummy scenario 3 5.276 4.326*** 2.866 3.111*** 2.411 2.546**
Profit differencial(b) -1.483 -1.848* -0.797 -1.321 -0.686 -1.074
Risk attitude(c) 0.205 0.658 0.164 0.839 0.041 0.170
Additional purchase 
costs(b) 0.052 2.414** 0.004 0.398 0.048 2.852***

Substrate delivery 
amount(b) -1.556 -3.680*** 0.123 0.488 -1.679 -4.976***

Age -0.087 -1.337 -0.076 -2.074** -0.010 -0.239
Gender(d) 5.485 2.886*** 2.686 2.690*** 2.796 1.901*
Years of education -0.585 -2.398** -0.279 -2.092** -0.305 -1.897*
Earning power(e) -7.200 -3.169*** -2.975 -2.406** -4.225 -2.621***
Profit flower strips(f) 3.805 2.546** 1.358 1.619 2.447 2.362**
F-value 24.060 *** 9.188 *** 23.466 ***
R² 0.165 0.070 0.161

(a) * = p-value < 0.1; ** = p-value < 0.05; *** = p-value < 0.01.
(b) in 1,000 € or 1,000 t.
(c) 1-3 = risk seeking, 4 = risk neutral, 5-9 = risk averse.
(d) 1 = female, 0 = male. 
(e) 1 = mainstay farm, 0 = parttime farms.
(f) Do you think it is possible to earn money by growing flower strips? 1 = yes, 0 = no.
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6.  Conclusion and outlook 
The German government aims the sustainable development of renewable energy. One policy 

goal can to promote the cultivation of alternative biogas substrates is. Business simulation games 
are a suitable method for policy impact analysis. The realistic design of the business situation 
may result in realistic decisions. Therefore, the aim of the paper is to analyze the behavior of the 
target group “farmers” regarding the implementation of reward and penalty policies to promote 
flower strips. The participants manage a fictional farm and have to determine in each of the twelve 
production periods cultivation and contract decisions. During the simulation, they are confronted 
with the policy measures, which do not differ in terms of their income effect. 

The results indicate that both reward and penalty policies lead to an increase of cultivating 
flower strips. Furthermore, the implementation of a penalty policy affects the behavior stronger 
than the implementation of a reward policy. The reward policy acts on the cultivation of flower 
strips for nature conservation, and has no effect on flower strips used as biogas substrate. Therefore, 
with equal high costs of policy implementation a penalty policy should be implemented. Further-
more, the introduction of a penalty policy achieves that flower strips are used as biogas substrate. 

Further research is needed to investigate the influence of socio-demographic effects on cul-
tivation decisions. This could improve the effectiveness of policy implementations. Of interest, 
however, is the broader question how to design behavior-controlling policies that farmers grow 
increasingly flower strips as biogas substrate in order to guarantee the sustainable energy produc-
tion from biogas plants. Further initial points for research could relate to contract design, which 
can be investigated with business simulations games. 
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Abstract
Every year, some farmers will do better than other farmers. Whether by luck, better manage-

ment, more rainfall, a different enterprise mix, etc., a subset of farmers will be more profitable 
than another subset of farmers. However, over a period of years, is there consistency among the 
population of farmers for who is the most profitable. That is, are the most profitable farms in any 
given year also the most profitable farms over a long-term time horizon? This paper investigates 
a 15-year panel data set of similar farm from Kansas to determine if the most profitable farms are 
consistent across time. We accomplish this by ranking farms by decile each year and then averag-
ing these yearly rankings. If luck and weather are the main drivers of differences in yearly net 
farm income, then over time a farm’s yearly ranking would vary and the overall average ranking 
for that farm should approach 5.5. Conversely, if management is more of a factor determining 
differences in net farm income, then a farm should consistently place in the same decile ranking 
year in and year out. Thus the overall 15-year average rankings of farms should be very widely 
distributed. That is there would be no more farms ranked at the mean (5.5) than at the extremes. 
We find that both management and weather/luck contribute to overall profitability. Even though 
the bottom decile of farmers consistently have negative net farm income each year, the 15-year 
average of net farm income only has 4 percent of farms with a negative average.

Keywords: profitability, ranking, consistency

1. Introduction
Every year, some farmers will do better than other farmers. Whether by luck, better manage-

ment, more rainfall, a different enterprise mix, etc., a subset of farmers will be more profitable 
than another subset of farmers. This is even after accounting for farm type and farm size. How-
ever, over a period of years, is there consistency among the population of farmers for who is the 
most profitable. That is, are the most profitable farms in any given year also the most profitable 
farms over a long-term time horizon? This paper investigates a 15-year panel data set of similar 
farm from Kansas to determine if the most profitable farms are consistent across time. This paper 
should help show if there are such farms or if luck and weather variability have more to do with 
farm profitability than does management. If there is a consistent set of more profitable farms, then 
these farms can be examined in more detail to determine why they are more profitable. 

Weather is certainly a major contribute for determining profitability in a given year. Rain-
fall can vary tremendously across a region resulting in higher yields for some farms and lower 
yields for others. However, over a period of years, these rainfall variations should tend to equal 
out. Thus, if a farmer is consistently more profitable than another across time, it is unlikely this 
profit difference is caused by weather or luck. This assumes of course that farms from similar 
geographical regions are compared. If there are more profitable farms consistently across time, 
then this difference can be attributed to some factor of management. Management could include 
the enterprise choice, the level of debt, the choice and amount of inputs, etc.
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2. Data and methods
This paper uses a panel data set of 626 Kansas farms for the years 1997 through 2011. Complete 

whole farm financial data is available for these farms as well as the location of the farm and the 
type classification of the farm (i.e., livestock vs. crop). For each year of the data set, the farms 
were divided into 10 groups based on accrual net farm income. Each of these deciles contained 
either 62 or 63 farms. The top 10 percent of net farm income farms were assigned a value of “1”, 
the next group of farms based on net farm income were assigned a value of “2” etc. Thus, all the 
farms in a given year had a ranking from 1 to 10 and given each group was the same size, this 
procedure resulted in a uniform distribution of farm rankings in a given year. 

This same procedure of ranking farms was applied to the other years. The years were con-
sidered to be independent so that a farm’s ranking one year had no effect on the next year. Thus, 
each farm ended up with 15 farm ranks over the 15 years of the data set. Since the yearly ranking 
produced a uniform distribution from 1 to 10, the average farm ranking in a given year was 5.5.  

The next step was to average, for each farm, the yearly farm rankings. This gave a single av-
erage farm ranking for a particular farm. If weather or luck was totally accounting for the yearly 
variation in farm rankings, we would expect that over 15 years the farm ranking would average 
toward the mean (5.5). In fact, if weather or luck was the only factor affecting farm profitability, 
then all the farms should end up with an average ranking of 5.5. There would be no variation.

However, if management (or possibly farm size, farm type, or soil productivity) was a factor in 
the yearly ranking of net farm income, then some farms should have a higher 15-year average than 
other farms. If management was the only factor affecting the variation in yearly net farm income, 
then the top 10 percent of farms should be the same every year. The other ranking groups would 
be the same across time as well. The 15-year average of farm rankings would have 10 percent of 
the farms ranked as one, 10 percent ranked as two, etc. The overall average would still be a 5.5 
but the overall average distribution would resemble an individual year distribution.

By examining the actual distribution of 15-year farm ranking averages, we can determine 
how much of the net farm income variation in any year is due to management. The flatter the 
distribution, the more likely management is to be a factor. In other words, if the actual distribution 
of average returns approaches the theoretical uniform distribution when management is the only 
factor, then management is more important. Conversely, the steeper the distribution, the more 
likely that luck or weather is a bigger factor in the variation in yearly net farm income. In this 
case, all the farms would converge to an average rating of 5.5 after 15 years.

Another way of examining the influence of management on net farm income is to count the 
number of farms that have an average rating either one standard deviation above or one standard 
deviation below the overall farm rating average (5.5 average rating for all farms).  Because the 
farms are forced into a discrete uniform distribution each year, farms that have an average rating 
below 2.623 would be considered to be above average farms. Farms that have a rating above 8.372 
would be considered to be below average farms. 

If weather and luck were the only factors affecting differences in net farm income, then no farms 
would average above 2.623 or below 8.372. The farms would all average 5.5. The opposite situation 
is when management is the only factor affecting net farm income and farms consistently divide into 
the same ranking groups each year. In this case, we would expect 26.23 percent of the farms to be 
above average and 26.23 percent to be below average. With 626 farms in the initial analysis, this would 
result in 164 farms above average. By calculating the ratio of actual farms with a rating above 2.623 
to the theoretical possible farms above average, we estimated a measure of management efficiency. 
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In addition to examining the entire state of Kansas and all farm types at once, various subsets 
of the data were also examined. The first subdivision was to divide farms into either crop only 
farms and farms that included livestock. This division resulted in 342 crop only farms and 67 
livestock and crop farms. These two subgroups total less than 626 farms because some farms 
switch farm type over the period and were thus excluded in this particular subdivision analysis. 
Also, all farm types were subdivided into regional analysis.

3. Results
Figure 1 shows the distribution of average farm rankings over 15 years from using all 626 farms 

in the analysis. This distribution is shown with the solid colored bar graph. The gray crosshatched 
bar graph is the theoretical distribution of farm rankings if management was the only factor af-
fecting net farm income (i.e., farm rankings would stay the same every year). By contrast, if net 
farm income was only a function of luck or weather then all farms would have an average rating 
of 5.5 and there would be no variation. 

As this figure illustrates, there appears to be a cross between luck or weather and some manage-
ment skill affecting the farm rankings. About 2 percent of the farms had an average rating of one. 
If management were the only factor, we would expect 10 percent of the farms to have an average 
rating of 1. Also, keep in mind that this first figure is based on Kansas farms with no allowance for 
farm size or farm type. These two factors would have some influence on net farm income as well.

Figure 2 shows the average net farm income by a particular decile for each year. Since the 
yearly numbers are recalculated each year and are independent of each other, there very are likely 
different farms in each decile each year.  There are several observations worth noting from this 
figure. First the bottom 10 percent of farms each year lost money. Second, the next most profit-
able group (the group in the ninth decile) basically earned zero net farm income each year. All the 
other groups within a year usually earned some net farm income. In particular, the top 10 percent 
of farmers in a given year earned much more than the other groups. 

Figure 1.  Distribution of average farm rankings – all farms
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Figure 3. Distribution of 
average farm rankings  
– combination farms 

Figures 3 and 4 and Figures 5 and 6 show the distribution of average farm rankings when the 
Kansas farms are divided into two subgroups. Figures 3 and 4 are from the 67 farms that raised 
livestock or a combination of livestock and crops. Figures 5 and 6 are from the 342 farms that 
raised crops only. Since these subdivisions take away one of the factors that might make a farm 
consistently more profitable each year (i.e., farm type) we might expect there to be a more vertical 
distribution (i.e., fewer farmers in the tails of the distribution) of farm rankings. However, this is 
not the case as combination farms have a greater percentage of farms ranked one and two than 
does all Kansas farms. The crop farms visually looks very similar to the overall Kansas farms.

Figure 2. Average net 
farm income by decile 
per year – all farms
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The yearly distribution of average net farm income for each decile shown in Figures 4 and 
6 look very similar to the overall Kansas graph from Figure 2.  The only obvious point is that 
the top decile and the bottom decile for the livestock combination farms (Figure 4) appear to 
vary more from the median deciles than does either the crop farms or the overall Kansas farms 
(Figures 2 and 6).

Figure 7 is a comparison of the distributions of farm income rankings when the farms are 
divided into regions. Again, we might expect these regional distributions to be more vertical as 
the regional differences might be one reason that a farm is consistently more profitable than an-
other. As this figure indicates, there are no obvious regional differences when comparing to the 
overall Kansas numbers. 

Figure 4.  Average net 
farm income by decile 
per year – combination 
farm

Figure 5.  Distribution 
of average farm 
rankings – crop farms
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Figure 6.  Average net farm income by decile per year – crop farms

Figure 7.  Distribution of average farm rankings – regional differences
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Table 1 shows the count of farms that are either one standard deviation above the mean or 
one standard deviation below the mean. The theoretical maximum is when a farm ranks the same 
every year. This number varies in the table, as the sample size is different for each subdivision. 
The ratio of the actual to the theoretical gives a number called percent management responsibility. 
The closer this number is to one, the more likely that some factor of management was responsible 
for the farm being consistently above or below average.

4. Conclusions
By ranking farms by decile each year and then averaging these yearly rankings, we can get 

some idea of whether management or luck and weather are more responsible for differences in net 
farm income. If luck and weather are the main drivers of differences in yearly net farm income, 
then over time a farm’s yearly ranking would vary and the overall average ranking for that farm 
should approach 5.5. Conversely, if management is more of a factor determining differences in 
net farm income, then a farm should consistently place in the same decile ranking year in and year 
out. Thus the overall 15-year average rankings of farms should be very widely distributed. That 
is, there would be no more farms ranked at the mean (5.5) than at the extremes. 

Table 1.  Number of farms above or below a one standard deviation range
All farms Actual count Theoretical maximum % mgmt responsibility
Above average 54 164 33%
Below average 52 164 32%
Non-crop
Above average 8 18 45%
Below average 4 18 23%
Crop
Above average 31 90 34%
Below average 30 90 33%

North Central

Above average 9 28 32%
Below average 9 28 32%

South Central

Above average 11 29 38%
Below average 12 29 42%

North East

Above average 14 28 50%
Below average 9 28 32%

South East

Above average 25 63 39%
Below average 15 63 24%
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The analysis from the 15 years of Kansas data shows that it appears that weather and luck as 
well as management influence a farm’s year-to-year net farm income.  Based on the management 
index calculated in Table 1, management might contribute to a third of the net income variation. 
Included in this management ranking would be factors that weren’t controlled for in the analysis 
(i.e., farm size, farm type, etc.).  Some of the regions show more management differences than 
others. The North East had a management responsibility calculation of 50 percent.

Even though the yearly deciles of net farm income consistently showed the bottom 10 percent 
of farms losing money, these were in many cases different farms each year. As can be seen in 
Figure 7 only 1 percent or so of farms consistently averaged in the bottom 10 percent of yearly 
net farm income. The same conclusion can be drawn about the top farms as well as only 2 to 3 
percent of farms consistently averaged in the very top decile. Fortunately for farm viability, this 
bottom decile is the smallest one. Based on the regional analysis, the two southern regions did 
not have a farm that averaged in the bottom 10 percent of farms. 

Figure 8 shows a histogram of average net farm income over the 15-year horizon. This figure 
helps to confirm the conclusion that farms that do poorly one year probably don’t do poorly the next 
year. 26 farms here had an average net farm income below zero. This amounts to 4 percent of the 
farms. Nearly 60 percent of the farms had an average net farm income between zero and $75,000.

Figure 8. Number of farms with 
ave net farm income in these ranges
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Abstract
Purpose The paper analyzes the decision-making process on whether or not to commercialize 

genetically modified (GM) crops in the current EU environment, for several agriculture industry 
sectors. This cross-industry analysis provides us insights in the (future) market dynamics of GM 
crop (applications) in the EU environment. 

Methods Agribusiness stakeholders of six agricultural industry sectors were interviewed on their 
GM policy, using a semi-structured interview guide. This data were analyzed by content analysis. 

Principal results The cross-industry analysis on GM policies between companies belonging 
to the same and to different agriculture industry sectors, unveils several alignments of common 
central arguments in their decision-making processes that precede this actual GM business policy. 
Accordingly, three strong hypothetical policy congruities were identified, between (1) the agricul-
tural biotechnology and compound feed industry, who’s policies are motivated by their conviction 
that GM imports are a by-default reality in the EU, (2) between NGO’s and the organic industry, 
who’s policy is driven by their pursued agricultural ideals (that oppose both to the current (glo-
balizing) agricultural system and to GM crops as they reinforce this system), and (3) between all 
the food actors, who’s GM business policy is primarily motivated from a (black-or-white) market-
ing consideration. Finally, our insights (1) highlight the “talking at cross-purposes” in the GM 
debate between different agriculture industry sectors, and (2) unveil several underlying reasons 
for the locked-in situation with GM crops in the current EU environment.

Keywords: business perspectives, agribusiness, genetically modified crop, EU environment

1. Introduction
Discussions about agricultural innovations increasingly polarized over the last 50 years, which 

is indeed the case for the discussion about genetically modified (GM) crops in the EU environ-
ment. In the GM discussion, this polarization is (partially) explained by actors’ different views on 
‘naturalness’ and ‘the portrayal of nature’ as these moral concepts influence the moral acceptance 
or rejection of the agricultural innovation (Van Haperen et al, 2012).

Besides the moral discussion about GM crops, agricultural biotechnology enters into multiple 
other discussions. Ranging from discussions about world trade, patenting of life forms, the role 
of science in society, to the future of the common agricultural policy, the vertical integration in 
the food chain, and beyond (Gaskell, Bauer 2001). Accordingly, agricultural biotechnology can 
be considered as a high impact innovation. These are innovations “that set the whole system of 
society in movement. They influence economy, threaten values, and mandate to recalibrate and 
sometimes reformulate goals” COGEM (2004). 

Acknowledgements: Linde Inghelbrecht thanks the FWO (Research Foundation – Flanders) for a pre-doc-
toral fellowship at Ghent University.
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However, in our current 21st century society, it is not obliged that agricultural innovations 
become successfully implemented. Especially, because the foundations of the system and the so-
ciety itself are often questioned, such as: do we pursue or oppose to a globalizing agriculture?; do 
we accept a vertical power distribution in our food supply chains (is this really what we mean by 
freedom of choice)?; do we accept public-private partnerships in fundamental research-funding?; 
etc. These ethical concerns are not directly (nor solely) related to GM crop (applications) as such, 
but need a socially accepted and clear answer before we can move forward with the GM debate in 
the EU. As there is not a socially and political accepted univocal answer to these questions, there 
is a strong need to study this innovation throughout the value chain. Moreover, innovation has to 
occur at all points along the value chain before the innovation becomes effectively implemented 
(Vanclay et al, 2013). In this regard, Wield et al (2013) argue that the emergence and constraint 
of innovation in bio-economy (which includes agricultural biotechnology) mainly depends on 
the interactions between three main sets of actors, being (1) innovators (scientist, technologists, 
industry), (2) policy-makers and regulation (including government and the emerging new institu-
tions of governance) and (3) the public and stakeholder groups (such as advocacy organizations). 
However, only little research is done to obtain an in-depth understanding of the incentives that 
are driving the agribusiness decision-making processes on GM crops (although much attention 
is paid to the lessons learned from the social issues of agricultural biotechnology, as to inhibit 
repetition of these “mistakes” to closely-related innovation such as nanotechnology).

In particular, this study focusses on the decision-making processes of the agribusiness stake-
holders to commercialize (or not) GM crops in the EU environment. Firstly, this paper questions 
if, and to what extent, we can identify common central arguments in the decision-making pro-
cesses of companies that belong to the same agriculture industry sector. Secondly, we compare 
the decision-makings on GM crops between different agribusiness industries and look into what 
is needed to affect their decision-making process. These renewing insights can learn us more 
about the current stalemate in the debate on GM crop (applications) in the EU and provide some 
insights in the (future) market dynamics of GM crops in the EU environment.

2. Methodology

2.1.  Stakeholder sampling
Forty semi-structured interviews were performed with agribusiness stakeholders of differ-

ent agriculture industry sectors, interviewing both individual companies and the national plus 
European federations of the sectors. The following sectors were selected: (1) the agricultural 
biotechnology industry, (2) compound feed industry, (3) potato industry (both the fresh market 
and industrial processing industries (chips and fries)), (4) food processing and food marketing 
industries, and (5) finally the organic industry. Although we acknowledge that NGO’s have no 
direct commercial interest in GM crop (applications), these stakeholders were also included in 
the sample because many companies addressed them as being essential stakeholders for their GM 
business decision. Sampling occurred in Flanders (Belgium), but the companies’ scope were either 
national, European or worldwide.
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2.2.  Data-analysis
The data were analyzed by content analysis (Stemler, 2001). Our analysis focused on the 

common central aspects in the decision-making processes of companies that belong to the same 
industry, even though here were also some intrasectoral argument differences. The analysis relied 
on the analytical framework presented by Inghelbrecht et al (Submitted), which unveils the main 
important aspects in companies’ decision-making processes on whether or not to commercialize 
GM crops in the EU environment. In the next step of the analysis, we have compared the central 
aspects in the decision-making processes of different agribusiness industries. This cross-industry 
analysis revealed three strong hypothetical alignments in the decision-makings of our different 
industry sectors: between (1) the agricultural biotechnology and compound feed industry, (2) 
NGO’s and the organic industry, and (3) between the food manufacturing processors, retailers 
and companies in the potato industry (“food actors”).

3. Results
The cross-industry analysis unveils strong hypothetical (read not institutionalized) alignments 

in the decision-making processes of (1) the agricultural biotechnology industry and the compound 
feed industry, (2) between NGO’s and the organic industry, and (3) amongst the food actors. Each 
hypothetical alignment is very briefly discussed in the three following subparagraphs.  

3.1.  First hypothetical alignment
The decision-making process of the agricultural biotechnology industry to apply for GM crop 

authorizations for imports in food and feed in the EU, and the decision-making process of the 
compound feed industry to process GM crops in their feed as part of “Certified Responsible Animal 
Feed” (BEMEFA, 2011a; BEMEFA, 2011b), are similar in the way that both assess agriculture 
as being inherently globalizing. This agricultural perspective holds a free world-wide flux of raw 
materials and considers imports simply as an economic reality. GM imports are therefore seen 
as a by-default reality in the EU. Furthermore, both industries also doubt about the future abil-
ity of the EU to maintain its non-GM raw material demand, because the EU is attributed only a 
declined power in a global GM crop trading world. Moreover, both industries’ decision-making 
process is strongly affected by their perception on the EU GM crop regulation and the experienced 
restrictions it imposes. These industries do, however, differ in their value judgment of GM crop 
(applications): the compound feed industry processes GM crops on a ‘by-default’ but not on a 
‘by-interest’ basis, contrary to the agricultural biotechnology industry.

3.2.  Second hypothetical alignment 
The decision-making processes of NGO’s and the organic industry cohere in their perception on 

agriculture as such, because both pursue agro-ecological agricultural ideals (depicted as opposed 
to GM crops). Both consider the EU to be perfectly feasible to maintain a systematic non-GM 
raw material demand (taking into account some adaptation, such as a decreased meat consump-
tion). Contrary to NGO’s - which do not have any direct product relationship with GM crops - the 
organic industry has a strong commercial fear on the development of organic agriculture if GM 
crops come into practice more extensively in the EU (in essence being an economic incentive). 
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3.3.  Third hypothetical alignment 
The decision-making processes of food actors on whether or not to commercialize GM crops 

is characterized by a high degree of direct commercial fear on GM crop processing and/or com-
mercialization. They approach GM crops primarily as a marketing issue. Several food actors also 
had a risk-perception on GM crops from an agricultural perspective and few were skeptical on 
whether the EU can maintain its non-GM raw material demand in the future. Nevertheless, these 
risk-perceptions were subordinated to their risk-perception on (indirect) GM marketing, because 
of expected negative consumer and/or NGO (read societal) responses.

4. Discussion
A cross-industry analysis of different agribusiness industries’ decision-making process on 

(not) commercializing GM crops in the current EU environment, unveils various congruities of 
common central arguments which motivate their eventual GM business policy. 

The agricultural biotechnology industry and the compound feed industry (first hypothetical 
alignment) assess GM crops from a globalizing agricultural perspective and consider GM imports 
simply needed in EU agriculture. However, the agricultural biotechnology industry assigns a 
strong marketing potential to GM crops in the EU, but their perceived political structural bar-
riers discontinue further investments in GM trait and/or crop R&D for particular cultivation in 
the EU. Their dissenting marketing orientation on markets outside the EU (with some spillover 
effect to the EU the highest), is a consequence of the high level of uncertainty on obtaining return 
of investments guarantees and is a consequence of the highly unpredictable regulatory GM crop 
environment in the EU (Nadolnyak, 2007). 

NGO’s and the organic industry (second hypothetical alignment, yet in the GM debate merely 
intertwined) oppose to GM crop (applications) from an agricultural point of view. This view is 
endorsed by their perception that the EU is powerful enough to control its non-GM raw material 
demand. The latter somehow contradicts with the forecasted difficulties to maintain a (future) 
non-GM raw material demand in the EU, due to (1) the import-dependency of the EU on several 
raw-materials (such as soy); (2) the slow GM crop authorization procedure in the EU, which 
disturbs the free flux of raw materials worldwide, and due to (3) the enhanced risks on sourcing 
non-GM raw materials in the EU that are contaminated with not (yet) EU authorized GM crop 
traces (Stein, Rodriguez Cerezo, 2010a; Stein, Rodriguez Cerezo, 2010b; von Witzke, Noleppa, 
2010). Moreover, the organic industry also has a strong marketing incentive to oppose to GM 
crop (applications), as also Apel (2010) explains by concluding that the organic industry has the 
largest economic incentive to restrict all GM crop applications from the market. 

In essence, stakeholders of the first and second hypothetical alignment judge GM crops pri-
marily from an agricultural (ideal) point of view, yet from completely opposing perceptions. They 
reform the discussion about GM crop (applications) to a discussion about agricultural ideals as such. 

Controversially, food manufacturing processors, retailers and stakeholders in the potato industry 
(third hypothetical alignment) primarily approach GM crops from a black-or-white choice market-
ing point of view (which is also applicable to the organic industry), adding additional complexity 
to the different values that ground the ongoing discussion about GM crop (applications) in the EU. 

These insights enables us to understand why different (agribusiness) stakeholders in the GM 
debate talk at cross-purposes, as their decision-making process is essentially driven from different 
perceptions and lines of thoughts, and is driven from different sets of basic and pursued values. 
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5. Conclusions
In this cross-industry analysis, three strong hypothetical GM policy congruities were identified 

between different agricultural industry sectors. These different points of view reduce the discussion 
about GM crops to merely a discussion about agricultural ideals as such or to a simple marketing 
theme. Apparently, GM policy alignments between agribusiness industries form more easily when 
both assess GM crops as a raw material (in the case of the agricultural biotechnology and compound 
feed industries) or if they assess GM crops simply as being a part of an end product (in the case of the 
food actors). These insights offer understanding of why different agribusiness stakeholders in the GM 
debate talk at cross-purposes, as their decision-making process is driven from different perceptions 
and different sets of pursued values. If we talk about GM crops, what are we really talking about?

The results of this case-study analysis are mainly exploratory and descriptive in nature, making 
all extrapolation of the results speculative. Nonetheless, the analysis learns us more about the cur-
rent stalemate in the debate on GM crop (applications) in the EU and provides some insights in the 
(future) market dynamics of GM crops in the EU environment (from an agribusiness point of view).
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Abstract
Income tax regulations in the United States are complex, voluminous, and ever changing. Con-

tinuing education for professional tax preparers is necessary and is required for most categories 
of tax professionals. For decades the cooperative extension services of the Land Grant Univer-
sities have offered tax education for their constituents. This has developed into a collaborative 
effort led by the Land Grant University Tax Education Foundation (LGUTEF). The twenty-six 
member institutions of LGUTEF offered materials and training for approximately 30,000 tax 
professionals in 32 states 2012. North Carolina State University and the University of Kentucky 
are two states that offer a range of seminars to tax professionals in their respective states. This 
paper discusses the historical development of tax education, the logistics of its delivery, and the 
challenges of the future.

Keywords: taxation, education, LGUTEF, U.S.

1. Historic overview
Taxes and tax collectors are as old as the Bible, if not older. Ancient civilizations ruled by 

kings required “tribute” from the conquered. These tribute payments were a form of tax. Gov-
ernments need revenues to provide various services and programs to the citizens of the land. 
Citizens, though required to pay taxes, desire to minimize that burden, especially in regards to 
the tax based on income.

In the United States, the earliest record of a federal income tax was legislation signed by 
President Abraham Lincoln, in 1862, to provide funding to pay the expenses of the American 
Civil War. The tax was levied on income in two brackets: a three percent tax on incomes between 
$600 and $10,000; and a second bracket imposed a five percent tax on all incomes above $10,000. 
This tax was repealed in 1872 (A Brief History of Taxes, 2013).

In 1913 the States ratified the 16th Amendment to the United States Constitution establishing 
income taxation as a major source of federal revenue.  Since this legislation became the law of the 
land, the modern tax code has grown to be a complicated set of rules to be followed by individuals 
and businesses alike. Estimates of the size of the Internal Revenue Code (IRC) range from 34,000 
to 1,000,000 pages. The latter attributed to President George W. Bush. Further, the IRC does not 
include other regulations and court case rulings that add to the volume of materials taxpayers 
must contend with annually. The last major attempt by the United States Congress to “overhaul” 
the Internal Revenue Code occurred during the Reagan administration with the passage of the 
Tax Reform Act of 1986. With the most recent tax legislation, the American Taxpayer Relief Act 
of 2012 passed on January 2, 2013, the highest marginal income tax rate became 39.6%, down 
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from 50% in the early 1980s, a 70% top rate during the 1970s and an extremely top rate of 91% 
as recently as 1963 (A Brief History of Taxes, 2013).

To further complicate tax matters, the safety net of Social Security was created as part of 
President Roosevelt’s New Deal in the 1930s.  Social Security payments were to be paid by those 
working today for those who have retired. Original legislation for social security did not include 
farmers.  However, farmers came under the obligation to pay self-employment (Social Security) 
taxes in 1955 (Carmen, 1997). Since the 1950s when the maximum social security tax paid was 
$126 (3% of a maximum of $4,200 of self-employed earnings), the rate and the upper limit of 
earnings have increased to 15.3% and $113,700 (Effects of Federal Tax Policy on Agriculture).  
The social security tax, not accounting for the unlimited 2.9% Medicare tax above the upper limit, 
is $17,396 for 2013. There is no upper limit on self-employed income for Medicare (www.ssa.
gov). For farmers, as self-employed individuals, social security is a significant tax which needs 
to be managed in conjunction with income taxes. 

2. Educational programming
As tax obligations grew in quantity and complexity, educational efforts were needed to help 

rural and urban citizens alike understand the complicated IRC and their obligations to file income 
tax returns. Land grant universities with cooperative extension services were in a unique position 
to provide this education.

An Extension effort of the North Central Farm Management Extension Committee (NCFMEC) 
led to the development of “Income Tax for Farmers” a publication published by the Committee 
from 1948 through 1954. In 1955 the Internal Revenue Service (IRS) took over the publication and 
it was re-titled “The Farmer’s Tax Guide.” Since 1955, the National Farm Income Tax Extension 
Committee has collaborated with IRS to publish the guide annually (Edwards, 2013).

Land Grant universities in the United States, through their respective cooperative extension 
services, developed and conducted educational programs for rural citizens focused on preparing 
and filing federal income tax returns beginning in the 1940s. These educational programs, initially 
delivered at the county level grew into state-wide educational programs for the emerging income 
tax preparation industry. In North Carolina, the first extension tax school in 1949, was known 
as the “Farm Tax School” and used the NCFMEC publication as the text. North Carolina State 
University conducted its sixty-third two-day Income Tax School for tax practitioners in November 
and December of 2012 through the Office of Professional Development (OPD) an office in the 
Division of Continuing Education. Kentucky’s tax education programming began in 1963 also as a 
“Farm Tax School” and evolved into “Income Tax Seminars” for a wide range of tax professionals. 

3. Resources
Development of high quality teaching material for a reasonable cost is always a challenge. 

Public universities are no exception to this challenge; however, these institutions can draw on 
faculty for expertise. The NCFMEC created a useful document in 1948 for teaching farmers about 
income tax obligations, and the advent of self-employment tax on net farm income increased 
the demand for teaching materials. Following the NCFMEC model, university faculty began 
to collaborate to develop texts for income tax education purposes. The University of Illinois at 
Champaign-Urbana was an institution with a history of farm tax schools. C. Allen Bock, a faculty 
member in the Department Agricultural Economics and an attorney, became the “editor-in-chief” 
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of a roughly 700 page text used by many land grant university tax school programs. Bock’s vision 
was to develop a cadre of authors and contributors from these sister land grant institutions. Such a 
collaborative effort was created and grew during the 1980s and 1990s. Following Bock’s untimely 
death in 1999 changes in the editorial leadership were necessary.  After an interim period, col-
laborating universities undertook a review of the process by which the book was created.  At the 
conclusion of the review a decision was made to create an affiliated organization separate from 
any one university, but responsive to member universities to continue to develop and publish a 
national tax education workbook. In spite of its length and complexity, the uniformity of the tax 
code permits a single national publication to be applicable across all fifty states. 

In 2001 the Land Grant University Tax Education Foundation, Inc. (LGUTEF) was created to 
continue the legacy of cooperation and the publication of a national tax book that C. Allen Bock 
husbanded during his tenure at the University of Illinois. In 2012 LGUTEF published 30,000 
copies of the National Income Tax Workbook which was used by 26 members. These 26 members 
include 23 land grant Universities and 3 private companies which serve states where the land 
grant university does not have a tax education program (Land Grant University Tax Education 
Foundation). These programs offer income tax education in 32 states to tax preparers holding 
various credentials to meet mandatory continuing education requirements. Shaded states in Figure 
1 offer LGUTEF based tax education seminars.

Interestingly, the University of Illinois elected not to join LGUTEF.  The University of Illinois 
has continued to produce a text for use in tax schools, predominately in the state of Illinois.  It is 
reported that they produce approximately 10,000 copies of their text annually.

Continuing education for income tax practitioners is delivered by range of providers: academic 
institutions both public and private, private enterprises that specialize in professional education, 
and industry organizations both at the state and national levels. The University of Kentucky and 
North Carolina State University are both land grant universities which are members of LGUTEF 
and provide continuing education to tax preparers. Indiana University and the University of 
Louisville in Kentucky are examples of public universities that offer continuing education as an 

Figure 1. Land Grant University Tax Education Foundation affiliated states
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outreach program of their business schools.  Professional Tax Institutes, Inc. is an example of a 
private firm which conducts tax education across the United States for tax preparers. The North 
Carolina Association of Certified Public Accountants (ncaCPA) is an example of a state level 
professional organization that provides continuing education on tax issues as part of its mission.  
Finally, the American Institute of Certified Public Accountants (AICPA) is an example of a national 
trade organization which provides continuing education. These entities may offer publications 
for purchase to use for instructional purposes as well as delivery of in-house continuing educa-
tion.  Another continuing education book for teaching tax issues is the University of Denver’s 
text which they use in their Accountant’s Tax Education program and offer it for sale to other 
providers (www.aes.du.edu).

Cooperation among extension professionals is a mainstay in delivery of nationally focused 
programs which affect all citizens regardless of their home state. Due to decreasing resources 
coming from state and federal funding, individual land grant universities may not replace retiring 
tax knowledgeable extension faculty with persons that have equivalent training and interests as the 
retiree. In an effort to meet growing demand for peer-reviewed practical tax information and to 
fill gaps in institutional knowledge, extension specialists at 15 land grant universities collaborated 
to create Rural Tax Education (RTE). This collaboration led to the development of the website 
www.ruraltax.org for the electronic delivery of tax education material to rural business owners 
and extension educators.  This website has over 45 fact sheets which discuss in detail tax topics 
which may affect farmers and rural business owners. The fact sheets are written in non-technical 
language so that farm and rural business owners can understand them and see how to report tax-
able transactions through examples. The website also has example tax returns and a 130 page 
e-book titled Tax Guide for Operators of Small to Medium Sized Farms. This text is intended to 
be a companion document to IRS Publication 225, The Farmer’s Tax Guide. Increased internet 
access in rural areas has made this an efficient and timely tool for delivering timely tax infor-
mation.  For example, following a late 2012 USDA legal settlement known as the “Keepseagle 
Settlement”, a fact sheet for the property reporting of settlement payments was posted in January 
of 2013. This enables recipients of this settlement to know how they must report this income on 
their 2012 federal income tax returns (Rural Tax Education’s).  

4. Logistics of delivering tax education
Among the LGUTEF states there is both consistency and diversity of delivery of tax education. 

Most states offer two-day workshops that will meet a range of continuing education certification 
requirements for federal tax, federal tax updates, and ethics. Additionally, many states will offer 
one-day seminars on specific topics such as partnerships, corporations, agricultural and timber 
tax issues, or for specific audiences such as the Registered Tax Return Preparers.

North Carolina and Kentucky are two LGUTEF member states that provide relatively standard 
tax education programming. In 2012, Kentucky offered seventeen two-day intermediate level 
seminars and eight one-day seminars to 2,085 participants. North Carolina offered training to 1,476 
attendees at 12 two-day schools. The seminars are distributed geographically across the states 
and are held in a variety of facilities ranging from Extension offices to hotel conference centers. 
Audience size ranges from about 30 to over 200.  Instruction is delivered by Extension educators 
or other tax professionals that may include Certified Public Accountants, retired federal or state 
revenue agents, and other tax professionals. Participants receive a copy of the aforementioned 
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National Income Tax Workbook and instructors use accompanying PowerPoint presentations in 
a lecture format to deliver 50-minute blocks (to qualify for one hour of continuing education 
credit) of topical information. 

Unlike many Extension education programs, tax education is offered on a cost recovery basis. 
Attendees pay fees ranging from $150 to $350 per participant. In addition to the National Income 
Tax Workbook and its companion searchable CD text, participants receive a 1000-page Master 
tax guide, a 200-page state tax update, the 90-page Farmers Tax Guide and other assorted print 
materials. Refreshment breaks (and lunch in some states) are also provided. 

A variety of professionals engaged in tax counseling and/or tax preparation attend the work-
shops. These include accountants, bookkeepers, Enrolled Agents, attorneys, financial planners, and 
Registered Tax Return Preparers. Other participants include state and local tax agency personnel, 
bankers, and interested individuals who prepare their own taxes (although that last category is 
small and diminishing). Figure 2 is an illustration of the vocational distribution of the participants 
in Kentucky in 2012. 

Figure 2. Income TaxSeminar Participation 
by Profession, Kentucky, 2012

While the direct recipients of Extension tax education are the professional tax preparers and 
other institutional employees, the farm community remains a major beneficiary of these program-
ming efforts. Kentucky’s 1,726 seminar participants reported filing an average of 33.4 Federal 
farm returns each in 2011 for the 2010 tax year. This represents 69.8% of the 82,700 farm returns 
reported by the IRS. North Carolina’s seminar participants reported filing 12,320 farm returns, 
or 25.8% of the total farm returns filed in 2011. This suggests that while few farmers attend the 
tax seminars, many farmers benefit from the increased knowledge gained by attending Extension 
tax education workshops (Internal Revenue Service).

5. Future
Extension face-to-face meetings have been a traditional time honored method of knowledge 

and technology transfer from land grant universities to the citizens of the university’s respective 
states. Income tax education is no exception. LGUTEF states deliver in-person training to ap-
proximately 30,000 tax professionals each year. Evidence suggests that many of them are seasoned 
professionals. In Kentucky the average number of years of tax preparation experience reported 
by participants was 21.7 in 2012. Further many are repeat customers. Kentucky’s participants 
reported an average of 10.0 years of attending the UK Income Tax Seminars. While recent budget 
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reductions have limited these type of delivery opportunities, the returning customers report that 
they appreciate the “on the spot’ consultation from an expert and often respond negatively to video 
or distance-delivered programming. 

As technologies, budgets, and demographics change, universities and extension services are 
constantly challenged to provide access to up-to-date information to clientele, both students and 
adult learners in the field.  Rural Tax Education, discussed above, is but one example of the use 
of the internet to publish and provide access to peer-reviewed timely information that improves 
the lives of the rural citizenry of the United States. Obviously, through the internet, the potential 
audience and consumer of such published information are worldwide. Publishing tax information, 
for example, helps develop a knowledge level for not only individuals subject to the tax laws of 
the United States, but also, in a small way, helps to educate those individuals with desire to come 
to the United States.

Continuing education requirements as part of a credentialing process change as technology 
advances.  Certainly, on-line education through webinars and self-study courses are in the forefront 
of modern delivery.  However, providers need to remain responsive to different demographics of 
learners.  These may be the “old school” wanting a face-to-face, person-in-the-chair environment 
or the recent graduate well versed in on-line, cloud-based delivery systems that are accessible every 
hour of the day from anywhere in the world.  Maintaining quality of delivery, rigor of curricula, 
and compliance with the “proof of attendance” are all necessary to ensure the integrity of the 
provider, the student, and the credentialing agency. This is a challenge to be met and overcome. 
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Abstract
Denmark has been one of the leading European Countries in using Biogas for Combined Heat 

and Power (CHP), since the 1980’ties. However, in the last two decades, the increase has been 
limited. A new energy policy aimed at increasing the profitability of Biogas was introduced in the 
spring of 2012. The analysis here shows that the new agreement will improve the profitability of 
biogas plants and increase the biogas production although the political ambition of an increase 
from 4 PJ to 14 PJ by 2020 seems unlikely. The analysis shows that biogas plants can be profitable 
even if the input is a mix of manure and solid fractions/farm yard manure given the present level 
of support. The analyses show that although maize increases the gas output somewhat, it increases 
the profit only slightly as the costs of the input is high (41€ per tonne). The overall production costs 
are around 0.53 € per m3 methane. Even without an investment subsidy of 30%, the case 2012, is 
profitable. Financing the biogas plants is a challenge. The interest used of 4.25% requires bank 
guaranties which in practice can be hard to get. Using a more likely interest of 7-8% reduces the 
yearly profit to 400.000 €. The socioeconomic analyses show that the costs of biogas as a measure 
to reduce CO2 emissions, are around 135 € per tonne CO2 and using maize is an expensive way to 
reduce emissions of CO2 as the CO2 reducing effect is limited. The new Danish energy agreement 
gives subsidies to biogas used in the natural gas grid. The upgrading, including pressure adjustment, 
is 0.16 € per m3 methane. The analysis shows that the profit from upgrading biogas is only to be 
preferred if the sales prices of heat are very low. The socioeconomic cost of upgrading is, in most 
cases, not better than CPH. In order to reduce the cost of reducing CO2 emissions, the input to the 
biogas plant has to be based on farm yard manure and deep bedding as well as slurry.

Keywords: biogas, economics, upgrading biogas, cost of CO2 reduction, environment

1. Introduction 
The EU targets on renewable energy, which biogas production contributes to realize, are es-

tablished to reduce EU’s dependence on fossil fuels and to mitigate the climate changes. Denmark 
is obligated, by 2020, to decrease its total GHG emissions by 20% in the non-ETS quota sectors 
(housing, transport and agriculture), compared to 2005 emission levels, and to increase its share 
of renewable energy in the Danish energy supply system to 30% (Council Directive 2009/28/
EC), (Council Decision No 406/2009/EC). Along with several initiatives, the Danish politicians 
made a “Green Growth” agreement in 2009, stating that up to 50% of all Danish manure should 
be utilized in a biogas plant by the year 2020. 

Currently (2012) only 8% of the manure produced in Denmark is used for energy purposes, 
which puts the need for expansion of the Danish biogas production in perspective (Olesen et al., 
2012). The majority of the Danish centralized biogas plants were built in the period 1987-1996, 
and approximately 20 of these plants are still operative today. Alongside this development, around 
60 smaller farm scale biogas plants were established, who are responsible of the small but constant 
increase in Danish biogas production from the mid 90’ties until now. The energy from manure-
based biogas production has doubled from 1.5 PJ/year in the year 2000 to 3.0 PJ/year in 2010, 
which is most of the total Danish biogas production of 4.2 PJ per year (Energistyrelsen, 2010). 
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The new Danish energy agreement was implemented in the spring, 2012. To promote the uti-
lization of Danish manure to energy purposes, the governmental support for biogas-based energy 
was increased from 0.380 €/Nm3 methane to 0.497 €/Nm3 methane, under the condition that the 
biomass input consists of at least 75% manure. Furthermore, it became possible to get a subsidy 
for injection of biogas into the natural gas grid. Finally, to kick-start the production, an investment 
subsidy of 30% was given to a number of biogas plant projects in 2012. The higher governmental 
support, the high investment subsidy, and increased production and sales opportunities have to-
gether improved the regulatory framework and the potential income in the Danish biogas sector. 

The purpose of the paper is to analyse whether the new energy deal makes Danish biogas 
profitable from a company perspective. What are the conditions for profitability in terms of input, 
price, subsidy and use of maize and etc. Will the price conditions in the new energy agreement be 
enough to boost biogas production in Denmark to fulfill the political ambitions? Is the new option 
to sell biogas to be upgraded as a profitable option? Looking at the socioeconomic perspective, 
is biogas a cost effective option is that also the case when it is based on maize or when only part 
of the heat is used? Compared to Germany the Danish biogas subsidy been too low or is it the 
German subsidy level which is too high?

The paper discusses the different methods used to achieve high degrees of biogas and green 
energy, but also the need to include both company and socio economic analyses in the assessment. 

2. Danish biogas 
The new Danish energy agreement has increased the value of biogas. As table 1 illustrates, 

the governmental support for Danish biogas has increased by approximately 30% compared to 
the old energy agreement. The table, furthermore, illustrates the natural gas price, the extra costs 
related to upgrading the biogas to natural gas quality, the values of unused quotas, and a possible 
green value of biogas. 

Table 1. Energy price (old and new agreement) 
Item Old energy agreement, 

CHP 
(€/Nm3 methane)

New energy agreement 
CHP 

(€/Nm3 methane)

New energy agreement, 
natural gas grid 

(€/Nm3 methane)
Governmental subsidy 0.380 0.497 0.497
Natural gas price 0.312 0.312 0.312
- Upgrading costs 0 0 0.168
(Quota value) 0 0 (0.048)
(Green value) 0 0 (?)
Total 0.692 0.810 0.642

Source: Tafdrup, 2012; KEMIN, 2012

As mentioned, table 1 also illustrates a quota value in relation to biogas on the natural gas 
grid. This value is not a reality yet, but a certificate system has been implemented in the Danish 
natural gas grid, so consumers are able to buy the CO2-neutral biogas instead of the standard 
natural gas. If the price becomes equivalent to the CO2 quota price (20€ / tonne), it would be 
equivalent to a price of 0.048 €/Nm3 methane. The table finally contains a green value, which is 
the value companies / consumers are willing to pay for the CO2-neutral energy in order to improve 
the companies green image. 
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The change in the regulatory framework, providing the possibilities for upgrading biogas to 
natural gas quality and injecting it into the natural gas grid, has a huge effect on the sales pos-
sibilities of biogas. Earlier, the biogas producers were forced to sell their biogas to the local CHP 
plant, and with no alternative buyer, a relative low price on biogas was standard. With the new 
energy agreement, the biogas producers have an alternative buyer, which improves their situa-
tion when negotiating energy prices. The change, furthermore, enables a production of biogas in 
remote areas far from any CHP plants, which is necessary, if the target of degassing 50% of the 
Danish manure production is to be realized. In Germany the subsidy related to upgraded biogas 
is only given if the upgraded biogas used for local CHP production which does limit the use.  

With the new energy agreement, an investment subsidy of 30% is available for a biogas plant 
project, if their application was approved by the end of 2012 and with the building starting in 
2013. This has resulted in 42 applications and the approval of support for 19 new biogas projects 
in Denmark. The plant size ranges between a reactor capacity of 50,000 tons per year for farm 
scale biogas plants, to larger centralized biogas plants with the capacity to process almost 500,000 
tons of biomass per year. 

Finally, the ability to boost the biogas production with energy crops, and still be eligible for 
the governmental support, has also improved the conditions for the biogas producers. After the 
approving of the new energy agreement, a debate was initiated concerning whether it was wise 
to subsidize biogas based on energy crops. The concern was that biogas, based on energy crops, 
does not reduce GHG emissions as efficiently as manure, and that it would not contribute to the 
realization of the target of degassing 50% of the Danish manure production by 2020. On that 
foundation, it was agreed to reduce the eligible share of energy crops in the biogas input mix, from 
25%  in 2012 to 10% towards 2020, and maybe even to 0% in the following years. 

3. Analytical framework
The potential for a sustainable biogas production in Denmark does not only depend upon the 

legislative framework, but there are several other factors also inflict on the economic sustainabil-
ity of the production. The dry matter content in the Danish manure is one of the most uncertain 
parameters when estimating the biogas potential for a given biogas plant. This uncertainty exists 
because the dry matter content varies drastically with the type of manure. The dry matter content 
in cattle manure is generally the highest, whereas the manure from pigs, especially sow slurry is 
lower. The standard Danish values for the dry matter content for 2012 are 4.5% for sow slurry, 
6.1-6.6% for slaughter pig manure, and 9.3% for cattle (Århus Universitet, 2012). But other 
estimates show much lower values. The most up-to-date values on the dry matter content in the 
Danish manure are a bit lower than the standard values. Birkmose et al. (2012) estimate the dry 
matter content in manure from slaughter pigs to be 5.5 and 4.0% for sow slurry. The dry matter 
content in cattle slurry is estimated to be 7.5%. It is assumed that it respectively takes 11.5 tons of 
cattle manure, or 10.8 tons of pig manure to produce 1 ton fiber fraction with a dry matter content 
of 33%. These are the dry matter contents used in the following estimations. Maize does increase 
gas production, but payment of 41 € per ton has to be made to the farmers. Increasing crop prices 
(e.g. wheat) will also increase the maize price which has to be paid (Jacobsen et al., 2013). 

Instead of boosting the biogas production with energy crops, the biogas producer could use 
separated manure to increase the dry matter content in the reactor. The gas potential in separated 
manure is not as high in relation to its price, compared to that of maize silage. The lower gas 
potential results in a lower business economic surplus compared to a production where maize 
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silage is applied. But from a welfare economic point of view, the use of separated manure is the 
best biomass to use, as it also reduces GHG emission, and thereby provide a very low marginal 
abatement costs (MAC), whereas the MAC from a maize silage-based biogas production has a 
MAC more than twice as high.   

4. Case analysis 
The following section describes the 2012 case biogas plant, regarding the plant size, the biomass 

input mix, the biogas production, and the energy output. It is estimated that a new centralized biogas 
plant in Denmark, on average, will have a capacity to degas approximately 700 ton biomass per day, 
which amounts to almost 260,000 ton biomass per year. The biomass input mix is based statements 
from new and planned Danish biogas plants. The input mix does not provide the highest possible 
profit for the biogas producer, but it is the most likely combination as the allowed share of maize-
silage will be reduced to 10% over the coming years. Furthermore 12% of fiber fraction was added 
to boost gas production. It is assumed that organic industrial waste is no longer is available for the 
biogas producers, as it already is fully utilized by the current Danish biogas production. The table 
below illustrates the capacity of the biogas plant, the shares of different biomasses in the input mix 
and their dry matter content, along with the total biogas and methane production.

Table 2. Biomass input and production – 2012 case biogas plant

Biomass type Input 
amounts

Dry matter 
content

Methane Biogas Methane Biogas

(ton/year) (%) (1000 Nm3/year) (Nm3/ton input)
Cattle manure 86,553 7.5 1,039 1,598 12.0 18.5
Pig manure 112,737 4.9 1,237 1,904 11.0 16.9
Seperated pig manure 17,344 30.0 1,082 1,665 62.4 96.0
Seperated cattle manure 13,316 30.0 831 1,278 62.4 96.0
Maize silage 25,550 33.0 3,182 4,895 124.5 191.6
Extra (serie-operation) - - 737 1,134 - -
Total 255,500 11.5 8,108 12,474 31.7 48.8

Note: The methane yield from maize can sometimes be lower than estimated here
Source: own calculations 

A part of the produced biogas is utilized in the engine in the biogas plant as process energy, 
which receives a governmental subsidy of 10 €/GJ. It is estimated that the process energy is 
equivalent to approximately 2 m3 methane per ton biomass input. Furthermore 1% of the biogas 
is lost through flaring, and 10% of the biogas is lost through lack of demand for biogas-based heat 
in the summer period. The final amount of biogas available for sale is 6.7 million Nm3 methane 
per year. The production in the first year is reduced by 25% as the system is not performing at 
maximum capacity right from the start. 

5. Company results 
The standard centralized biogas plant of 250,000 tonnes per day is estimated to have a plant-

investment cost of 10.7 million €, followed by additional investment costs in e.g. trucks, land, and 
pipeline, which bring the total initial investment costs up to 13.2 mill. €. This initial investment 
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cost is then eligible for the governmental support of 30%, which, in this case, is equivalent to 
almost 4 mill. € in 2012. Besides the initial investments, there will, after 10 years, be a need for 
reinvestments of approximately 2 million €. The annual maintenance costs are 0.2 million €. A 
total of three people will be employed with a salary of 0.2 mill € per year.  

Finally, there are the transport costs. It is estimated that the new centralized biogas plant will 
have an average distance to its manure suppliers of 14 km. Few plants have invested in manure 
pipelines to transport the manure and so the main part of the manure is transported by truck. This 
is one of the most costly parts of biogas production, especially because the manure mainly consists 
of water. The annual cost of transporting 200,000 tonne of manure amounts to approximately 
0.5 million €.

The interest used is 4,25%, but in many cases, this requires that the farmers can used their 
farm as collateral for the investment. This can, together with funding from the special credit 
cooperation (Kommunekredit), give a low interest. In the case that the farmers have low equity 
and more external capital is needed, it is likely that the average interest would be around 7-8%. 

Table 3 presents the costs related to a standard centralized biogas plant with the capacity of 
700 ton biomass per day. The biomass, in this example, consists of 78% untreated manure, 12% 
separated manure, and 10% maize silage. The annual costs over the 20 year plant lifetime, are 
in this case estimated to be more than 2.8 mill. €. The costs per m3 input and produced gas (not 
sold) gas production is also shown. 

Table 3. Total annual costs for a biogas production

Annual costs € pr. year € pr. tons input € pr. m3 biogas € pr. m3 
methane

Electricity 192,842 0.75 0.02 0.02
Investments 950,099 3.72 0.08 0.12
Reinvestments (year 10) 115,162 0.45 0.01 0.01
Maintenance 217,868 0.85 0.02 0.03
Transport of manure 662,155 2.59 0.05 0.08
Transport of energy crops 318,436 1.25 0.03 0.04
Running costs 372,279 1.46 0.03 0.05
Total 2,828,843 11.07 0.23 0.35

Source: Jacobsen et al., 2013

The income from a standard centralized biogas plant depends on who the buyer is. By selling 
the biogas to a local CHP plant, the biogas producer will not get paid for approximately 10% of 
his energy production due to the low demand for heat in the summer period. On the other hand, 
if the biogas producer chooses to upgrade his biogas for injection into the natural gas grid, extra 
costs for upgrading the biogas to natural gas quality will appear. In the best case scenario, the 
centralized biogas plant is situated near a very large CHP plant which has the capacity to receive 
and sell all the biogas which is produced. If the centralized biogas plant is located far from the 
nearest local CHP plant instead, it might be more profitable to inject the biogas into the natural 
gas grid, despite the extra upgrading costs. 

Table 4 illustrates the income from the sale of the methane produced at the standard central-
ized biogas plant. Besides the methane sale, degassing the manure increases its fertilizing value 
from which the biogas producer also gains an income. Finally, the biogas producer has to buy the 
energy crop and pay for the separation of the manure which is used to boost the energy production.
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 Table 4. Total income and costs

Income €/year €/tons input €/m3 biogas €/m3 methane
Gas sale 5,607,523 21.95 0.45 0.69
Increased fertilizer value 206,777 0.81 0.02 0.03
Purchase of biomass -1,714,657 -6.71 -0.14 -0.21
Total costs 2,828,843 11.07 0.23 0.35
Total profit 1,270,800 4,97 0,10 0,16

Source: Jacobsen et al., (2013)

As the calculations show in table 4, a centralized biogas plant who sells the biogas to a local 
CHP plant will gain an annual profit equivalent to 5 € per tons biomass, or 1.3 mill. € per year. When 
using a higher interest of 7.5% and lower yields from maize the annual profit is 400.000 €per year. 

If the centralized biogas plant were to upgrade its biogas and inject it into the natural gas grid, 
the calculations would be rather different. The income from gas sale would increase by 6% as all 
the gas is sold, but the additional costs due to the upgrading is assumed to be 0.13 €/Nm3 methane, 
equivalent to 4.35 € per ton biomass. In total the profit is a little lower than for the CHP option. 

There is a need for approximately 20-30 new biogas plants, besides the existing 20 in order to reach 
the target of 50% of all the manure produced being used in a biogas plant. This substantial increase of 
new biogas plants mean that they cannot all be located near a local CHP plant, as the available manure 
becomes increasingly scarce. Some of the new biogas plants need to be located near the more remotely 
located farms, where there are no local CHP plants. Therefore, upgrading to natural gas quality and 
injecting the biogas into the natural gas grid, becomes the only option, but again the higher the quantity, 
the cheaper the cost of upgrading per unit. Alternatively the biogas plants have to be placed in livestock 
intensity and be based on the farms not delivering manure to a biogas plant today. This calls for a high 
degree of participation in biogas production which can be difficult to achieve. 

6. Socioeconomic results 
Beside the costs and benefits included in the business economic calculations, the production 

of biogas also provides some environmental benefits which are not included in the business 
economic calculations. 

One of the side effects from degassing manure is that the foul odour emission from manure is 
drastically reduced. Therefore, when the farmers are fertilizing the fields with the degassed manure, 
the inconvenience for the neighbours is reduced, which generates a positive welfare economic 
value. No precise estimates of the odour emission reduction value exist, but studies shows that the 
odour emissions are reduced by approximately 50% (Jørgensen, 2009). Furthermore, degassing 
manure will result in decreased ammonia emissions when distributed on the fields. The biogas 
plant also functions as a storage and distributer of the manure, which is a benefit for farmers with 
too much manure compared to their land size. 

Degassing manure also has the ability to reduce nitrogen leaching to the surrounding water. 
The effect of reduced nitrogen leaching to the root zone is estimated to be 0.11 kg N/ton manure. 
Less nitrogen leakage represents a welfare economic benefit through the reduction of a negative 
externality. The welfare economic value of reduced nitrogen leakage to the root zone is estimated 
to be 4.1 € per kg N. When degassing the manure from standard sized centralized biogas plant, a 
welfare economic gain of 0.4 mill. € is generated from reduced nitrogen leakages.  
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Finally, the degassing of manure contributes to the reduction of GHG emissions in the agricul-
tural sector. Table 5 illustrates the GHG emission reductions related to the degassing of different 
types of manure.

The calculations show that the total GHG reductions are 18,500 tons CO2-eq. per year. As 
noted before the reduction from Maize, leaving aside the energy substitution, is limited.

Table 5. GHG emission reductions from degassing pig and cattle manure on a centralized biogas plant
GHG Cattle manure Pig manure Fiber Fractions (pigs) Maize

(kg CO2-eq./t)
Natural gas substitution 19.0 18.7 171.3 184.3
Nitrious oxide 12.8 11.2 35.9 0
Methane reduction 1.9 13.2 96.7 -60.2
Carbon storage in soil -1.4 -1.4 -12.8 0
Total effect 32.3 41.7 291.1 124

Source: Olesen et al. (2012)

Besides the above mentioned welfare economic benefits, the biogas production also increases 
NOx emissions, which causes damages of 0.3 € per ton degassed biomass. The total cost of the 
CO2 emissions is 141 €/tonne CO2. This is much higher than the current CO2 quota price of 5-10 
€ per ton. It is assumed that the Danish socioeconomic costs will be high as they are converted 
into consumer prices. It is estimated that the change in calculation methods (interest, conversion 
to consumer prices etc.) on its own have increased the calculated CO2-emission price by more 
than 50 € per tons CO2. 

German analyses indicate a CO2 cost of 300 – 1.100 € per ton CO2, and this is based on the 
lower direct costs. The higher Germany costs are mainly due to the fact, that only part of the heat 
is utilized and that a substantial part (50%) of the input is maize.

Table 6. Socioeconomic results – Biogas plant – 700 ton/day
Item €/year €/tons input €/m3 biogas €/ m3 methane
Total costs 5,301,670 20.75 0.43 0.65
Total income 3,133,556 12.26 0.25 0.39
Total value of dead weight loss 730,373 2.86 0.06 0.09
Total value of externalities 300,884 1.18 0.02 0.04
Total deficit (NPV 20 year) 2,597,603 10.17 0.21 0.32
Total CO2-eq reductions. (ton) 18,454 0.07 0.00 0.00
MAC (€/ton CO2-eq.) 141

Source: Jacobsen et al. (2013)

7. Conclusions 
As a results of the new energy agreement from 2012 and a new policy objective of using 

50% of livestock manure to produce biogas, Danish politicians have changed both objectives and 
the framework for future biogas production. Based on 18 planned facilities the average size is 
expected to be approx. 700-750 m3 per day or 250,000 tons annually. The new energy agreement 
gives basically a direct subsidy of DKK 15.4 € per GJ. However, increases in other taxes reduce 
the net effect to 13.8 € per GJ. The increased grants provide a significant boost in earnings, but 
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the selling price in real terms will decline over time as the grants are phased out over time. The 
calculations show that larger plants have lower costs per. m3 of methane produced. This is due to 
lower operating costs. The transport distance from the farms to the biogas plant is a key parameter 
here. The analysis shows that almost 40% of all costs related to transportation costs. The large 
plants can expect that transport costs per. m3 of methane produced can be increased slightly due 
to longer driving distances. The withdrawal of support for the construction investment of 30% 
cost the biogas plant 0.3 million € per year. Losing this support can complicate financing, but 
the biogas plant should still make a profit without the investment support. Analyses show that 
the cost of upgrading biogas for distribution via the natural gas grid is roughly the same for the 
analyzed upgrading techniques. The total cost of the upgrade is set to 0.13 per. m3 of methane 
incl. pressure equalization. Profits after upgrading will be less than when selling to CHP when 
an acceptable price on heat is given.

It is estimated that with the new energy deal biogas production will increase in the coming 
years by another 20 plants taking the use of animal manure to 20-25%. However, financing and 
location of facilities designated as key challenges must be resolved as well. It is a problem when 
banks do not what to use the asset value of the biogas plant as collateral when giving loans. Farmers 
are then struggling to provide enough equity on their own farms to ensure the loans to the biogas 
plant. In other words the analysis indicate that achieving the objective of using 50% of livestock 
manure in biogas production will be very difficult to achieve by 2020. 

The socio-economic cost, by increasing biogas production has increased with the latest energy 
plan and the change in calculation methods adopted. Conversely, one must expect that society 
will have to pay a higher price towards the goal of elimination of fossil fuels in 2050. On the 
other hand the EU’s declining CO2 quota price does make Green Energy like biogas relatively 
more expensive.
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Abstract
The strict rules and regulations associated with supplying agricultural products to commer-

cial agri-food chains often contribute to the exclusion of smallholder farmers from the formal 
market. New Institutional Economics theory is used in this paper to investigate the way how a 
group of smallholder raisin producers from South Africa cope with the strict rules and regula-
tions associated with supplying raisins to the Fairtrade market. The findings show that, instead 
of viewing the rules and regulations as a fatal stumbling block, the farmers from Eksteenskuil 
created additional rules and regulations to help them coping with the strict requirements of the 
Fairtrade initiative. The conclusion is that, if incentives are correctly aligned and the financial 
benefit for the farmers is significant, the farmers will find a way to cope with the requirements to 
successfully participate in the formal market. 

Keywords: linking farmers to markets, New Institutional Economics, smallholder farmers

1. Introduction
The strict rules and regulations associated with supplying agricultural products to commercial 

agri-food chains are well documented to be a major stumbling block that excludes smallholder 
farmers from developing countries from participating in such food chains (Bienabe and Vermeu-
len, 2007; Louw et al., 2008; Jordaan and Grové, forthcoming). There are, however, smallholder 
farmers from South Africa who do overcome the stumbling blocks and who are successfully 
participating in highly competitive commercial agri-food chains as described by Sartorius and 
Kirsten (2002); Ewert et al. (2006); Louw et al. (2006); Bediako and Debrah (2007); Louw et al. 
(2008); Hendriks and Lyne (2009). While the success stories are well described, the scope of the 
research did not allow the authors to comprehensively describe the way through which the farmers 
cope with the rules and regulations to participate in commercial agri-food chains. Consequently, 
there is limited information available to help other smallholder farmers how to cope with the strict 
rules and regulations that exclude them from commercial agri-food chains. 

The aim of this paper is to explore the way through which a group of smallholder raisin pro-
ducers from Eksteenskuil, South Africa, cope with the strict rules and regulations to export their 
raisins through the Fairtrade initiative. The theory of New Institutional Economics is used as the 
theoretical framework to describe the way the farmers behave within the institutional environ-
ment (Williamson, 2000; Jordaan and Grové, 2013) as specified by the Fairtrade initiative. Such 

Acknowledgements: The research presented in this paper emanated from a solicited research project that 
was initiated, managed and funded by the Water Research Commission (WRC) (K5/1779/12/1) entitled, 
“Assessment of the contribution of water use to value chains in agriculture.” However, the views presented 
in this paper do not necessarily represent those of the WRC. 
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information may provide insight that can be used to help other smallholder farmers to cope with 
the strict rules and regulations associated with the formal market.

Information that was used for the purpose of this paper was obtained by means of personal 
interviews with key role players along the value chain within which the farmers participate in 
2008. These role players include the board of directors of the Eksteenskuil Agricultural Coopera-
tive (EAC) as which the farmers have organized themselves, representatives from raisin process-
ing companies who buy the raisins from the farmers, input suppliers, a previous governmental 
extension officer that was heavily involved with the farmers from Eksteenskuil, and some of the 
farmers from Eksteenskuil and other commercial raisin producers in the region. 

2. Background to the case of Eksteenskuil raisin producers
Eksteenskuil is a rural Colored settlement situated in the Lower Orange River Valley in the 

Keimoes area in the Northern Cape Province of South Africa (Figure 1). Eksteenskuil consists of 
about 600 hectares of irrigable land. Currently, there are 76 households who farm on an average 
of 3.8 hectares of farmland. The main crop that is currently produced at Eksteenskuil is vines for 
raisins (Kok, 2008). 

Despite Eksteenskuil farmers being organised as the EAC, members of EAC do not produce 
nor market collectively. Farmers produce individually and each farmer is responsible for selling 
his own produce and delivering it to the depot of South African Dried Fruit (SAD) in Keimoes. 

Figure 1. Map of the Northern Cape Province of South Africa to show the proximity of Eksteenskuil 
in South Africa
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At the processor, SAD grades the raisins based on quality into choice grade, standard grade and 
industrial grade. Only choice grade raisins are exported via the fair-trade initiative. Eksteenskuil 
farmers who sell their choice grade raisins through the fair-trade initiative do receive an additional 
payment from the fair-trade buyer once the raisins have been exported. The additional payment 
is made possible through the fair price which the fair-trade buyer is willing to pay to previously 
marginalised producers.

SAD is the only fair-trade accredited processor in the area. Farmers thus have no choice other 
than to sell their raisins to SAD if they want to participate in the fair-trade value chain. Important 
to note, however, is that farmers do have a choice of within which marketing channel they want 
to participate. The additional amount paid by fair-trade, however, seems to be enough incentive 
for them to choose the chain via fair-trade. 

3. Institutional analysis of raisin production and marketing  
at Eksteenskuil

Based on the theory of New Institutional Economics one would expect that changes in the 
institutional environment would affect the way economic agents behave (Williamson, 2000; 
Jordaan and Grové, 2013). Since the focus of this paper is the institutions that are specifically 
applicable to the case of Eksteenskuil, only the rules and regulations that are specific to the case 
of Eksteenskuil will be discussed. These rules and regulations include regulations that relate to 
Eksteenskuil raisin producers’ functioning as an agricultural cooperative, Eksteenskuil raisin 
producers’ partnership with Fairtrade, and their relationship with SAD. 

3.1.  Formal rules related to the Eksteenskuil Agricultural Cooperative (EAC)  
Since 1994 the farmers from Eksteenskuil were organized as the Eksteenskuil Farmers’ As-

sociation (EFA). As EFA the farmers started exporting their raisins through the Fairtrade initiative 
in 1995. In 2006, the EAC was registered and farmers are exporting their choice grade raisins via 
the Fairtrade initiative as EAC.  Farmers who sell their choice grade raisins through the Fairtrade 
initiative receive an additional payment from the Fairtrade buyer (Traidcraft) once the raisins have 
been exported. The additional payment is made possible through the fair price that the Fairtrade 
buyer is willing to pay previously marginalized producers.

The conversion of EFA to EAC is a direct result of exporting raisins under Fairtrade. Members 
of EFA recognized that their legal status as an association was a hindrance to their functioning in 
the value chain. EAC consequently was registered in 2006 (Kok, 2008). The constitution of EAC 
provides specific requirements that have to be met by members. In addition to the constitution, 
EAC also has a list of guidelines that specify the conduct related to renting and using implements 
under its control. Most of the farmers at Eksteenskuil do not own machinery and hence they use 
equipment from EAC. These guidelines aim to ensure that everyone has equitable access to the 
equipment and that the equipment is maintained in a good, working condition.

3.2.  Fairtrade Labeling Organization (FLO) standards and requirements
An individual farmer cannot become a Fairtrade producer himself. Individual farmers have 

to form an organization that is able to contribute to the social and economic development of their 
members and their communities. The requirement to form an organization resulted in the estab-
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lishment of EFA in 1994. The mere formation of an organization, however, is not sufficient. Such 
organizations can be certified by FLO only if they comply with the requirements of the Generic 
Fairtrade Standards for Small Farmers’ Organizations (FLO, 2005). The organization is expected 
to assess the environmental impact of its operations, develop plans that are designed to decrease 
those impacts, and monitor the implementation of those plans. Fairtrade producers are expected to 
continually reduce the volumes and types of agrochemicals that are used in production processes. 
FLO publishes a list of chemicals that may not be used at all. Producers are expected to reduce, 
reuse, recycle and compost waste in a manner that is suitable to the materials in question. A plan 
should be established for the disposal of all hazardous waste materials and also for the sustainable 
use of organic waste. Producers are expected to maintain and enhance the fertility and structure 
of soil, as well as manage water resources with the aim to conserve and not to contaminate. Fire 
should not be used in a manner that will be detrimental to the natural system. Finally, producers 
are required to ensure that no Genetically Modified Organisms (GMOs) are used either in the 
production or processing of the product (FLO, 2005). 

In order to comply with the requirement of assessing the environmental impact, EAC con-
tracted the services of the Environmental Monitoring Group (EMG) from Cape Town, to assist 
them with the interpretation of FLO specifications and with the required environmental impact 
assessment. With regard to reducing the amount of agrochemicals used in raisin production, 
EAC began to purchase chemicals in large volumes and distribute these to farmers in smaller 
volumes. This enabled EAC to provide only the required amount of chemicals at a lower price 
to individual farmers, and helped to monitor the amount of chemicals being used. Chemicals are 
kept at a central location and farmers have to complete and sign a form when they obtain these. 
A structure was erected for the disposal of empty chemical containers and other hazardous waste.  

 In addition to all the generic rules that have to be complied with, there are also some standards 
that are specific to dried fruit that need to be met. These standards can be placed on three legs:  
social development, economic development and environmental development (FLO, 2006). The 
social development leg strives for at least 80% of the delivered fruit to be supplied by members 
of the organization. Suitable measures must also be taken to increase the percentage of regis-
tered women growers and to promote their active role with regard to decision-making within the 
organization. The organization must develop a plan to ensure that all suppliers benefit from the 
premium until 80% of the fruit is supplied by members. The producer organization must show 
efforts to promote the marketing of other crops, in order to decrease the economic dependency 
on one single crop, and to provide producers with additional sources of income. The organization 
must also have the necessary infrastructure and capacity to communicate with, sell to, and deliver 
to overseas markets. Finally, the environmental development leg requires that all dried fruits sold 
with the Fairtrade label are produced by organizations that are FLO-certified.

Although the regulations specify that a small proportion of non-members may deliver under 
the name of the accredited organization, EAC decided that only members would be allowed to 
do so. Instead of allowing other farmers to deliver under its name, EAC invited other previously 
marginalized farmers within the region to become members. Women producers also have a 
major role to play at Eksteenskuil. Two of the five directors of EAC are females. EAC has also 
contracted Vinpro to conduct a feasibility study for wine production at Eksteenskuil. EAC aims 
to obtain FLO accreditation for exporting wine in order to reduce their dependence on raisins as 
their sole source of income.

With regard to the Fairtrade Premium, there are also some strict specifications that have to be 
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met when spending the premium. The premium is paid only once the organization has sold their 
produce and submitted a report to FLO which contains the volume sold, the price received, and 
also the premium that was earned (Dillenseger, 2005). The premium has to be spent on activities 
that improve the lives of the small farmers, farm workers, and the community. More specifically, 
FLO stipulates five criteria that have to be met when using the Fairtrade Premium, namely, the 
benefit must be to the whole community rather than only to individuals; the benefit should last at 
least five years; the project needs to respond to the most urgent and basic needs of the workers; the 
benefit should also reach the families of the workers; and finally, the project also needs to bring 
an additional benefit to the community (Dillenseger, 2005). These specifications thus ensure that 
producers invest in their farms and communities. 

In the case of Eksteenskuil, EAC also serves as the Premium Committee. The projects where 
money from the premium has been utilized include equipping and maintaining of EAC’s office; 
buying and maintenance of farming equipment; coordination and dissemination of agro-chemicals 
to individual farmers; organizing farmers’ days (twice-yearly) and information sessions; fund-
ing of educational equipment for primary schools; funding of women’s projects; organizing and 
facilitating training of a group of women in tourism; workshops on basic business management 
(for farmers and non-farmers); and hydroponic training for a group of youths from the community. 
These projects meet the requirements specified by FLO. 

It is clear that there are a number of strict regulations that need to be met by Eksteenskuil 
raisin producers in order for them to continue benefiting from Fairtrade. Should farmers fail to 
meet the specified requirements, the accreditation of the whole organization is suspended until 
the organization can prove that the necessary corrections have been made. 

3.3.  Relationship with SAD
Upon the request from Traidcraft, a formal contract had to be drawn up between EAC and 

SAD (Koch, 2009). The contract has to specify a list of farmers allowed to deliver under the 
name of EAC for the purpose of selling raisins through Fairtrade. The aim of the contract is to 
protect the Eksteenskuil farmers who are regularly audited through compliance with strict rules 
and regulations, and to protect the integrity of the Fairtrade initiative by ensuring that produce 
comes from previously marginalized producers. SAD also require from all farmers from whom 
they procure raisins to complete and submit a list that state all chemicals that has been used during 
the production season on the grape vines. In order for farmers to sell their raisins to SAD, they 
have to comply with the above specifications. 

4. Discussion and conclusions
The analysis of the institutional environment within which Eksteenskuil raisin producers 

operate indicated that the farmers from Eksteenskuil face a number of strict rules and regulations 
that have to be met to supply raisins to the Fairtrade market. Eksteenskuil farmers collectively 
export their raisins via the Fairtrade initiative which earns them prices that is higher than market 
prices, and a Fairtrade Premium. EAC plays a major role in helping the farmers to cope with the 
strict rules and regulations associated with the Fairtrade initiative. 

Although Eksteenskuil farmers initially exported raisins as EFA, EAC was established as a 
legal entity to allow the farmers to export their raisins themselves to increase their share in the 
final price. Currently, the South African Government has an incentive scheme whereby groups of 
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previously marginalized farmers who organize themselves as smallholder farmers’ cooperatives get 
access to government grants. The aim is to incentivize smallholder farmers to form cooperatives 
since it is believed that collective action will enable them to supply enough produce of an accept-
able quality to enable them to enter commercial agricultural value chains. Stimulating collective 
action is in line with developments in other developing countries (Chibanda, et al., 2009). Kaganzi, 
et al. (2009), however, conclude that collective action as such is not the only answer to enhance 
performance and increase profits of individual farmers. They argue for the need to evaluate when 
to use collective action, since it will only be effective if gains from working together sufficiently 
compensate additional costs. Strong leadership within the group and ensuring the transfer of skills 
to individual farmers are required to ensure effective collective action (Kaganzi, et al. 2009). 
The EAC management board exhibits strong leadership which is evident from their endeavors to 
maintain FLO accreditation, capacitate farmers to improve their farming practices and enhance 
their share in the final price for the past seven years. It is important to note that the farmers have 
taken full ownership of EAC without any government involvement. In fact, government has 
played no role in the development of the value chain within which the Eksteenskuil producers 
participate, nor have the farmers accessed any government grants through their collective action. 
The sole reason for Eksteenskuil farmers becoming part of the Fairtrade value chain is because 
the benefits of participating in the value chain outweigh the costs of participating in the value 
chain. The conclusion is that correctly aligned incentives may get farmers to organize themselves 
into an appropriate collective entity (not necessarily a cooperative) to help them to cope with the 
strictly enforced institutions of commercial agri-food chains.  

The case of Eksteenskuil confirms that smallholder farmers can benefit from integration in high 
value niche markets (Hendriks & Lyne, 2009; Raynolds, 2009) and global value chains (Dollar 
& Kraay, 2004; Roy & Thorat, 2008; Minten, et al. 2009;  Béné, et al. 2010). Eksteenskuil raisin 
producers also prove that emerging farmers can upgrade their traditional value chain to a higher 
value option. The South African Government should reconsider its current policy where access 
to government grants serves as an incentive for emerging farmers to form cooperatives. Instead 
of incentivizing collective action, government should rather incentivize business development. 
Collective action will then be used as the vehicle to develop the business, and not only to gain 
access to grants. The role of government should be to provide an enabling environment for these 
businesses to develop through the establishment of secure property rights, institutions, policies, 
and service delivery. 

5. References
Bediako J.A., Debrah K., 2007. Finding a sustainable linkage between the emerging farmer and formal 

markets: The case of Pick ‘n Pay and the Zanyokwe farmers in the Eastern Cape of South Africa. 
Paper presented at the 2007 AAAE Conference, 26-28 Sepetember 2007, Johannesburg, South 
Africa.

Béné C., Lawton. R., Allison E.H., 2010. “Trade matters in the fight against poverty”: Narratives, 
perceptions, and (lack of) evidence in the case of fish trade in Africa. World Development. Sub-
mitted for publication. 

Bienabe E., Vermeulen H., 2007. New trends in supermarkets procurement systems in South Africa: 
The case of local procurement schemes from small-farmers by rural-based retail chain stores. Paper 
presented at the Mediterranean Conference of Agro-Food Social Scientists. 103rd EAAE Seminar, 
Barcelona, Spain, April 23-25 2007.



SMALLHOLDER FARMERS PARTICIPATING IN COMMERCIAL AGRI-FOOD CHAINS.. 195

Chibanda M., Ortmann G.F., Lyne M.C., 2009. Institutional and governance factors influencing the 
performance of selected smallholder agricultural cooperatives in KwaZulu-Natal. Agrekon, 
48(3):293-306.

Dillenseger V., 2005. A practical guide for fair trade premium projects for small farmers and joint bodies. 
http://www.emg.org.za/documents/Guide_to_Fair_trade_Premium.pdf Accessed 19 January 2009.

Dollar D., Kraay A., 2004. Trade, growth and poverty. The Economic Journal, 114:22-49.
Ewert J., Eva G., Hamman J., 2006.  The inclusion and empowerment of farm workers through part-

nerships: The case of “Thandi” Fruit and Wine. Report for the Regoverning Markets Programme.
FLO (Fairtrade Labeling Organization), 2005. Generic fairtrade standards for small farmers’ organiza- organiza-organiza-

tions. http://fairtrade.net/pdf/sp/english/Generic %20Fairtrade %20Standard %20SF %20Dec %20
2005 %20EN.pdf Accessed 19 January 2009.

Hendriks S.L., Lyne M.C. (eds)., 2009. Does food security improve when smallholders access a niche 
market? Scottsville: The African Centre for Food Security, University of KwaZulu-Natal.

Jordaan H., Grové B., 2013. Conceptual framework for value chain analysis for poverty alleviation 
among smallholder farmers. Agrekon Forthcoming.

Kaganzi E., Ferris S., Barham J., Abenakyo A., Sanginga P., Njuki J., 2009. Sustaining linkages to high 
value markets through collective action in Uganda. Food Policy, 34:23-30.

Koch N., 2009. Personal communication, Marketing manager, South African Dried Fruits. Cape Town, 
South Africa.

Kok N.C., 2008. Personal communication, Chairman, Eksteenskuil Agricultural Cooperative, Keimoes, 
South Africa.

Louw A., Jordaan D., Ndanga L., Kirsten J.F., 2008. Alternaitve marketing options for small-scale 
farmers in the wake of changing agri-food supply chains in South Africa. Agrekon, 47(3):287-308.

Louw A., Vermeulen H., Madevu H., 2006. Integrating small-scale fresh produce producers in to 
mainstream agri-food systems in South Africa: The case of a retailer in Venda and local farm-
ers. Paper presented at the 7th International Conference on Management in AgriFood Chains and 
Networks, 31 May – 2 June 2006, Ede, the Netherlands.

Minten B., Randrianarison L., Swinnen J.F.M., 2009. Global retail chains and poor farmers: Evidence 
from Madagascar. World Development, 37(11):1728-1741.

Raynolds L.T., 2009. Mainstreaming Fair Trade coffee: from partnership to traceability. World Devel-
opment, 37(6):1083-1093.

Roy D., Thorat A., 2008. Success in high value horticultural export markets for small farmers: the case 
for Mahagrapes in India. World Development, 36(10):1874-1890.

Sartorius K., Kirsten J., 2002. Can small-scale farmers be linked to agribusiness? The timber experi-
ence. Agrekon, 41(4):295-325.

Williamson O.E., 2000. The new institutional economics: taking stock, looking ahead. Economic 
Literature, 38(595-693).



196 RYSZARD KAMIŃSKI, ROMAN SASS

VOCATIONAL REORIENTATION OF FARMERS AND MEMBERS  
OF THEIR FAMILIES – A NEW CHALLENGE FOR RURAL POLAND

Ryszard Kamiński1,2, Roman Sass3

1 Institute of Rural and Agricultural Developmrnt PAS  
2 Kujawsko-Pomorski Agricultural Advisory Centre in Minikowo 

3 Kujawy and Pomorze University in Bydgoszcz

Abstract
In view of inability of most of the farms in Poland to develop, there arises a big social problem 

connected with the necessity to hunt for additional main sources of incomes outside farming. This 
problem was the subject matter of the studies conducted in the Mogilno poviat, which belongs to typical 
agrarian poviats. These studies aimed at recognizing farmers’ and household members’ readiness by 
vocational reorientation. It results from the conducted studies, that 66% of respondents’ answers are 
rather no and decisively no. The fact that on farms up to 5 ha as many as 61% respondents do not want 
to take up reorientation is particularly alarming. Analyzing main problems why farmers do not want to 
reskill to another profession , those pooled mention the lack of time connected with excess of work on 
a farm. Lack of financial means is an important argument, as well as a big distance from educational 
centres. On the other hand women stress the necessity of care over children and elder persons. However, 
special attention should be paid to the lack of belief among these polled ones, that they would get a 
job – it is the opinion of 1/3 of respondents. The results of the poll studies were a kind of inspiration 
to commence started from 2009, the realization of the regional programme of vocational reorienta-
tion in Kujawsko-Pomeranian Province, the effects of which have also been presented in this article.

Keywords: differentiation of farms’ situation, vocational reorientation of farmers and members of 
their families, awareness and motivation of taking up a job, readiness to hunt for a job, problems 
while trying to get a job

1. Changes in agriculture as a reason of vocational reorientation 
The relationship between the nature of work and the mode of life of its inhabitants, as well as their 

mutual relations was the most important indicator of the economic country’s system in a traditional 
agrarian society. Country’s local systems were based on a closely fixed hierarchy, where both the 
skills and technique were subordinate to. Self-sufficiency was an important feature of such local-
country systems. As there reminds Wilkin [1999], a traditional country had its character described 
today as a multi-functional one, as farmers apart from production of crops also produced means for 
production, tools, machines, pastures, construction materials. The remaining country’s inhabitants 
somehow supplemented that multi-functional system with supplies of other products necessary for 
country’s inhabitants and their families living. After 1989 there occurred many important changes 
in the Polish agriculture, which decisively speeded up following Poland’s integration with the Eu-
ropean Union. Work on own farm stopped being the sufficient source of income for most of farmers 
and members of their families. As it results from the data quoted in the Strategy of Development 
of Rural Areas1 the agrarian activity is the main source of living only for about 27% of households 
with a user of a farm. In the second half of the 90’s, there occurred studies talking on a huge scale 
of unemployment in a village, where there were references to the so-called hidden unemployment, 
1 Directions of Development of Rural Areas assumptions to the „Strategy of Development of Rural  

Areas” (Warszawa 2010) p. 79. 
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that is surpluses of unexploited labour force occurring most often on small farms [Frenkel: 1997, 
65-68; Frenkel: 2001, 98-153]. On the basis of the data of the Agrarian Census from 1996, in house-
holds with a user of an individual farm and an agrarian plot together with the so called „expendable 
population” amounted to 917 thousand people [Frenkel: 2003, 138]. What’s interesting, the data 
from the Agrarian Census from 2010, that is the measurement after 14 years, show the increase of 
persons expendable on farms amounting even to a million [Frenkel: 2012, 61-91]2. 

The forecasted in the Strategy of the Rural Development by 2015, decreased employment in the 
I sector of economy3 from 17,4% in 2005 to 11,0% in 2015 results from the increase of productiv-
ity of agriculture, but it also means the necessity of creation of real perspectives of employment 
outside agriculture for hundreds of thousand of villages’ inhabitants in the scale of the country. As 
it results from the data of the Agrarian Census 2010 [PSR 2010], per 1 563 thousand of farms of 
the area above one hectare, as any as 92,3% have the area not exceeding 20 ha. Considering the 
current developmental tendencies it may be assumed, that in practice on each farm at least one 
person should try to find for himself an additional source of income. For sure such a process has 
already taken place in the group of the smallest farms. The process of vocational reorientation 
considerably differs from other methods of education of adults (for ex. of unemployed persons). 
There is a proposal to create a new opportunity for farmers and household members based on the 
skills and abilities gained by them within the frames of work on a farm. The ability to operate 
different machines field works, works in a garden, preparation of traditional dishes, care over 
children and elder persons, these are the skills very often encountered in a village, which in order 
to constitute an opportunity on a labour market, require their formal confirmation, certification, 
supplementation, acceptance, etc. The process of reorientation means mainly individual consultancy 
for a farmer, and sometimes for the whole family, within the frames of which there sometimes 
follow a new glimpse on own professional position and an attempt to find a positive solution. 

Started from the beginning of the 90’s of the last century in Poland farmers have been taking up 
adaptation caused by restoration of the market economy and the European integration [Mańko et 
al.: 2005, 326-336]. More and more distinctly there has been distinguished a group of commercial 
farms [Karwat-Woźniak: 2005, 13-16]. Farmers from these farms, making use of the EU support 
programmes and investment credits with surcharges to interest, have been trying to invest, increase 
the area, modernize technologies and increase the scale of production in order to increase the quality 
and competitiveness of production conducted with respect for environment. Specialization of pro-
duction has also been taking place. This group of farmers, through the adaptation activities, aims at 
reaching a durable improvement of economic situation and maintaining the ability for development 
and is expecting, that a farm shall be the main source of a family’s income [Józwiak: 2007, 10-23].

A farm stops being a place of existence of an agrarian family, and is becoming an economic 
undertaking, which is to ensure appropriate incomes [Mańko et al.: 2007, 169-176]. However, is it 
clearly visible, that a group of developmental farms is in minority, that is about 8-10% of the total 
farms in Poland. On the other hand, the second group of farms are the non-developmental farms 
– social ones, which are in decisive majority. From the studies conducted by the Institute of Agri-
cultural and Food Economis it results, that only farms of economic area 16 ESU were singled out 
by over parity of own work’s fee and broadened reproduction of fixed assets. However, farms of the 
size of 8-16 ESU are characterized by a simple reproduction of fixed assets [Józwiak: 2008, 5-7].
2  PSR 2010 was conducted with the application of a New methodology of measurement of the so-called 

annual labor units (RJP) constituting the equivalent of the labour time of a fully employed person (here 
there are assumed 2120 labour works per year that is 265 laour days 8 hours a day). 

3  covering: agriculture, forestry, hunting, fishery
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The purpose of his article was to become familiar with the opinions of farmers and members 
of their families concerning their readiness for vocational reorientation and factors influencing 
this process both positively and negatively.

2. Readiness of farmers and household members to hunt for a job outside a farm
The topic of vocational reorientation was the subject matter of studies conducted in Mogilno 

poviat in the Kujawsko-Pomeranian province, which belongs to typical agrarian areas with farms 
of a small area (only 20% has the area above 15 ha.). The studies aimed at identification of the 
problem of readiness of farmers and household members of the Mogilno poviat for vocational 
reorientation towards the increasing necessity to hunt for additional or main sources of incomes 
outside agriculture caused mainly by worsening of the income standing of most of the farms. 

These studies were of a diagnostic survey character, and a questionnaire form was the basic 
survey tool [Gruszczyński: 2002, 25-36; 2003, 47-56]. The selection of a testing sample was of a 
random character. In total 312 persons, 223 farmers and 89 household members aged 18-55 were 
covered by the survey, older persons were not covered as potentially completely not interested in 
vocational reorientation. Interviews with drawn farmers were conducted with consultants from 
the Agricultural Advisory Centre in Minikowo, already trained by the employees of the Institute 
of Sociology of Nicolaus Copernicus University in Toruń. Having conducted the basic survey, 
a checking survey at 16 respondents (5%) was conducted . The checking survey confirmed the 
correctness of conducting of the basic survey.

2.1. A farm’s vision and readiness to take up reorientation
On the first stage of the studies, possible aspirations of respondents both to hunt for a job out-

side a farm as well as in looking for a chance to change profession, were subject to analysis. We 
were interested in the vision of a farm in the opinion of respondents, as well as allowing by them 
for the possibilities of complete giving up of agrarian production in case of its non-profitability. 
While asked about the future of their farm in two years’ time, the respondents presented a high 
level of optimism. As many as 32% of them considered, that their farm shall develop, while the 
next group 44% considers, that the situation will not get worse and that the status quo shall be 
maintained. De facto, the second group also show a positive approach. Only 11% of farmers and 
members of their family covered by the study, provide for worsening of the situation on one’s 
own farm. In division into farmers and household members, a slightly higher level of pessimism 
among household members, from which about 14% think, that the situation on a farm they live, 
shall deteriorate, on the other hand among the farmers such an idea is expressed by only 10% of 
respondents. However, this difference is too small to determine on existence of decisively differ-
ent opinions concerning the vision of development of own farm (tab. 1). 

Table 1. Future of a farm in two year’s time (in %)

Respondents’ opinions Household members Farmers Average
Shall develop 35,29 30,51 32,11
The situation shall not change 39,50 45,34 43,38
The situation shall deteriorate 14,29 9,75 11,27
Don’t know 10,92 14,41 13,24

Source: own study 



VOCATIONAL REORIENTATION OF FARMERS AND MEMBERS OF THEIR FAMILIES... 199

However there exists a clear relationship between the area of a farm and the optimism con-
cerning its future. The bigger is a farm, the lower is the level of pessimism amongst its owners 
and household members (tab. 2).

Table 2. Future of a farm depending on a farm’s size (in %)
Respondents’ opinions Size of a farm in ha

Up to 5 5-15 15-30 30-50 Above. 50
Shall develop 5,68 19,71 42,31 49,89 76,19
The situation shall not change 61,96 50,36 36,92 38,50 14,29
The situation shall deteriorate 14,71 14,23 9,23 3,92 4,76
Don’t know 17,65 15,71 11,54 7,69 4,76

Source: as in tab. 1

From the conducted studies it results, that there occurs a strong relationship between the 
presented optimism as compared to the future of own farm and the willingness of vocational re-
orientation. As many as 22% of respondents seriously thinking of abandoning to conduct agrarian 
production are the persons who can perceive the future of their farm quite well (tab. 3). Generally, 
there does not however exist any strong enough dependency between the willingness to abandon 
production on a farm and pessimism as to its future.

Table 3. Abandonment of agrarian production depending on a farm’s vision (in %)
Future of a farm within two 
year’s time

Do You consider abandonment of agrarian production?
Decisively yes Consider Do not consider Does not know

Shall develop 11,00 10,50 39,40 12,82
Situation shall not change 4,50 44,50 45,45 35,90
Situation shall get worse 72,00 40,00 4,90 25,64
Do not know 12,50 5,00 10,25 25,64

Source: as in tab. 1

Appearing of the idea to abandon in the future to conduct agrarian production is out of the 
question in case of owners of farms of the area of 15-30 ha and 30-50 ha. On these farms the level 
of optimism is the highest one. In the bracket above 50 ha there are more doubts. Maybe among 
these farmers the decision on resignation from farming and dealing with other business would be 
easier – maybe emotional ties with a farm are weaker there (tab. 4).

Table 4. Resignation from farm production depending on the size of a farm (in %)
Do You consider resigning 
from farm production

Size of a farm in ha
Up to 5 5-15 15-30 30-50 above 50

Decisively yes 7,41 3,40 0,77 0,00 0,00
Sometimes consider 12,12 8,16 3,08 0,00 23,81
Do not consider 56,23 76,87 86,15 96,15 76,19
Does not know 24,24 11,56 10,00 3,85 0,00

Source: as in tab. 1
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2.2.  Awareness and motivation to take up employment
An important part of the studies was to determine the level of perceptible needs connected with 

the necessity or willingness to take up a job outside a farm by a farmer himself or members of his 
family. The issues of motivation which hypothetically accompanies or shall accompany to get a job 
was also submitted to analysis. We were interested in to what extent these efforts shall be the effect 
of willingness of respondents („want to get a job”), and to what extent they shall be the result of 
an internal duress („I have to find a job “) and an external duress („they want me to find a job “).

Data confrontation concerning the necessity to hunt for a job outside forming by persons from 
families of respondents concerning the visions of the future of a farm looks very interesting. So it 
was found, that work shall be hunted for in families where the future of a farm shall be perceived 
in black colours, but such a dependency should be regarded as an obvious one. However – what’s 
most interesting – also high is the proportion of persons (29%), who say, that the future of a farm 
shall be clear, but maybe because, that someone from the family shall have to look for a job outside 
a farm. Interesting is also the fact, that as many as 63% from those who think that in the future 
the situation of their farm will not change, see no need to look for a job (tab. 5). 

Table 5. Necessity to look for a job outside a farm depending on the farm’s vision (in %)
Future in two years’ time Shall someone from the family have to look for a job outside a farm?

shall have to find a 
job outside a farm

there shall be no such 
need

do not know

Shall develop 29,21 38,25 32,54
Situation shall not change 16,43 63,23 20,34
Situation shall deteriorate 30,39 15,37 54,24
Do not know 40,47 31,42 28,11

Source: as in tab. 1

In the division among different groups of farm sit can be clearly noticed, that the necessity to 
look for a job outside a farm shall occur mainly in very small and small farms (from l to 15 ha). In 
farms above 15 ha this need radically decreases (tab. 6). Taking up of employment outside a farm 
is connected very clearly with the size of a farm. The bigger the farm is, above 15 ha, then more 
than 50% of respondents do not see any necessity to take up employment. In a group of farms 5-15 
ha 40% think, that one or two household members shall take up employment. Attention should 
be paid to the fact, that 32% respondents from farms up to 5 ha do not see such a necessity, on 
the other hand 16% of respondents in the group of farms above 50 ha think, that one person shall 
take up employment (tab. 6). It is important, as in the group of developmental farms (above 30 
ha) there is a considerable percentage of persons noticing the necessity to look for an additional 
employment, and on the other hand in the group of non-developmental farms (up 5 ha) such a big 
is the share of respondents not perceiving any necessity to look for an additional employment. 

Table 6. Necessity to take up employment outside a farm depending on the size of a farm (in %)
Shall anybody from the family 
take up employment

Size of a farm in ha
Up to 5 5-15 15-30 30-50 above. 50

Yes, at least one person or more 15,79 20,95 4,69 0,00 0,00
Yes, it will be one person 21,05 19,05 9,38 16,00 16,67
No, there wil be no such Reed 31,58 33,33 53,13 56,00 66,67
Hard t say, I do not know 31,58 26,67 32,81 28,00 16,67

Source: as in tab. 1.
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In the conducted studies, motivations that may accompany respondents in their attempts to 
find a job outside a farm were taken into account. They depend on the size of a farm and in the 
smallest farms the willingness to take up employment is expressed only less than 8% of respond-
ents, on the ther hand in the iggest farm sit amounts to more than 25%. The respondents coming 
from small farms as a motive of taking up employment say, tat they have to (tab. 7). On the other 
hand in the biggest farms (above. 50 ha) 25% of respondents want to take up employment, but in 
his group of farms also 25% of respondents think, that they have to take up employment, what 
strongly puzzling taking into account big scale of production as for Polish conditions.

Table 7. Motive of taking up employment depending on the size of a farm (in %)

Motives of taking up employment Size of a farm in ha
up to 5 ha 5-15 15-30 30-50 above. 50

I want 7,69 26,56 23,33 38,46 25,05
Somebody from my family wants me to 46,15 10,94 20,00 15,38 50,10
I have to 46,15 62,50 56,67 46,15 25,23

Soure: as in tab. 1

The respondents, as the main reasons for looping for employment mention (respondents could 
give three reasons):
• unprofitability of agrarian production – 79%,
• lack of perspectives in agriculture – 33%,
• better earnings outside agriculture – 24%,
• lighter work, less absorbing from to – 9%.

Worth stressing is the fact, that none of the respondents can see problem in looking for a job 
outside agriculture, a desire of social advance and making dreams come true. On the other hand, 
the main problems a farmer of a member of a farmer’s family trying to train may encounter, the 
following ones have been pointed out (respondents could point out all the possible problems):
• lack of time connected with excess of work on a farm – 44%,
• lack of financial means – 26%,
• too big distance from educational centres/ bad communications – 22%,
• bad state of health – 21%,
• care over small children or elder persons, ill persons from family – 21%,

As the main reasons why the farmers do not want to reskill from a farmer’s profession into 
another profession, there were mentioned (respondents could give all the possible problems):
• as they will not get a job anyway – 34%,
• they do not have time for it – 31%,
• the farm is the most important for them – 28%,
• they do not have money for education – 28%,

Analysisng the main problems a farmer or a household member may encounter as well as the 
reasons why farmers do not want to reskill to another profession, there occur a big unanimity of 
respondents’ opinions as far as expression of the problems is concerned. As the main problem/ 
reason they mention the lack of time connected with the excess of work on a farm. It is a quite 
big surprise, as the respondents come from middle size farms (10-20 ha), and there are two, three 
adults in a family. The lack of financial means (26-28%) as well as a big distance from educational 
centres is also an important argument in the opinion of respondents. Women on the other hand 
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stress the necessity to care over children and older persons. However, special attention should 
be paid to the lack of faith among the respondents, that they shall reskill and get a job, this is the 
opinion of 1/3 of respondents.

2.3.  Readiness to take up vocational reorientation and hunt for employment
Finding the readiness of the respondents to take up vocational reorientation and to hunt for 

employment was placed as the main problem. However, earlier their views concerning the best 
form of employment were examined (permanent job, irregular job or in own company). As far as 
the preferred forms of employment are concerned, the respondents surprised with a high level of 
readiness to establish on companies. As many as 38% think, that if they would have to look for 
other incomes for own family urgently – they would have decided to establish own company. A 
slightly smaller group would prefer employment permanently – 34%.

Table 8. Willingness to take up reorientation depending on the size of a farm (in %)
Would You take up reorientation Size of a farm in ha

Up to 5 5-15 15-30 30-50 above. 50
Decisively yes 27,78 23,36 7,81 8,07 9,09
Rather yes 11,11 18,69 32,81 20,20 9,09
Rather no 55,56 34,58 46,88 48,00 27,27
Decisively no 5,56 23,36 12,50 24,34 54,55

Source: as in tab. 1

As far as the readiness to take up vocational reorientation is concerned, to the question: would 
You take up reorientation, as many as 66% answer rather no and decisively no. Such a big per-
centage of persons not interested in reorientation is astonishing. The fact that in very small and 
small farms there are more negative than positive answers, should be particularly worrying. As 
an example, in a group of farms up to 5 ha 61% respondents do not want to take up reorientation, 
and there is almost 39% (tab. 8) of those decided ones. Puzzling is such a big share of respondents 
from a group of farms up to 5 ha of arable lands, which has no motivation to hunt for employment 
outside a farm, there is about 52% of respondents. In this group of farms only 21% is positively 
predisposed as far as hunting for a job is concerned (tab. 9). Motivation in looking for a job is 
closely connected with the experience on the labor market. Persons who work, are positively  
predisposed to hunt for a job (46,5%). On the other hand, the second group is composed of persons 
who have never worked and as many as 70% of them do not see any need to look for a job, and 
14,2 answer do not know (tab. 10).

Table 9. Motivation in hunting for a job depending on the size of a farm (in %)

Will You look for a job Size of a farm in ha
Up to 5 5-15 15-30 30-50 above. 50

Decisively yes 5,26 13,08 6,25 3,85 0,00
Rather yes 15,79 13,08 7,81 11,54 0,00
Rather no 36,84 32,71 35,94 34,62 33,33
Decisively no 15,79 20,56 35,94 38,46 66,67
Do not know 26,32 20,56 14,06 11,54 0,00

Soure: as in tab. 1.
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3. Activities for vocational reorientationof farmers and villagers taken  
up by the Kujawsko-Pomeranian Agricultural Advisory Centre  

in Minikowo (KPODR)
In 2008 KPODR started up a new type of activities within the frames of the so-called voca-

tional reorientation of farmers and villagers. In the Mogilno, Toruń and Aleksandrowo’s poviats, 
there were realised pilot projects from within that scope and a concept of broadening activity 
in the next years was drawn up. The studies of the representative group of farmers conducted 
by the scientists from the Institute of Sociology of the Nicolaus Copernicus University in Toruń 
showed big demand for activities in the field of reorientation. On the basis of the studies there was 
conducted a series of meetings with the leaders of agrarian organizations, commune and poviat 
self-governments, and job centres’ institutions. As a resut of the discussion, there was formed a 
methodology of activities for reorientation, then included in the implementation project, which 
was granted the KPODR Minikowo to be implemented started the beginning of 2010 (subactivi-
ties 8.1.2. of the Operating Programe Human Resources). Thanks to a special engagement of lo-
cal partners, in the Mogilno powiat there was signed the „Agrement for vocational reorientation 
of the inhabitants of the Mogilno Poviat” within the frames of which there was established the 
Vocational Reorientation Bureau of Farmers. 

The specialist courses cover on average 90 theory and practice ours classes and end with an 
obligatory exam and issuance of a certificate confirming participation and gaining of the basic 
knowledge and skills necessary for taking up employment or self-employment in a specific profes-
sion. The outfarming activity proved to be rather high (27%) (Tab. 11), however the most desired 
result there would be formal taking up of activity and „getting out of KRUS system”, which so 
far has occurred rather seldom (5,2%). Farmers and members of their families decisively prefer 
staying „under the shelter” of KRUS declaring at least taking up an occasional employment.

Among the key problems concerning activities for reorientation, there should also be pointed 
out the lack of a detailed diagnosis of „non-developmental” farms and members of family of 
these farmers. The statistics of KRUS, GUS, data bases of agricultural consultancy centres, poviat 
job centres and other institutions do not give explicit information how many farmers in fact and 
their household members do need vocational reorientation. Here there are needed detailed stud-
ies which shall show the real scale of the problem. The so-far support in the field of vocational 
reorientation realized within the scale of the whole country among the others within the frames 
of the Integrated Operating Programme of Regional Development for the years 2004-2006 and 
other ones financed from the European Social Fund, was of incidental and short-lasting nature 
(without taking hold in local environment). So there are needed long-term consultancy activities, 

Table 10. Motivation in hunting for a job and experience on a labour market (in %)

Will You look for a job Experience on a labour market
Yes and still work Yes but do not work Has neper worked

Decisively yes 27,91 8,24 7,08
Rather yes 18,60 12,94 8,85
Rather no 30,23 37,65 30,09
Decisively no 11,63 18,82 39,82
Do not know 11,63 22,35 14,16

Soure: as in tab. 1
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establishment of reorientation offices, appointment of local coalitions for reorientation of such 
institutions as: agricultural consultancy centres, forming organisations, job centres, local self-
governments, local activity groups, other non-governmental organisations and other ones. Also 
the lack of appropriate preparation of agrarian consultants but also other institutions (job centres, 
social assistance centres, etc) taking up with farmers and members of their families within the 
scope of reskilling is also an undoubted limitation. So, training of personnel in the direction of 
vocational reorientation is needed. 

Table 11. Activites and results of reorientation in the Kujawsko-Pomeranian province

Activities taken up for reorientation in 
the Kujawsko-Pomeranian province

Obtained results

2010 project „Time for changes – 
vocational rerientation of farmers”

• Analysis of situation of 480 farms
• 360 persons completed specialist vocational courses

2010 - 2013 project „NEW 
PROFESSION – NEW CHANCE for 
farmers and villagers of Kujawy and 
Pomerania”
• Training of 38 reorientation con-

sultants
• Creation of 19 poviat vocational 

reorientation centres
• Recruitment and promotion activi-

ties in the regional and local press, 
radio, television, among borough 
leaders, in job centers, communes, 
parishes and schools

• 4000 Individual Plans of Vocational Reorientation (by 
the end of 2013 )

• Number of persons who completed vocational courses 
by the end of 2012: 
 – 408 persons the course for excavating-digging ma-

chine operator, 
 – 340 persons the course of small and medium enter-

prises accountancy, 
 – 260 persons a driver’s course category C and C+E, 
 – 38 persons a course for organizers of occasional 

parties, 
 – 197 persons the florists course with the elements of 

interior decorations, 
 – 124 persons completed the course of daily care, 
 – 61 persons the welder’s course, 
 – 61 persons the cook course, 
 – 51 persons the hairdressing course,
 – 527 persons motivation courses and entrepreneur-

ship trainings, 

• Monitoring of beneficiaries’ activity 
following completion of courses. 

• By mid of 2012 - 937 out of all the 
persons covered by reorientation 
(for whom individual plans were 
earlier drawn up and they were 
referred to specialist trainings) were 
covered by monitoring. 

• 44 persons got employment, 
• 33 persons took up economic activity, 
• 176 persons took up casual or seasonal work in a new 

profession. 
• In total 253 persons (27%) took up non-agrarian activity. 
• 49 (5,2%) persons renounced insurance in KRUS and 

changed for ZUS.

Source: reports of KPODR Minikowo
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4. Summary
Following integration with the European Union, the process of diversification of farms’ income 

situation speeded up. Data from the Agrarian Census 2010 as well as forecasts up to 2020 point 
out at several hundred thousand of persons employed at present on farms, who shall be forced to 
hunt for an alternative of additional source of income for themselves. 

In case of farmers and members of their families, there should be made a distinction between 
vocational reorientation and other forms of lifelong learning. Most of all, persons so far working 
on a farm have skills and abilities constituting a base for performance of many different activities 
and works in other professions, however very seldom they may turn out to be formal skills. The 
process of reorientation means most of all individual consultancy for a farmer, and sometimes 
for his whole family, within the frames of which there occurs a quite new look at own vocational 
situation and an attempt to find a positive solution.

In the farmers and members of their families’ researches concerning the future of farms and 
the change of a profession, there occurs a big level of optimism towards the future of a farm and 
an accompanying it the lack of willingness concerning taking up of activities both in aid of hunt-
ing for employment as well as the change of profession (most of a the population of optimists is 
composed of persons with agrarian education). Optimism as to the future of a farm results in the 
lack of activity concerning the willingness to reorientate. It mainly concerns persons from big 
farms and persons who have never had any contact with the labour market. Small area middle-
aged and young ones farmers (not household members) who have to take up employment and 
their vocational preparation is not adequate for the market needs and vocational ambitions are on 
a real level, is the most promising group for the needs f reorientation. Optimism of respondents 
towards the future of own farms does not correspondent with pessimistic vision of respondents 
as to the quality of life on a Polish farm. They can see, that life in a village is much harder, the 
number of small farms decreases, but they do not see such negative changes at themselves (or 
do not want to see). 

Reorientation should cover educational and informative activities forming among the farmers 
the ability to assess the consequences of structural transformations in agriculture and also grow-
ing requirements of the labor market resulting from the development of market economy. Hard 
issues connected with a decision on abandonment the profitable insurance in KRUS for permanent 
employment and converting to ZUS, for sure are a big challenge for resigning from agriculture 
and looking for systemic solutions on an all-Poland scale.

Experiences of the Kujawsko-Pomeranian Agrarian Consultancy Centre show a real scale of 
demand for a support in vocational reorientation of farmers and members of their families. The 
specific approach to consultancy-reorientation covering usually whole agrarian families is worth 
stressing. If in the Kujawsko-Pomeranian province, where farming is counted among the best one 
is Poland, the problem of the income situation of farms has risen at present to such dimensions 
that decisive steps have to be taken up to offer a real alternative for many farmers and members 
of their families, then in the regions of less intensive and efficient farming these issues require 
much bigger interest. From that perspective, the experiences of the regional programme realized 
by KPODR Minikowo may become a specific testing ground for implementation of this part of 
assumptions of the „Strategy of Rural Areas Development” on the territory of the whole country. 
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Abstract
The development and change of productivity, as well as of its influencing factors, is of inter-

est in economic research. In this paper we analyse the development of productivity in dairy and 
pig farms in Germany. Balanced farm panels are selected from the German national FADN. As 
productivity measure we use the Färe-Primont Index proposed by O’Donnell. Results shows an 
increase of Total Factor Productivity (TFP) of 1% p.y. of dairy farms, a rather constant TFP 
level of pig fattening farms and decreasing TFP of farms specialized in piglet production. Due to 
cyclical pig prices the variation of TFP is rather high in pig farms. Significant scale effects are 
identified with highest TFP levels of large sized farms.  The variation of income in time is much 
more pronounced than of TFP, which might partially be determined by the rather high aggrega-
tion of output and input variables used for FP calculations. 

Keywords: Total Factor Productivity, dairy and pig farms, Farm Accountancy Data Network

1. Introduction
The development and change of productivity, as well as its influencing factors, is of interest in 

economic research. Analysis can be undertaken at the global, sector or micro level. An assessment 
of productivity changes at the micro level is one of the activities of the OECD ‘Network on Farm 
Level Analyses’. To get own experiences in this area, we used a free software package of CEPA1 
which allows the calculation of Total Factor Productivity (TFP) indexes, i.e., Laspeyres, Paasche, 
Fischer, Lowe, Malmquist, Hicks-Moorsteen, and the Färe-Primont Index. However, the free-of 
charge version is limited to the calculation of the last mentioned tree indexes. 

In this study we use this programme for productivity analysis for balanced samples of
• dairy farms in the north of Germany (Kleinhanss, 2012a) ,
• farms specialized in pig fattening or piglet production in Germany (Kleinhanss, 2012b). 

In addition to global productivity development, the question is how productivity is influenced 
by the huge variation of output and input prices. A further question is whether or not productivity 
estimates are similar with, e.g., income indicators. Method and data is briefly described in the 
following. In a further step results of productivity estimates are discussed and finally compared 
with income indicators. 

2. Methods and data
The estimation methods for productive indexes can be categorized into parametric and non-

parametric methods (Grilliches, 1996). ‘The former involves econometric modelling of a pro-
duction function and often uses regression techniques to estimate the relationships between total 
outputs and major types of inputs, … The residual of these regressions can be used as a measure 

1 Centre of Efficiency and Productivity Analysis, School of Economics, University of Queensland (AU).
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of total factor productivity’ (Zhao et al., 2012). An example is the analysis of TFP between or-
ganic and conventional farms in Germany based on Stochastic Frontier Analysis (Tiedemann and 
Latacz-Lohmann, 2011). The so-called index methods – Laspeyres, Paasche, Fischer, Tornqvist 
– as well as Data Envelopment-based Malmquist, Lowe, Hicks-Moorsteen, Färe-Primont – are 
non-parametric methods. 

The Fischer Index is recommended by Zhao et al (2012). It is a combination of the square 
root of the product of the Laspeyres and Paasche Index. Diewert (1992) shows that the ‘Fischer 
Index is exact for a quadratic cost function’… ‘while the ‘Tornqvist index is exact for a Translog 
cost function’. With regard to data requirements, a further advantage is that the Fischer index 
can work with missing or negative values and is therefore more appropriate for individual farm 
data. Analyses for US Agriculture based on the Fischer index were realised by Ball et al. (2010). 

Referring to the Lowe and Färe-Primont indexes, O’Donnell (2012a) argues that they ‘are 
economically-ideal in the sense that they satisfy all economically-relevant axioms and tests from 
index number theory, including an identity axiom and a transitivity test. This means they can be 
used to make reliable multi-temporal (i.e., many period) and/or multi-lateral (i.e., many firm) 
comparisons of TFP and efficiency’. A further advantage of the Lowe and Färe-Primont Index is 
that prices for input and output are not required, and shadow prices derived from the Linear Pro-
gramming solution are used instead. Especially input prices are often lacking at the farm level. An 
application of the Lowe index for US agriculture at State level was realised by O’Donnell (2012b). 

As the Lowe index can only be calculated with the professional version, we focus on the 
Färe-Primont index, which can be calculated with the free-of charge version of DPIN (O’Donnell 
2011). Although shadow prices cannot be listed by the free-of-charge version, they are internally 
calculated. 

The Färe-Primont index proposed by O’Donnell (2012a) is composed of two indexes devel-
oped by Färe and Primont (1995): 

The Färe-Primont index is calculated referring to a reference farm (to be determined) in the 
1st period. To identify a reference farm we use the following procedure. In a 1st run we calculate 
TFP for all farms referring to Farm i. Then we calculate the mean TFP of the 1st period over all 
farms. Next we select a new reference (Ref) farm with a TFP closest to mean TFP in period 1. In 
the 2nd run we use farm (Ref) as reference farm; therefore TFP’s of all other farms and periods 
are referring to Ref. 

Farm data are taken from the German national FADN (Farm Accountancy Network).2 Balanced 
samples of farms were selected with no-missing data of each input and output used. The sample 
of dairy farms includes 170 dairy farms for 15 periods (1996/97 – 2010/11); farms are located 
in the north of Germany (Lower Saxony and Schleswig Holstein). Only farms with more than 30 
dairy cows in 2009/10 and with milk production in each period are included. For the model we 
used a rather aggregated set of variables; 
• 3 outputs: milk (€), other returns (€), subsidies (€)
• 5 inputs: variable input of crop production (€), livestock (€), other costs (€, excl. land rentals 

and hired labour costs); UAA (ha), AWU 

2 BMELV-Testbetriebe.
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For further differentiation of results we use three size classes (dairy cows): 1: 30-60; 2: 60-
100; 3: > 100. 

For pig production we distinguished between farms specialised in fattening or piglet production, 
covering the period 2000/1 to 2010/11. The balanced panel of fattening farms includes 364 farms, 
those with piglets 195 farms. Results were stratified wrt average pig livestock units (LU) over the 
whole period: < 50; 50-100; 100-150 and > 150. For the model we use an aggregated set of variables; 
• 2 outputs: Pigs (€), other returns including subsidies (€)
• 5 inputs: variable costs livestock production (€); variable costs crops (€); other variable costs 

(€, excl. land rentals and hired labour costs); land (UAA ha); labour (AWU) 

3. Results
In this chapter we show first results for one farm taken as example. Then we describe changes 

of productivity for groups of individual farms as well as the variation by farm size. Lastly, we 
compare these results with the development of income usually taken as main indicator for eco-
nomic performance. 

3.1.  Development of productivity of dairy farms 
Figure 1 shows the development (change) of productivity (dTFP) over the 15 year period, tak-

ing 1996/97 as reference. TFP is rather constant in the first three years, then moves down to 0.89 
in 2000/01, which might be an effect of the BSE crisis. It moved up to around 1.17 in 2001/02 
and 2004/5 to 2007/8. Periods with negative productivity change (< 1) were in 2002/3 and the 
following year, as well in 2008/9. The highest level was reached in 2010/11. Therefore productiv-
ity increased by 0.37 during this 15-year period. Change of this index is the result of change of 
aggregated output referring to aggregated input. Under condition of existing milk quota system 
a high level of aggregated output is a sign for rather high milk prices. 

Beside TFP, the model also calculates other indicators, of which only changes in techni-
cal efficiency (dTech), changes in output-oriented technical efficiency (dOTE) and changes in 
output-oriented scale mix efficiency (dOSME) are shown. dOTE is less than 1 in the first periods 
indicating a low output-oriented efficiency change. Development of dOTE and dOSME is close 
to dTFP, but with time lags and reaching lower levels in 2010/11. 
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Development and variation of TFP over the whole period is shown in Figure 2. The box plot 
shows the Median and variation (50% of farms between 1st and 3rd Quantile, as well as minimum 
and maximum TFP’s.3 TFP successively increased until 2000/01, followed by a period of lower 
productivity until 2006/07. Highest TFP was reached in 2007/8 due to favourable price levels 
especially for milk. In 2008/09 – due to lower milk prices – TFP was even lower than in the first 
period. TFP moved up in 2010/11 to almost the same level as in 2007/8. There is a high variation 
of TFP ranging from 0.65 to 1.3/1.6. Farm ID’s indicates that some farms, such as ID = 151 and 
ID = 166, stay at a high performance level for several years. 

Figure 3 shows the development of TFP for all dairy farms in the sample and by size classes. 
Average TFP increased from 1 to 1.08 in 2000/1 and went down to 0.98 in the following 2 years. 
It stayed at a level of 1.04 until 2007/8, the period when the milk market reform, resulting in lower 
milk prices, was implemented. TFP significantly increased in 2007/8 by one third to 1.18 thanks 
to rising milk prices. In the following year TFP decreased to 1 due to the milk price crisis with the 
lowest milk prices since the existence of the Common Market of the EU. In the last year of the 
underlying period, TFP increased again to 1.15, which is almost the same level as 3 years before. 

Although the smallest farms are not included in the sample, significant differences of TFP exist 
between farm sizes. Farms with 30-60 dairy cows show TFP of about 0.05 less than average. TFP 
of size class 50-100 is about 0.02 higher than the average. The largest farms (> 100 dairy cows) 
show 0.05 to 0.08 higher TFP than the average. They reach the highest TFP of 1.25 in 2007/8. It’s 
interesting to see that TFP in the year of milk price crisis was almost 1 for all size classes, whilst 
under favourable economic conditions the spread is about 0.1 in favour of large farms. Relative 
changes of TFP from 1996/7 to 2010/11 are almost the same for all size classes.  

3 Minimum and maximum values are defined by 1.5 times of the distance of the box (representing 50% 
of observations. Outliers are defined by the distance between 1.5 to 3 times of the distance of the box; 
greater than 3 times of the distance of the box are defined as extreme values.  

Figure 2. Development and variation of Färe-Primont index of dairy farms
Source: own calculations based on BMELV-Testbetriebe
Source: Own Calculations based on BMELV Testbetriebe.
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3.2.  Productivity change in specialized pig farms 
As will be shown later, the income development of pig farms is largely influenced by pig price 

cycles. In the last few years it has been further influenced by rising feed costs inducing price 
pressure especially for piglets. While income development was similar in pig fattening and piglet 
production until 2006/7, it became rather unfavourable in piglet production. In the following, TFP 
results are differentiated between farms specialized in pig fattening or piglet production. 

Figure 4 shows the development and variation of TFP in farms specialised in pig fattening. In the 
first year, 50% of farms reach TFP levels between 0.94 and 1.07. TFP levels decreased in the following 
three years and then increased to almost 1.0 on average in 2004/5, 2007/8 and 2010/11. In the interim 
years, TFP was around 0.95. Referring to the beginning and ending year, there is almost no increase 
of TFP. The spread of TFP for 50% of farms (box) is almost the same over the years. However there 
is a large variation from about 0.75 to 1.3 indicated by the vertical bars. Also, many individual coef-

Source: Own Calculations based on BMELV Testbetriebe.
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Source: Own Calculations based on BMELV Testbetriebe.Figure 3. Development of TFP by size of dairy farms
Source: own calculations based on BMELV-Testbetriebe

Figure 4. Development and variation of TFP of farms with pig fattening
Source: own calculations based on BMELV-Testbetriebe
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ficients are shown, indicating high TFP’s in the upper part and low TFPs in the lower part of the figure. 
Some farms stay in the same category, i.e., ID = 272 with very low TFP and ID = 292 with a high TFP.

TFP of farms specialised in piglet production is shown in Figure 5. The figure shows a cyclic 
development of TFP of about 3 to 4 years. It reached its highest level in 2000/1, and then decreased 
to 0.83 in 2002/3 to 2003/4. It increased again in 0.95 in 2004/5, went down until 2006/7 and fell 
to the lowest level in 2007/8. On top of the pig price cycle, high price of feed induced this low 
level of TFP. In 2008/9 TFP raised again to 0.95 and dropped to 0.9 until 2010/11. Therefore TFP 
decreased by 1% p.a. Variation of TFP is about 0.2 for 50% of farms; it is rather stable in time. 
The variation between min and max TFP values is rather high and shows a cyclical development, 
as well. 

Source: Own Calculations based on BMELV Testbetriebe.
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Figure 5. Development and variation of TFP of farms with piglet production
Source: Own calculations based on BMELV-Testbetriebe

Figure 6 shows average TFP for both samples as well as by size classes, expressed in pig 
livestock units (LU). Average TFP of fattening farms is rather constant; it is close to 1 in the 
beginning, middle and end of the underlying period. It decreased to 0.92 in 2002/3 and the suc-
ceeding year and to 0.95 in 2008/9 and 2009/10. Small farms show TFP levels between 0.8 and 
0.9. Farms with 50 to 100 LU show TFP levels of about 0.05 less than average. TFP for farms 
with 100 to 150 LU is close to average, while those of the largest farms is about 0.03 higher. 

Development of TFP in piglet production is more cyclic than in pig fattening with levels of 
only 0.8 in 2002/3 and 2007/8. Even at the end of the period, TFP is only 0.9, indicating a decrease 
of TFP. Small farms show low TFP levels of about 0.85 at the beginning, 0.75 in 2002/3 and 2007/8 
and of around 0.8 in the remaining years. TFP of size class 50-100 LU is slightly below average 
and those of size class 100-150 LU 0.05 above average. The group of largest farms show TFP of 
1.12 at the beginning and of about 1.05 in 4 other years. It dropped to about 0.85 in 2002/3 and 
2007/8. It is worth mentioning that the spread of TFP between large and small farms became rather 
small in the bottom of a cycle while it exceeds up to 0.3 under favourable economic conditions. 
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Figure 6. TFP of farms specialized in fattening/piglet production by farm size (LU-pigs)
Source: Own calculations based on BMELV-Testbetriebe

3.3.  Comparison of TFP and income
In the following we compare development of TFP with income. Family Farm Income (FFI) 

expressed in € per farm is used as income indicator. 
The development of average TFP and FFI for dairy farms relative to the base year (= 100) is 

shown in Figure 7. As already mentioned, changes of TFP are rather low; in most of the years it 
is close to 1 and only in 2007/8 and 2010/11 does it move up to around 120. The development of 
FFI is more significant; it increases to 150 in 2000/1, and then goes down to near 100 in 2003/4 
and the succeeding year. In 2007/8 it switches to its highest level of 270. In the year of crisis 
(2008/9) it fell again close to 100. It recovers to 230 in 2010/11. 

Figure 7. Comparing the development of TFP and income (FFI) dairy farms
Source: Own calculations based on BMELV-Testbetriebe
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The development of average TFP for pig fattening farms (Figure 8) is rather continuous, 
even under worse economic conditions TFP index is only 5% lower. Variation of income is more 
pronounced; it was 40% less in 2002/3 and 25% less in 2009/10. TFP of specialized piglet farms 
show higher periodic variation and a decreasing trend of TFP. Income variation is extremely high; 
it reached only 35% of first period in 2003/4 and less than 20% in 2007/8. After recovering in 
2008/9 it halved again in 2010/11. 

Based on these results it can be concluded that TFP estimates show much lower variation than 
the development of income. One reason is that TFP estimates are based on a rather aggregated set 
of output and input variables; not all variables influencing income are included. 

4. Conclusions
This paper is a first step in analysing the development of TFP at the micro level. It is based 

on balanced samples of dairy and pig farms in Germany. Both sectors are of interest due the high 
variation of prices and other determinants of income. For the TFP calculations we used a free of 
charge program. It has the advantage that prices of physical factors are internally derived from 
shadow prices of the Linear Programming model. 

The calculation shows a rather low increase if TFP of dairy farms of about 1% p.a. It is largely 
determined by milk price development. TFP in small farms is significantly lower than in large farms. 
The variation of income is much more pronounced between size classes in years of high milk prices. 

TFP is rather stable for farms specialized in pig fattening; it shows a higher variation and 
decrease of 1% p.a. in piglet production. Variation of income is much higher in pig fattening 
(40% less than average in the years 2002/3); it is extremely high in piglet production with ar-
round 80% lower incomes in two periods. In the year 2007/8 incomes fell by 80% while in pig 
fattening incomes increased slightly to a long term trend. This situation is influenced by changes 
in the market power of fattening farms against piglet producer: rising feed costs were entirely 
compensated by lower piglet prices, but also due to competition with piglet imports from Denmark 
and The Netherlands which considerably increased at the same time. 

Figure 8. Comparing the development of TFP and income (FFI) of pig farms
Source: Own calculations based on BMELV-Testbetriebe
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Abstract
Bambara Groundnut (Vigna subterranean (L) Verd) is a palatable indigenous crop that is rich 

in nutrients, and therefore has immense potential as a food security crop. Despite this potential, and 
just as for many other indigenous crops, little research on the crop has been done. Although the crop 
has been neglected in Kenya, it is cultivated in a few districts of Western Province. The objective of 
the research was to carry out a value chain analysis of the Bambara groundnut in Western Kenya. 
A census approach was used to sample 59 farmers, 33 retailers and 4 Bambara wholesalers from 
Butere, Mumias and Busia districts. Data analysis involved the generation of descriptive statistics 
and the seller concentration ratios. Results show that farm level productivity is extremely low at an 
average of 63.4 kg/ha compared with other regions that attain between 300-800 kg/ha under tradi-
tional farming systems. Further, planting fertilizer is sparingly used at the rate of 49.3 kg/ha and no 
pesticides are used. Despite the low output, farmers consider Bambara groundnut as a commercial 
crop with 68.2% of the yield being sold. At the market end, results of the 4 and 8 concentration ratios 
show that the market structure is moderately concentrated with competitive fringe. The research 
concludes that Bambara groundnut production is at subsistence level and recommends agronomic 
research by Regional Research Institutions to enable the development of the indigenous crop. 

Keywords: Bambara groundnut, indigenous crop, production, consumption, marketing 

1. Introduction

1.1.  Background to the study
Although food production outpaces population growth in most regions, the demand for food 

is mounting and many of the world’s people are going hungry (World Bank, 2004). In the first 
two decades after independence, Kenya’s agricultural sector grew at an average of 6% per annum. 
This growth recorded an annual average of 3.5% between 1980 and 1990; 1.3% between 1990 
and 2000, and 0.7% in 2002. The declining agricultural productivity was identified as a major 
cause of food shortages, unemployment, low incomes and poor nutritional status (Kenya, 2001). 
Although a steady growth to about 6% was observed between 2003 and 2007, other emerging 
challenges as high costs of production due to fertilizer, fuel and machinery costs have emerged. 

Since these challenges continue to threaten Kenya’s food security, stakeholders in the food pro-
duction industry need concerted efforts to provide adequate food for Kenya’s nationals. One of the 
options to counter food insecurity is to refocus farmers’ attention to the production of the Neglected 
and Underutilized crop Species (NUS), also referred to as “orphaned” and sometimes broadly termed 
“indigenous crops”. One such crops is the Bambara groundnut whose description is given below. 

Acknowledgements: We acknowledge the International Foundation for Science (IFS) for funding this re-
search, the International Farm Management Association (IFMA) for the opportunity to present this paper in 
the IFMA Poland congress and Moi University for enabling us attend the congress.
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1.2.  Description of Bambara groundnut
Bambara groundnut originated in the dry savannas in the north of Nigeria and in Cameroon. 

It has been widely cultivated in tropical regions since the 17th century. In addition to Sub-Saharan 
Africa, it is now found in many parts of South America, Asia and Oceania. It is an annual herbaceous 
plant whose germination is hypogeal (the cotyledons remain underground) and fruiting as with 
groundnut (Arachis hypogea), is subterranean. However, the subterranean fruiting mechanism is 
different for in Bambara groundnut, the peduncle of the raceme elongates, and by positive geot-
ropism, forces the tip of the inflorescence under the soil. In groundnuts, underground fruitification 
is brought about by elongation of the ovary base, with formation of a peg.

About 40 days elapse between fruit-setting and pod ripening. The seeds contain 6.5% oil and 
18% protein, values less than those observed in groundnut seeds, which have a minimum content 
of 34% oil and 22% protein. However, they are rich in carbohydrate (60%), with the protein hav-
ing a high lysine content, which is a limiting amino acid in cereals (Baudoin and Mergeai, 2001). 
Table 1 shows that the nutritional composition of Bambara groundnuts is superior to those of the 
main staples, maize, rice and wheat. Although the Bambara groundnut’s nutrient composition is 
comparable with that of maize in many nutrients (carbohydrate, oil and fibre), it is superior in 
the protein composition.

Further, the Bambara groundnut is quite different from the groundnut (arachis hypogea) in 
the carbohydrate and oil composition, indicating the potential value of Bambara groundnut as a 
balanced staple food crop.

Table 1. Nutrient Composition of Bambara Groundnuts and Other Staples
Nutrient Bambara 

Groundnut
Groundnut Maize Rice Wheat

Carbohydrate 60 11.4 62 79 50
Protein 18 26 8 7 20
Oil 6.5 47.5 7 1 8
Fibre 5 1.9 8 1 11
Water 10 13.2 13 12 11
Total 99.5 100 98 100 100

Source: Schroeder, 1997; Baudoin and Mergeai, 2001

1.3.  The study area
The research was carried out in Butere, Mumias and Busia districts of the Western Province, 

Kenya. These districts were chosen because they are the major producers of Bambara groundnuts 
in the Province. These districts are bordered by Uganda to the west (of Busia), Teso district to the 
north, Kakamega district to the east, Vihiga district to the south and Siaya district to the south west. 

The annual average rainfall ranges between 900 and 2,200 mm. The region receives convec-
tional rainfall of the first rainy season (March - May), so that the long dry season (June-October) 
receives heavy rains too with a peak in August-September. The annual average temperature is 
between 21.0°C and 22.7°C. Humidity of the air is relatively high due to proximity to Lake Vic-
toria and the potential precipitation is between 1,800- 2,030 mm per year.

The main economic activity in the Province is farming; Bungoma district being the leading 
sugarcane producer with Kenya’s largest sugar factories, as well as numerous small-holder sugar 
mills. Maize is grown for subsistence, alongside pearl millet and sorghum. Dairy farming and 
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poultry production are widely practiced. Busia district experiences perennial floods from the Nzoia 
River, and the dominant economic activity is fishing on Lake Victoria. Limited commercial farm-
ing is also practiced, mainly of sugar cane. Subsistence farming of cassava is widely practiced.

Poor soils often underlain by hard-pans are a major problem in the Province. Cassava, which 
is common, should not be the only answer to the poor soil conditions. More legumes, for instance 
Bambara groundnuts which grow on very poor soils and accumulate nitrogen should be promoted 
(Jaetzold et al, 2005).

1.4.  The study’s objective and hypothesis
The broad objective of this research was to perform an economic analysis of Bambara ground-

nut production in Western Kenya with the specific objective of determining the market structure 
of Bambara groundnuts in the study area. In line with this objective, this study hypothesized that 
the market structure of Bambara groundnuts in the study area was not competitive.

Justification for the Study
Kenya’s staple food crop is maize. It is widely believed that food security implies sufficiency 

in the maize stock supplies. Since the advent of the colonial government, indigenous crops have 
largely been neglected at the expense of cash and plantation crops. Despite the neglect, Bambara 
groundnuts are known to be highly nutritious. The production of the major food staples has over 
the years declined or stagnated. For the country to meet its food consumption requirements, there 
is need for a diversified food crop production. Furthermore, indigenous crops use little or no 
farm inputs (such as pesticides and fertilizers), making them potential candidates for mitigating 
food insecurity problems. This calls for research in hitherto forgotten indigenous crops such as 
Bambara groundnuts. 

In 2008/09 Kenya faced unprecedented drought throughout the country, even in its traditional 
grain baskets, which have had a relatively stable rainfall pattern and reliable food production. This 
saw a sharp increase in the price of maize occasioned by shortage of the staple food. The Ministry 
of Agriculture noted that the country needed more maize than it produced and identified some 
of the “orphaned” crops and targeted them for promotion as complements to the traditional food 
staples. These included the traditional food crops cassava, arrowroots, green grams and sweet 
potatoes (Muriungi, 2008). Traditional food crops are well adapted to local growth conditions, are 
often drought resistant and have low farm input requirements. The diversification of production 
and research in the traditional food crops is therefore justified.

2. Research methodology

2.1.  The sample frame, sampling procedures and sample sizes
For the producers, the sample frame consisted of the set of Bambara groundnut farmers in the 

three districts of Butere, Mumias and Busia in Western Kenya. The sample frame for the trad-
ers was all the sellers of Bambara groundnut in the leading market centres of the three districts.

It emerged that Bambara groundnut production was grown by very few farmers concentrated 
in certain locations within the administrative divisions of respective districts. These producers 
were so few that a census approach was used to select all Bambara groundnut producers in the 
three districts. The census approach was similarly used to select traders from market centres in 
the districts. This sampling yielded a total of 59 farmers, 33 retailers and 4 wholesalers. 
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2.2.  Data collection and analysis
Although both primary and secondary data were required, primary data was more crucial, 

and therefore formed the major data type for this study. Primary data were obtained from the 
producers and marketers of bambara groundnut by use of structured questionnaires and focused 
group discussions.

Some of the data obtained included the input and output variables in Bambara groundnut pro-
duction; the land area allocated to Bambara, quantities of labour, planting fertilizer, and quantity 
of seed planted, among others. The socioeconomic variables included farmers’ age, the level of 
formal education, experience in production, number of field days attended in the past year, and 
the quantity sold to the market, among others. 

Descriptive statistics on the distribution of respondents by District, gender, age, land tenure 
system, and seller concentration ratios were the main data analyses performed. The seller con-
centration ratio is an index that measured the market structure. The seller concentration ratio for 
the largest m traders (CRm) was given by the expression:

CRm = ∑∑
==

n

i
i

m

i
i PP

11
 (1)

Where n is the total number of traders and Pi is the share of the volume traded. 

3. Results and discussions

3.1.  Respondents’ discrete socioeconomic characteristics
The census of Bambara groundnut producers resulted in 26 female and 33 male farmers com-

prising 44.06 and 55.93% of the respondents respectively. Most of the respondents (45.8%) were 
from Busia, closely followed by those from Mumias (39%). The rest 15.3% were from Butere. 

These results revealed that there were more Bambara groundnut producers in Busia (composed 
39.4%) than there were in Butere (18.2%) and Mumias districts (42.4%). This was attributed to the 
agroecological suitability of Busia (Lower Midland Zone 4- LM4), with a 66% rainfall reliability of 
between 400-900 mm pa in the first rainy season. This area is more suited than the wetter Lower 
Midland Zone 1 (LM1) in Butere and Mumias districts. Although the statistics show that both male and 
female genders were well represented at the farm level, the majority of the traders who sold Bambara 
groundnuts were women. For instance, there was no male retailer who sold the crop in Butere market.

The analysis of the respondents’ level of formal education revealed that the majority of the 
producers (42.4%) had attained the primary level, closely followed by those who had attained 
secondary level of formal education (39%). In both Butere and Busia, the majority of the produc-
ers had attained primary level of education (44.4 and 48.1% respectively), while the majority of 
farmers in Mumias had attained secondary level (56.5%). On the whole, the proportion of the 
respondents who had attained a certain level of education decreased from primary to secondary 
and to tertiary levels of education (42.4, 39 and 18.6% respectively).

3.2.  Farmer and retailer continuous variables
The results of the farmer continuous variables (Table 2) show that farmers have a mean age 

of 48. This indicates that the farmers are generally energetic and should be able to produce agri-
cultural products with ease. Given that the mean experience in production is 7.29 years, this crop 



220 M.K. KORIR, M.J. KIPSAT, A.K. SEREM

is not new to them. Despite the positive indications, the hectarage still remained very low at a 
mean of 0.21 ha with a mean yield of 63.42 kg/ha. Yields between 300 and 800 kg/ha have been 
registered in traditional farming systems in other countries. Bambara groundnut trials for off-
season production in Zimbabwe yielded 1.9 tons/ha and 2.3 tons/ha for landraces and improved 
varieties respectively (Makanda et al, 2008). However, yields of up to 3,000 kg/ha have been 
recorded under commercial production (Baudoin and Mergeai, 2001). 

Most of the respondents did not apply planting fertilizer. Those who did applied very small 
quantities averaging 49.3 kg/ha. Given that soils in the region have been depleted due to continu-
ous cropping, not much yield was achieved. The farmers’ experience was gauged by the number 
of years they have been engaged in Bambara groundnuts production.

Table 2. Summary Statistics for Farmers’ Continuous Variables 

Variable Min. Max. Mean S.D.
Age of the respondent (years) 15.00 71.00 47.98 12.48
Respondent’s years in Bambara production 1.00 32.00 7.29 7.49
Hectares under Bambara production in 2008 0.08 0.81 0.21 0.14
Bambara yield (kg/ha) 1.01 362.90 63.42 69.55
Number of extension visits received per month 0.00 15.00 1.94 3.24
Number of field days attended in the last 2 years 0.00 40.00 4.38 5.72
Fertilizer application rate (kg/ha) 0.00 250.00 49.33 78.39
Proportion of Bambara yield sold (%) 0.00 100.00 68.25 26.79

Source: Computation from Survey Data, 2009

Their experience ranged between one and 32 years with an average of 7 years, indicating that 
the crop was familiar to the farmers. A similar scenario was observed with the experience the 
retailers had in selling Bambara groundnuts, which ranged between one year and 44 years, with 
a mean experience of 10.9 years. However, just as the yield statistics, the stock levels among the 
retailers were low, at a mean of 74.69 kgs/ retailer (Table 3). 

Table 3. Summary Statistics for Retailers’ Continuous Variables 

Variable Min. Max. Mean S.D.
Period in Bambara marketing (yrs) 1 44 10.96 10.98
Bambara stock level (kg) 4 400 74.69 81.82
Bambara buying price (KShs/2 kg tin) 150 400 230.90 60.17

Source: Computation from Survey Data, 2009

The gross margin analysis of Bambara groundnuts per kilogram showed that with a buying 
price of KShs. 115.45, the retailer paid for transport, market cess (levy) and meal costs that added 
up to KShs. 3.60 /kg of product. The low costs were due to the many products that were sold by 
the individual retailers which included beans, simsim, groundnuts, tobacco, maize and a myriad 
of other cereals in small quantities. This calculation (Table 4) showed that retailing in Bambara 
groundnuts was profitable with a margin of KShs. 44.30 (about US$ 0.6). The unit of measure 
was the gorogoro, a measure approximated to be 2 kg.
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Table 4. Bambara Groundnut Retailer Marketing Margin per Kilogram

No. Item Price/ Cost (Ksh) per kg
1 Bambara buying price/kg* 115.45
2 Transport costs to the market 1.45
3 Market cess (levy) 0.76
4 Meals 1.50
5 Total costs 119.16
6 Selling price** 163.48
7 Retailers net margin 44.32

* This is the price retailers paid the farmers for the produce
** This is the retail price that the consumers paid retailers for the produce  
Source: Computation from Survey Data, 2009

3.3.  Bambara production, consumption and marketing
On average, the farmers’ practice is to plant about 17.96 kg seed/acre (44.02 kg/ha). No or little 

fertilizer is added but weeding is done twice. When the yields are good, the conversion rate of the 
seed to output is estimated at 1:4 with the crop taking an average of 3.5 to 4 months to maturity. 

The gross margin analysis at farm level shows that farmers incur total variable costs of up 
to KShs. 21,419/ha (about US$ 285) (Table 5). The major costs include land preparation labour 
(ploughing, harrowing and removal of couch grass), seed materials and the weeding operation. 
Although no pesticides are used, the level of production is so low that the enterprise is unprofit-
able, with a gross margin of KShs. – 14,098/ha.

Table 5. Gross Margin/Ha of Bambara Production in the Study Area

No Item Quantity Price/Unit (KShs.) Total Output/ Cost (KShs.)
1 Bambara groundnut output 63.42 115.45 7,321.84
2 • Variable costs:

• Land preparation labour
• Seed materials
• Fertilizer
• Manure
• Weeding and ridging
• Total variable costs

1 6,270.86 6,270.86
50.38 163.48 8,236.12
49.33 50.00 2,466.50

458.33 0.17 76.39
4,370.11

21,419.98
3 Gross Margin/Ha (14,098.14)

Source: Computation from Survey Data, 2009

The consumers of Bambara groundnut confirm that this food crop is extremely palatable. It 
can be boiled in shells and eaten, boiled when shelled and eaten, or boiled in a mixture of maize 
and beans. There were no stocks in all the rural markets visited during the reconnaissance survey 
(Butere and Sabatia, among others) in July 2008; not a single trader had any stocks of Bambara 
groundnuts. However, traders quoted prices of between KShs. 250 (at farm level) to KShs. 400/2kg 
tin; between US $ 1.66 to 2.66/kg. 

In the determination of the market structure for Bambara groundnut, the seller concentration 
ratios for the largest four and eight traders were calculated. The seller concentration ratios for the 
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largest 4 and 8 retailers were 41.78 and 56.80 indicating that the Bambara retail marketing system 
was moderately concentrated with competitive fringe (Table 6). This revealed that the marketing 
system was far from being atomistic, implying that there was an insufficient number of sellers 
in the market to warrant a competitive market structure. The study therefore failed to reject the 
hypothesis that the Bambara marketing system was not competitive.

According to Korir (2005), a market structure is considered atomistic when the concentration 
ratios are small and number of sellers is very large, each firm contributing less than 1% of the 
product. However, 4 and 8-seller concentration ratios of between 35-50 and 45-75 respectively 
with the number of sellers being large is considered moderately concentrated with competitive 
fringe (Table 6).

Table 6. Seller Concentration Ratios for Bambara Groundnut Retailers
Largest i 
retailers

Sales
share (Pi)

Sum of the largest m 
shares

                ; i=1, …,8

Concentration ratio Market 
structure

1 400 400 16.23

Moderately 
concentrated with 
competitive fringe

2 270 670 27.18
3 180 850 34.48
4 180 1,030 41.78
5 100 1,130 45.84
6 90 1,220 49.49
7 90 1,310 53.14
8 90 1,400 56.80

Source: Computation from Survey Data, 2009

Although the range of the proportion of the yield that was sold by the producers was between 
zero and 100%, the mean stood at 68.25% with a standard deviation of 26.79. This indicates that 
the crop is generally regarded as a cash crop. Some of the producers indicated that the crop was 
their ‘gold’ in that it was highly valued. The proceeds from Bambara sales were used in paying 
school fees and in meeting other household requirements. 

4. Conclusions
Kenya government policy is yet to address the research and development of indigenous crops. 

The production of Bambara groundnut is at the subsistence level characterized by very low yields, 
high labour use and low levels of commercial input use. Further, the market structure is moderately 
concentrated with competitive fringe. 

5. Recommendations
Regional Research Centres particularly in the humid agroecological zones should consider running 

agronomic researches and on-farm trials that help farmers increase production of Bambara groundnuts. 
Of particular importance are the appropriate input levels that can shift output from subsistence to com-
mercial levels of production. These should include introduction of high yielding varieties and research 
on appropriate plant densities, seed rates, pest and disease control and fertilizer application rates.
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Abstract
As consumers regard for corporate responsibility increases, governments, industries and 

organizations have begun to assess the sustainability of their activities. Sustainability has many 
criteria, and those related to environmental impacts and economic effects are of interest to policy 
makers. Pulse (dry peas) crop production is on the rise in Saskatchewan. Although exports of peas 
to other countries are important from a local development perspective, their use for local activi-
ties has some appeal. In this paper, a combined life cycle assessment (LCA) and economic impact 
analysis (EIA) of growing peas or lentils in a four-year rotation was undertaken and compared 
to a rotation without pulse crops (i.e. an oilseed-cereal rotation). Inclusion of peas in a rotation 
is desirable as it is known to break disease and pest cycles, as well as fix atmospheric nitrogen 
through symbiotic association with Rhizobia. This results in decreased requirements of fertilizer, 
pesticide and insecticide application. These changes resulted in major financial implications for 
the producers, as the economic returns increased by $131 to $158 per ha for the pulse rotation 
over the baseline rotation. The LCA results demonstrated lower environmental impacts in all 
categories with the pea or lentils rotations as compared to the oilseed-cereal rotation. The results 
of the study suggest that adding dry peas and /or lentils in oilseed-cereal rotations improve the 
sustainability of crop production systems.

Keywords: life cycle assessment, economic assessment, pulses, Canadian Prairies, rotations

1. Introduction
The Prairies play a very important role in Canadian agriculture, providing 32 million hectares 

of arable land and accounting for approximately 85% of farmland. Historically, cereal-fallow 
rotations have been the predominant cropping system in the semiarid Canadian Prairies and 
northern Great Plains of the USA (Spratt et al., 1975; Grant et al., 2002). With the demise of grain 
transportation subsidy in Canada on shipping grains to export locations, and facing cost-price 
squeeze, producers are seeking better avenues for diversification. Pulses offer this opportunity, 
particularly in production areas where other crop alternatives are limited. In addition, pulse crops 
are an attractive crop to include in the rotation because not only do they break disease cycles, but 
in a symbiotic association with bacteria (called Rhizobium spp.), they are capable of using nitrogen 
from the atmosphere in a process called fixation. Nitrogen fixation reduces the dependence on 
inorganic fertilizer application on the pulse crop itself and, due to residual soil nitrogen, reduces 
nitrogen fertilizer requirements for the following grain crop. 

Acknowledgements: The authors gratefully acknowledge the financial support for this project by Agricultural 
Bioproducts Innovation Program PURENet and Saskatchewan Pulse Growers (SPG). 
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2. Project objective
The major objective of this study was to assess the sustainability of the environmental effects 

of including pulse crops in a crop rotation and the associated economic effects. 
The environmental and economic effects associated with the production of pulse crops were 

examined to determine the environmental effects and economic implications of including pulse 
grains in an oilseed-cereal rotation and various pulse grain end-uses. 

3. Study methodology
Various tools are available to investigate the sustainability of a product. A popular and useful 

tool that measures the environmental sustainability of a product is life cycle assessment (LCA). 
The LCA is a cradle-to-grave approach in that it takes into consideration the major activities during 
the product’s life span from its manufacture, distribution, use and final disposal. Recognizing the 
necessity for LCA analysis of pulse crops on a rotational level, Nemecek and Baumgartner (2006) 
modeled the environmental and economic effect of including pulse crops in cereal/oilseed-based 
rotations in Europe, as well as the effect of replacing the soybean meal in swine feed with pulse 
grains. Results of the crop rotation scenario indicated that crop rotations that included pulse grains 
had a lower life cycle environmental effect compared to the alternative scenarios. 

Similar to environmental sustainability, multiple tools are available to assess the socio-economic 
sustainability of products. Typical approaches that can be used to evaluate economic desirability 
of a crop rotation include partial equilibrium approach, whole farm systems models and stochas-
tic dominance models. Of these approaches, the partial equilibrium approach is the simplest and 
most appropriate for comparison of alternative rotation regimes. Such an approach can be used 
in simulation models, as suggested by Hewitt (1995). Furthermore, it also complements LCA, as 
it can be performed using the exact parameters used for the LCA. 

The focus of this study was a comparison of the baseline rotation against the alternative 
rotations involving pulses. A four year rotation is commonly followed on the Canadian Prairies. 
These rotations were:
• baseline: canola – wheat – wheat – wheat,
• alternative rotation 1:  canola – wheat – peas – wheat,
• alternative rotation 2:  canola – wheat – lentils – wheat.

Although three wheat crops may not always be grown in succession in Western Canada, the 
selected rotation ensured that the LCA was modeled using the best available field data. To ensure that 
all changes in impacts between the cereal-oilseed scenario and the scenarios including pulse crops 
were due to the inclusion of pulse crops, the pulse crop was the only variable to change in the rotation. 
Each of these rotations was subjected to a combined economic analysis and life cycle assessment.

3.1. Economic Analysis
A simulation model for the three Prairie Provinces was developed for three soil zones: Brown, 

Dark Brown and Black soil zones. In addition, it contained three types of tillage systems, sum-
merfallow, continuous cropping system and direct seeding. The model consists of a series of 
integrated worksheets linking yield and input levels for various crops in each of the three Prairie 
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Provinces1 under different tillage systems. Results of relative economics of the rotation were 
estimated in nominal values and present values using a 5% rate of discount. 

The economic analysis was based on several assumptions. The following are noteworthy: 
1. Crop yield and fertilizer and pesticide application rates assumed were the same as that used 

in the LCA modeling. 
2. All crops were grown using direct seeding technology.
3. Cost of production and, therefore, the economics of a rotation were determined by the loca-

tion of the farm, where type of soil is a major factor.
4. Cost of production of various crops reflects 2010 economic and market conditions. This 

was the most recent data available for western Canada. These prices were obtained from 
Saskatchewan Ministry of Agriculture (2009a).

5. Producers were assumed to be price takers. In other words, a change in the rotation and level 
of production is assumed to not change the level of the price received at the farm gate. 

6. In the Brown soil zone, canola is not a major crop produced. It was assumed that mustard is 
an equivalent crop for canola in this soil zone. Being oilseed crops, they were considered to 
be agronomically equivalent for this study. 

The economics of a given crop rotation was an aggregation of the crops grown over four years 
in a given rotation. The economics were also presented in present value (PV) form by using a 
discount rate of 5%. This level of discount rate is commonly used, and is close to the rate of dis-
count used for public benefit-cost analysis. The PV was calculated using the following equation:

PV Rotation = ∑ (NRi) / r
(1+t); i = 1, …, 4.

Where:
NR – the net returns from the crop during year I,
r – rate of discount (assumed to be 5%) and
t – time counter. 
Gain in the net return under the alternative rotation provided the basis for economic desir-

ability of the said rotation.

3.2. Sensitivity analysis for economic assessment
One of the major sources of variability in economics of a rotation is the pricing of products – 

inputs and outputs. In this study the three rotations were simulated under varying market conditions. 

1 Since very little area is devoted to pulse crops in the province of British Columbia, the data for three 
Prairie Provinces is taken as representative of Western Canada. 

Table 1. Details of simulations for sensitivity analysis of economic returns
Simulation No. Price of cereal and oilseed Price of pulses Price of fertilizer
1 (HHH) high high high
2 (HHL) high high low
3 (HLH) high low high
4 (HLL) high low low
5 (LHH) low high high
6 (LHL) low high low
7 (LLH) low low high
8 (LLL) low low low
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Different level of prices for grain, oilseed, and pulse crops were selected for various simulations 
by examining past ten year (1991-2010) farm level prices received. Using two standard devia-
tions around the mean, price levels were determined. The ‘high’ prices were taken at two standard 
deviations to the right of the mean, and the ‘low’ prices were determined as two standard devia-
tions away to the left of the mean. Eight such simulations were conducted, as shown in Table 1. 

4.  Life cycle analysis
A popular and useful tool that measures the environmental sustainability of a product is life 

cycle assessment (LCA). It is a cradle-to-grave approach in that it takes into consideration the 
major activities during the product’s life span from its manufacture, distribution, use and final 
disposal. Furthermore, LCA is an inclusive method, which allows changes in a system to be 
tracked throughout the analysis and identified in the outcome. 

The system boundary differentiates the system under analysis from its environment (Audsley 
et al., 2003). The system boundary for agriculture ideally stops when identical products pass out 
of the farm gate. The crop rotation analysis includes all inputs required for grain production. The 
analysis endpoint is the grain elevator – the point at which all grain has been cleaned, packaged 
and is ready for use.

In this study, LCA was conducted using SimaPro (version 7.1.8, PRé, 2008). The software 
includes thousands of processes and substances across several inventories, as well as methods for 
impact assessment. The environmental effects of completed life cycles are categorized and quanti-
fied based on the type of damage they cause. A list of these impacts included in the study is shown 
in Figure 1. The following is a brief description of each impact category, as well as the units used: 
• Human toxicity: Carcinogenic and non-carcinogenic emissions from metals and inorganic 

Figure 1. Midpoint and endpoint categories of life cycle impact assessment method
Source: Jolliet et al., 2003
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compounds from soil, water and air (kg chloroethylene into air equivalents/kg emission); 
• Respiratory effects: Air pollutants such as sulfur oxides and volatile organic compounds [kg 

particulate matter (PM) below 2.5 micron size/kg emission]; 
• Ionizing radiation: Natural and artificial radiation sources (becquerel of C-14 equivalents/kg 

emission);Ozone layer depletion: Several ozone depleting gases, such as chlorofluorocarbons 
(CFCs) and halogenated compounds (kg CFC-11 equivalents/kg emission); 

• Photochemical oxidation: Includes smog-forming particles, such as olefins and hydrocarbons 
(kg ethylene into air/kg emission); 

• Aquatic ecotoxicity: Emissions to water sources, such as surface water, lakes and rivers (kg 
triethylene glycol (TEG) equivalents into water/kg of emission); 

• Terrestrial ecotoxicity: Emissions to soil, such as metals, hydrocarbons and pesticides (kg 
TEG equivalents into water/kg of emission); 

• Aquatic acidification: Potential proton release of substances such as nitrogen oxides and am-
monia [kg sulfur dioxide (SO2) equivalents into air/kg emission]; 

• Aquatic eutrophication: Chemical nutrient contribution to bodies of water from such sources 
such as nitrogen oxides and phosphates [kg phosphate (PO43-) into water/kg of emission]; 

• Terrestrial acidification and nitrification: Proton release and/or chemical nutrient release to 
soil (kg SO2 equivalents into air/kg emission); 

• Land occupation: Effects of occupying and transforming land on the species-area relationship 
(m2 organic arable land*year equivalents); 

• Global warming: All gases thought to contribute to global warming, such as carbon dioxide, 
methane and nitrous oxide [kg carbon dioxide (CO2) equivalents/kg emission]; The global 
warming impact category is based on the 2001 IPCC global warming potential (GWP) factors 
across a 500 year time horizon (IPCC, 2001).

• Non-renewable energy: Finite sources of energy, such as fossil fuels [mega joules (MJ) of total 
primary non-renewable or kg crude oil (860 kg/m3) equivalents/kg emissions]; and 

• Mineral extraction: Based on the theory that additional energy will be required for every 
subsequent mineral extraction after primary extraction due to the depletion of resources and 
quality of the remaining minerals [MJ of additional energy or kg of iron (in ore) equivalents/
kg of emission].
The functional unit is a clearly defined measure of performance which the system delivers and 

is the basic unit of comparability for the study (Audsley et al., 2003). To determine the functional 
unit, the basic function of a system must be identified, which in the case of farm level rotations is to 
produce grain for the purposes of human consumption. As both pulse and cereal grains are considered 
to be sources of protein (Whitney and Rolfes, 2005), protein was chosen as the unit of comparison 
in terms of nutritive value. A protein content of 14% was chosen for the crop rotation LCA as it is 
the average protein content in wheat when all methods of farming and crop rotations are included 
(Canadian Grain Commission, 2009). In summary, the functional unit selected for the crop rotation 
study was one tonne of fourteen percent protein-corrected grain (1 t 14% protein-corrected grain). 

5.  Results
Results of net returns of various crops in the three rotations were estimated using a fixed price 

(given as of 2010 crop year prices). For this reason, a test of robustness of the three rotations was 
examined further under different price and cost conditions. To undertake sensitivity of results to 
changing conditions, additional simulations were made. Three types of prices were subjected to 
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change: price of non-pulse crops (spring wheat, canola and mustard); price of pulses (dry pea and 
lentil); and price of fertilizer. In total, eight simulations were made (Table 2). 

The study model was used to estimate economic desirability of the two study rotations – dry pea 
rotation (canola – wheat – dry pea – wheat) and lentil rotation (canola – wheat – lentil – wheat), 
over the Table 3 in terms of net returns over variable costs for these rotations plus the base rota-
tion (canola – wheat – wheat – wheat). Results suggest that under high grain and oilseed prices, 
all rotations generate a positive return over variable costs. However, when low grain and oilseed 
prices are assumed, results for the base rotation (canola – wheat – wheat – wheat) show a nega-
tive return over variable costs, but this is not the case for the pulse rotations (either the dry pea or 
lentil rotation) except when pulse prices are low and fertilizer prices are high.

Economic desirability of pulse crop rotations (those having a dry pea or lentil) was further 
examined using returns over and above total cost relative to the base rotation. Results are shown 
in Figure 2. 

When dry pea and lentil were included in an oilseed-cereal crop rotation, the environmental 
effects associated with the rotations were reduced in all categories (Table 4). Higher reductions 
(i.e. over 20% in both alternative rotations when compared to the base rotation) were noted for 

Table 2. Weighted average economics of alternative crop rotations, present value of net returns ($/ha), 
western Canada, 2010
Particulars Baseline 

(oilseed-
cereal)

Alternative 
rotation 1  
(Dry pea)

Alternative 
rotation 2 
(Lentil)

Weighted average for western Canada: Net returns Over 
variable costs ($/ha)

-$19.40 $115.97 $145.72

Weighted average for western Canada: Net returns over 
total costs ($/ha)

-$522.22 -$403.84 -$378.49

Difference from BAU rotation for net returns over variable 
costs ($/ha)

-- $137.42 $175.14

Difference from BAU rotation for returns over total costs 
($/ha)

-- $130.85 $158.86

Table 3. Results* of sensitivity analysis – discounted value of rotational period net returns over variable 
costs (ha) under study scenarios 
Study scenario** Base rotation Dry pea rotation Lentil rotation
1 (H-H-H) $1,136.86 $1,440.38 $1,289.19
2 (H-H-L) $1,205.85 $1,501.19 $1,385.72
3 (H-L-H) $1,068.78 $1,103.89 $939.80
4 (H-L-L) $1,205.85 $1,211.52 $1,039.45
5 (L-H-H) -$224.61 $270.92 $320.95
6 (L-H-L) -$72.22 $378.55 $420.60
7 (L-L-H) -$196.23 -$22.91 -$9.67
8 (L-L-L) -$72.22 $96.94 $74.33

* Results are based on weights for various soil zones in western Canada using proportion of dry pea area,
** Scenario symbols are: first letter for grain prices (high or low), second symbol for pulse prices (high 
or low) and the third symbol is for fertilizer prices (high or low)
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Ozone layer depletion (23-28%), Terrestrial acidification/nutrification (21-24%), Global Warm-
ing (22-25%) and Non-renewable energy (21-25%). Since these rotations had greater nitrogen 
availability due to the inclusion of pulse crops, fertilizer application requirements were reduced 
(i.e. no application to the pulse crop and reduced application to the succeeding cereal crop) and 
the yield and grain protein content of the following wheat crop were increased. 

These results suggest that dry pea and lentil rotations can generate lower environmental impacts 
than the oilseed-cereal crop rotation in all impact categories. Major reasons for these results could 
be explained as follows: the nitrogen fixation abilities of pulse crops; the reduction in nitrogen 
requirements of a cereal crop succeeding a pulse crop; and the increase in quantity (grain yield) 
and nutritive quality (protein content) of a cereal crop following a pulse crop. In Western Canada, 

Figure 2. Results of sensitivity analysis for study rotations

Table 4. Selected results of life cycle assessment of rotations
Impact category Percent reduction from baseline rotation

alternative rotation: dry peas (%) alternative rotation: lentils (%)
Carcinogens 23 19
Non-carcinogens 15 3
Respiratory inorganics 21 13
Ionizing radiation 17 13
Ozone layer depletion 28 23
Respiratory organics 21 15
Aquatic ecotoxicity 19 11
Terrestrial ecotoxicity 15 1
Terrestrial acidification/
nutrification 24 21

Land occupation 17 1
Aquatic acidification 22 17
Aquatic eutrophication 20 8
Global warming 25 22
Non-renewable energy 21 17

MARGINAL NET RETURNS OVER 
BASELINE FROM ALTERNATIVE ROTATIONS
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crop nitrogen requirements are achieved via the application of synthetic nitrogen fertilizers, such 
as urea. By reducing the requirement for synthetic nitrogen fertilizers, pulse crops inherently 
reduce the emissions and energy use associated with the production, use and disposal of fertiliz-
ers. Furthermore, because pulse crops fix their own fertilizer, they do not require application of a 
synthetic nitrogen fertilizer to grow, except for the small amount in applied phosphorus fertilizer.

6.  Study conclusions for economic analysis
This study suggests that pulse crop rotations, in general, are more sustainable than oilseed-cereal 

rotations. This conclusion is based on two major pillars of sustainability – economic desirability and 
environmental benefits. Only under lower pulse (either dry peas or lentils) prices are the alternative 
rotations (including pules) not more economically desirable over the baseline rotation. This con-
clusion is supported by the present economic analysis. Relative to the oilseed-cereal rotation (i.e. 
canola – wheat – wheat – wheat), pulse crop rotations (either canola – wheat – dry pea – wheat, or 
canola – wheat – lentil – wheat) generate higher net returns over variable as well as total (variable 
and fixed) costs. This conclusion remains unchanged under several assumptions of prices of grain, 
oilseed, and pulses, except when grain and oilseed prices are high and pulse crop prices are low. 

The environmental effects of crop production are related to the amounts of material and energy 
required to produce a defined amount of grain. The inclusion of pulse crops into oilseed-cereal 
rotations is environmentally beneficial as pulses reduce the nitrogen fertilizer requirements and 
increase the overall grain yield and quality (i.e. protein content) of the rotation.

Higher producer profits and minimized effects on the environment can be realized with opti-
mized crop management that can include combining dry pea and/or lentil with other high yielding 
crops in the rotation, as well reduced amounts of material and energy inputs.
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Abstract
Networking and innovation are important sources for entrepreneurs to achieve competitive 

advantage. This paper aims to investigate bottlenecks and success factors for networking of 
ornamental plant growers. To reach this objective, following research questions are formulated: 
(1) What kind of innovations are applied?, (2) What kind of networks are used?, (3) What role 
does networking play in the contribution to the development and implementation of innovations?, 
(4) What are the main bottlenecks and success factors for networking as a tool for innovation? 

The research data are collected by means of in-depth interviews and focus group discussions 
with ornamental plant growers and network coordinators. The results show that ornamental plant 
growers have many possibilities in the domain of product, process, market and organizational 
innovation at their disposal, which are often underutilized. With regard to networking, a high 
diversity in the intensity of network activity and in the appeal to different network types are de-
termined. Network types include horizontal and vertical networks as well as collaboration with 
third parties. Actually a link between network activity and innovation is observed, under condition 
that networking occurs in an effective and efficient way. Important bottlenecks for networking 
as a tool for innovation are a lack of human and financial resources, a strong competition and 
conflicts of interest between the network partners, leading to individualism and distrust, a high 
threshold between growers and research and governmental institutes and a low perceived added 
value or organized network activities. Some critical success factors for networking are lowering 
the threshold and enhancing trust and transparency among network members. Growers should take 
advantage of the underutilized innovation possibilities through enhanced networking. This would 
increase the farmers’ insights into changing markets and consumer needs and the necessary and 
relevant partners and information as trigger for innovation. This study delivers valuable insights 
and implications for growers as well as network coordinators. An important recommendation is 
that growers as well as network coordinators should apply strategies to connect with each other 
in the most effective and efficient way.
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1. Introduction and objectives
For farmers, as well as entrepreneurs in general, innovation is widely recognized as an impor-

tant strategic tool to increase the competitive advantage of their companies (Schumpeter 1934; 
Nonaka et al. 2000; Gellynck et al. 2007), resulting in a better financial as well as sustainability 
performance (Diederen et al. 2003; Sporleder 2003; Knudson et al. 2004; Deuninck et al. 2008; 
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van Galen and Verstegen 2008). Innovation can be defined as an ongoing process of learning, 
searching and exploring, resulting in new products, new processes, new forms of organisation and 
new markets (Lundvall, 1995). In this context, several authors state that it is important to specify 
to whom the innovation is new: the economy, the sector or the farm (Goldenberg et al. 2001; 
Garcia and Calantone 2002; Mann 2005). In this paper, the focus is on innovations that are new 
to the farm and to the sector. Furthermore, all degrees of innovation ranging from incremental to 
radical innovations are considered. The ornamental plant sector in Flanders (northern Belgium) 
is selected because of its historical geographical concentration and problems with developing and 
implementing innovations (Taragola et al 2002; Taragola 2003; Van Lierde et al. 2011). These 
problems are possibly solvable through networking (Fearne and Hughes 1999; Omta 2002; Pit-
taway et al. 2004; Camps 2004; Thorpe et al. 2005; Röling 2009). In this paper, networking is 
defined as the exchange of information or services among individuals, groups, or institutions and 
aims at the cultivation of productive relationships for business (Merriam-Webster 2013). In the 
next section the link between networks and innovation is outlined in more detail.

2. Conceptual framework
The three key elements from the previous section – farm, innovation and network- are situated 

within the conceptual framework below. The framework outlines the research questions.
Plenty of recent studies indicate that the locus of innovation is no longer the individual firm, 

but increasingly the network within which the firm is embedded (Powell et al. 1996; Omta 2002; 
Pittaway et al. 2004). Approaches considering agricultural innovation as the result of a process 
of networking and interactive learning among a heterogeneous set of actors, such as farmers, 
input industries, processors, traders, researchers, extensionists, government officials, and civil 
society organizations, are increasingly applied (e.g. Hall et al. 2003; Morris et al. 2006; Spiel-
man et al. 2008; Klerkx et al. 2010). The network therefore plays an important role for firms in 
terms of developing innovation (Figure 1)(Omta 2002; Pittaway et al. 2004). The introduction 
of innovations through networking can be hampered or facilitated by numerous bottlenecks and 
success factors, which can be internal or external to the farm (Avermaete et al. 2003; Scozzi et 

Figure 1. Conceptual framework for investigating bottlenecks and success factors (B&S) for 
networking as a tool for innovation (adapted from Gellynck X. et al, 2007), and research questions  
(RQ. 1-4)
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al. 2005; Maravelakis et al. 2006; O’Regan et al. 2006). This paper focuses on the investigation 
of bottlenecks and success factors for networking in the ornamental plant production. The objec-
tive is to investigate the bottlenecks and success factors for networking. To reach this objective, 
first the following research questions are formulated: 1) What kind of innovations are applied?, 
(2) What kind of networks are used?, (3) What role does networking play in the contribution to 
the development and implementation of innovations? This leads to the final research question: 
(4) What are the main bottlenecks and success factors for networking as a tool for innovation?

3. Methodology
Between June 2011 and March 2013, 20 in-depth interviews and two focus group discussions 

with 9 growers were conducted, which are both qualitative research methods that assemble detailed 
attitudinal and experiential information from the respondents by using open-ended, exploratory 
questions in a semi-structured way (Powell and Single 1996; Malhotra 1999). Interview guides 
based on a comprehensive literature review were pilot-tested and adapted accordingly. Data were 
collected from growers and network coordinators active in the Flemish ornamental plant sector. 
In total, 14 ornamental plant growers were interviewed, from which 5 were also network coor-
dinators. Furthermore, 6 interviews were conducted with exclusively network coordinators. For 
the focus groups, the subsector of azalea production was selected, because of its high importance 
in Flemish ornamental production. One group was characterized by a high network activity and 
another by a low network activity. All interviews and focus groups were audio-recorded and 
transcribed. The analysis of the data is based on the grounded theory-approach, which implies 
that information gathering and theoretical conceptualization of a given phenomenon evolve 
through a continuous interplay between analysis and data collection (Strauss and Corbin 1994). 
Rather than starting with a hypothesis, the first step is data collection. From the data, key points 
are marked with a series of codes. The responses were categorized in different analytical groups 
based on common similar words, concepts or themes. We ended with selective coding to refine 
the analytical categories. The data were sorted and coded using NVIVO.

4. Findings

4.1. What kind of innovations are applied in the ornamental plant sector?
The first question to the respondents was dealing with their perception of innovation, resulting in 

the reporting of mainly product and process innovations. Only some of them mentioned spontane-
ously market and organizational innovations as well. Afterwards, we formulated our definition of 
innovation: “Product, process, market and organizational innovations which are new to the farm or 
the sector, ranging from incremental to radical innovation”, ensuring that everyone was speaking 
about the same. The innovations mentioned were those already implemented or likely to be imple-
mented by the respondents. Table 1 gives an overview of the mentioned innovations by domain.

PRODUCT INNOVATION: As ornamental plant production is subject to trends, and consum-
ers are keen on new products and product varieties, product innovation is necessary and hence an 
important type of innovation. However, a lot of growers are rather reluctant to introduce radical 
product innovation, because of the risk of investing in a product in which consumers might not 
be interested. Other introduced product innovations are driven by income related reasons, for 
example a change-over from indoor plants to outdoor plants to reduce energy costs.



INVESTIGATION OF BOTTLENECKS AND SUCCESS FACTORS FOR NETWORKING AS A TOOL FOR... 235

PROCESS INNOVATION: In general, process innovations are driven by high labour and 
energy costs, environmental regulations and the need to improve the quality of their products. 
Labour costs are decreased, for example by introducing robots to plant or sow products, while 
installing a cogeneration engine or solar panels helps to minimize energy costs. In order to meet 
the increasing environmental requirements, investments in environmental friendly techniques 
such as water and waste recycling are necessary. To improve plant quality, innovations in the 
production process, such as new fertilization methods and alternatives for pesticides are important. 

MARKET INNOVATION: To assure and increase their sales, growers have to introduce mar-
ket innovations. Examples in this domain are the development of a label or new packages. Other 
identified market innovations are preparing new product combinations packed together, the set-up 
of a self-service field with cut flowers or the establishment of a web shop. 

ORGANIZATIONAL INNOVATION: This kind of innovation can be very diverse with various 
underlying drivers. High labour costs are an important driver for moving production branches to 
low wage countries or hiring East-European seasonal labour forces invoking the need for accom-
modation and adapted human resource management. Collaborative initiatives are set up between 
growers to distinguish themselves in the market, and between growers and research institutes, 
to develop market oriented product varieties. Furthermore, changes of relationships within the 
chain are observed. Several intermediary links are eliminated, which brings the grower closer 
to the end-consumer. In this way, the added value of the sold product can be shared among less 
links, and the grower is better aware of the market needs because of his closer contact with the 
end-consumer. Also close collaboration with the chain partners is another observed possibility to 
be better aware of the market needs. Other examples of organizational innovations are the intro-
duction of a new software system and the building of a totally new establishment. 

Table 1. Innovation in ornamental plant production by domain 
Product innovation Process innovation Market innovation Organizational innovation
 – New product-/ 

pot size
 – New product 

variety
 – New product
 – Selling flowering 

plants instead of 
the plants in bud

 – Switch to cul-
tivation of less 
energy requiring 
plants

 – Robotization
 – New cultivation 

method
 – Water recycling
 – Expansion
 – New technical so-

lutions to improve 
quality

 – Installation of co-
generation engine, 
solar panels

 – New fertilization 
techniques

 – Applying alterna-
tives for pesticides 

 – Own label
 – New packaging
 – Establishment 

web shop
 – Self-service 

field with cut 
flowers

 – New product 
combinations 
packed together

 – Move labour intensive tasks 
to low wage countries

 – Hire East-European labour 
forces

 – Establishment of close col-
laboration with colleagues to 
assure sales

 – Elimination of links in the 
chain

 – Establishment of close col-
laboration with chain part-
ners to fulfil market needs

 – Joint product development 
activities

 – Formation of a joint research 
network

 – New establishment
 – Introduction of a new soft-

ware system
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Although innovations in all domains are applied by ornamental plant growers, most of the 
interviewees do not acknowledge the necessity of innovating in other domains than process in-
novations. 

4.2. What kind of networks are used in ornamental plant production? 
Table 2 gives an overview of the networks used, divided in three major categories: horizontal and 

vertical networks as well as collaboration with third parties (based on Gellynck and Kühhe, 2008). 
HORIZONTAL NETWORKS (peers): A large variety of formal collaboration possibilities with 

peers is identified, including organisation of transport, marketing or buying of products, developing 
new products, ... More informal networks are : the exchange of information with colleagues from 
inside as well as outside the sector, following on the activities organized by sector associations 
or network activities for entrepreneurs in general, contact with colleagues at fairs, conversations 
related to the companies’ activities with family, friends and personnel. 

VERTICAL NETWORKS (chain): We observed that collaboration of growers is often better 
with suppliers than with customers, due to the stronger bargaining power of the latter. Via suppliers, 
growers are informed about the novelties on the market and the possibilities for their farm. Col-
laboration with customers to obtain access to market needs seems to be difficult. Nevertheless, in 
some of the cases, examples of close collaboration are identified. Furthermore, collaboration with 
wholesalers is difficult since many growers do have the perception that they want to exploit them. 

THIRD PARTIES: These are persons or entities which are other than peers or the chain. Note-
worthy is Sietinet, which is a network established and coordinated by a research institute (ILVO) 
with the aim to improve the translation and transfer of research results to the sector via individual 

Table 2. Networking and collaboration for innovation in ornamental plant production by type of network
Type of network Type of partners
Horizontal 
(peers)

Colleagues ornamental plant growers 
Network established by advisor
Sector association/ producer association
Professional network of entrepreneurs/ business club
Cooperative auction 
Fairs
Personnel
Family
Friends
Colleagues outside of the sector

Vertical (chain) Suppliers of materials, infrastructure 
Wholesalers/traders
Customers
End-consumers

Third parties Research institutions 
Governmental institutions
Educational establishments
Consultancy agencies
Innovation Support Centre
Financial provider
Think-tank ‘Ornamental Plant Strategy 2020’ (growers, chain partners, 
producer association, government, research institutes) 
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advice and the organisation of workshops and courses. The coordinating research institute col-
laborates with eight other Flemish research institutions to support innovation in the sector. Only 
the members of the network can make use of the offered services. Moreover, this network brings 
multiple growers together, which offers numerous opportunities for horizontal networking. In 
addition, the role of consultancy agencies is significant. Furthermore, collaboration takes place 
with governmental institutions, the Innovation Support Centre, and educational establishments. 
Besides, financial providers are also important third parties, facilitating innovation. Also the 
Think-tank ‘Ornamental Plant Strategy 2020’, which has the mission to formulate strategies and 
actions for the future. It is established by the Flemish government, including a number of progres-
sive growers, an export company, an advisor, practice-based and fundamental researchers and a 
representative of a producer organization. 

4.3. What role does networking play in the contribution to the development 
and implementation of innovations? 

Respondents were asked how important they perceive networks in the contribution to the 
development and implementation of innovations. They reported that the outcomes of network 
participation were generally advantageous to learn something, to reduce the distance between the 
sector and policymakers, to prevent them from insulation, to know the right people/place when 
information is needed and to obtain information from outside the sector. Further advantages 
mentioned were the possibility to exchange knowledge with colleagues and the higher awareness 
of things that happen and new trends. Overall, networking is perceived as an important strategic 
tool to come to innovation in the sector. 

An observation is that the networks used partly differ dependent on the type of innovation. For 
product innovations, growers work frequently together with a research institute for the develop-
ment of a new product, and appeal to networks with customers to gather market information. To 
obtain ideas for product innovation, they mainly are drawn back on colleagues and suppliers. For 
market innovations, some recent collaboration initiatives are set up to market products together with 
colleagues. With regard to organizational innovations, it is observed that networking with people 
from outside the sector is very important to obtain ideas. Also the Innovation Support Centre is 
mentioned as an important network for developing and implementing organizational innovations. 

4.4. What are the main bottlenecks and success factors for networking  
as a tool for innovation? 

BOTTLENECKS: Based on the interviews, internal as well as external bottlenecks for net-
working can be distinguished. A lack of human resources is an important internal bottleneck, 
including problems in terms of managerial competencies and the absence of a strategic vision. 
Also a lack of financial resources in terms of time and money are an internal bottleneck, which are 
often linked to the size and structure of the company. External bottlenecks relating to horizontal 
networks involve a strong competition between the network partners, leading to individualism 
and distrust, fear of losing own identity and difficulty to find connections with others. Ornamental 
plant growers are individualists; the smaller the market, the more competition and distrust. With 
respect to vertical networks within the chain problems arise when chain members do not consider 
each other as potential partners for collaboration, due to conflicts of interest and disbelief that 
collaboration efforts would deliver greater benefits for all chain members. Also the strategic vision 
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towards innovation often differs between the members of the chain. An important bottleneck for 
networking with third parties such as research institutions, governmental institutions, etc. is that 
the threshold is often too high. Nevertheless, recent initiatives of collaboration between grow-
ers and research institutes, such as Sietinet, have proven to be successful. Another bottleneck is 
the low perceived added value of organised network activities. Respondents mentioned that the 
same topic is often covered by different organizers. Moreover, as growers’ problems and hence 
the required information and knowledge is very company specific, they spend a lot of time lis-
tening to less relevant information. Furthermore, growers state that they are often not aware of 
organized activities. 

SUCCESS FACTORS: Critical success factors for networking in general are lowering the 
threshold between the network members and enhancing trust and transparency. Trust, or the lack 
of trust, were much-discussed issues for horizontal and vertical networks. With respect to net-
working with third parties, recently initiatives are launched by research institutes to decrease the 
threshold with the growers, which is mentioned as a significant improvement by the sector. For 
example, in Sietinet, trust is enhanced via a contract, guaranteeing that research results remain 
confidential and property of the company who asked the question. 

5. Conclusions 
The answers on the first research question of this paper ‘What kind of innovations are ap-

plied?’ reveal that ornamental growers have many possibilities in the domain of product, process, 
market and organizational innovation, which are often underutilized. In general, innovations in the 
ornamental plant sector are driven by high energy and labour costs, environmental regulations, 
product quality improvement and difficulties to market products.

The second research question is: What kind of networks are used? The findings indicate that 
a high diversity in network types is used, which can be categorized as horizontal and vertical 
networks and collaboration with third parties. Research question three investigates The role of 
networking in the contribution to the development and implementation of innovations? Among 
the respondents, networks are perceived as very important in the contribution to innovations, 
similarly to the finding of Omta (2004) and Pittaway et al. (2004). The fourth research question, 
which can only be answered on the basis of the previous findings focuses on the Investigation of the 
main bottlenecks and success factors for networking as a tool for innovation. Internal bottlenecks 
are the lack of human and financial resources, which are often linked to the size and structure 
of the company. In general, the internal bottlenecks observed are in line with previous studies in 
agribusiness in general (Avermaete et al. 2003; Scozzi et al. 2005; O’Regan et al. 2006; Kühne 
2011) and more specifically in ornamental plant production (Taragola and Van Lierde 2010; Van 
Lierde et al. 2011). External bottlenecks relating to horizontal networks involve strong competition 
between the network partners, leading to individualism and distrust. Also previous research in the 
ornamental plant sector confirms this lack of trust among the growers, which can be related to the 
individual commercialization structure with a small number of producers per product (Taragola 
et al. 2002; Taragola 2003; Van Lierde et al. 2007; Van Lierde et al. 2007). External bottlenecks 
relating to the vertical network are induced by conflicts of interest and disbelief that collaboration 
efforts could deliver greater benefits for all chain members. This is also a finding of Kühne (2011), 
which was also confirmed by Van Lierde et al. (2011) in their research in the ornamental plant 
sector. With regard to networks with third parties, important bottlenecks are the high threshold 
between the growers and research and governmental institutes, etc. and a low perceived added 
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value of organized network activities. However, recently some initiatives to lower this threshold 
are launched. The growers prefer to invest in company aligned information instead of in general 
information provided by governmental research institutes. Furthermore, the growers state that 
they are often not aware of organized activities. Critical success factors for networking in general 
are lowering the threshold between the network members and enhancing trust and transparency. 

Hence, growers should take advantage of the underutilized innovation possibilities through 
enhanced networking. This would increase the farmers’ insights into changing markets and con-
sumer needs and the necessary and relevant partners and information as trigger for innovation.

This study delivers valuable insights and implications for growers as well as network coordi-
nators. As also found in the literature on networking of small and medium sized enterprises (e.g. 
Birley 1985), an important recommendation is that growers as well as network coordinators should 
apply strategies to connect with each other in the most effective and efficient way.  
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DERIVING FULL PRODUCT COSTS FROM FARM  
ACCOUNTANCY DATA (AN APPLICATION FOR SWISS DAIRY 

FARMS IN THE MOUNTAIN REGION)

Markus Lips

Agroscope Reckenholz-Tänikon Research Station ART, Switzerland

Abstract
This paper derives the full cost or full product cost for all activities or production branches of 

a sample of 48 Swiss dairy farms in the mountain region. For this purpose, data from the Swiss 
Farm Accountancy Data Network (FADN) are used, applying a non-proportional approach for 
joint cost allocation among production branches. This results in a median full product cost of 
CHF 2.12 per kilogram of milk, which is in accordance with the literature. In order to cope with 
potential price cuts in future, labour input per kilogram of milk, which is responsible for 60% of 
the full product cost, must be substantially reduced.

Key words: full product costs, production branch, dairy, Switzerland, mountain region

1. Introduction
As a non-member of the European Union, Switzerland has a different agricultural policy in 

place from the common agricultural policy (CAP). The production of milk, Switzerland’s most 
important agricultural commodity, is supported by tariffs on all dairy products except cheese, as 
well as by subsidies for cheese production. As a result, the farm-gate milk price in Switzerland is 
substantially higher than in neighbouring regions such as southern Germany or Austria. In 2010, 
the average price for a kilogram of raw milk was CHF 0.621 (Federal Office for Agriculture, 2011), 
while prices in Bavaria and Austria were CHF 0.43 (EUR 0.31; Agrarmarkt Austria, 2011). A 
potential free-trade agreement for agricultural commodities between Switzerland and the European 
Union as currently under discussion would lead to a substantial drop in the producer milk price in 
Switzerland. Trade liberalisation represents a considerable challenge, especially for dairy farms 
in less-favoured areas such as the Swiss mountain region. Accordingly, a detailed knowledge of 
the present cost situation of dairy farms in the mountain region is of major interest. The full cost 
or full product cost of a kilogram of milk for a large group of dairy farms in the mountain region 
is a valuable source of information for dairy-farm managers and farm consultants, providing both 
the absolute size and cost structure of cost items.

Comprising several hundred dairy farms in the mountain region, the Swiss Farm Accountancy 
Data Network (FADN) provides direct costs for all production branches or activities. Joint-cost 
items such as labour, machinery or buildings are reported on a farm-wide basis. As usual, the 
allocation of joint costs to production branches is necessary in full product cost analysis in order 
to derive full product costs. Although a proportional joint cost allocation has been widely used, 
Lips (2012) suggested an approach allowing a non-proportional allocation, and applied this for 
Swiss crop farms. This paper is based on the same method, while extending it to farms with crops 
and animal husbandry and addressing the situation of Swiss dairy farms in the mountain region. 

1  CHF = Swiss Franc, exchange rates (Feb. 28, 2013): CHF 1 = EUR 0.82; CHF 1 = USD 1.08.
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Furthermore, since milk production consists of highly diverse sub-activities such as roughage 
production, breeding, and of course dairy-cow husbandry, this paper calculates full product costs 
at the sub-activity level. Subsequently, the full product costs per kilogram of milk are derived.

2. Method

2.1. Direct costs, land costs and joint costs
There are three categories of cost items to distinguish for the analysis: direct costs, land costs 

and joint-costs. Direct costs such as feed concentrates or veterinary services and products are 
recorded at the production-branch level by the Swiss FADN, ready to use for full product cost 
analysis. For land, the average costs per hectare must be calculated assuming homogenous land 
quality among all plant-production branches except for forest. The FADN provides the total rent 
for leased land, while the opportunity costs of own land are derived by applying the interest rate 
of Swiss federal term bonds.

The third class of joint costs such as labour and machinery is available in the FADN for the 
whole farm. Joint costs must be assigned in order to derive full product costs for production 
branches. For this, factors or items which are available for all production branches (e.g. area or 
working hours) are typically used (AAEA 2000). In our case, budgeted or forecasted costs for all 
joint-cost items and production branches are available at the production-unit level (e.g. hectare 
or livestock unit). From the FADN, we know the number of hectares or livestock units for all 
production branches. Consequently, we can calculate the farm-wide costs for joint-cost items 
such as machinery. In doing so, and assuming that the farm is perfectly in line with the budgeted 
costs from the farm-management literature, we arrive at the machinery costs of a particular farm, 
which can be compared to the farm’s actual machinery costs as reported by the FADN system. 
Based on these two figures, an adjustment factor can be calculated to allow adjustment of the 
budgeted machinery costs per production branch to the absolute size of the farm-wide machinery 
costs. In other words, the adjustment factor represents the ratio of the observed farm-level costs 
to the budgeted farm-level costs. Thus, when taken together, the budgeted costs of all production 
branches form the allocation key which is applied proportionally.

Although the proportional cost allocation outlined above is widely applied for joint-cost items, 
it has several major drawbacks. Firstly, all production branches are adjusted in the exact same 
manner. Consequently, the proportions between production branches remain constant. Secondly, 
all farms under consideration are treated equally.

As an alternative, Lips (2012) suggested a non-proportional joint cost allocation based on 
maximum entropy. As a precondition, the approach requires budgeted costs from the literature 
for all production branches and all joint-cost items. Furthermore, the approach is based on the 
assumption that the resultant joint costs at production-branch level lie in an interval between 
zero and twice the budgeted costs from the literature. Both interval boundaries are assigned with 
probabilities adding up to one – for instance, if both boundaries have a probability of 0.5, this 
yields the value from the literature. If farm-wide costs are greater than suggested in the farm-
management literature, the costs resulting after joint cost allocation lie above the budgeted costs 
for all production branches of the farm. In other words, the probabilities of the upper boundary 
are higher than 0.5, whilst the lower boundaries have probabilities below 0.5. The ‘maximum 
entropy’ approach provides the best probability distribution for all boundaries subject to a total 
allocation of actual joint costs at the farm level. There is a single solution, the typical outcome 
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of a ‘maximum entropy’ application which is suitable for overcoming data gaps2. This approach 
leads to a non-proportional adjustment, meaning that production branches with high budgeted costs 
undergo a more marked adjustment than branches with lower budgeted costs. Generally speaking, 
maximum entropy provides a probability distribution in which the adjustment of high budgeted 
costs is more likely than the adjustment of low costs. This corresponds perfectly to agricultural 
reality, in which the higher the absolute costs, the higher the possibility of cost adjustment. In 
addition, since the non-proportional joint cost approach is applied separately for each farm, a 
farm-specific joint cost allocation is provided.

2.2. Definition of production branches
Whereas Lips (2012) focused exclusively on farms with crop production, dairy farms in the 

mountain region include both animal and plant-production branches. Thus, to allow us to compare 
several types of animal production, another reference base besides hectares for plant-production 
branches must be introduced. Given that the necessary inputs for a single animal differ greatly 
(e.g. laying hen versus dairy cow), the number of animals would be misleading. The livestock 
unit (LU) is a potentially useful reference base, since necessary inputs have a similar magnitude, 
an important requirement for joint cost allocation. Accordingly, two reference units – hectares 
and LU units – are applied for the joint cost allocation.

The definition of production branches is of great importance. For instance, defining just two 
production branches – dairy production and the rest – does not take full account of deliveries 
within dairy production (e.g. hay to dairy cows). The fodder produced on-farm for the winter 
period, such as silage or roughage, can be used to feed dairy cows as well as sheep. Accordingly, 
we define roughage and silage maize as ‘own production’ branches3. For dairy livestock, we 
distinguish two production branches: on the one hand, dairy-cow husbandry, including labour-
intensive milking; on the other, the breeding of future dairy cows. This distinction is motivated 
by the substantial variation that exists between farms in terms of organisation. Some farms may 
outsource breeding, whilst others breed their own future dairy cows on-farm. In total, four produc-
tion branches are directly connected with dairy production: Silage maize, roughage, dairy-cow 
husbandry, and breeding. 

2.3.  Results per kilogram of milk
In order to derive the full product cost per kilogram of milk – an important piece of informa-

tion for dairy farmers and farm consultants – several steps must be taken to transform the full 
product cost of the dairy-related production branches. For this, we take advantage of additional 
data provided by the Swiss FADN, such as quantity of milk produced in kilograms.

As a first step, and based on the full product costs per hectare of silage maize and rough-
age, we calculate total costs for in-house fodder production by multiplying these values by the 
corresponding number of hectares. Next, we take the sum of both branches. Assuming that all 
ruminants require the same amount of fodder per livestock unit, we multiply these costs by the 
percentage of total ruminants represented by breeding and dairy-cow husbandry (all measured 
in livestock units). 

2 The ‘true’ joint cost allocation can be interpreted as a data gap.
3 The storage costs for fodder produced on-farm are accounted for in the ‘silage maize’ and ‘roughage’ 

production branches.
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Secondly, in order to obtain the total costs of the ‘dairy-cow husbandry’ and ‘breeding’ pro-
duction branches, we multiply these full product costs per livestock unit by the corresponding 
number of livestock units. The resultant costs are then added to the costs from step one, yielding 
the total costs for milk production.

Thirdly, we must bear in mind the different outputs of the composite branch of milk production. 
In addition to the production of milk, old cows are slaughtered and breeding animals can be sold to 
other dairy farmers. Assuming a joint production of all outputs, the total costs for dairy production 
must be multiplied by the percentage of total milk-production turnover represented by milk sales. 

Finally, the resultant total costs of milk production are divided by the total number of kilo-
grams of milk produced, less the milk used for breeding, in order to obtain the full product cost 
per kilogram.

3. Data
Because of the focus on dairy production in the Swiss mountain region, we use the accounts 

of Swiss FADN specialist dairy farms in mountain zones 1 to 4. A total of 12 production branches 
are defined in order to depict the typical agricultural activities of these farms. Besides the four 
dairy-related production branches mentioned in section 2.2 (silage maize, roughage, dairy-cow 
husbandry, breeding), three further branches dealing with plant production are important: cereals 
(wheat and barley), forest, and other plant production including potatoes, fruits, vines and specific 
ecological areas. Another five production branches are devoted to animal production: fattening 
cattle (including calf fattening), sheep and goats, pork (pig fattening and pig breeding), poultry 
(poultry fattening and laying hens), and other animals (e.g. horses and donkeys). 

The analysis is based on eight cost items in total, of which three are devoted to direct costs: 
purchased feed (feed concentrates and purchased roughage), veterinary services and products 
(including insemination), and other direct costs (e.g. seeds, fertilisers, and purchase of animals). 
Land is treated as a single cost item. Four cost items deal with joint costs: labour, machinery, 
buildings, and other joint costs (e.g. energy, telephone, insurance, and further training).

As regards labour, the Swiss FADN reports farm-wide labour input measured in working days. 
Labour is allocated to production branches in form normal working days rather than costs for 
labour. Working days are then rated with an opportunity cost of CHF 280 (10 hours per normal 
working day at CHF 28 per hour, Gazzarin, 2011). The machinery costs include depreciation and 
interest of invested capital as well as repair, maintenance and fuel costs. Machines associated with 
animal husbandry such as milking parlours are also considered part of machinery costs. Building 
costs take account of depreciation, interest charges and maintenance.

Since our focus here is on agricultural activities, we exclude farms involved in agriculture-
related activities of over CHF 5,000 in value. Otherwise, the allocation of joint costs, especially 
of labour, would not be possible. Using data from the year 2010, a sample of 48 dairy farms is 
available. On average, these farms have 15 dairy cows and cultivate 19 hectares of land. Whilst 
the production branches of roughage, dairy-cow husbandry and breeding are represented on all 
farms, the other branches are represented by between one and thirty farms in each case (Table 1). 
The analysis covers 206 production branches in total.

The budgeted costs are provided for all production branches and joint-cost items (Gazzarin et 
al. 2013; 48 values = 12 production branches x 4 joint-cost items). The values are derived from 
farm- management literature and calculated at a hectare or livestock-unit level, as appropriate.
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4. Results
Table 1 reports the full product costs per hectare or livestock unit for all production branches. 

In addition to the mean cost value, the minimum and maximum costs for the entire sample of 48 
farms are reported.

On average, the full product costs of dairy-cow husbandry amount to CHF 8,220 per livestock 
unit. Among the 48 farms, costs vary between CHF 3,515 and CHF 14,477 per livestock unit, i.e. 
by a factor of 4.1, thus indicating an enormous heterogeneity between farms. The differences for 
roughage (factor of 3.7) and breeding (factor of 4.2) are also substantial.

The full product costs derived per kilogram of milk are depicted in Table 2. In the mean of 
the sample, costs come to CHF 2.49, of which CHF 1.54 or 62% relates to labour, the main cost 
item. In second place, machinery costs account for CHF 0.36 per kilogram (14%). Cost positions 
three and four, purchased feed and buildings, respectively, are similar in size, accounting for 
around 7% each.

The resultant full product costs 
of three specific farms from the 
sample allow us to assess the het-
erogeneity in greater detail. Whereas 
the best farm has full product costs 
of CHF 1.23 per kilogram, the worst 
farm has a value six times larger, 
indicating an outlier. The median 
farm in terms of full product costs 
of milk has costs of CHF 2.12 per 
kilogram. Different production 
technologies might to some extent 
explain the differences in labour and 
building costs between the best and 

Table 1. Full product costs for all production branches in CHF per hectare or livestock unit

Production Branch Unit Number of 
Observations

Full Product Costs in CHF per Unit
mean minimum maximum

Cereals ha 5 4,245 2,778 5,463
Silage maize ha 2 8,130 3,708 12,551
Roughage ha 48 4,580 2,431 8,927
Forest ha 30 1,003 684 1,315
Other plant production ha 7 13,621 5,032 25,616
Dairy-cow husbandry LU 48 8,220 3,515 14,477
Breeding LU 48 4,734 2,377 10,076
Fattening cattle LU 1 7,956 - -
Sheep and goats LU 6 4,196 2,239 6,369
Pork LU 5 3,504 2,637 4,822
Poultry LU 1 3,763 - -
Other animals LU 5 4,281 3,050 5,192

ha = hectare; LU = livestock unit

Table 2. Full product costs in CHF per kilogram of milk
Mean Best 

Farm
Median 
Farm

Worst 
FarmCHF in %

Purchased 
feed 0.18 7.4 0.20 0.28 0.18

Veterinary 0.05 2.2 0.04 0.03 0.14
Other direct 
costs 0.06 2.4 0.02 0.05 0.12

Land 0.04 1.4 0.03 0.00 0.06
Labour 1.54 61.9 0.55 1.44 5.42
Machinery 0.36 14.4 0.19 0.19 0.83
Buildings 0.15 6.2 0.15 0.03 0.61
Other joint 
costs 0.10 4.1 0.05 0.11 0.20

Total 2.49 100.0 1.23 2.12 7.56
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the median farm. The best farm has probably invested in new buildings, enabling a substantial 
savings in working hours.

Figure 1 shows the full product costs per kilogram of milk for all farms in the sample. Between 
CHF 1.23 (best farm) and CHF 3.17 (42nd farm) there is a line with more or less the same slope, 
indicating that there are not even two farms with identical costs. Otherwise, groups of farms with 
similar costs would lead to several areas of the line with different slopes. At the far right of the 
graph, six farms with costs of over CHF 3.50 per kilogram are depicted, clearly indicating that 
a minority of dairy farms are either subject to specific circumstances (e.g. an extreme event), or 
have production systems that scarcely reflect economic realities.

5. Discussion and conclusions
Our results can be compared with two analyses of Swiss dairy farms in the mountain region. 

A typical Swiss dairy farm with 18 cows is included in the annual dairy report of the International 
Farm Comparison Network (IFCN, Hemme 2012) quoting costs of USD 2.42 or CHF 2.15 per 
kilogram, which are very close to those of our median farm. Haas and Höltschi (2012) analyse full 
product costs of 26 dairy farms in the mountain region with an average of 22 cows. They found that 
the average full product costs come to CHF 1.54 per kilogram of milk. Two reasons may account 
for the differences between the full product costs observed by Haas and Höltschi (2012) on the one 
hand and in our study on the other. Firstly, the dairy farms of the sample investigated by Haas and 
Höltschi are clearly larger than ours (22 cows on average as compared to 15 cows in our sample). 
Secondly, in the Haas and Höltschi sample, all participating farm managers regularly calculate 
their full product costs per kilogram of milk and compare their results in working groups, which 
represents a substantial effort in farm management. The said farm managers are therefore greatly 
interested in production costs, and can be assumed to have implemented cost-reducing measures. 
Consequently, their full product costs are markedly lower than those of the FADN sample.

Comparisons with the literature show that the applied approach leads to meaningful results. 
Furthermore, the comparison with Haas and Höltschi (2012) highlights just how important the 
attitude of the dairy-farm manager is.
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Figure 1. Distribution of full product costs for a kilogram of milk
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Bearing in mind that the average milk-producer price in Switzerland is around CHF 0.60 
per kilogram, we may draw the general conclusion that dairy production of the analysed sample 
(average CHF 2.49, median CHF 2.12) does not even come close to covering costs. Accordingly, 
a substantial part of the direct payments is used to cover production costs. In 2010, direct pay-
ments averaged CHF 73,000 per dairy farm in the mountain region (Mouron and Schmid, 2012). 
In addition, the assumed hourly wage of CHF 28 is far higher than is usually paid in practice.

The cost structure reveals that labour is the main cost driver, being responsible for around 
60% of full product costs. In order to cope with the additional price pressure that would result 
from a potential free-trade agreement between Switzerland and the European Union, the labour 
input per kilogram of milk must be reduced substantially. In addition, costs for purchased feed and 
machinery, both accounting for between 30 and 60% of the producer milk price, must be reduced. 

Consequently, there are two main conclusions for dairy farmers and farm consultants. Firstly, 
the efficiency of purchased feed must clearly be increased. Secondly, and more importantly, la-
bour and machinery inputs must be reduced – an objective which would appear to be possible, to 
judge by the dairy farm with the lowest costs in the sample. For this purpose, taking advantage 
of economies-of-scale effects by e.g. starting a cooperation with other farmers should prove a 
promising strategy.
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Abstract
Mushrooms have been cultivated in Swaziland since 2001 as part of a long-term programme 

which seeks to improve rural livelihoods through commercial production of non-conventional 
high-value commodities. Despite the availability of niche markets and various forms of support 
received by producers, Swaziland is still a net importer of locally consumed mushrooms. This study 
uses a value chain approach to identify the underlying factors constraining local production and 
producers’ participation in mainstream markets. Understanding the nature of these constraints is 
very important from a policy perspective as this process will inform the formulation of improved 
market access strategies required to achieve the programme’s overall objective. The findings indi-
cate that availability of marketable surplus is affected by production constraints emanating from 
lack of access to key inputs and services, which are more centralised and fully controlled by the 
government. While producers currently receive a minimum of about 64% share of the consumer 
price, their efforts to participate more profitably in mainstream markets are hampered by poor 
value chain governance and lack of vertical coordination, subjecting both producers and buyers 
to various forms of transaction costs. In attempting to address the identified constraints, this study 
makes several recommendations, which are reflective of producers’ socio-economic status and 
Swaziland’s institutional environment.

Key words: mushrooms, market participation, value chain, Swaziland

1. Introduction
Prior to 2001 mushrooms were not cultivated in Swaziland and their introduction was part of 

a United Nations Development Programme (UNDP)-funded initiative meant to assist Swaziland 
towards diversifying its agricultural base and improving rural livelihoods. The adopted strategy 
promotes the production of non-conventional high-value commodities (HVCs) that have not been 
explored by local farmers despite having a relatively high market demand in local and interna-
tional markets. Currently, Swaziland’s priority is placed on the oyster mushroom (Pleurotus spp) 
because it is the easiest and least expensive to grow (Chang and Miles, 2004). In contrast to other 
high-value food commodities (e.g., vegetables), mushrooms have relatively high levels of proteins, 
vitamins, dietary fibre and inorganic minerals (Guillamón et al., 2010). More importantly, they are 
effective in enhancing the human body’s defence against various types of cancers, viral infections 
(including HIV), diabetes, constipation and cardiovascular diseases (Roupas et al., 2012). Typi-
cal of HVCs, which are known for having a relatively high income elasticity of demand (Jaffee, 
1995), cultivated mushrooms are largely consumed by the urban working class and people with 
special diet preferences. These consumers usually purchase mushrooms from supermarket chain 
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stores, whose procurement policies provide an opportunity for small-scale farmers to participate 
in mainstream markets, enabling them to generate substantial returns (Emongor and Kirsten, 
2009). With over 63% of Swazis living below the US$2/day poverty line, of whom 75% reside 
in the rural areas (Government of Swaziland (GoS), 2011a), integration of rural-based small-scale 
producers into mainstream supply chains can enhance Swaziland’s fight against poverty, food 
insecurity and rural-urban migration.

Despite the availability of niche markets for local producers, over 95% of mushrooms con-
sumed in Swaziland are currently imported (Mamba, 2010). Since the mushroom development 
programme was incepted in 2001, no research has been done to study the underlying factors 
constraining local production and producers’ access to markets, an objective that this study seeks 
to accomplish. While a considerable number of studies have been done in Southern Africa on this 
subject (see Ortmann and King, 2010, for a review), mushrooms have not featured in the debate 
and previous findings and recommendations cannot be generalised because of different commod-
ity characteristics and institutional environments. Another point of departure is the use of a value 
chain approach (VCA), which enables the study to better identify unexploited opportunities and 
in response prioritise interventions that could improve operations at various stages of the entire 
chain. The following section outlines the data collection procedures. The results are presented in 
section 3, while section 4 concludes the article with policy recommendations.

2. Data collection
A “snowball” method (Goodman, 1961) was used to collect data from value chain actors. Ini-

tially, data were collected from a sample of 91 mushroom producers located in all the country’s four 
agro-ecological regions who identified sources of inputs and mushroom buyers. Interviews with 
input suppliers and market intermediaries also identified other actors and institutions influencing 
the value chain. Given the very low number of identified input suppliers and market intermediaries, 
it was not necessary to generate samples beyond the production stage. Therefore, interviews were 
conducted with representatives from all organisations identified by producers and other interviewees. 
The organisations comprised of three suppliers of production inputs, three mushroom training and 
extension service providers , six suppliers of marketing inputs, 19 mushroom buyers (five hotels, 
three restaurants, 11 supermarket chain stores, and two fruit and vegetable traders), and three public 
institutions responsible for enforcing agricultural marketing and trade regulations in Swaziland. 
Data from producers were gathered between December 2011 and January 2012, whereas interviews 
with other value chain actors were conducted between June and July 2012. Additional information 
came from site visits where activities related to mushroom production and marketing were directly 
observed. The next section presents the study results in a format that follows the mushroom value 
chain, highlighting the main activities and constraints encountered in every stage.

3. Results 

3.1.  Production of oyster mushrooms
The first activity in mushroom production relates to spawn (seed) development, which is cur-

rently done by the government through the Mushroom Development Unit (MDU). Government’s 
justification for having one supplier is that, as the industry is relatively new, consumers need to be 
protected from poisonous types of mushrooms, and producers from unscrupulous suppliers who 
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may provide them with a low quality product. The substrate bags, from which the mushrooms 
are grown, are donated by the government of Thailand and distributed by the MDU to producers 
for free. Substrate materials are readily available countrywide. However, the technology used 
to prepare the material, also donated by the government of Thailand, is available in four areas 
countrywide and not easily accessible to producers. After inoculation (planting), the bags are 
kept in an incubation room for about three to four weeks and will thereafter be ready to produce 
mushrooms. The incubation room is only available in one location and can only accommodate a 
limited number of bags at a time. After this period, the bags are withdrawn and transported by the 
MDU to producers’ growing houses. Currently, producers are not charged for transportation of 
inoculated bags. While some producers have managed to construct their own incubation houses, 
the limited number of access points for spawn and substrate preparation technology makes it dif-
ficult to increase production capacities.

3.2.  Marketing of oyster mushrooms
Currently, no cultivated mushrooms are exported from Swaziland and producers have not yet 

engaged in any form of mushroom processing. Instead, from what they harvest, about six to ten 
percent is consumed at household level and the remainder sold through four channels identified as:
• Channel I (Farm gate):  Producers → Consumers;
• Channel II (Retail market): Producers → Supermarkets → Consumers;
• Channel III (Middlemen): Producers → Middlemen → Supermarkets → Consumers;
• Channel IV (Food services industry): Producers → Restaurants/hotels → Consumers.

About 528 kg of fresh oyster mushrooms were traded by the sampled producers between 
November 2011 and January 2012 through the identified channels. Further analysis indicated 
that 42% was sold through the farm gate and 52% through the retail market, whereas 2 and 4%, 
respectively, were sold through middlemen and the food services industry. Consumers at the farm 
gate are generally comprised of rural community members, whereas in the retail market and food 
services industry they include the urban working class, tourists and customers with special diet 
preferences. Restaurants and hotels sell processed mushrooms unlike retail outlets where raw 
mushrooms are marketed.

Middlemen consist of “entrepreneurial” mushroom producers who are able to negotiate bet-
ter deals with some retail outlets. These producers buy already-packed mushrooms from their 
counterparts at the farm gate price for onward sale at a better price; hence, benefitting from the 
margin. Because of low locally-produced volumes, supermarket chain stores, the major mushroom 
traders, often source a relatively large proportion of their mushroom stock through their South 
African-based distribution centres. Together with restaurants and hotels, supermarkets also buy 
from local fruit and vegetable traders who import mushrooms from South African fresh produce 
markets. In the absence of stock from private traders, restaurants and hotels buy imported mush-
rooms from local supermarkets. Details on imports from traders could not be obtained due to 
the sensitivity of such proprietary information. However, information gathered from mushroom 
traders indicates that because its flavour and appearance, the button mushroom (Agaricus spp), 
currently not produced in Swaziland, has a relatively high consumer demand compared to the 
oyster. Marketing margins and market intermediaries’ share of consumer price are discussed in 
the next section.
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3.3.  Marketing margins and intermediaries’ share of consumer price
Following Hardesty and Leff (2009), marketing costs and returns, as shown in Table 1, were 

estimated using value chain actors’ description of the chronological sequence of activities performed 
from the period when mushrooms are harvested to the point when they are finally sold to consumers.

Computations were made on a per unit basis (kg of fresh mushrooms) for a producer who 
manages an enterprise of 400 substrate bags, the minimum enterprise size for sampled producers, 
assuming he/she supplies the same amount of mushrooms to the identified alternative marketing 
channels. Marketing costs comprise of costs of packaging materials, labour and transportation costs. 
Even though producers do not use hired labour, labour costs were estimated based on the average 
time taken to perform each marketing activity and Swaziland’s official minimum wage rates.

Upon receiving the already-packed mushrooms, supermarkets screen them for quality using 
their own procedures which are based on visual inspection for browning, weight loss and microbial 
spoilage. The mushrooms are then displayed in refrigerators and generally sold out within a day. 
Restaurants and hotels add value by cooking the mushrooms as part of different recipes. However, 
given that mushrooms are rarely cooked alone, but in combination with various food products and 
ingredients, costing the value added by the food services industry proved to be an insurmountable 
challenge. Hence, the analysis for channel IV could not be included in this discussion.

Table 1. Market intermediaries’ share of oyster mushroom consumer price in Swaziland, 2012

Marketing 
channels*

Market 
intermediaries Particulars of marketing E/kg** Share of 

consumer price***

I Producer Marketing costs (MC) 5.67 100%Sale price (SP) to consumer 41.00

II

Producer Marketing costs (MC) 10.34 80.3%Sale price (SP) to retailer 51.80

Retail

Purchase price (PP) 51.80

19.7%Marketing costs (MC) 0.25
Sale price (SP) to consumer 64.53
Marketing margin (MM = SP - PP) 12.73

III

Producer Marketing costs (MC) 5.09 63.5%Sale price (SP) to consumer 41.00

Middlemen

Purchase price (PP) 41.00

16.7%Marketing costs (MC) 9.38
Sale price (SP) to retailer 51.80
Marketing margin (MM = SP - PP) 10.80

Retail

Purchase price (PP) 51.80

19.7%
Marketing costs (MC) 0.51
Sale price (SP) to consumer 64.53
Marketing margin  
(MM = SP - PP) 12.73

Notes:
*  Channel IV is not included for reasons explained in the text.
** ‘E’ denotes Emalangeni, the Swaziland currency. E1 = US$ 0.1086 on 18th April 2013 (Central Bank 
of Swaziland, 2013).
***   Share of consumer price indicates the magnitude of returns earned by different market intermediaries 
in each channel. It is expressed as a percentage of the price paid by the final consumer. See Shepherd 
(2007) for details on the methodology.
Source: Survey data (2011/12)
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Under the current programme, where farmers are supported with free substrate bags and trans-
portation of inoculated bags, the cost of producing oyster mushrooms was estimated at E8.99/kg, 
with returns over variable costs of about E27.91/kg. Without the support, production costs would 
increase by approximately E3.57/kg. Table 1 shows that producers’ share of the consumer price 
in all marketing channels are relatively larger than shares of other market intermediaries. In terms 
of net returns, producers earn E25.35/kg from selling at the farm gate, E25.92/kg from selling 
through middlemen and E20.67/kg from selling directly to the retail market. Even though the net 
returns are comparatively lower from selling directly to the retail market, mainly as a result of 
transportation costs, producers prefer this option as it offers a relatively more stable and depend-
able market. Besides the absence of written marketing contracts and having less bargaining power 
in setting exchange prices, producers do not have to rely on unpredictable buyer turnout as is the 
case with the farm gate option. Major institutional factors constraining mushroom production and 
value-addition are discussed in the following section.

Marketing institutional environment

When the mushroom programme was incepted, a formal market was established with the Na-
tional Agricultural Marketing Board (NAMBoard), which collected mushrooms from producers 
using a refrigerated van. However, because of the limited production capacity and inconsistent 
supply, NAMBoard (a government parastatal) withdrew its support after two years, leaving pro-
ducers to establish their own informal marketing arrangements. Ironically, mushrooms are listed 
under NAMBoard’s scheduled products, implying that for every import of mushrooms, the para-
statal receives a levy equivalent to 7.5% of the total value. Government’s regulations dictate that 
NAMBoard should use the levy to develop local capacity to produce the same commodity (GoS, 
2011b). However, in spite of Swaziland importing over 95% of locally consumed mushrooms 
valued at about E2.4 million annually (NAMBoard, 2012), no tangible investment has been made 
by NAMBoard in the mushroom industry thus far.

Despite the various forms of mushroom processing opportunities (see Rai and Arumugana-
than, 2008), substantial investment in commercial processing and value-addition in Swaziland is 
partly constrained by the unfavourable regulatory framework. For instance, Swaziland’s Canning 
Control Act (GoS, 1961) gives the power for controlling the development of food processing and 
marketing to the Minister of Agriculture through issuing of licences. This Act, which also gives 
the Minister the prerogative to issue an exclusive “canning” licence to “any person for such period 
as he may deem fit”, hinders the participation of prospective investors. In view of the possible 
increase in market supply (as a result of diversification, improved production capacity and stag-
gered production schedules), parallel plans are required to establish an integrated value chain 
governance system. Drawing from the identified constraints, the next section presents possible 
options that could be considered in fulfilling the above expectations.

Possible interventions for upgrading the mushroom value chain governance  
and coordination system

While Swaziland currently prioritises the oyster mushroom, this study highlights the importance 
of other types of mushrooms, especially the button. Diversification could create a demand for more 
inputs. Substrate availability should not be a major challenge given the abundance of agricultural and 
industrial waste in Swaziland. However, considering that training, spawn production and the technology 
used for substrate preparation are centralised and only offered by the government, it would benefit the 
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entire industry if such services are privatised allowing the government to assume a monitoring role. 
Despite that buyers did not identify quality as one of their major concerns, the absence of measurable 
quality standards subjects producers to having their mushrooms bought at lower prices or even rejected 
without justification. Furthermore, as the industry expands, parallel trade in wild mushrooms is likely 
to emerge. In the absence of mushroom food safety standards, this kind of trade could compromise the 
lives of consumers and the industry’s reputation as desperation for income could lead to opportunists 
selling even the poisonous type of mushrooms to unsuspecting consumers.

With the current lack of coordination in mushroom marketing, major buyers are not spared from 
encountering transaction costs, given the small-scale exchanges they engage in with individual 
producers. However, changes that could allow the same volume of business to be concentrated 
in a smaller number of relatively larger and more secure transactions would benefit buyers and 
producers alike. This can be made possible by promoting collective marketing through farmer 
groups. In view of the sparse distribution of producers, marketing and transaction costs could 
also be reduced by establishing collection centres (fitted with cold storage facilities) in strategic 
areas and using refrigerated vans to convey mushrooms from these centres to mainstream markets. 
These assets would be important in preserving product quality and freshness.

Considering that current mushroom producers have limited agribusiness exposure, some form 
of assistance would be required to improve their competitiveness in the value chain. Engaging a 
facilitator who would, among other expectations, provide information and technical assistance 
could enhance producers’ prospects to even venture into export markets. While a number of agen-
cies, such as NGOs, could be considered, NAMBoard would be better suited for this role. Despite 
their subdued performance since establishment in 1985, some positive lessons could be drawn 
from NAMBOARD’s recent experience in linking local vegetable producers with export markets 
and the attainment of Global Good Agricultural Practice (Global G.A.P) certification. Hence, an 
option that could be viable under the current environment would be to use the revenue generated 
from mushroom import levies to fund the establishment of collection centres and purchase of 
refrigerated vans, which would operate under joint management of NAMBoard and mushroom 
producing groups. NAMBoard, working jointly with farmer groups, would assume the responsi-
bility to find remunerative markets. In order to sustain the groups’ activities and cover recurrent 
expenses, a small fee per kg of mushrooms sold could be deducted from individual sales. Similar 
strategies were successfully implemented to assist Kenyan small-scale milk and banana producers 
(Staal et al., 1997; Fischer and Qaim, 2012).

4. Conclusions and policy recommendations
This study sought to identify the underlying factors constraining mushroom production and 

producers’ access to markets in Swaziland. Using a value chain approach, the results indicate 
that producers’ plans to expand production capacities and improve consistency in market supply 
are hampered by the difficulty in accessing key inputs such as spawn, substrate preparation tech-
nology and incubation services. Other constraints relate to the lack of diversification as farmers 
currently produce the oyster mushroom, yet major buyers are interested in the button, which has 
a relatively high consumer demand. Although producers currently realise a relatively larger share 
of the consumer price, more benefits could be realised if certain services currently offered by the 
government could be privatised. In view of the possible increase in market supply, it is important 
that an integrated value chain governance system is established in an attempt to enhance market 
access and facilitate the movement of mushrooms from producers to consumers.
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Abstract
A concern that is frequently raised by livestock farmers is the relationship between the pro-

ducer- and retail prices. A perception also exists among producers that the market prices are set 
by the retailers. The objective of this study thus is to determine if these problems do exist. Ac-
cording to the results obtained from the statistical analysis it is clear that the allegations of the 
red meat farmers and feedlots is not true in most of the cases. The analysis indicated that three 
of the four investigated retailers do follow the same price trend and that there is a bi-directional 
relationship between the retail and carcass prices in two of the instances. It is however recom-
mended that asymmetry in price transmission in the Bloemfontein beef value chain be tested as 
more data becomes available.

Keywords: beef, value chain, price transmission

1. Introduction and problem statement
Since the deregulation of the agricultural markets in South Africa there has been an increasing 

trend of concentration in certain businesses in agricultural value chains and in turn could result in 
anti-competitive behaviour.  A frequently proxy used for oligopolistic or monopolistic behaviour 
is the nature of price transmission in a particular value chain (Spies, 2011).

Due to the above, a concern that is frequently raised by livestock farmers is the relationship 
between the producer- and retail prices, or the variation in the price margin between the carcass 
price that the farmer or feedlot receive and the retail price that the consumer pays.  A perception 
also exists among producers that the market prices are set by the retailers.  The Free State Red 
meat Producers Organisation (FSRPO) has tasked the department of Agricultural Economics at 
the University of the Free State to investigate the price transmission in the Bloemfontein area of 
the Free State Province, South Africa.  

The objective of this study is to determine if the retail prices are derived from the carcass 
price and if these prices follows the same trend.  To achieve the above mentioned the following 
have to be done:
• determine the order of integration of price variables,
• determine the long run relationship between carcass and retail prices,
• determine the direction of causality between the price variables.

2. The South African beef value chain and price formation
The South African beef value chain is represented in Figure 1. Although there may be some 

parts of the value chain that was not included in the figure, this version was simplified to focus 
more specifically on the problem of price transmission and the specific linkages that are addressed 
in this study. The main role players in the South African beef value chain are the:
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• Farmers (Producers).  There are approximately 37 500 commercial, 240 000 emerging and 3 
million subsistence beef cattle farmers in the country (Spies, 2011). The breeds and production 
methods differ between farms and production regions. Most of the farmers make use of the 
weaner production system, where the weaned calves of approximately 7 months of age are 
sold to a feedlot. Some of the indigenous breeds can however be raised on the natural grazing 
and are directly send to an abattoir for slaughtering.

• Feedlot sector. Between 65 and 70% of all cattle that are slaughtered in South Africa come 
from the feedlot sector. Feedlots buy the weaned calves at an approximate weight of 230kg 
(live) and then increase the weight to 400kg (live) over a period of approximately 113 days 
before it is slaughtered. Feedlots with different standing capacities, from a few animals to 
more than 110 000 animals, exist in South Africa. The total standing capacity of the feedlot 
industry is about 450 000 animals at any given point in time, delivering approximately 1.5 
million animals annually (Spies, 2011).

Consumers)

Other)markets)

Supermarkets) Butcheries)

Processors)

Commercial)and)seedstock)
farmers)

Emerging)and)subsistence)
farmers)

Feedlot)sector))

Other)

Figure 1. South African beef value chain
Source: Adapted from Spies 2011

• Other markets. The other markets in the beef value chain include, but are not limited to, 
informal butchers (18%), auctions (41%) and festivities (35%). Most of the cattle from the 
emerging or small-scale sector enter these markets but some animals from commercial farmers 
may also be sent through these channels.

• Abattoirs (Commodity processors). The abattoir sector plays a very important role in the beef 
value chain as it transforms live animals to meat. Throughout South Africa there are approxi-
mately 488 red meat abattoirs slaughtering from 2 to 1500 units per abattoir per day (Spies, 
2011). Many of the large feedlots own their own abattoirs and are thus vertically integrated.

• Retailers (Food product processors). Retailers in this study are considered as all outlets sell-
ing red meat products and include, but is not limited to, supermarkets and butcheries. There 
are 4 large supermarket chains in South Africa and numerous independent butcheries and 
other outlets of beef. The supermarkets usually have a butchery that processes the carcasses 
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to different cuts of meat and other products. The consumer buys the final product direct from 
one of the retailers.

• Consumers. In South Africa there are approximately 48.6 million consumers of beef with an 
average per capita consumption of 17,96 kg / year. 
The black areas and linkages in Figure 1 are those that form part of this study while the grey 

areas were omitted. The one set of price data that was used for this study was received from the 
Red Meat Abattoir Association (RMAA) and are the carcass prices that they pay to the producer 
or feedlot. The abattoir then sells these carcasses to the supermarkets and butcheries for the same 
price they bought it for as their profit comes from the fifth quarter of the carcass that is sold sepa-
rately. The other set of price data is the retail prices for meat that was collected on a weekly basis 
at three supermarkets and a butchery in Bloemfontein. The supermarkets and butchery process 
the carcasses and then sell the individual cuts at a price that reflects the value of the specific cut, 
the margin of the supermarket and the Value Added Tax (VAT) on the product.

If the carcass price and the retail price rump steak are compared in a graph it is clear to see 
that there seems to be a problem.  Figure 2 indicates that the retail price of rump steak do not 
follow the same trend as the carcass price.  The retail price used in the graph is only representa-
tive of one supermarket, but allowing small differences the prices of the other supermarkets and 
butchery basically looks the same.

It must however be remembered that a carcass consists of more than one cut and that assump-
tions cannot be made on the comparison of only one of the higher value cuts. The representative 
retail price of the carcass that the supermarket sells it for must be calculated using the retail prices 
of different (high and low value) cuts.  

Table 1 gives an indication of the standard “Block Test” that is used by abattoirs to determine 
the retail prices for the different cuts.  The factor assigned to each cut gives an indication of the 
value of the specific cut.  The percentage of the cut as related to the total carcass stays the same, 
but retailers may vary the factor according to the demand for the product.  The factor multiplied 

Figure 2. Comparison between the carcass price and retail price of rump
Source: RMAA (2012) and own data
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with carcass price calculates the price the retailer will sell the specific cut for after including a 
margin (approximately 30%) and Value Added Tax (14%).

3. Data and methods
The carcass price in Table 2 of grade A2/A3 carcasses was received from the RMAA on a weekly 

basis for the year 2012.  These prices represent the average price that abattoirs paid producers 
(farmers/feedlots) for the carcasses in South Africa.  Although these prices may differ a bit between 
regions the difference is relative small and the country average price thus remains a good indication.

The retail prices in Table 2 were collected from three supermarkets (S1, S2 & S3) and a butch-
ery (B) in Bloemfontein on a weekly basis by visits to these outlets once a week. The retailers that 
were used are all situated in one extension of Bloemfontein and thus attract buyers with more or 
less the same purchasing power and preferences.  The prices of three different cuts were used in 
the analysis.  To calculate good representative carcasses price the data for fillet (high value), rump 
(medium value) and stew (low value) were used.  The prices of the individual cuts were divided by 
the factor and the average calculated price then serves as the carcass price the retailer sells the beef 
for. The data is already adjusted for a two-week lag interval between the carcass price and the retail 
price allowing for the time it takes to process the carcasses and get the individual cuts on the shelves.

The methodology employed in this paper entailed three steps. The first step was the unit root test. 
This step is to confirm the order of integration of the variables used. The unit root test was conducted 
by the Augmented Dickey-Fuller (ADF) test statistics under the assumption that the series in ques-
tion is non- stationary around fixed time trend (Dickey and Fuller, 1981). If the hypothesis cannot 
be rejected then a single difference will be performed to ensure that all variables are stationary. 

The second step, once statistical properties of variables are confirmed, is to conduct the co-
integration tests. The Johansen (1998) methodology is applied in this study. The test is about 
testing the rank of π in equation1:
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Table 1. Block test for beef price formation

Source: Spies (2011) and own calculations
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Week A2/A3 S1 S2 S3 Butchery Week A2/A3 S1 S2 S3 Butchery
1 R32.86 R55.81 R51.15 R54.59 R49.24 27 R25.95 R50.36 R52.01 R48.97 R44.95
2 R32.74 R55.81 R51.15 R54.59 R49.24 28 R26.05 R50.36 R46.92 R48.97 R44.95
3 R30.86 R55.46 R51.14 R54.59 R49.24 29 R26.23 R50.36 R46.92 R48.97 R44.95
4 R30.29 R55.44 R51.15 R51.68 R50.53 30 R26.90 R50.36 R46.92 R48.97 R44.95
5 R30.00 R55.44 R51.17 R52.37 R50.53 31 R27.53 R50.36 R46.92 R48.97 R45.60
6 R29.70 R55.44 R51.17 R52.37 R48.54 32 R28.36 R51.39 R46.92 R48.97 R46.01
7 R29.04 R55.44 R51.17 R52.37 R48.54 33 R29.53 R51.39 R46.92 R48.97 R46.01
8 R27.97 R55.44 R51.17 R52.37 R48.54 34 R30.85 R54.10 R48.64 R48.97 R49.12
9 R27.96 R55.44 R51.93 R52.37 R48.54 35 R31.96 R54.10 R48.64 R53.11 R49.12

10 R27.96 R54.41 R53.65 R52.37 R46.48 36 R33.03 R54.10 R48.64 R52.77 R52.10
11 R28.00 R54.41 R51.93 R51.22 R46.48 37 R33.18 R55.08 R50.09 R52.37 R52.10
12 R27.70 R53.38 R51.93 R51.22 R46.48 38 R32.98 R55.42 R49.05 R53.60 R52.22
13 R27.65 R53.00 R51.93 R51.22 R46.48 39 R33.14 R55.42 R49.05 R53.60 R51.11
14 R27.57 R53.01 R51.93 R51.22 R46.48 40 R33.01 R55.42 R50.09 R56.83 R51.11
15 R27.35 R51.73 R51.93 R49.16 R45.43 41 R33.79 R56.44 R50.09 R57.08 R51.11
16 R26.98 R51.73 R51.93 R49.16 R45.43 42 R33.26 R56.44 R49.05 R56.83 R51.11
17 R25.41 R51.73 R48.62 R49.16 R45.43 43 R33.30 R56.44 R50.09 R56.83 R51.11
18 R27.01 R51.73 R48.62 R50.53 R45.43 44 R33.07 R56.44 R49.05 R56.49 R51.11
19 R26.20 R51.73 R48.62 R50.53 R46.48 45 R33.22 R56.44 R49.05 R56.49 R52.22
20 R27.19 R51.73 R53.71 R50.53 R46.48 46 R32.60 R56.44 R49.05 R56.49 R52.22
21 R26.88 R51.73 R53.71 R50.53 R46.48 47 R32.38 R56.44 R49.05 R56.49 R52.22
22 R26.49 R51.73 R53.71 R49.16 R46.48 48 R31.89 R56.44 R49.05 R56.49 R52.22
23 R26.49 R51.73 R53.71 R49.16 R46.48 49 R31.96 R55.76 R49.05 R56.49 R52.22
24 R25.99 R51.63 R50.82 R47.76 R46.48 50 R32.05 R55.76 R49.05 R56.49 R52.22
25 R25.94 R51.63 R50.31 R47.76 R46.48 51 R32.14 R56.10 R49.05 R54.78 R52.22
26 R25.87 R50.36 R50.31 R48.97 R46.48 52 R29.67 R56.10 R49.05 R56.49 R52.22

Source: RMAA (2012) and own data collection and calculations

Table 2.  Abattoir carcass and calculated retail carcass prices

Where tx  is an (n×1) vector consisting of a random variable which are I(1), π is an (n×n) 
matrix, tψ is an (n×1) vector of disturbance terms, and k is lag length to be determined based 
on various model selection criteria such as the Bayesian information criterion (BIC) and Akaike 
information criterion (AIC). Co-integration is said to be confirmed when the rank (π) ≠ 0.

The final step is the determination of causal directions among variables to identify whether 
causality runs from producers to retailers or vice versa using the Granger causality test (Granger, 
1969). The F-statistics was employed to test the causal relationships based on the bivariate au-
toregressive model. The bivariate regression is of the form:

tltlttltt xxyyy ψββααα +++++++= −−−− ...... 111110

 
(2)

tltlttltt yyxxx εββααα +++++++= −−−− ...... 111110
   (3)

For all possible pairs of (x, y) series in the group. The reported F statistics are the Wald sta-
tistics for the joint hypothesis:

0...21 ==== lβββ
  (4)
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4. Results and discussion 
By comparing the carcass price with the different retail prices (data from Table 2) on a graph 

(Figure 3) it is clear to see that S1, S3 and the Butchery follows more or less the same trend as 
the carcass price. S2 however, do not even come close to the trend of the other prices. The graph 
thus indicates that there may be a larger problem with price transmission between the carcass 
price and S2 than between the carcass price and the other retailers. To proof this statement it is 
necessary to discuss the findings of the statistical analysis.

Figure 3. Comparison of carcass and retail prices
Source: RMAA (2012) and own calculations

5. Stationary test result
Table 3 shows the Augmented Dickey Fuller (ADF) tests for unit root. The null hypothesis for 

this test is that there is a unit root (non-stationary), with the alternative of stationarity. The test is 
carried out at both levels and first differences with intercept and trend components included where 
applicable. The results show that only S2 is stationary at levels while other prices are stationary 
at first difference. This means that S2 do not varies over time since the fluctuation of the price 
in both directions (increase and decrease) are equal. The carcass (A2/A3) price and the prices 
of the other retailers (S1, S3 and Butchery) do vary over time and the possibility of a long-term 
relationship between the carcass price and any one of these retailers does exist.

Table 3. ADF Unit root test: H0: There is unit root
Prices Lag Length ADF 

Statistics
Critical 

Value (95%)
Lag Length ADF 

Statistics
Critical 

Value (95%)
Levels First Difference

A2/A3 2 -1.5514 -3.1818 1 -2.6349 -2.5992
S1 0 -1.3363 -3.1796 0 -7.0456 -3.1807
S2 0 -3.1819 -3.1796 0 -7.8780 -3.1807
S3 0 -1.9070 -3.1796 0 -7.8656 -3.1807
B 2 -2.0440 -3.1818 1 -3.9428 -3.1818
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6. Johansen Co-integration tests result
The main objective of this section is to determine whether the linear combination of producer 

(A2/A3) and retail (S1, S2, S3 & B) prices has a long-run relationship; that is, if in the long-run, the 
prices move together. Johansen (1998) approach was adopted in this study. The Trace statistic and 
the maximal eigenvalue (λmax) statistic are used to determine the co-integrating rank, i.e. the num-
ber of co-integrating vectors. The results of the co-integration tests are presented in Table 4 below.

In Table 4, the Trace and Maximum Eigen Statistics indicate two co-integrating equations at 
5% level for A2/A3 and S1 and one co-integrating equation for A2/A3 and S3 and A2/A3 and B 
respectively. However, there exists no cointegrating equation between A2/A3 and S2. The exist-
ence of co-integration implies that the variables have a stable equilibrium relationship(s) to which 
they return after short-run deviations. It also indicates that they share a certain type of behaviour 
in terms of their long-term fluctuations. 

Table 4. Johansen Co-integration Test: Trace and Max-Eigen Statistics
Null hypothesis Trace statistic 5% critical value Max-Eigen 

Statistic
5% critical value

A2/A3 and S1
H0: r = 0 24.6980** 15.4947 17.8020** 14.2646
H0: r ≤ 1 6.8959** 3.8415 6.8959** 3.8415
A2/A3 and S2
H0: r = 0 24.4836 25.8721 18.0045 19.3870
H0: r ≤ 1 6.4791 12.5180 6.8959 12.5180
A2/A3 and S3
H0: r = 0 26.7912** 25.8721 20.4643** 19.3870
H0: r ≤ 1 6.3269 12.5180 6.3270 12.5180
A2/A3 and B
H0: r = 0 28.1932** 25.8721 20.2079** 19.3870
H0: r ≤ 1 7.9853 12.5180 7.9853 12.5180

** denotes rejection of the hypothesis at the 5% significance level

The results thus indicate that of the four retailers only S2 do not have a long term stable equi-
librium relationship with the carcass price.  

7.  Granger Causality test result
This section aims at determining the direction 

of causality between the retail and carcass prices. 
Table 5 presents the result of the test. It is clear 
from the table that Granger causality ran both 
ways for A2/A3 and S1, one way for A2/A3 and 
S2, both ways for A2/A3 and S3 and finally one 
way for A2/A3 and B. The retail prices of S1, 
S3 and B do thus follows the same trend as the 
carcass price, while the price of S2 does not. The 
bi-directional behaviour of the beef market shows 

Table 5. Granger Causality Test Results
Null Hypothesis F Statistic Probability
A2/A3    S1 
S1    A2/A3

11.6040 
3.6811

0.0000* 
0.0331**

A2/A3     S2 
S2     A2/A3

0.8216 
7.9235

0.4462 
0.0011*

A2/A3     S3 
S3     A2/A3

4.4399 
7.9235

0.0174** 
0.0015*

A2/A3     B 
B     A2/A3

10.0581 
1.8487

0.0002* 
0.1692

* and ** denote significance at 1 and 5% 
significance level respectively.

=>/

=>/
=>/

=>/
=>/

=>/

=>/
=>/
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that the perception of farmers that the retailers set the market price is not entirely true.  The retail 
price is determined by the carcass price and the bi-directional behaviour comes from supply and 
demand differences in the beef market throughout the year.

8.  Conclusions and recommendations
According to the results obtained from the statistical analysis it is clear that the allegations of 

the red meat farmers and feedlots is false in most of the cases.  The analysis indicated that only 
one of the four retailers who’s data was used do not maintain a steady price margin over time 
and thus do not follow the same price trend as the carcass prices.  It further indicates that the 
perception of retailers setting the market price is false as well as the results indicated that there 
are a bi-directional influence between the carcass and retail prices that are brought about by the 
changes in the demand and supply of the beef market through the year.

The results of the study do not provide any direct solutions for the producers of beef, as they 
receive the same price for their product no matter in through witch retailer it will be sold. It does 
however shows that the largest part of the retail market do not indicate on any sign of problems with 
the price transmission from the producer to the consumer. The one retailer that do show problems 
with price transmission should however be brought under the attention of consumers. By educating 
consumers on the pricing mechanism of meat and the differences that exist between the prices of 
the different retailers the consumers will be able to make a more informed purchasing decision.

The data set that was used for this study only contains the weekly price data for a year (52 
observations) and was too short to test for asymmetric price transmission.  It is however recom-
mended that it should be done as more data sets become available.
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Abstract
This article uses a theoretical model to show that instability in international markets of ag-

ricultural commodities may increase as a consequence of power imbalance exiting in the food 
chain supply. This instability, in turn, may cause negative impacts on the environment. The article 
argues that in order to minimize this problem, informational strategies should be implemented 
at the farming level.  

Keywords: export instability, oligopolistic international markets, farming sector

1. Introduction
The issue of export instability has been studied for more than three decades. According to 

some empirical works, export instability is caused mainly by fluctuations in imports and exports 
of commodities. For example, Adebusuyi (2004) found that cyclical change in consumers’ in-
come is one of the factors that have increased import fluctuations. A related result was found by 
Wong (1986). According to this researcher, variability in GDP per capita is strongly significant 
in explaining export instability, although this factor is not dominant. On the other hand, Jansen 
(2004) and Malik and Temple (2005) found that export concentration is a strongly predictor of 
terms of trade volatility. Finally, Prasad (2000) found that short term fluctuations in export are 
dominated by the supply side shock. 

Different negative effects of export instability have been identified. Empirical evidence has 
revealed that economic growth is negatively impacted by this instability (see for example Gymah-
Brempong, 1991; Lutz, 1994; Turnovsky and Chattopadhyay 2003; Jansen, 2004; and Malik and 
Temple, 2005). In relation to this effect, Ramey and Ramey (1991) argue that income fluctuation 
caused by export instability can affect firms’ commitment to invest in technology reducing, in 
this way, economic growth. This argument was confirmed by Ramey and Ramey (1995). Another 
negative effect of export instability is related to farmers’ welfare. According to Bourguignon et al 
(2004), developing countries depend strongly on agricultural export which is subject to external 
volatility. Nonetheless, households can smooth consumption when this instability is transitory. 
The problem is that farmers in these countries normally face capital restrictions and lack of credit 
facility making consumption smoothing difficult. 

The standard policy recommendation that has been proposed to reduce export instability is 
export diversification. This is because the instability of portfolios composed of commodities with 
prices that are negatively correlated is reduced (for a discussion, see Stanley and Bunnag, 2001; 
Adebusuyi, 2004; and Chami Batista, 2004).

While these investigations have been useful in identifying some sources of export instabil-
ity, they have neglected the existing power imbalance that is present in the food supply chain in 
several countries. As a consequence of this power imbalance, international markets of agricultural 
commodities operate now under oligopoly.  
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Different evidence and arguments has been used to inform about the existence of oligopolistic 
competition in international markets of agricultural commodities. One of them postulates that the 
industrialization of agricultural markets has generated larger firms that are more tightly aligned 
across the production chain and more concentrated due to their larger scale. According to Boe-
hlje and Doering (2000), this concentration can be sufficient to exercise oligopolistic power. For 
example, it is recognized that the vertical relationship between suppliers and retailers of fresh 
produce in the UK is dominated by nine large retailers, Tesco being the largest of these (White, 
2000; and Duffy et al., 2003). McCorriston (2002) argues that this is one of the reasons of why 
researchers should consider the assumption of oligopoly when studying international markets 
of agricultural commodities. In particular this author points out: “Arguably, it is the high and 
increasing concentration in food retailing that is the most distinguishing feature of the European 
food chain. Taken together with the oligopolistic nature of food manufacturing in many European 
countries, the food chain is perhaps best described as a successive multi-stage oligopoly. In this 
case, an oligopolistic sector sells its output to another oligopolistic sector that distributes the final 
good to consumers” (p. 354). Imperfect competition has also been identified in other contexts. For 
example, the State Trading Enterprises and the Australian Wheat Board manage the total amount 
of exports of cereals of some countries such as Canada and Australia. According to Sckokai and 
Soregaroli (2008), imperfect competition is likely to arise from these enterprises a fact that has 
been supported by empirical academic works (see for example Reimer and Stiegert 2006; and 
McCorrisnton and MacLaren, 2007a,b). Imperfect competition has also been identified in other 
markets. For example, Lloyd et al. (2006) in the UK beef chain; Saitone et al. (2008) in the U.S. 
corn sector in relation to the U.S. corn ethanol subsidy; and Byeong-Il and Lee (2010) found 
evidence of oligopoly in the Korean market of milk.

The objective of this article is to show, using a theoretical model, that the existence of oli-
gopolistic markets of agricultural commodities may amplify export instability in the short run. 
Moreover, this problem may be persistent if farmers do not have reliable information to make 
predictions about future market conditions, a fact that may cause significant negative effects on 
the environment 

The article is organized as follows. Section 2 presents the theoretical model. Section 3 shows 
key results that are obtained when solving the theoretical model. Section 4 presents evidence that 
is consistent with the predictions made by the theoretical model. Finally, Section 5 concludes 
the paper.

2. The model
In order to study the effects of oligopolistic competition on export instability, a dynamic model 

is proposed. Two versions of this model were adopted in this article. The first one is a simplified 
version that assumes a world composed of three countries. The objective of considering this sim-
plification is to explicitly identify the dynamic process that is associated with export instability. 
In order to investigate how this process is influenced by available information on the strategy 
adopted by competitor countries, this version considers two extreme cases, namely: (i) when 
countries have perfect information about the strategy adopted by the competitor countries; and 
(ii) when countries have completely imperfect information. The second version of the model is a 
generalization that considers a world composed of n countries. This model also investigates the case 
when countries have partial information about the strategy adopted by the competitor countries.
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2.1. The simplified version of the model
The model assumes a world composed of 3 countries denoted by i, j and k. Each country i 

has a rural sector that produces a homogeneous crop . Because this output is exported by an in-
termediary who has oligopolistic power, countries i, j and k play Cournot in each market where 
they compete. It is assumed that farmers face the same marginal cost c. In order to simplify the 
analysis it is assumed without losing generality that the intermediary is also the only farmer in the 
country. This simplification does not lose generality because what it is highlighted in this model 
is the existing oligopolistic structure in the food supply chain.

The inverse demand function for agricultural good in an arbitrary country k and in period t 
+ 1 is given by:
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Because the agricultural output that will be harvested in period t + 1 is established in period t,  
the farmer in country k maximizes the following expected profit:
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The expected value in period t of the price in country k in period t + 1 is: 
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According to this equation, the expected value of the future price depends on the expectation 
that farmer k has on the output that will be exported by countries i and j to country k. It is assumed 
that the expectation on each of these outputs is given by:   
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In this equation when the farmer does not have any information about the future output that 
will be exported by the competitor country, then l = 1. That is, in this case the farmer considers 
the current output exported by this country as a proxy of future export. In contrast, if the farmer 
can perfectly anticipate the future output that will be exported by this competitor, then l = 0. By 
using Equation 4 the maximization problem of the farmer in country k becomes:
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After solving this maximization problem, the following reaction functions are obtained:
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Using substitution, the following system of two dynamic equations is obtained:
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Note that the long run Nash equilibrium output that is obtained from this system is equal to 

4
2−α  and is the same for each country. This long run equilibrium is important to determine how 

the system evolves throughout time. This is referred to as the dynamic process around the long 
run Nash equilibrium. In order to analyze this process, the roots that equal to zero the following 
expression are needed1:
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2.2. The general version of the model
This model is a generalization of the model described in the previous section and is based on 

the same general assumptions. In particular, it is assumed that farmer in country k considers the 
following expected value in period t of the price in k and in period t + 1: 
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Where  is the output exported by county j to country k. Note that this expression is similar to 
Expression 3 above. The only difference is that Expression 11 considers n competitor countries 
while Expression 3 only considers three competitors. Assuming the same expectation process 
described in equation 4, the maximization problem faced by farmer in country k is given by:
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The solution of this problem gives the following reaction function of farmer in country i:
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The following matrix system considers the reaction function of all the countries competing 
in country k altogether:
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1 Expression 10 was obtained assuming that and, where m and n are arbitrary constants.
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3. Solving the model

3.1. Solution of the simplified version of the model
This section solves the simplified version of the theoretical model described in Section 2.1 

assuming both completely imperfect and perfect information about the future output that will be 
exported by the competitor countries.  

When countries are completely uncertain about the output that the competitor countries will 
export in period t + 1 (i.e. l = 1), Expressions 9 and 10 converge to:
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By using these expressions, the following solution of the system is obtained2:
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where 4
cqN −

=
α

is the long run Nash equilibrium and qi

0  is the initial condition. 

2 A similar expression can be derived for countries j and k as a consequence of the symmetrical countries 
assumption.
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• Proposition 1: If farmers are completely uncertain about the output that the competitor coun-
tries will export in the next period, then export instability in each country will consist of an 
oscillatory and persistent change of exported output around the long run Nash Equilibrium.

• Proof: Because equation 17 has a root equal to -1, it is concluded that the model oscillates 
around the long run Nash Equilibrium and does not converge to this equilibrium.
This is an impressive result that proves the fact that lack of reliable information in a world 

characterized by oligopolistic international markets of agricultural commodities may be associ-
ated with high levels of instability and uncertainty. In order to see how this instability behaves, a 
simulation based on Equation 17 is presented in the following figure.

In this simulation it was assumed an initial Nash equilibrium equal to 100. After an exogenous 
shock is introduced in period 4, the long run equilibrium is broken with persistent fluctuations 
around this equilibrium.

There is an important environmental implication associated with this result. That is, re-
searchers have found that the most important factor causing natural habitat loss is agricultural 
expansion induced by international trade (see, for example, Angelsen and Kaimowitz, 1999; and 
Barbier, 2004). This is because the agricultural land that is needed to produce additional output 
for exportation is obtained from natural habitats. This is why researchers in this area argue that 
the loss of natural habitats is positively related to the output produced in the farm (Polasky et al., 
2004). In terms of the result presented in Proposition 1, this means that the positive fluctuations 
with respect to the long run Nash equilibrium may be associated with significant loss of natural 
habitats in some countries. To see this, consider again the simulation present in Figure 1. Before 

Figure 1. Export instability
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the exogenous shock in period 4, the output produced in this country was 100 and this output 
was associated with a determined level of habitat destruction. After the shock, there was a huge 
increase in output which may be coupled with a significant increase in habitat destruction and, 
therefore, with biodiversity loss.  

Suppose now that countries have perfect information about the output that competitor countries 
will export in period t + 1 (i.e. l = 0). In this case the Expressions 9 converges to:
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• Proposition 2: If farmers know with certainty the output that the competitor countries will 
export in the next period, then export instability in each country is eliminated. 

• Proof: This result is inferred from Expression 18. The unique result that is obtained from this 
expression is (a - c)/4 which corresponds to the long run Nash equilibrium.
According to this proposition, the instability problem identified in the case of imperfect infor-

mation is completely eliminated when farmers can anticipate with certainty the output that will be 
produce by the competitor countries in the next period. This offers an interesting possibility for poli-
cymakers. That is, the design of policy programs aimed to improve the flow of relevant information 
in the farming sector. In theory these programs have the potential of generating positive externalities 
in terms of reducing export instability in international markets of agricultural commodities. 

3.2. Solution of the general version of the model
Let us now solve the general version of the model. The results are presented in the following 

proposition:
• Proposition 3: If l £ 0.5, then the system described in Expression 14 converges to a stable 

equilibrium. If this is not the case, then the stability depends on the number of firms compet-
ing in country k.

• Proof: Note that Expression 14 can be represented as the following VAR(1) model:
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where [ ] ABIA 1~ −−= ;  and [ ] Φ−=Φ −1~ BI . The model described in Expression 19 is stable 
if and only if the roots of the system [ ]ZI Φ− ~  lie outside of the unit circle. That is, if and only 
if 1>Z . The model has n – 1 identical roots equal to Z = 1 + 1/l > 1. The other root is equal 
to Z = − [2 + (1 − l)(n – 1)]/[l(n − 1)]. This expression is smaller than -1 when 1/(n – 1) > l− ½. 

This condition is satisfied for all .5.0≤λ  In contrast, if l > 0.5, then Expression 19 converges 
to an equilibrium only when n < (l + 0.5)/(l − 0.5). This completes the proof.

According to this model, even if farmers have partial information about the output that 
competitors will export in the next period, an unstable system can be originated. For example, if  
l = 0.4 and if the number of competitors is larger than 11, then export instability arises. Moreover, 
this instability is explosive meaning that in the short run lack of information can cause a significant 
impact on export instability. This, in turn, can have important negative impacts on the environment 
when agricultural production is associated with loss of natural habitats. 
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4. Some evidence 
According to the results obtained from the theoretical model, imperfect information about the 

strategy adopted by competitor countries might cause high export instability when countries com-
pete in oligopolistic markets. This result suggests that countries involved in free trade agreements 
may face high levels of export instability as a consequence of being participating in international 
oligopolistic agricultural markets with imperfect information.

The aim of this section is to show some evidence of how export instability has indeed increased 
after a particular country signed a number of free trade agreements. A suitable country that can 
inform about the effect of free trade liberalization on export instability is Chile. This country is 
one of the most opened countries in the world and is currently involved in 19 agreements. These 
agreements and the dates of their implementation are presented in the following table. 

This table shows that Chile signed two agreements between 1995 and 2000; seven agreements 
between 2001 and 2005; and eight agreements between 2006-2010. In order to determine whether 
these agreements have increased export instability, the standard deviation of the output of some 
selected agricultural goods exported by this country is analysed. Because Chile is an important 
exporter of fresh fruits, the following goods are considered: apples; apricots; cranberries; grapes; 
lemons and limes; oranges; peaches and nectarines; raspberries; and strawberries. Information of 
the change of standard deviation in different periods of time is presented in Appendix A.

According to the figures presented in this appendix, export instability increased after Chile 
started signing free trade agreements in 1997. After that, export instability has remained high for 
all the goods considered in the appendix. In some cases export instability decreased in the period 
between 2006 and 2010 which may reflect the fact that farmers have learned to some extent the 

Table 1. Free Trade Agreements signed by Chile 
Free Trade Agreements Date of Implementation
Chile-Canada 05-Jul-1997
Chile-Mexico 01-Aug-1999
Chile-Costa Rica (Central America) 15-Feb-2002
Chile-Guatemala (Central America) 23-Mar-2002
Chile-El Salvador (Central America) 01-Jun-2002
Chile-European Union 18-Nov-2002
Chile-United States 01-Jan-2004
Chile-Republic of Korea 01-Apr-2004
Chile-EFTA 01-Dec-2004
Chile-New Zealand-Singapore 28-May-2006
Chile-China 10-Oct-2006
Chile-Japan 03-Sep-2007
Chile-Panama 07-Mar-2008
Chile-Honduras (Central America) 19-Jul-2008
Chile-Peru 01-Mar-2009
Chile-Australia 06-Mar-2009
Chile-Colombia 08-May-2009
Chile-Turkey 01-Mar-2011
Chile-Malaysia 25-Feb-2012

Source: World Trade Organization, 2013
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strategy adopted by partners. However, the level of instability in this period is higher than before 
the country was involved in free trade supporting the results obtained from the theoretical model 
proposed in this article. 

5. Conclusions
This article uses a theoretical approach to show that export instability can be amplified when 

international markets of agricultural commodities operate under oligopoly and when farmers 
have imperfect information about the output that will be exported by competitor countries. This 
instability consists of persistent fluctuations of exported output around the long run Nash equilib-
rium. This result suggests that countries involved in free trade agreements may face high levels of 
export instability as a consequence of being participating in oligopolistic markets with imperfect 
information. Partial evidence obtained from Chile seems to support this prediction.

This problem may be solved by means of policy programs that favor the flow of relevant 
information in the farming system. The way in which this strategy might be implemented is left 
for future research.
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Figure A1.  Standard deviation of 
export quantity of apples

Figure A2. Standard deviation of 
export quantity of apricots

Figure A3. Standard deviation 
of export quantity of 
cranberries

Figure A4. Standard deviation of 
export quantity of grapes

Appendix A 
Standard deviation of export quantity of selected agricultural goods exported by Chile (infor-

mation obtained from FAO statistics)
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Figure A9. Standard deviation 
of export quantity of stawberries

Figure A8. Standard deviation 
of export quantity of raspberries

Figure A6. Standard deviation 
of export quantity of oranges

Figure A7. Standard deviation 
of export quantity of peaches 
and nectarines

Figure A5. Standard deviation 
of export quantity of lemons 
and limes
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Abstract
This study presents the results of a non-linear optimization of available sources of financing 

of agricultural holdings with animal production, which was carried out based on data obtained 
from the FADN-PL database for the year 2008. On the basis of the model, a capital structure 
was designed for the “granivores” type of holdings, which were characterised by either a low or 
a high debt level. On the basis of the research conducted it was observed that the optimization 
of sources of financing enables the operational balance and the income to increase for those 
family-owned agricultural holdings which maintained high levels of debt. The optimum cost of 
capital determined for a given available financing structure, coupled with implementation of a 
given investment project, contributed to an improvement of ROE in holdings employing a higher 
level of borrowed capital.

Keywords: farms, optimization of capital structure, cash flows, animal production

1.  Introduction
The financing structure of economic entities is one of the factors which influence the current 

financial results, as well as the profitability of development projects which are carried out at any 
given time. The policy adopted by the managers in respect of capital structure design requires find-
ing a compromise between the level of risk and such a rate of return that would ensure an optimum 
debt-equity ratio. In the nineteen fifties these issues were the focus of Miller’s and Modigliani’s 
research. According to capital structure theory, it is impossible to determine precisely the optimum 
proportions of different sources of financing. The aspects that may be identified include the scope 
of optimization, on the basis of which other factors are established which constitute key areas 
enhancing the effectiveness of the enterprises’ operations. Managers of companies should select 
their sources of financing in such a way as to take advantage of the financial leverage effect, thus 
decreasing the weighted average cost of capital. One must therefore determine what the costs of 
particular capital components are, in what way the proportions between them change and at what 
point the optimum structure has been achieved. 

Designing the capital structure in a dynamic way requires an approach which is focused on 
managing by values; small economic entities, on the other hand, make decisions based on refer-
ence to the maximization of income. In addition, managers of small entities try to use their own 
income by retaining it within the company and by financing their operations with this source of 
capital for as long as possible, thus, in the end, increasing the level of debt (Michaelas, Chittenden, 
Poutziouris, 1999, p. 127). This issue is related to contemporary economic theories, as well as to 
the behavioural and managerial concepts, the concept of ownership rights (the law of property), 
agency and transactional (transactions) costs and the systemic approach (Tokarski 2007, p. 15). 
The reason for this situation is the willingness to achieve a set of targets which will be linked to 
the maximization of profit, as well as satisfying other needs, e.g. social needs.
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The difference between small and medium enterprises as opposed to big entities stems mainly 
from more restricted possibilities for growth, in relation to the trade-off theory of capital structure 
(Lopez-Gracia, Sogorb-Mira, 2008, p. 131). The optimization of capital structure in an enterprise 
should, therefore, be focused on increasing the rate of return on equity (ROE). This ratio enables 
the specialists to assess possibilities for growth. According to the sustainable growth model, the 
rate of growth of an enterprise depends on the financial effectiveness of equity (own capital) and 
on the dividend payout yield (Kowalczyk, Kusak 2006, p. 274). A higher level of the return on 
equity ratio will translate into a higher safe growth rate, which in the long term leads to a decrease 
in the level of borrowed capital in the financing structure. A low ROE ratio may motivate to seek 
external sources of financing. According to the research results of Behr and Guttler, conducted in 
the SME sector in Germany, a ROE ratio which does not exceed 20% may be a decisive factor 
motivating to seek external sources of financing (2007, p. 195). The authors have proved that 
increasing the level of ROE and ROS (return on sales) contributes to an improvement in the 
financial stability of SMEs and reduces the risk of defaulting on obligations (default risk) (Behr, 
Guttler 2007, p. 202). 

Making use of equity in agricultural holdings often leads to its permanent tying-up and trans-
lates into accepting a low level of profitability. It is connected mainly with the pecking order 
theory, according to which farmers prefer, above all, to self-finance their activities (conducted 
performance) (Mądra 2008, s. 564-566). This approach may restrict the possibilities linked to the 
advantages of the financial leverage effect.

Designing the capital structure is connected with cash management through appropriate regu-
lation of expense and receipt flows. Maintaining this equilibrium creates favourable conditions 
for the improvement of financial liquidity (Śnieżek 2008, p. 88). One of the detailed variations of 
the Markov’s model determines the optimum capital structure by defining the objective function 
in the optimization operations as a sum of discounted clean profits (after tax) and the quantiles 
of the sum of discounted clean profits (after tax) in a situation when an enterprise does not pay 
out dividends (Kowal 2009, p. 23). An optimization in reference to planned cash flows which 
is conducted in this way enables us to assess the influence of alternative solutions on financial 
results, also when allowing for short periods. The managers’ orientation towards generating a 
positive cash surplus in every period minimizes the risk of financial gaps for conducting business 
activity (Maślanka 2008, p. 28). Future cash flows also determine the value of an economic entity, 
hence in their current and future assessment the cost of capital, as well as risk should be taken 
into consideration (Michalski 2005, p. 23).

2.  Research methodology
The purpose of the study is to demonstrate the links between the results obtained from an opti-

mised capital structure and the debt level in particular agricultural holdings with animal production. 
Among the assumptions for optimisation the following factors have been taken into account: the 
seasonal character and the specificity of agricultural production, and thus the dynamic design of 
the capital structure through the use of cash flows for optimisation purposes. 

The estimated non-linear optimisation model covers quarterly periods, while taking into con-
sideration the dynamic interrelations in the capital structure between the inflows and outflows 
from the financial activity on the one hand, and the changes in expenses and the time of obtaining 
cash flows from operating activity on the other. The objects of study included individual agricul-
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tural holdings which provide access to data within the Farm Accountancy Data Network (FADN) 
system1, which, in turn, are collected by the Institute of Agricultural and Food Economics - the 
National Research Institute. The FADN field of observation covers commercial holdings, which 
significantly contribute to creating added value in agriculture2. 

The estimation in the optimization model has been conducted for the year 2008 with regard 
to holdings characterised by unidirectional production typical of the “granivores” type of farm-
ing. For the purposes of the optimization model, the most frequently used and the most easily 
available sources of external financing were analyzed, such as: long- and short-term subsidized 
loans and short-term commercial loans. The purpose of constructing the model was to find such a 
structure of external sources of financing in relation to the level of equity in agricultural holdings 
as to obtain the maximisation of income in family-owned agricultural holdings. The achievement 
of this goal was based on the following premises: maintaining financial liquidity, increasing the 
profitability of the conducted activity, as well as obtaining a higher rate of return on equity (while 
taking into consideration the adopted financing strategy). 

In the optimization model in the quarterly perspective the balance value of cash generated 
from operating activity was maximised, while allowing for the operating costs and expenses for 
contracted loans. It enabled an analysis of short-term financial decisions which could be made 
by farmers in a situation in which higher levels of both short- and long-term indebtedness are 
employed in agricultural production. 

The holdings in the population studied were divided according to the value of the overall debt 
ratio, which is calculated as a ratio of liabilities to total assets. Four groups were distinguished: 
• holdings without liabilities, 
• the first quartile constituting 25% of holdings with the lowest indebtedness levels, 
• the doubled quartile including 50% of holdings with an average indebtedness level, and 
• the last quartile covering 25% of holdings with the highest levels of indebtedness. 

For the purposes of the optimization model the following were chosen: the holdings from 
the first quartile constituting 25% of all holdings with the lowest indebtedness levels (“low debt 
group”) and the fourth quartile - covering 25% of holdings with the highest levels of indebtedness. 
The selection of these two groups was based on the consideration of differences in the existing 
capital structures in these holdings. In addition, applying the above selection criteria enabled the 
researcher to determine the effect of employing external sources of financing, provided the in-
vestment projects are carried out and the capital structure is optimized, in holdings with different 
strategies in the area of financing their activity. 

The selection of “standard” holdings was intentional and consisted in choosing the most typi-
cal representatives of the general population and selecting entities with average characteristics3.  
 
 
1 The FADN system in Poland collects data for agricultural holdings whose economic power is higher or 

equal to 2 ESU (Economic Size Unit). The selection of a sample of agricultural holdings in the FADN 
database is statistically representative in a given region, based on the reference to the area of cropland 
and the economic power (ESU) of that region. For the purposes of this study the Mazowsze (Mazovia) 
and Podlasie (Podlachia) regions have been selected, as there are middle-sized agricultural holdings 
with an average production intensity levels (according to data from FADN) located in those regions.

2 Standard Gross Margin (SGM) is a surplus of production levels in a given agricultural activity over the 
level of direct costs in production conditions which represent the average conditions in a given region. 

3 In compliance with the dissemination principles of FADN data, the results presented cover a “standard 
farm” for a group of at least 15 holdings.
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The process of selection of typical entities was carried out with regard to holdings through the 
application of the Euclidean distance4. 

Optimization restrictions were selected on the basis of balance characteristics, correlation and 
regression analysis, the estimated borrowing costs for particular components of capital together 
with their due dates were established on the basis of cooperation with a selected cooperative bank 
as well as on the basis of data obtained from a commercial bank. The following were considered 
to be the restricting conditions in models of capital structure optimisation:
1. 0>CB  – balance value of cash greater than zero

The level of cash in agricultural holdings, both at the beginning and at the end of each quarter 
is greater than zero.

2. ∑ ∑≥
i i

STCSTC OI

where:
 STCI  – sum of short-term credit inflows, both subsidized loans, as well as commercial loans 

in the ith quarter, STCO  – sum of short-term credit outflows, both subsidized , as well as com-
mercial in the ith quarter.

The short-term loans of holdings may, but need not, be repaid in total in a given business 
year. This results from the possibility of servicing the debt in typical holdings in a given period 
simultaneously with carrying out the planned investment projects and in a shortfall in sources of 
financing. Outstanding short-term loans will contribute to the increase of the share of short-term 
liabilities of those holdings to the end of the year. The cash flow balance from financial activity 
is greater than zero in a given year because of the fact that holdings use the subsidized long-term 
loans for investment purposes. Interest cost was allowed for as a variable which directly influences 
the balance from operating activity, thus shaping the financial results of agricultural holdings.

3. ∑ ≤
i

STC AI

where: A – average value of current assets to the beginning and to the end of the year.
In the holdings with the lowest levels of indebtedness the possibility to employ short-term 

borrowing was restricted by the average value of current assets in a given quarter. This reflects 
a more conservative approach to the strategies of financing on the part of the managers in these 
holdings. In the case of holdings with higher levels of debt, on the other hand, the possibility 
to increase the level of employment of short-term borrowings may be demonstrated as follows:

∑ ∗≤
i

STC AI 5,1

4 The average value obtained from actual data was used in the constructed optimization models. Stand-
ardization of characteristics was assumed in order to apply the value of the measurement units used to 
choosing a typical entity and to ensure their comparability. Measures of the similarity of entities were 
established on the basis of distances which constitute nonnegative values and which equal zero for 
the ith entity whose distance is the same as to the jth entity (researched population constituted almost 
4500 farms). These assumptions enabled the creation of a multidimensional metric space in which an 
increase in the distance from the pattern signifies an increase of distance, whereas a value closer to zero 
means that an entity is more similar to the pattern (the typical entity).
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This assumption results from the fact that managers in this type of holdings adopted a more 
aggressive strategy of financing the activity and accepting a higher level of risk connected with 
the possibility to contract short-term liabilities whose value exceeds 150% of the value of current 
assets. This reflects the possibility to periodically finance the fixed assets with short-term loans in 
situations of an increased demand for external sources of financing. Determining the top limit (cap) 
for the sum of financial inflows from short-term loans used for conducting activity made it possible 
to establish the maximum operation risk in agricultural holdings and to repay current liabilities.  

4. 
 
∑ ∑≤

i i
STSLSTCL II*3

where: STCLI  – financial inflows from short-term commercial loans in the ith quarter,
STSLI  – financial inflows from short-term subsidized loans in the ith quarter,

The model restrictions were complemented by a condition which allows for the diversification 
of the capital structure; this was done by differentiating between the subsidized and commercial 
short-term sources of financing in a proportion of 3 to 1, (75 to 25%), which characterized the 
holdings with the highest levels of indebtedness. It results from limitation to raising capital from 
a cooperative bank and from a possibility to finance the activity with commercial loans.

5. CROE >
where: ROE – return on equity (%),
C  – cost of raising borrowed capital.
In the case of this restriction it is assumed that the return on equity rate should be higher than 

the cost of employing external capital, which is connected with an increase in financial costs 
and debt service. This assumption makes it possible to shape the employed borrowed capital 
which in such a way that it will contribute to the maximization of income from a family-owned 
agricultural holding and the maximization of the cash balance from operating activity in given 
management conditions.

6.  Repaying the interest on loans
 The outflows for interest on short-term loans have been calculated depending on their due 

date. In the case of loans extended for a period of 180 days - 66% of the value of interest is repaid 
in the first quarter, while the remaining 36% of this value - in the second quarter together with the 
repayment of the loan. Whereas in the case of loans with a due date after the lapse of 270 days: 
50% of the value of interest is repaid in the first quarter, when the loan was contracted, while the 
remaining 33% of this value - in the second quarter and 17% - in the third quarter.

7.  The minimum value of a short-term loan

∑ ≥
i

STC valueI min

This restriction results from setting a minimum value of short-term loans, both subsidized, 
as well as commercial. 

On the basis of a given limit for raising short-term capital, the schedule for the repayment of 
interest and the borrowed sum, the formula of an exponential function has been estimated. This 
function makes it possible to encumber each given sum (e.g. 1 PLN) with a gradually higher in-
terest rate, which increases proportionally to the value of short-term loans (table 1). The formula 
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of this function has been estimated particularly for every external short-term source of financing. 
It was thus possible to shape the debt level while allowing for the cost of raising capital from 
a selected source of financing. This function enables an estimation of risk which results from 
problems in repayment of higher levels of interest on loans from the current financial surplus in 
a given holding in a given quarter.

3.  Research results
The capital structure optimization of agricultural holdings of the “granivores” type of farming 

allowed the carrying out of investment projects together with employing long-term subsidized 
loans. The demand for capital has been estimated on the basis of the possibility to obtain subsi-
dized loans in cooperation with a cooperative bank. It was assumed that an investment project 
was carried out in the holdings which required the employment of long-term subsidized loan and 
which consisted in an adaptation of an empty building for a pigsty. The average cost of purchas-
ing machinery and equipment, renovating and adapting an empty building for the purpose of pig 
breeding has been estimated. On this basis the demand for long-term capital has been calculated 
allowing for the possibility to obtain a subsidized loan in cooperation with a cooperative bank. 
In addition to employing long-term sources of financing, the necessity to make use of short-term 
working capital facilities in view of shortfall in cash for purchasing livestock in the 1st and 3rd 
quarter of the business year. 

The decision variables which were assumed in the optimization model for the holding with the 
“granivores” type of farming included a short-term subsidized loan contracted in the ith quarter 
for the period of 180 days and a short-term commercial loan contracted in the ith quarter for 
the period of 180 days. This resulted from adapting an assumption about an open six-month pig 
production cycle in those holdings. The demand for capital was lower in the 2nd and 4th quarter 
due to higher inflows from operating activity (sale of pigs).

The effect of employing the borrowed capital in the form of operating inflows in the holdings 
of the “debt” and “high debt” groups in a given quarter resulted from an expansion of the scale of 
activity, and thus, from an increase in the production potential. These observations were reflected 
by greater outlays for production, which was financed with both equity and the borrowed capital. 
The surge in the inflows from operating activity in the ith quarter due to an increased use of short-
term capital was estimated on the basis of the rate of return from 1 PLN of those financial inflows 
in the ith quarter. The influence of a higher level of short-term loan employment was established 
on the basis of an analysis of a linear regression conducted in agricultural holdings representing 
the analyzed agricultural type and characterized by the highest debt level. The increase in the 
level of inflows from operating activity was connected with an increase in the livestock density.

Table 1. Exponential function of the employment of short-term sources of financing in the optimization 
model

Sources of 
financing

F(x)

STSL – short-term subsidized loans, STCL – short-term commercial loans, t –  period
Source: own elaboration

)180( =tSTSLx )270( =tSTSLx )180( =tSTCLx )270( =tSTCLx

xx )1( 00286,0 − xx )1( 00506,0 − xx )1( 00450,0 − xx )1( 00706,0 −
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Table 2 presents the aggregate optimization results for the “granivores” type of holdings in 
two groups differentiated on the basis of their debt levels. In the case of holdings with a lower 
debt level the share of external sources of financing in total liabilities in relation to actual data 
increased by 16.9% points. On the other hand, the level of income from a family-owned agricul-
tural holding in the “low debt” group, both in the case of actual data and in the case of model data, 
approximated the same value. In the case of these holdings it resulted from a high employment 
level of short-term subsidized sources of financing, the cost of which did not lead to an increase 
in income from a family-owned holding. The obtained financial surplus was used for satisfying 
the demand for capital linked to covering the expenses incurred because of the greater livestock 
density. Nevertheless, the situation should be assessed as beneficial in comparison to the level of 
total assets in this group of holdings due to success in maintaining approximately the same level 
of income and in carrying out an investment project of high value. 

In the holdings from the “low debt” group a relatively higher level of employment of short-
term commercial loans was noted amounting to 9.0% in the total liabilities structure (8.8% points) 
as compared to model data for the “high debt” group. This resulted from restrictions in obtaining 
subsidized sources of financing, which depended on the size of current assets, the level of which, 
in turn, was a condition for maintaining financial liquidity. The loan structure in holdings with 
the lowest and the highest debt levels was also characterized by a proportion of 3 (commercial) 
to 1 (subsidized) sources of financing. In holdings with the highest debt level, the majority of 
commercial loans utilized in the course of the year were repaid in the last quarter.

The debt structure optimization demonstrated a dominating position of long-term subsidized 
loans, the share of which was 63.8% in the “low debt” group and 75.0% in the “high debt” group. 
In holdings with the highest debt level, the share of subsidized loans was small (0.2%). This re-
sulted from a lower level of demand for short-term capital in this group of holdings, as compared 
to those with the lowest debt level. It was also linked to a higher cost of obtaining subsidized 
loans and a reasonable decision to pay these loans first due to this higher cost. In holdings with 
the highest debt level on the other hand, short-term sources of financing were used on a larger 
scale in the course of the production cycle as compared to the “low debt” group. In “high debt” 
holdings a higher level of expenses from financial activity was observed due to repayment of 
short-term debts in a given business year (75.8%) in comparison to the value of financial inflows. 
In the “low debt” group the proportion of expenses to financed inflows was 71.0%. This resulted 
from a larger activity scale in holdings with the highest debt level, which is linked to a higher 
financial burden from investment projects carried out in the current period and repayment of 
long-term liabilities from previous years.

In holdings with the highest debt level for carrying out planned investment projects, which 
enables an increase in production potential, the optimum capital structure contributed to an in-
crease by 15.6% in income from a family-owned agricultural holding. This situation indicates an 
increase in production potential in those holdings, with a simultaneous possibility to carry out 
investment projects and to achieve higher return rates linked to an increase in the effectiveness 
of production. This also indicates a positive influence of the increase in the level of employment 
of borrowed capital for the production purposes, which resulted from insufficient recapitalization 
of the activity of those holdings in the previous base period. 
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In the group with the highest debt level the investment assumptions and the adopted financ-
ing methods contributed to obtaining an increase in the operating activity balance by 15.7% as 
compared to actual data. In those holdings a higher level of cash has also been observed, which 
ensured solvency and financial liquidity, as well as the repayment of loans incurred in the previ-
ous periods in the course of the following quarters. The reason underlying this situation was a 
larger activity scale, which was connected to generating a higher disposable financial surplus from 
operating activity in comparison to the “low debt” group of holdings. 

The effect of employing borrowed capital for the purpose of increasing outlays for production 
contributed to an increase in operational inflows in “low debt” holdings by 17.2%, and by 10.9% 
in the “high debt” group.  A higher share of inflows from operating activity in the “low debt” 
group was linked to a greater importance of the investments planned to improve the operational 
effectiveness as compared to the holdings with a higher debt level with a larger scale of activity, 
which was evidenced by a higher livestock density at the stage of actual data. In the value-based 
approach, the increase in those inflows was greater in holdings with the highest debt level and 
resulted from a higher level of employment of short-term sources of financing as compared to the 
“low debt” group. It was also linked to an increase in the effectiveness of capital employment in 

Table 2. The capital structure optimization results for “granivores” type of holdings (end-of-the-year 
figures)

Details

Groups of farms according to debt level
Low debt High debt

Actual 
data

Model 
data

Actual 
data

Model 
data

Livestock density 25.4 33.4 47.4 55.4
Total debt ratio (%) 1.7 18.6 27.7 35.7

Debt structure (%)
- long-term subsidized loans - 63.8 - 75.0

- short-term subsidized loans - 27.2 - 24.8
- short-term commercial loans - 9.0 - 0.2

Share of operational inflows connected with 
additional employment of borrowed capital (%) - 17.2 - 10.9

Cash flow balance dynamics ratio from operating 
activity in the model as compared to actual data (%) 100.0 98.6 100.0 115.7

Financial inflows structure (%)
- long-term subsidized loans - 29.2 - 20.9

- short-term subsidized loans - 53.1 - 59.3
- short-term commercial loans - 17.7 - 19.8
Income dynamics ratio in the model as compared to 
actual data (%) 100.0 98.6 100.0 115.6

ROE (%) 7.8 7.7 12.7 14.7
ROA (%) 7.6 5.8 8.8 8.9

Source: own elaboration
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those holdings, which was achieved by increasing operational inflows for production purposes. 
A higher level of total indebtedness in the “high debt” group contributed to the increase in the 
effectiveness of production in those holdings, which is evidenced by higher rates of ROE (2.0% 
points) and return on assets (ROA) (0.1% points) in the data obtained for the optimization model 
in relation to the initial-level data. 

In the “low debt” group of holdings, an increase in debt and an investment project carried out 
simultaneously did not contribute to an increase in income levels from a family-owned agricultural 
holding, as compared to the actual data (a decrease of 1.4% could be observed). It resulted from a 
worse financial condition of these holdings and from a higher burden on the current activity in the 
form of investment expenses in the first year of the project implementation. After the optimization 
the return ratio decreased by 0.1% points for ROE and by 1.8% points for ROA. These observa-
tions prove the low effectiveness of the operating activity of the “low debt” group of holdings.

The optimization of sources of financing in view of an investment project and the continuous 
complementation of the demand for capital with short-term commercial loans made it possible 
to increase the ROE rate, while obtaining higher income levels from a family-owned agricultural 
holding and maintaining the solvency level only in the “high debt” group of holdings. The increase 
in indebtedness to the level of 35.7%, coupled with its effective utilisation in holdings, contributed 
to an improvement of the financial standing and to a development of the production activity. In an 
optimization task thus formulated it is assumed that a higher debt level is accepted in a situation in 
which a set goal is achieved by striving to maximise income from a family-owned agricultural holding.

4.  Conclusions
1. This study presents the results of capital structure optimization based on the analysis of cash 

flows in agricultural holdings with animal production, with account taken of debt levels. On 
the basis of the research conducted the following conclusions have been drawn:

2. The employment of borrowed capital and the achievement of an optimum capital structure 
with regard to effectiveness in agricultural holdings with animal production characterised by 
a higher debt level were shaped mainly by external sources of financing. A higher debt level 
did not significantly limit the stability of financing and the possibility to increase the value 
of equity. This resulted from an increase in income from a family-owned agricultural hold-
ing coupled with the possibility to keep this source of internal financing within the holding.

3. Complementing cash shortfalls with short-term borrowings in the course of the operational 
cycle enabled the expansion of the scale of activity. This resulted from both the investment 
expenses incurred, and higher outlays for production in the case of those holdings. This indi-
cates an improvement in the effectiveness of activity by making use of equity and borrowed 
capital, thus changing the capital structure. 

4. The structure of external sources of financing within the framework of optimization results was 
characterised by a higher share of short-term loans in liabilities of agricultural holding with 
lower debt levels, as compared to the ones with the highest level of borrowed capital employ-
ment. This resulted from a higher general demand for capital in the case of these holdings. 

5. Among holdings with a lower debt level a greater increase in the inflows from operating 
activity was noted due to the employment of short-term borrowed capital in relation to those 
with the highest share of payables in the liabilities (structure of inflows). It was generally 
connected with a lower surplus of own funds in these holdings; the surplus was not sufficient 
to finance either the investments or the expansion of the scale of activity. 
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6. In holdings with a higher debt level additional employment of borrowed capital, as compared 
to the previous structure of sources of financing, enabled an increase in ROE. It shows a 
potential for using a financial leverage effect by increasing the operational profitability of 
assets in this group of holdings. In those holdings the optimization results pointed to the 
optimum capital structure which reflected the order of priority for the farmers’ selection of 
the sources of financing, which was linked to a dominating position of subsidized loans in 
the debt structure. Maintaining such a capital structure contributed to the maximization of 
the operational balance and of the income from a family-owned holding. 
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Abstract
As part of the gradual expansion and abolition of EU milk quotas, the Irish government has 

approved the allocation of milk quota to a small number of new entrants to dairy production. The 
objective of this study was to describe the characteristics of new entrant dairy farm businesses 
developing within the Irish dairy industry in terms of geographical distribution, planned produc-
tion system characteristics and intended operational scale and expected profitability based on 
an analysis of successful applications and business plans to the Irish New Entrant Dairy Scheme 
over a 3 year period. A total of 230 applications and business plans of entrants who received up 
to 200,000 litres of milk quotas through the New Entrant Scheme from 2009-2011, were analysed 
for the effects of region, age, household income, previous dairy experience, and education on 
overall business plan expectations. The results show that a youthful, highly educated and highly 
resourced group of new farmers are using the New Entrant Scheme to enter the Irish dairy in-
dustry. Applicant age has a significant impact on available investment equity and expectations, 
as younger entrants have less owned resources, are increasingly reliant on additional borrowing 
and have significantly increased expectations for the productive capacity of their potential farm 
businesses when compared to older entrants. The results provide a further indication that quota 
abolition is likely to result in an increased regional polarisation of milk production within Ireland 
with increased intensity of production within traditional milk production areas in the south.

Keywords: new entrant dairy farmers, pasture-based, characteristics, expectations, Ireland

1. Introduction
The introduction of milk quotas as part of the European Union (EU) Common Agricultural Policy 

(CAP) in 1984, constrained milk supply and provided stable and high milk prices for EU producers 
(Whetstone, 1999). Prior to the introduction of milk quotas, Irish milk production was growing by 7% 
per annum through increases in herd size and improved management to increase individual animal 
performance (CSO, 2011). The introduction of EU milk quotas curtailed this expansion and severely 
restricted industry development. While Irish milk production has remained stagnant since 1985, milk 
production in other countries such as New Zealand has increased by 62%, between 1983 and 2003 
(Dillon et al., 2005). It is now generally accepted that while milk quotas protected and supported milk 
production in less competitive dairy regions, as a social policy, this was achieved at the expense of the 
expansion potential of more efficient producers. (IPTS, 2009). The policy restricted the entry of new 
younger dairy farmers while maintaining existing smaller scale producers (Dillon et al., 2005). Conse-
quently, the CAP Health Check review in 2008 resulted in a decision to abolish milk quotas by 2015.

Acknowledgements: The authors wish to acknowledge the participating new entrant dairy farmers for their 
assistance and the financial support of AIB for this research. Thanks also to the Department of Agriculture, 
Food and the Marine for their support and co-operation.
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The temperate climate of Ireland is condusive to high productivity grassland swards and 
provides Irish dairy farmers with a cheap high quality food source (Dillon et al., 1995, McCarthy 
et al., 2011). Consequently, comparatively lower costs of milk production have been reported in 
Ireland in comparison with other countries (Boyle, 2002, Dillon et al., 2006) and recent studies 
have concluded that EU milk quota removal will result in a proportionately larger expansion in 
milk production in Ireland (Lips and Rieder, 2005, DAFM, 2010). However, regional variation 
in profitability and competitiveness of milk production systems within Ireland may influence 
the geographical location of and potential for industry expansion within Ireland post-EU milk 
quotas. Brereton (1995) observed that the Irish grass-growing season ranged from 240 to 340 
days per annum with a longer growing season occurring in the south of Ireland. Brereton (1995) 
suggested that regional variation in pasture growth (11-15 tonnes DM/ha/yr) is large enough to 
impact the technical and economic efficiency on Irish farms and should be considered in terms of 
the development of future low cost systems of production. Regional variation in milk expansion 
post quota abolition has been suggested by O’Donnell et al. (2010) who hypothesised that future 
expansion in milk production in Ireland would originate in the south where more favourable grass 
production characteristics allow lower milk production costs to be achieved. 

The abolition of quotas will be preceded by a gradual increase in quota to member states (2% 
in 2008, and a further 1% per annum thereafter) to allow for a ‘soft-landing’ for dairy economies 
(IPTS, 2009). As part of this overall quota expansion, the Irish government also decided to offer 
one quarter of the 1% increase in total quota on a permanent basis to new entrants to the Irish 
dairy industry. As part of the application process, each successful new entrant applicant provided 
a detailed 5 year business plan incorporating physical and financial plans in addition to informa-
tion on the location of their planned enterprises. As the first opportunity for new entrants to join 
the Irish dairy industry since the introduction of milk quotas, this group of new dairy producers 
represent the initial evolution of the dairy industry in Ireland post milk quotas and provide a 
unique opportunity to examine the characteristics of new dairy producers entering the industry.

The objective of this study is to describe the characteristics, intensions and expectations of new 
entrant dairy farm businesses developing within the Irish dairy industry, in terms of geographical 
distribution, planned production system characteristics and operational scale and expected profit-
ability based on an analysis of successful applications to the Irish New Entrant Dairy Scheme 
over a 3 year period. 

2. Materials and methods

2.1. Data
The applicants for the 2009, 2010 and 2011 milk quota allocations were obliged to submit an 

application form detailing relevant experience and educational qualifications with an accompanying 
5-year business plan and a map of the proposed dairy holding to the Department of Agriculture 
Food and the Marine (DAFM). The 5-year business plan included an audit of existing resources, 
stock requirements, the source and nature of planned capital expenditure in addition to expected 
income and expenditure for each year of the plan (DAFM, Accessed October 2010). There are a 
total of 230 successful new entrants selected over the initial 3 years of the programme based on 
supplying adequate information. The information submitted by successful applicants was used 
to describe the expectations of new entrants to the dairy industry over the five initial years of 
these new businesses.
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2.2.  Data handling
A total of 50 key variables describing the characteristics of new entrants and their future dairy 

farm plans were generated from the application forms and business plans data including: 3 Regional 
Areas; 3 Age categories; 3 Other income categories; 4 categories of Dairy Experience; 3 categories 
of Educational Qualifications; 8 farm descriptors; 7 expected stock and productivity variables; 12 
expected income variables; 11 planned expenditure variables and 5 expected efficiency variables.

2.3.  Statistical analysis
Each continuous variable generated in this analysis was screened for normality using the Proc 

UNIVARIATE (SAS, 2006). The effect of region, age, other income, previous dairy experience 
and educational qualifications on the collated continuous data derived from the submitted busi-
ness plans and application form (farm size, cow numbers, etc.) were analysed using a generalized 
linear model (SAS, 1999) according to the following model: 

Rijklmn = mean + Ri + Aj + Hk + Dl + Em + RAij + RHik + RDil + REim + RAHEijklm + eijklmn 

Where Rijklmn is the result for a farmer in the region i, within the age category j, with household 
income k, with previous dairy experience l and educational qualifications m; Ri is the effect of 
the ith region of production (i = SE, SW and BMW); Aj is the age category (j = under 30, 31-40, 
over 40); Hk is the other income available (k = 1-3); Dl is the previous dairy experience (l = 1-4); 
Em is the educational qualification (m = 1-3) and eijklmn is the residual error term. 

The effects of region, age category, other income, previous dairy experience and educational 
qualifications were tested for significance using the residual mean square as the error term. For 
binary variables, chi square analysis was performed using Proc FREQ (SAS, 2006).

2.4.  GIS mapping
Each application provided ordinance survey maps and land ownership or land lease docu-

mentation which included the folio numbers and Land Parcel Identification Scheme (LPIS) 
numbers. The geographical distribution of the new entrant farms was conducted using ArcGIS v 
9.3 (ESRI, Redlands, CA, USA). New dairy farm co-ordinates were mapped against the existing 
national distribution of specialist dairy farms within Ireland. A point density method was used to 
geographically map the farms. The Average Nearest Neighbour Distance tool was used to locate 
areas of farm clustering or if several new entrant farms are located in the one area. 

3. Results

3.1.  New entrant profile
The year of application (2009, 2010 or 2011) had no effect on the expectations of the new en-

trant farmers. The average new entrant applicant is 36 years of age (ranging from 21 to 62 years), 
while 97% are male. There was a large variation in knowledge and experience of dairy farming 
evident from the dataset. As the 180hour Agricultural Cert is a minimum prerequisite for Irish 
dairy farmers to establish land ownership and join the scheme, all applicants have obtained this 
minimal formal agricultural education. In addition to the minimum requirements, a further 72% 
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of applicants have completed a 2 year Advanced Agricultural Certificate in agriculture, while a 
further 21% have achieved a Bachelors degree level qualification. Fifty-eight percent of new dairy 
entrants are originating from previously beef enterprises, with 22% of all new entrants planning 
to become exclusively dairy farmers within 5 years. In terms of dairy experience, 44% of new 
entrants have a close relative in dairying (such as a parent, sibling or uncle) while a further 20% 
had no experience in dairy farming at the time of applying for milk quota under the New Entrants 
scheme, with the remainder having either worked as dairy farm labourers or as work experience 
students on a dairy farm at some point during their agricultural education. 

The average new entrant has a substantial land block of 58.1ha (ranging from 20-199 hectares) and 
of which 60% is owned. The potential land base available to the new dairy farmers is extensive with 
an expected average stocking rate of 1.73 LU/ha, withstanding 71 cows. The predicted production 
expected by the new entrant businesses is 654kg MS/ha (fat plus protein kg) and an average milk yield 
of 4,954kg per cow. Almost 40% of new entrants have existing loan commitments while seventy-nine 
percent are hoping to secure loan finance as they develop their dairy farm, within a projected full set-
up investment cost of €190,114 or €2,677/cow. The average new entrant farmer expects to produce an 
average of 352,360 litres of milk at an average production cost of 25 c/l and an average gross output of 
30 c/l (including a 27 c/l milk price and a further 3c/l from sales of dairy stock). The expected profit-
ability of a new entrant dairy farms is 5 c/l, equivalent to €428/ha and €248/cow.

3.2.  GIS mapping and regional distribution
The majority of new dairy farms (80%) are located in the south of Ireland (Figure 1). Figure 1 

demonstrates the density distribution of new entrant dairy businesses in comparison to the density 
of specialist dairy farms in Ireland by their respective county and region. 

While region has no effect on the expected total level of capital investment required, the 
level of borrowings required to finance expansion was lowest in SW (€62,831) and highest in SE 
(€106,092) while BMW was intermedi-
ate (€91,854). Region had no significant 
effect on production (planned herd size, 
stocking rate or the level of milk produc-
tion per cow) and financial (net profit per 
litre and per hectare) expectations. 

Figure 1. Regional distribution (South 
East, South West and Border Midlands and 
West) of new entrant farmers in contrast to 
the national proportion of specialist dairy 
farms in Ireland
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Table 1. The effect of applicant age on the characteristics and expectations of new entrants to the Irish 
dairy industry

Under-30 30-40 Over-40 s.e P-value
Proportion of new entrants (%) 25.8 45.4 28.8 ***
Total land (ha) 51 60 61 3.3
Land owned (ha) 21 a 35 b 47 c 3.1 ***

Available equity (€’s)

Single farm payment 10,246 a 18,874 b 24,925 c 1,920.6 ***
Other grants 2,935 a 4,471 b 5,717 b 547.7 **

Production

Herd size (No. cows) 71 70 70 2.8
Stocking rate (livestock units/ha) 1.95 a 1.68 b 1.64 b 0.068 **
Milk yield (kg/cow) 4,943 4,920 5,015 55.8
Milk fat plus protein yield (kg/ha) 756 a 645 b 587 b 30.3 **

Profitability

Net profit per litre (c/l) 0.08 0.04 0.05 0.013
Net profit per hectare (€/ha) 565 369 383 90.1

a,b,c means with different superscripts are significantly different (P < 0.05)

3.3.  The effect of age
The effect of new entrant age on existing resources and planned milk production character-

istics and expectations are outlined in Table 1. The proportion of new entrants below 30 years of 
age (U-30), from 30-40 years of age (30-40) and greater than 40 years of age (O-40) was 26%, 
45%, and 29%, respectively. While the total land area planned for dairying was unaffected by 
age, the area of owned land increased with increasing age (21, 35, and 47 ha for U-30, 30-40, and 
O-40 respectively). Age has a significant impact on the level of available equity for investment 
in dairy set-up. Only 63% of the U-30 group had an SFP income in comparison to 89% and 97% 
for 30-40 and O-40, respectively. Consequently, older new entrants have a significantly larger 
SFP (€18,874 and €24,925 for 30-40 and O-40, respectively) in comparison to U-30 (€10,246). 
New entrant age had no effect on either the level of required borrowing or the total level of capital 
investment planned. There was also no significant age effect on the planned herd size during the 
first 5 years, however stocking rate and milk solids output expectations were lower (P < 0.01) 
for older applicants (30-40 and O-40). Age had no effect on the expected profitability from milk 
production in terms of either profit per litre or profit per hectare.

3.4.  The effect of other income and knowledge and experience
Sixty-six percent of new entrants have an other income source originating from either the con-

tinuation of alternative agricultural enterprises or an off-farm job, a further 12.2% have a working 
spouse, while only 21.8% of the new entrants intend to be full-time specialist dairy farmers with 
no other additional income. Farms planning to be specialist dairy production units expect to have 
higher (P < 0.05) stocking rates (1.94 LU/ha) and milk output (5,094 kg milk/cow and 747kg MS/
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ha) compared to either those with other income sources (4,932 kg milk/cow and 630 kg MS/ha) 
or a working spouse (4,838 kg milk/cow and 657 kg MS/ha). Full-time specialist dairy farmers 
also expect to achieve higher profits per litre (9 c/l) and per hectare (€733/ha) compared to either 
those with a working spouse (3 c/l and €231/ha, respectively) or those with an alternative income 
stream (5 c/l and €358/ha, respectively).

The majority of new entrants to dairying have gained dairy experience on their home family 
dairy farms (38%) or as dairy farm labourers (42%) while 20% have no previous experience of 
dairying. New entrant farm system productivity expectations were unaffected by educational 
qualifications or the level of previous dairy experience. Similarly, both the planned level of capi-
tal investment and the profitability expectations per litre and per hectare are similar for all new 
entrants irrespective of their level of dairy experience or educational qualification.

4. Discussion
The development of a farm business plan is an essential process to help farmers to focus on 

the necessary factors for business success, by defining realistic goals to create a viable future 
enterprise (Johnson and Morehart, 2006). While the analysis of actual farm financial results of 
new entrants provide the ultimate measure of business success, an analysis of business plans of 
over 230 successful new entrant dairy farmers highlight the available resources, knowledge and 
experience and expectations of those entering the Irish dairy industry. The importance of personal 
attributes (knowledge and experience, education) and expectations in motivating farmers to make 
significant changes to their farming activities has been widely recognised (Lockheed et al., 1980; 
Sumner and Leiby, 1987; Kumbhakar et al., 1991; Gloy et al., 2002). The current evaluation of 
new entrants to the Irish dairy industry provides a unique opportunity to identify the characteristics 
and expectations of new dairy farmers in addition to the potential evolution of the industry post 
EU milk quota removal in 2015. 

The BMW region of Ireland, while representing 47% of the national land mass, currently ac-
counts for just 25% of national dairy production (CSO, 2010). Shalloo (2004) estimated that the 
profitability of milk production in the BMW region is reduced by 38 to 58% of that possible on 
drier southern soils based on a comparative analysis of milk production results. Consistent with 
these findings, O’Donnell et al. (2010) concluded, based on an attitudinal survey of existing milk 
suppliers, that future expansion in milk production would mostly occur in the south of Ireland. 
Similarly, the results of this study indicate that despite having a lower spatial density of specialist 
dairy farms, only a small minority (19%) of new dairy farms are to be located within the BMW 
region. As Figure 1 demonstrates, these results provide a further indication that quota abolition is 
likely to result in an increased intensity of milk production within the already heavily concentrated 
traditional milk production areas in the south and east of Ireland. 

Previous studies indicate that farmer expectations are intrinsically linked to prevailing industry 
and wider economic conditions in addition to market sentiment (Kelly et al., 2012) however, there 
was no year of application effect on biological or financial expectations of new entrants in this 
study despite relatively large variation in actual milk prices during the study period (23.3 c/l in 
2009, 30.8 c/l in 2010 and 35.5 c/l in 2011; CSO, 2011). The overall levels of farm performance 
expectations of new entrants (4,954 kg of milk per cow with an average production cost of 25 
c/l) are consistent with existing dairy industry performance norms (5,075 kg milk per cow and 
with production costs of 23c/l; (Hennessy et al., 2011)) while an average expected milk price 
of 28 c/l is consistent with overall industry expectations (Binfield, 2008). The analysis of new 
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entrant farmer credentials indicates that a young and highly educated group of new farmers are 
using the New Entrant Scheme to enter the Irish dairy industry. With an average age of 36 years, 
this group of new dairy farmers are very young compared to either the existing demographic of 
dairy farmers (49 years) or the overall population of beef and mixed enterprise farmers (54 years) 
from which these new entrants originate (Hennessy et al., 2011). In contrast to the findings of 
Mishra et al. (2009) who reported lower levels of available equity and higher debt-to asset ratios 
amongst newly establishing farm business set-ups in the United States, the results of this study 
indicate that newly establishing dairy farmers in Ireland have considerable owned resources and 
equity from which to establish these new dairy units (with average decoupled EU payments of 
€22,992 in comparison to €19,488 for the average existing dairy farmer; (Hennessy et al., 2011)). 

The impact of farmer age and experience on the expectations and likely performance of these 
new farm businesses is inconsistently reported in the literature. Although having less equity (sav-
ings, sales from previous enterprises, EU farm payments) and other assets (particularly owned 
land) and therefore requiring additional borrowings, younger new entrants (under-30 group) had 
significantly higher expectations for the productive capacity of their potential farm businesses. 
Mishra et al. (2009) similarly observed that younger farmers in the United States starting a new 
enterprise have fewer assets and concluded that, as younger farmers also have less experience at 
resource allocation,  the financial performance of businesses run by younger farmers would be 
reduced. Summer and Leiby (1987) also found that older people tend to have fewer borrowings, 
and concluded that lower costs of borrowing result in larger farms and faster business growth. 
In contrast with these general findings, other studies have observed superior rates of technical 
development and adoption amongst younger farmers (Solano et al., 2003, Connolly and Woods, 
2010) which may compensate for their inferior financial position. The results of the current study 
indicate that by initially setting-up with fewer financial assets, the overall profitability expectations 
of younger entrants are similar to older entrants due to superior farm productivity expectations. 

In comparison with the average specialist dairy farmer who currently milks 57 cows on 50 
hectares (Hennessy et al., 2011), the average new entrant is planning to milk 71 cows on 58 hec-
tares. The positive expectations of highly educated new entrants are consistent with the findings of 
Lockheed et al. (1980) who observed that a farms productivity increases for every extra year spent in 
formal agricultural education. Similarly, other authors have observed that educational qualifications 
have a positive effect on the financial performance of the dairy farm (Mishra et al., 2009) resulting 
in increased technology adoption and improved on-farm technical efficiency (Kumbhakar et al., 
1991). The increased incidence of other income among new dairy farm businesses (78%) within 
this study is indicative of the elevated educational status of this group (Mishra et al., 2009) while 
the reduced productivity and profitability expectations of farm businesses with a lesser reliance on 
dairy farm income is also consistent with previous findings (Foster, Rausser, 1991). 

5. Conclusions
The analysed business plans and applications of over 230 successful new entrant dairy farm-

ers highlight the existing resources, education, experience and expectations of those entering the 
Irish dairy industry in the lead up to EU milk quota abolition. The results show that a youthful and 
highly educated group of new farmers are using the New Entrant Scheme to enter the Irish dairy 
industry. Ninety-three percent of new dairy entrants have at least two years of formal 3rd level 
agricultural education and intend to develop larger scale and more efficient dairy farms post-EU 
milk quotas. Applicant age and other  income has a significant impact on available equity and 
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expectations of entrants as younger and specialised dairy entrants have less owned resources and 
significantly greater expectations for the productive capacity of their potential farm businesses 
when compared to older entrants or those with alternative income sources. The results also indicate 
that, with 81% of new entrants to dairying located in the south of Ireland, quota abolition is likely 
to result in an increased regional polarisation of milk production within Ireland with increased 
concentration of production in traditional milk production areas in the south and east of Ireland. 
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Abstract
Sustainable milk production systems require economically viable, environmentally sound 

and socially acceptable practices. This study compared the economic, environmental and soci-
etal impact of large-scale farms with other dairy farms in the Dutch Farm Accountancy Data 
Network (FADN). Moreover the integrated sustainable performance of large-scale dairy farms 
was explored. To quantify the impact of farm size on economic performance, we used net farm 
income (NFI), labour productivity and solvency. We quantified environmental performance using 
indicators on non-renewable energy use, greenhouse gas (ghg) emissions, phosphorus surplus 
and pesticides use. To quantify societal performance indicators on milk quality, cow persistency 
and grazing were used. Large-scale dairy farms had a higher labour productivity and NFI than 
other dairy farms, without compromising on nitrogen use, energy use or ghg emission. Higher 
profits were accompanied by a lower solvency ratio on large-scale farms. Pesticides use, however, 
was higher on large-scale dairy farms due to a lower share of grassland.  Large-scale farms 
had a shorter cow lifetime and applied less grazing compared to other dairy farms. For societal 
performance, current FADN does not have the potential to assess animal welfare using preferred 
animal-based indicators.

Keywords: FADN, sustainability, effects of scale, dairy farming

1. Introduction
Since the introduction of milk quota by EU-regulation in 1984, the number of Dutch dairy 

farms decreased, maintaining an equal level of milk production on sector level, i.e. increased farm 
size. Increasing farm size is a continuing process in Dutch agricultural and horticultural sector 
(Van der Meulen et al., 2011). To reduce fixed costs per kilogram of milk, further increase in farm 
size is necessary (Anonymous, 2009a). The abolishment of milk quota in the EU-27 by 2015, will 
further strengthen an increase in farm size and lead to a growth of Dutch milk production from 
11.5 billion kg currently, up to 14 billion kg in 2020 (Anonymous, 2009a).

Sustainable milk production systems require economically viable, environmentally sound and 
socially acceptable practices (Thomassen et al., 2009). Over the last decades, sustainable milk 
production became increasingly important (Anonymous, 2009b). The Dutch Dairy Association 
and the Dutch Organisation for Agriculture and Horticulture, therefore, joined forces in the Sus-
tainable Dairy Chain initiative. Via the Sustainable Dairy Chain initiative, the processing industry 
and farmers aim to strengthen future support within the market and society (Reijs et al., 2013). 

In the Netherlands, perceptions on large-scale agriculture are diverse and trigger public discus-
sion. Moreover, sustainable development of the production chain is included in policy making 
increasingly (Boone and Dolman, 2010). Therefore, there is need for a clear view on the rela-
tion between farm size and sustainability impact. Several studies explored combined economic, 
environmental, and societal performance of animal production systems (Van Calker et al., 2006; 
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Meul et al., 2008; Dolman et al., 2012a). To our knowledge, however, no scientific publication 
exists that explored the impact of increasing farm size on integrated economic, environmental, 
and societal performance. The objective of this study, therefore, is to compare the economic, 
environmental and societal impact of large-scale farms with other dairy farms and explore the 
integrated sustainable performance of large-scale dairy farms.

2. Material and methods
We quantified economic, environmental and societal performance of specialized dairy farms 

in the Dutch Farm Accountancy Data Network (FADN) for 2011. The Agricultural Economics 
Research Institute continuously collects technical and economic data from a large sample of 
Dutch farms recorded in FADN, providing a wide range of economic, environmental and societal 
performance indicators. In 2011, FADN provided data from 298 dairy farms. To exclude effects 
of non-dairy activities, we selected dairy farms when at least 75% of the farm size, measured in 
standard output (SO), originated from dairy activity and data on all economic, environmental and 
societal performance indicators were available. Hence, we quantified the effect of farm size for 
160 specialized dairy farms. 

2.1. Performance indicators

Economic performance

To quantify the impact of farm size on economic performance, we quantified net farm income 
(NFI), labour productivity and solvency. NFI is often used as an indicator for profitability (Van 
Calker et al., 2008; Blank et al., 2009; Dekker et al., 2011). We defined NFI as the remuneration 
for management, family labour and capital that is left after all other costs are deducted (EC 2011). 
To correct for differences in farm size, we expressed NFI per unpaid annual working unit (awu). 
To give insight in the labour effort to realize the NFI, a measure of labour productivity is required 
(Dolman et al., 2012a). Labour productivity is a ratio of volume of output per unit of labour input 
(OECD, 2001). To enable a comparison of labour productivity among farms differing in scale, we 
expressed labour productivity in the average number of cows per annual working unit.

Solvency deals primarily with the firm’s ability to meet total claims (Barry et al., 2000). A farm 
business is insolvent if sale of all assets fails to generate sufficient cash to pay all liabilities. We 
defined solvency as the ratio of total owners’ equity as a per cent of total farm assets (equity-to-asset 
ratio) (Barry et al., 2000). The smaller the safety margins of equity, the greater the financial risk.

Environmental performance

We quantified environmental performance using indicators on non-renewable energy use, 
greenhouse gas (ghg) emissions, phosphorus surplus and pesticides use. Two main environmental 
objectives within the Sustainable Dairy Chain initiative are decreasing non-renewable energy use 
and climate change per kg of milk produced and was therefore available within FADN. Dutch 
FADN recorded non-renewable energy use at farm level, while ghg emissions were derived from 
a cradle-to-farm-gate life cycle assessment (LCA) (Reijs et al., 2013). For policy evaluation 
purposes, FADN provided phosphorus surplus per hectare as a measure for eutrophication and 
pesticide use per hectare as a measure for eco-toxicity.
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Societal performance

We quantified societal performance using indicators on milk quality, cow persistency and 
grazing. These societal indicators were included within the Sustainable Dairy Chain initiative and 
therefore available in FADN. As a measure of milk quality, we used the somatic cell count. High 
levels of somatic cell count relate to clinical and subclinical mastitis, which is the most important 
reason for early culling of dairy cows (Reijs et al., 2013). We quantified cow persistency using 
the average cow lifetime (years), from birth until culling. Extended average cow lifetime indicate 
improvement in animal health. The number of hours grazing is included as an indicator for animal 
welfare and social perception (Dolman et al., 2012b).

 Integrated assessment

To explore the impact of farm size on integrated economic, environmental and societal perfor-
mance we compared 15% (n = 24) largest dairy farms by average number of cows with the rest of 
the group (n = 136). Several studies described an approach to aggregate values of  performance 
indicators of livestock systems into a total score on sustainability (Van Calker et al., 2006; Meul et 
al., 2008; Dolman et al., 2012a;). We used an approach based on Meul et al. (2008) to compute the 
integrated performance on the ten economic, environmental and societal indicators. The performance 
was normalized on a scale from 0 through 100, whereby a score of 100 per indicator was assumed 
to be sustainable. Similar to Meul et al. (2008), a 10 and 90% percentile was used as a minimum 
and maximum value respectively. Using the 10th and 90th percentile tackles the problem of outliers 
in the linear approach. We visualized differences in integrated economic, environmental and societal 
performance using a benchmark diagram of the 15% largest dairy farms with the rest of the dairy 
farms. Differences between groups were tested using an independent sample t-test (P < 0.05). 

3. Results

3.1. Descriptive
The 15% large-scale dairy farms had a higher total milk production, a larger cultivated area 

and a higher number of cows (P < 0.001) than other farms (Table 1). Moreover, large-scale dairy 
farms had a higher production per hectare (P < 0.001) than other dairy farms, whereas milk pro-
duction per cow was equal on both group of farms.

Table 1. Comparison between farm characteristics for large-scale farms and other specialized Dutch 
dairy farms in 2011 (FADN)
Farm characteristic Large-scale Other Significance a)

Number of farms 24 136
Cows (psc) 202 78 ***
Total milk production (kg) 1.714.093 635.083 ***
Cultivated area (ha) 94 48 ***
Grassland (%) 76 83 *
Milk production per cow (kg) 8.500 8.143 ns
Milk production per ha (kg) 18.311 13.343 ***
Milk revenues in total turnover (%) 80 77 *

a) *P < 0.05; **P < 0.01; ***P < 0.001; ns – not significant in t-test
Source: own study
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With 80% of total revenues origination from milk production, large-scale farms were more 
specialized than the rest of the farms. Furthermore, the percentage of grassland area was lower 
on large-scale farms (P < 0.05) than other dairy farms.

3.2. Economic, environmental and societal performance
For economic performance, large-scale dairy farms realized a higher labour productivity and 

NFI per unpaid awu, whereas solvency (57%, P < 0.01) was lower than on other farms (Table 2, 
Figure 1). For environmental performance, pesticide use (P < 0.01) was higher for large-scale 
farms. For societal performance, average cow lifetime (P < 0.05) and grazing hours (P < 0.01) 
were lower for large-scale dairy farms. 
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Table 2. Economic, environmental and societal performance of large-scale and other specialized Dutch 
dairy farms in 2011 (FADN)
Specification Large-scale Other Significancea

Economic    
Labour productivity (cow/awu)b) 80 49 ***
Net farm income (euro/unpaid awu) 72.840 31.368 ***
Solvency (%) 57 70 ***
Environmental
Energy use (MJ/kg) 0,6 0,6 ns
Ghg emissions (kg CO2-eq./kg)c) 1,2 1,3 ns
Phosphorus surplus (kg/ha) 5 14 ns
Pesticides use (kg as/ha)d) 1,2 0,5 **
Societal
Somatic cell count (average/year) 210 216 ns
Cow lifetime (years) 4,8 5,4 *
Grazing hours (hours/cow/day) 1 8 ***

a*P < 0.05; **P < 0.01; ***P < 0.001; ns – not significant in t-test; bawu – annual working unit;  
c cradle-to-farm-gate greenhouse gas (ghg) emissions; d as – active substance
Source: own study

Figure 1. Comparison of indicator scores, 0 (not sustainable) and 100 (sustainable) of large-scale farms 
(grey wedges) with other specialized Dutch dairy farms (thick black line) in 2011 (FADN)
Source: own study
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4. Discussion

4.1.  Indicator selection
The basis for the selection of indicators was availability of data in the Dutch FADN and relevance 

within the Sustainable Dairy Chain initiative. For economic sustainability a large number of  indi-
cators are available to measure profitability. We choose NFI and labour productivity because other 
suggested attributes as liquidity are highly interrelated and linked to NFI (Van Calker et al., 2005).

We quantified environmental performance using indicators on non-renewable energy use, 
greenhouse gas (ghg) emissions, phosphorus surplus and pesticides use. For ghg we quantified 
cradle-to-farm-gate performance. Other indicators, however, quantified only impact at farm level 
and did not take into account the impact occurring in early stages of the milk production chain, 
such as purchased feed and fertilizers. Including indirect impact for energy use, eutrophication 
or acidification might differ for large-scale farms compared to other farms. Thomassen et al. 
(2009) stated, for example, that a high levels of milk production per ha positively effects total 
environmental impacts.

Van Calker et al. (2005) divided societal sustainability in internal and external societal sustain-
ability. Internal societal sustainability represents the farmers’ and employees working conditions, 
whereas external sustainability includes the societal concern about the impact of agriculture on 
the well-being of animals and people, such as animal welfare, food quality and spatial quality. 
FADN did not offer the possibility to quantify indicators for the farmers and employers working 
conditions.  External societal performance of farms could be quantified based on FADN using 
somatic cell count, cow lifetime and grazing hours. We acknowledge that pasture hours is a simple 
indicator for welfare. Large dairy farms keep cows in the cowshed frequently. The modernity of 
cowsheds is higher on large dairy farms (Van der Meulen et al., 2011). In this analyses no indicator 
was available for the relationship between animal welfare and  housing systems. Current FADN 
does not have the potential to assess animal welfare using preferred animal-based indicators. We 
didn’t report about one relevant societal issue, food safety. The use of antibiotics is a suitable 
indicator for food safety (Dolman et al., 2012a).  The use of antibiotics (daily dosages per animal 
year) is not reported, due to a lack of observations. Besides animal welfare and food quality, ex-
ternal sustainability includes spatial planning problems to cover the minimal aspects of societal 
performance. The effect on spatial quality is not quantifiable on farm level, and therefore, not 
included in the FADN sample (Dolman et al., 2012a).

4.2.  Economic, environmental and societal performance
We used most recent available FADN data from one year, i.e. 2011. There were large fluc-

tuations in NFI between years, which may affect the outcome of our analyses. The 2011 was a 
relatively prosperous year, with a high milk price (Van der Meulen et al., 2012). In a year with a 
low milk price, milk revenue and incomes will decline and significant differences on profitability 
caused by large-scale would be less.

Better economic results were accompanied by greater financial risks, i.e. lower equity-to-asset 
ratio. Large-scale farms had a lower solvency than other farms. The increased scale was mainly 
financed with bank loans. Higher funding makes large-scale farms vulnerable to price fluctuations 
in the future. The critical issue relating to solvency is the ability of the farm to generate cash to 
meet all expenses and service the debt with an acceptable margin of safety. Solvency ratios do 
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not indicate an optimal level of leverage for a firm (Barry et al., 2000). Many farm lenders prefer 
borrowers having at least as much investment in their own farm as their lenders do. Therefore, a 
standard rule of thumb for the minimum solvency – ratio is 50%. However, the solvency norm 
varies substantially among farm business and from one type to another. It is commonly accepted 
that larger farms can carry relatively greater debt loads (Barry et al., 2000). 

For environmental performance, we observed only a higher pesticides use on large-scale farms. 
Large-scale dairy farms had a lower share of grassland than other dairy farms. On large-scale 
dairy farms, grassland is more frequently rotated with maize resulting in a higher pesticides use 
compared with other dairy farms.

Large-scale dairy farms had an earlier culling age than other dairy farms. The high number of 
cows per awu, resulting in less available time to take care of sick cows, might cause this. Another 
explanation might be that large-scale dairy farms applied a lower grazing frequency than other 
dairy farms. Grazing becomes more complicated with increasing herd size. Higher levels of graz-
ing decrease leg and claw problems for housing systems with non-optimal housing systems (Van 
den Pol-van Dasselaar et al., 2008).

5. Conclusions
Large-scale dairy farms had a higher labour productivity and NFI than other dairy farms, without 

compromising on nitrogen use, energy use or ghg emission. Higher profits were accompanied by 
a lower solvency ratio on large-scale farms. Pesticides use, however, was higher on large-scale 
dairy farms due to a lower share of  grassland.  Large-scale farms had a shorter cow lifetime and 
applied less grazing compared to other dairy farms.
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Abstract
Research in agriculture and other industries has shown that innovativeness is a key driver 

of improved performance measures of small and medium-sized enterprises.  The willingness to 
change current practice may be a function of the level of experience of the manager as well as 
the manager’s commitment to learning. Firms with more experience may suffer from confirma-
tion bias and therefore may not see the performance benefits that stem from innovative activities. 
Using data from a survey of beef producers, this study employs cluster analysis to segment firms 
along experience and learning variables.  Using a non-hierarchical clustering procedure, three 
clusters emerge which represent younger firms with high and low levels of learning and older firms 
with moderate learning scores. The study employs one-way ANOVA tests to examine differences 
in innovativeness and performance across clusters. Results indicate firms with a commitment to 
learning have a greater willingness to accept innovations and are more satisfied with overall 
performance.  The paper concludes with some implications for managers and policy makers.

Keywords: Cluster Analysis, experience, learning orientation, innovativeness, performance 

1. Introduction
Many would consider prior experience to be an important resource for managers in any indus-

try.  One benefit of experience is that seasoned managers may be able to sense market changes 
more quickly or may be more adept at assessing the value of information (Martin, Staines 1994).  
Conversely, greater levels of experience may also lead to increased rigidity in accessing and ap-
plying new information (Kim, Oh, Swaminathan 2006). The USDA reports that the average age 
of a farmer has increased by one year in each agricultural census and younger operators tend to 
operate larger farms and earn greater returns (USDA -- National Agricultural Statistics Service 
2007).  It may be that as farmers’ age, their aspirations change as well leading to different man-
agement decisions. This paper examines organizational learning within the context of primary 
agriculture to advance the understanding of the relationship between learning and experience.  

Experience is often found to be an important resource that managers can draw upon (Wilson, 
Hadley, Asby 2001; Nuthall 2009).  However, there may be instances where experience impedes 
innovation (and possibly performance) through structural rigidity (Boeker 1997; Koberg, Chesley, 
Heppard 2000).  At the extreme, experience can inhibit learning if the manager makes incorrect 
inferences from the experience (Levinthal, March 1993).  For example, as the tenure of the manager 
(and firm age) increases, confirmation bias may impede the search for additional perspectives on 
the competitive landscape (Klayman 1995). As lenders and policy makers often view experience as 
a value-enhancing resource, further analysis into the relationship between experience and learning 
may shed light on the issue within the context of production agriculture. One method that may 
help researchers and policy makers to increase their understanding of the issue is cluster analysis.  

Cluster analysis is a statistical method that uses data of heterogeneous firms to create several 
homogeneous subgroups that are then analysed further.  Previous studies have used cluster analysis 
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to group according to their use of meetings and extension (Rosenberg, Turvey 1991), their view of 
themselves as entrepreneurs (Vesala, Vesala 2010), extensiveness of livestock systems (Usai et al. 
2006) and animal husbandry practices (Kiernan, Heinrichs 1994).  Researchers in the management 
and marketing literatures have clustered firms by market orientation strategies (Greenley 1995; 
Gellynck et al. 2012), innovativeness (Hollenstein 2003) and knowledge management practices 
(Zack, McKeen, Singh 2009).

The goal of this study is to examine the relationship between a managerial experience and the 
commitment to learning using a cluster analysis.  Specifically, this paper will use cluster analysis 
to examine if homogeneous subgroups based on managerial experience and the manager’s com-
mitment to learning exist.  Secondly, this research will examine how these groups differ in terms 
of innovativeness and their satisfaction with performance.   

2. Previous research on farm performance
Performance of agricultural firms is affected by both industry and firm-level factors.  Studies 

have shown that innovative firms are able to achieve greater performance levels (Verhees, Meu-
lenberg 2004; Capitanio, Coppola, Pascucci 2009).  As the industry evolves and firms compete 
for inputs, employees, and land, how firms innovate and how they deploy strategic resources will 
become of greater interest to researchers and policy makers.  

2.1. Experience and performance
Previous literature on decision making has shown that older managers tend to seek more 

information when making a decision and were more accurate in assessing the value of informa-
tion (Taylor 1975).  Martin and Staines (1994) find that many managers believe competence is 
a function of industry experience.  The basis of these studies is that experience may improve 
decision-making and therefore may lead to greater managerial competence.  However, as Argote 
and Miron-Spektor (2011) point out, there are cases where experience limits creative thinking 
through the continued use of heuristics that were successful in the past. 

Within the agricultural context, Nuthall (2009) suggests there is a dearth of literature on the 
relationship between managerial experience and performance.  Of the literature that does exist, 
most studies examine the relationship between experience and efficiency.  For example, Wilson 
et al. (2001) find that managers with more experience, who actively seek information, and who 
manage large farms are able to achieve higher levels of technical efficiency.  More recently, 
Hansson (2008) finds that managerial experience is significantly related to both short-term and 
long-term measures of efficiency.  

2.2. Learning and performance
Within competitive environments, performance may depend on the learning ability of the 

firm.  As the nature of competition changes, successful firms will be those that are quickly able 
to become aware of the changes and that can acquire the resources and capabilities needed to 
compete.  To this end, Slater and Narver (1995) suggest that the learning orientation of the firm 
may be the only driver of sustained competitive advantage.  In an agricultural context, Bone et 
al. (2003) found that managerial attitudes and continuing training were important factors in farm 
performance in a sample of Australian farmers.  Furthermore, Napier and Nell (2007) find that suc-
cessful farmers are using new technologies and innovation to remain successful in an increasingly 
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competitive environment. This is not possible without continuous learning on new technologies 
and markets.  Finally, researchers have begun to use the balanced scorecard approach, which 
focuses on continuous learning, as a means to assess performance within agricultural systems 
(Lourenzani, Meirelles, Filho 2005; Shadbolt 2005)

3. Materials and methods
This research utilizes non-hierarchical cluster analysis using the two-stage clustering method 

within SPSS (version 20.0).  Cluster analysis is a statistical tool that attempts to minimize the 
variation within groups while maximizing the variation between groups.  This research then uses 
one-way ANOVA tests following the cluster analysis to assess if differences in scores of innova-
tiveness and performance across groups are significant.   

Data for this paper come from a questionnaire on managerial culture on beef farms in Illinois.  
The sampling frame (n = 1569) was based on a mailing list of members of the Illinois Beef Asso-
ciation in 2007.  In total, respondents operating cow-calf herds and feeding out steers and heifers 
returned 347 usable questionnaires.  This is study uses responses from 285 cow-calf producers in 
Illinois.  Respondents in this sample are on slightly older than the average farmer is (68 years of 
age) and have managed their operations for an average of 32 years.  The average farm consists 
of 942 acres and herd sizes average 69 animals.

The survey asked respondents to rate their level of agreement with questions that related to 
their level of innovativeness, performance, and the learning orientation of the firm.  The survey 
also asked respondents how long they have been producing beef.  The survey included five items 
from Sinkula, Baker, and Noordewier’s (1997) organizational learning scale to measure commit-
ment to learning. This scale examines the view that organizational learning is an investment that 
the firm can deploy to achieve certain advantages in the market. A scale developed by Hurley 
and Hult (1998) was included to measure firm innovativeness. The innovativeness scale asked 
farm managers to rate their level of agreement with different items that examined the penchant 
for managers to utilize innovative strategies to solve problems on the farm.  Finally, performance 
was measured five subjective indicators. We use subjective performance as opposed to objective 
measures of performance as our sample consisted of small, privately held businesses that are 
generally unwilling to share confidential financial data, even in an anonymous setting.  

Appendix A displays the survey items as well as reliability statistics.  

4. Results
Table 1 displays the result of the cluster analysis.  Using two-step clustering, three clusters 

emerge from the data.  The distribution of firms across clusters is uniform as the ratio of larg-
est cluster to smallest cluster is only 1.49 (113/76).  Cluster 1 consists of firms that have more 
than 20 years of experience but score on the low end for learning orientation.  Cluster 2 consists 
of firms with over 50 years’ experience and a higher learning orientation than firms in Cluster 
1. Cluster 3 consists of firms with the least experience (23 years) but the highest scores on the 
learning orientation scale.  

As the input variable used in the clustering procedure was a summated scale, meaningful 
differences in scores are not apparent. Table 2 displays the individual items that make up the 
learning orientation scale and the differences across cluster groups.  As one might expect, firms 
in Cluster 3 have the highest score on each item while firms in Cluster 1 have the lowest score. 
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Scores for firms in Cluster 2 are similar 
to the overall average score for the items. 
The largest differences between clusters 
occur in items assessing the shared vision 
of the firm and on items measuring the 
questioning of assumptions.  

Following the cluster analysis, com-
parisons of innovativeness and perfor-
mance scores were conducted using 
one-way ANOVA. Table 3 reports the 
results of this comparison.  As one might 
expect given previous findings, firms that 
have a higher commitment to learning 
also have higher scores on organizational 

Table 1. Average scores of experience and learning 
across clusters

Cluster 1 Cluster 2 Cluster 3
Experience (years) 25.85 51.83 23.01
Learning 
Orientation 31.17 35.99 40.91

Herd Size 64.17 76.84 70.92
Acres Operated 908.87 1069.03 882.50
Operator Age 69.44 62.97 70.52
Education* 3.97 3.49 4.03
Number of cases 113 76 96

* 1 = some high school, 2 = high school grad, 3 = some 
college, 4 = vocational/tech degree, 5 = college grad, 6 
= graduate degree

Table 2. Differences in learning orientation items across cluster groups

Learning Orientation Items
Cluster 1 
E = 25.85 
L = 31.17

Cluster 2 
E = 51.83 
L = 35.99

Cluster 3 
E = 23.01 
L = 40.91

Average Difference
(High-Low)

The basic values of this 
farm include learning as a 
key to improvement.

4.29 4.75 5.33 4.76 1.04

Our take is that learning 
is an investment, not an 
expense.

4.31 4.91 5.53 4.88 1.22

Learning on my farm is 
seen as a key commodity 
necessary to guarantee 
survival.

4.33 4.96 5.50 4.89 1.17

We are not afraid to 
challenge assumptions 
we have made about our 
customers.

3.76 4.21 5.01 4.30 1.25

There is total agreement on 
our organizational vision on 
our farm.

3.59 4.02 4.69 4.08 1.10

All employees are 
committed to the goals of 
this farm.

3.81 4.57 5.11 4.45 1.30

Employees view 
themselves as partners in 
charting the direction of the 
farm.

3.62 4.51 5.02 4.33 1.40

Personnel on this farm 
realize that the very way 
they perceive the market 
must be continually 
questioned and adapted.

3.46 4.07 4.71 4.04 1.25
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innovativeness.  Greatest differences between the clusters occur on items that measure the accept-
ance of innovation and the reverse coded item measuring how often they seek innovative ideas.

Satisfaction with performance did not differ as significantly across clusters.  While the summated 
performance score was significantly different across clusters, differences among individual items 
were significant in four of the six items.  The analysis shows no significant differences in satisfaction 
with return on farm assets or cash flow.  Firms that had a commitment to learning were more satisfied 
with overall performance and the return on production and marketing investments.  Firms with higher 
learning scores also were more likely to agree that they received higher prices than their competitors. 

5. Discussion
The goal of this research was to examine the role of learning in innovativeness and performance. 

Using two-step cluster analysis, three clusters emerge using years of managerial experience and 
a summated learning orientation score as inputs.  Cluster 1 consisted of firms with over 20 years’ 
experience but lower learning orientation scores.  Firms in Cluster 2 had extensive experience and 
somewhat higher learning orientation scores.  Cluster 3 consisted of firms with the least amount of 
experience in the beef industry but the highest scores on the learning orientation items.  Interest-
ingly, a cluster of firms that had high experience and low learning did not emerge from the data.  
This may be due to survivor bias as firms that do not view learning as a key to survival or do not 
question assumptions may have already exited the industry.

One-way ANOVA analysis revealed that scores on innovativeness and performance items 
were significantly different across clusters.  Firms that were more likely to agree with the items 
assessing learning orientation, that is, those with higher scores on learning orientation items also 
had higher scores for items that measured the level of innovativeness and performance.  This 
result seems to corroborate the findings of Wilson et al. (2001) who find that farms with more 
experience also exhibit higher levels of technical efficiency.  This increase in efficiency may be 
the result of the willingness these farms display in the adoption of new technologies.  

Table 3. Innovativeness and performance scores across cluster groups
Cluster 1 
E = 25.85 
L = 31.17

Cluster 2 
E = 51.83 
L = 35.99

Cluster 3 
E = 23.01 
L = 40.91

F-Statistic

Innovativeness (Summated) 22.07 23.47 25.57 29.779***
Technical innovation accepted 4.15 4.50 4.91 15.741***
Seldom seek innovative ideas# 4.31 4.51 5.10 14.183***
Innovation accepted 4.12 4.59 4.93 22.336***
Penalized for new ideas# 5.01 5.17 5.46 5.240*
Innovation is risky# 4.48 4.70 5.17 10.759**
Performance (Summated) 21.90 23.51 24.64 7.610**
Return on farm assets met expectations# 3.59 3.78 3.84 1.000
Satisfaction with overall performance 3.70 4.13 4.45 11.962**
Return on production investments 3.79 4.18 4.31 6.700*
Cash flow was satisfactory# 3.72 3.74 3.85 0.313
Return on marketing investments 3.80 4.05 4.26 5.361*
We receive higher prices than competitors 3.44 3.74 3.96 5.972*

Note: Items with an # were negatively phrased and were reverse coded, F-statistics: ***,**,* signify 
significance at the 0.001, 0.01, and 0.05 levels, respectively
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Policy makers interested in helping small farmers succeed may find that programs such as 
demonstration farms (Pangborn, Woodford, Nuthall 2011) and learning groups such as the Beef 
Profit Partnerships model that has been successful in Australia and New Zealand (Clark et al. 
2007) may increase the adoption of best practices and improve the viability of small and begin-
ning farms.  The formation of production alliances in South Africa have shown some promise as 
they are methods for managers of smaller farms to get together to overcome size inefficiencies 
and share valuable information (Terblanche, Willemse 2011).  

The agricultural industry is continually evolving.  Globalization and consolidation are leading 
to increased competition for inputs and market access.  Firms that do not stay abreast of these 
changes may find themselves unable to compete with firms that have invested time and money 
in building a learning orientation.  Future research could examine how firms with a learning ori-
entation acquire relevant information.  Historically, farm consultants have played an important 
role in the provision of market information and strategic planning to primary agriculture.  More 
technologically adept farmers may find that supplementing that service with information from 
online social media platforms (i.e. Twitter, Facebook, LinkedIn, and YouTube) is also beneficial.  
Trough social media, producers can participate in discussions and chats where participants share 
their views and experiences on production and management issues. Through these online discus-
sions with participants located all over the world, farmers receive an antidote for structural and 
cognitive rigidity, which may limit the innovativeness and performance of their farm.  

This results presented here should be of interest to managers and policy makers.  These findings 
seem to corroborate the results from recent research on factors affecting performance of SMEs 
outside of agriculture which found that firms that emphasize continual learning are more innova-
tive and have better performance (Rhee, Park, Lee 2010; Real, Roldán, Leal 2012).  These results 
may be especially important to small and beginning firms that may not the benefit of previous 
experience from which to draw on when issues arise.  However, as seen by these results, begin-
ning firms may only become experienced firms if they refrain from becoming too rigid continually 
question business and production practices and have a willingness to change.  
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APPENDIX A. MEASURMENT ITEMS

Measurement items Mean Standard 
deviation

Item - 
to - total 

correlation
Learning Orientation (Alpha = 0.837)
The basic values of this farm include learning as a key to 
improvement 4.76 0.891 0.556

Our take is that learning is an investment, not an expense. 4.88 0.968 0.570
Learning on my farm is seen as a key commodity necessary to 
guarantee survival 4.89 0.960 0.649

We are not afraid to challenge assumptions we have made about 
our customers 4.30 1.055 0.483

There is total agreement on our organizational vision on our 
farm 4.08 1.089 0.506

All employees are committed to the goals of this farm. 4.45 1.095 0.676
Employees view themselves as partners in charting the direction 
of the farm 4.33 1.190 0.581

Personnel on this farm realize that the very way they perceive 
the market must be continually questioned and adapted 4.04 1.040 0.529

Innovativeness (Alpha = 0.712)
Technical innovation based on research results is readily 
accepted 4.50 1.020 0.477

We seldom seek innovative ideas which we can use on our cattle 
operation# 4.63 1.148 0.539

Innovation is readily accepted in our beef operation. 4.52 0.942 0.529
Individuals on our farm are penalized for new ideas that don’t 
work# 5.20 1.020 0.297

Innovation in our farm is perceived as risky and is resisted# 4.77 1.118 0.520
Performance (Alpha = 0.819)
The return on farm assets did not meet expectations last year# 3.73 1.328 0.656
We were very satisfied with the overall performance of the farm 
last year 4.07 1.153 0.710

The return on production investments met expectations last year. 4.07 1.092 0.756
The cash flow situation on the farm was not satisfactory# 3.77 1.312 0.559
The return on marketing investments met expectations last year. 4.02 1.041 0.624
The prices we receive for our product is higher than that of our 
competitors 3.69 1.101 0.249
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ECONOMIC ANALYSIS OF ANEROBIC CO-DIGESTION USING 
DAIRY MANURE AND BYPRODUCT FEEDSTOCKS

J.S. Neibergs, J. Harrison, E. Whitefield

Washington State University, Pullman, WA 99164 

Abstract
There is increasing interest in the United States to expand the use of anaerobic digestion (AD) 

as a means to generate renewable energy and reduce greenhouse gas emissions from dairy opera-
tions. Economic feasibility is the primary constraint facing farmers and investors considering an 
AD capital investment. The purpose of this paper is to develop an economic optimization model 
of an AD system using co-digestion of dairy manure and byproduct feedstocks. This model uses 
a daily time step to specifically model the operating parameters and AD technical design and 
capacity constraints. The end of system digestate is applied to farm land subject to agronomic 
application rates and timings. The model is applied to an existing AD system producing electric-
ity in Washington State. The paper reports the technical aspects and operating parameters of 
the modeled AD system. The economic results conclude a positive economic feasibility but a low 
rate of return for the modeled system. The conclusions suggest evaluate alternative AD design 
options and AD evaluation methods to increase the economic feasibility of AD systems for dairies. 

Keywords: anaerobic digestion, co-digestion, linear programming, economic feasibility

1. Introduction
Anaerobic digesters (AD) are fixed capital assets that have been constructed to improve the envi-

ronmental sustainability of dairy farm nutrient management systems, and are now receiving increasing 
interest for their potential to generate additional revenues. Previous economic analyses of AD, have 
applied annual capital budgeting to evaluate economic feasibility. Annual budget estimates may over-
simplify the AD management on a day to day basis when considering manure inflow rates and delivery 
of co-digestion feedstocks with respect to the AD design capacities and regulatory constraints. There is 
a need for a model that evaluates within year AD management strategies that maximizes an anaerobic 
digester’s economic sustainability. The Anaerobic Digester OPTimizer (ADOPT) programming model 
simulates daily AD management to optimize the annual net economic return of an anaerobic digester 
utilizing dairy manure with co-digested pre-consumer food-waste feedstocks. The feedstocks have 
variable value in terms of tipping fees, volumes delivered, nutrient composition and bio-gas electric-
ity producing potential. Anaerobic digestion is receiving increased attention in the United States due 
to increasing interest in generating renewable energy and reducing greenhouse gas emissions. The 
USDA has introduced initiatives to promote agriculture based biogas energy development. The USDA 
signed a memorandum of understand with dairy producers through the Innovation Center for U.S. 
Dairy to accelerate the adoption of dairy based biogas installations with a goal of 25 percent reduction 
in greenhouse gas emissions from manure by the year 2020 (USDA News Release, 2011).

Technical feasibility is not the primary hurdle to successful implementation of AD at dairies 
provided the AD is planned, designed, constructed and operated properly. Anaerobic digestion of 
dairy manure technology is available for farm applications through a number of commercial vendors. 
Although AD technology has waste management, environmental and potential economic benefits, it 
has not been widely adopted in the United States. The number of new farms adopting AD has grown 
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annually since 2000, and there are now over 100 dairy digesters in operation in the U.S., servicing 
approximately 150,000 cow equivalents Frear and Yorgey (2010). Although the number of ADs is 
increasing, the present digesters service only small fraction of the potential farms and cows. Barri-
ers to adoption include the intensive capital cost of the existing commercial systems, with typical 
systems costing as much as $1,500/cow for a 500-2,000 cow operation Frear and Yorgey (2010). 

The limited adoption of AD could be due to financial infeasibility or lack of information regard-
ing AD profitability management. Previous economic studies of an AD apply a capital budgeting 
methodology using AD construction cost estimates and annual projections of AD net revenues to 
determine the net present value of AD scenarios under consideration. Bishop and Shumway (2009) 
used a capital budget case study of a Washington AD. Leuer, Hyde and Richard (2008) used a capital 
budget approach and introduced stochastic parameters on AD revenue factors and life expectancy 
to analyze AD economics on three different sized dairy farms in Pennsylvania. In each of these and 
other capital budget AD feasibility studies the capital budget net economic return results are very 
sensitive to the modeling input parameters associated with the scenario with results ranging from large 
losses to large net gains. This indicates that AD design and management are critical to AD success. 

2. ADOPT model
The ADOPT model was designed to simulate the daily management of an AD. ADOPT is a 

linear programming model that maximizes the annual net revenue of the AD using a daily time 
step subject to the AD design capacity and operating constraints. The ADOPT model’s objective 
function is represented in the following equation. 

𝐺𝐺𝑀𝑀𝑥𝑥𝐹𝐹𝑀𝑀𝐹𝐹𝑀𝑀𝐹𝐹 ��𝐹𝐹𝐹𝐹𝐹𝐹
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The equation is simply the AD profit function that the model maximizes the difference between 
daily revenues produced minus the daily operating variable costs and the annual fixed costs. Where 
t represents a day summed over the year T = 365. The variable i represents each revenue source, 
i = 1 to n, multiplied by the price received for each revenue source, Pit. The daily variable cost is 
VCjt for each variable cost factor j and FC is the annual fixed cost FC. Figure 1 shows the inflows 
into the AD and the n revenue sources for the ADOPT model. The following sections describe 
the project site, revenue sources and costs modeled in ADOPT.

2.1.  Project site
The base modeling parameters were obtained through a collaborative research project at the 

Qualco Energy Anaerobic Digester in Monroe, Washington. The project involves an intensive data 
collection on the AD inflows, bio-gas production, electricity generation, solids, and effluent. The 
Qualco digester was developed in 2008, and is a public-private partnership between Northwest 
Chinook Recovery, the Tulalip Tribe, and the Snohomish / Skykomish Agricultural Alliance. 
Although the digester currently receives manure from only one dairy, the digester was designed 
with the capacity to receive manure from several nearby dairies through a gravity fed sewer pipe 
system to the digester that avoids trucking transportation costs. After flowing through the AD 
the effluent is stored in a lagoon at the AD site. Effluent is pumped back to the dairy farm for 
agricultural field applications. The dairy is about 1 mile away from the digester, has about 1,100 
cows, beds with sand and has a flush manure management system.
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2.2.  Tipping fees
Anaerobic digestion is not limited to manure. Dairy anaerobic digesters can also accept 

non-manure organic wastes co-digestion feedstocks that can be digested by bacteria to produce 
methane. Accepting co-digestion feedstocks generates revenue through tipping fees and can also 
increase the amount of bio-gas produced to increase electricity sales. Bio-gas production from 
other organic wastes can produce more methane than from manure alone. In dairy digesters, the 
large feedstock of animal manure helps stabilize the digestion process by providing a high buffer-
ing capacity Murto, Bjornsson, and Mattiasson (2004). 

ADOPT simulates the daily inflow of manure and co-digestion feestocks using daily data 
collected at the Qualco project site. Over the time frame modeled the following co-digestion 
feedstocks were added to the AD: whey, daff which is fat/grease by-product, ruminant blood from 
a beef packing plant, processed frozen fish byproducts, and out of date beverages which are high 
in sugar content. Each of these feedstocks were analyzed for nutrient composition and bio-gas 
production potential. The associated revenue from the feedstocks are called tipping fees to reflect 
a load of feedstock being tipped into the digester receiving tank. The tipping fee revenue for each 
feedstock is an individually negotiated contractual rate. The individual contractual tipping fee 
rates are confidential and are not disclosed in this report. The cumulative tipping fee revenue is 
reported in the results section. 

2.3.  Electricity
The Qualco AD is designed to capture the bio-gas and burn the methane to produce electricity. 

Qualco sells all of the power generated and is not designed as a net metering system. The electricity 
sales are the megawatt hours generated per day sold to Puget Sound Energy transferred through 
Snohomish PUD. The electricity revenue is the price per megawatt sold net of the wheeling fee 
plus Washington’s renewable energy credit. The renewable energy credit is $5 per megawatt hour. 
The net revenue generated is $74 per megawatt hour in the base case analysis. Due to the avail-
ability of hydro-electric power in Washington the electricity sale rates are lower in comparison 
to other regions. The generator is a 450 KW Gauscor system. 

Inflows

Anaerobic Digester

Dairy Manure

Feedstocks
Whey
Daff (fat /grease  byproduct)
Egg byproduct
Ruminant blood
Fish byproducts
Out of date beverages

Outputs Lagoon
Effluent 
Fertilizer 

Value

Electricity Tipping
Fees

Compost
Sales

Carbon
Credits

Figure 1. ADOPT Model AD Inflows and Revenue Sources
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2.4.  Compost
Most AD use solid separators to reduce the amount of solids stored in their lagoons. The 

separated solids can be composted and then reused as bedding, sold off site commonly for nursery 
applications, or applied as a soil amendment. The compost is high in fiber and has some nutrients. 
The project site AD has a screw press solids separator that is composted using a Daritech Inc. 
Bedding Master composting system. Presently there are no contracts for continued sales of the 
compost. Some of the compost is used as bedding and the extra is used as an agriculture field soil 
amendment. In the base case of the ADOPT model there is no revenue from compost that reflects 
the current situation that there are no compost sale contracts.

2.5.  Carbon Trading Credits
For digester owners, carbon trading is a potential source of revenue because methane emissions 

are reduced and that can be converted into a carbon credit. However due to the failure to enact federal 
legislation to establish a carbon cap and trade system, the carbon market has largely collapsed with the 
exception of regional efforts to establish carbon emission caps. Some dairies have carbon sale contracts that 
continue to generate revenue. The project site has a small carbon trading contract that generates revenue. 

2.6.  Other potential revenue co-products
Adding other organic waste feedstocks to dairy digesters can increase biogas production 

but they can also increase nitrogen and phosphorus nutrients when compared to manure only. 
Under the dairies nutrient management plan, the increased nutrients for additional feedstocks 
need to be quantified and incorporated into the nutri-
ent management plan so that the field applications of 
effluent nutrients are balanced with crop production. 
There are cases where dairies receiving liquid effluent 
from digesters have had to obtain additional land and 
adjust cropping to make use of the increased nutrients. 
Phosphorus recovery from livestock wastewater in the 
form of struvite has been demonstrated in other parts 
of the country. A pilot-scale test at the Qualco Energy 
digester project site has demonstrated successful struvite 
recovery from dairy digester effluent, reducing total 
phosphorus in the effluent by 60-80% (Mena, N. 2011). 
Another potential revenue source is collect and clean the 
bio-gas to extract methane. Clean methane can then be 
sold to natural gas providers. These potential revenues 
are not included in the base run of the ADOPT model.

2.7.  Costs
Table 1 presents the annual digester operating and 

fixed expenses. The construction cost for the Qualco 
Energy digester was $3.4 million dollars with a pro-
jected economic life of twenty years. The annual straight 

Table 1. Digester annual operating and 
fixed expenses used in the base ADOPT 
economic analysis

Operating Expenses
Labor $ 39,420
Professional Fees 5,500
Shavings 4,000
Supplies 1,000

Repairs
Composter 35,500
Digester 75,000
Separator 21,000
Site Maintenance 15,000
Interest 15,000
Utilities 70,000
Total Operating 281,420

Fixed Expenses
Insurance $ 28,000
Taxes 7,000
Depreciation 170,000
Total Fixed Expenses 205,000
Total Expenses $ 486,420
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line economic depreciation cost over this investment is $170,000. The annual interest expense 
on debt used to construct the digester is $15,000. The annual operating costs are primarily repair 
expenses, utilities and labor. The total annual operating expenses are $281,420 and fixed costs 
are $205,000. The total annual expense is $486,420. 

3. Adopt analysis and discussion
The ADOPT model is programmed using GAMS mathematical programming software. The 

Qualco Energy digester serves to calibrate the model parameters and mimics the actual revenue 
and cost streams of the digester. The AD lagoon effluent is not assigned a revenue value in the 
modeling results, because the lagoon effluent does not generate revenue. It does have value as 
fertilizer nutrients in the cropping system, but it does not generate revenue. Figure 2 provides 
the daily revenue.

The feedstock revenue is the light 
grey line in Figure 2 that exhibits high 
daily variability. The variability is from 
differences in the volume of co-digestion 
feedstocks delivered. The contractual tip-
ping fees differ between feedstocks, but 
the tipping fee of a feedstock remained 
fixed over the time period modeled. 
The electricity revenue is the relatively 
constant black line. The variation in the 
electricity revenue is when the electri-
cal generator shut down four times for 
maintenance and electricity revenue went 
to zero. The electricity generated is fixed 
to the level constrained by the generator. 
Presently the more bio-gas is produced 
than the generator can use and the excess 

is flared. Additional analysis and data collection on the amount of bio-gas flared is ongoing to 
determine if a larger generator should be installed, or if adding a second generator to the system 
would be better economically. 

The total annual revenue under the base analysis is presented in Figure 3. The annual electric-
ity revenue is $244,696, for tipping fees the annual revenue is $278,818, and the existing carbon 
credit contracts provide $22,000. The cumulative annual revenue is $545,514. The annual total 
costs previously reported in Table 1 are $486,420, which results in an annual positive net return 
of $59,094. On a capital investment of $3.4 million, the construction cost of the digester, the an-
nual return on investment is only about 2 percent. 

The low annual return on investment found in this particular case and reported in other AD 
economic studies, is an explanatory factor to the low adoption rates of AD across the country. 
However in this case there is a high potential to increase revenue by improving the digesters 
electrical generating capacity through capturing the existing bio-gas that is currently being flared 
off. Also compost sales are a promising potential revenue that currently is receiving no economic 
value. Work on developing this market potential is ongoing. 

Figure 2. ADOPT model daily revenue
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The tipping fee revenue cannot be increased by much. 
Presently in this base case the volume of co-digestion 
feedstocks in nearly a maximum. The volume currently 
being received is close to the maximum allowed by state 
regulations and the dairy farm’s nutrient management plan 
for the application of the AD effluent. The only way to in-
crease tipping fee revenue is to renegotiate the tipping fee 
contract. That will not be easy as additional AD are con-
structed and the market becomes increasingly competitive 
for co-digestion feedstocks. One alternative that is currently 
being investigated is to evaluate the co-digestion feedstocks 
for their ability to generate bio-gas and increase electricity 
revenue. This will provide AD managers information to 
evaluate tipping fee contractual rates. Co-digestion feed-
stocks with low electricity potential should require higher 
tipping fees. Of course this requires that the AD have suf-
ficient electricity generating capacity to effectively convert the bio-gas potential of co-digestion 
feedstocks to electricity revenue.

Another factor that is often overlooked in the economic analysis of AD is the marginal com-
parison of a traditional nutrient management system to an AD system. The traditional lagoon – land 
management system is a sunk cost to the dairy farm that has no potential to generate revenue or a 
return on investment. The AD return may be low, but as long as it is positive it represents a better 
capital investment than a traditional system. Even if the AD system has a negative return it still 
may be a better economic investment than a traditional system when evaluated on a minimum 
cost basis. Also additional work is needed to evaluate the marginal value difference of the nutri-
ent profile between traditional and AD effluent. The higher nutrient profile of AD effluent is not 
being captured by current economic models. There are several other potentially positive future 
developments that may improve AD economics. Increasing electricity costs in the future could 
have a positive effect on AD economic return. Developing a market for the AD compost should 
become a primary effort as this is a large volume of product. Also developing analysis on the scale 
economics of digesters could identify more economically sustainable AD systems.
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Abstract
Small livestock farmers in South Africa suffer from increasing losses due to predation. Predation 

losses increased to such an extent that small livestock farming in not viable any more in certain 
small livestock producing areas. The objective of this study is to determine the predation losses due 
to predators and identifying the variables that influences the occurrence and level of predation. This 
can help to develop management systems to reduce predation losses. The black-backed jackal and 
the caracal are two important medium-sized predators species among the South African wildlife, 
but they have a negative impact on the livestock industry in South Africa, especially among sheep 
and goats. The Western Cape Province of South Africa incurred losses in 2010 up to R 104 980 
967 ($ 1 165 663). The physical monetary value attached to predation in this study was only the 
direct cost of predation and do not include indirect cost of controlling damage-causing animals. 
It was hypothesised that the variables affecting the occurrence of predation and the variables 
that affected the level of predation was not the same. Therefore, it was necessary to use the Probit 
and Truncated regression models. The information collected in this study showed that predation 
is a serious problem for the South African small livestock sector. This study does not answer all 
questions on predation, but provides valuable information in understanding the magnitude or 
extent of predation and some of the factors influencing predation on farms. 

Keywords: predation, small livestock, South Africa

1. Introduction
Predation on livestock can be a problem for farmers and producers across the world. For 

example, coyotes kill sheep (Conner, Jaeger, Weller, McCullough, 1998) and goats (Windberg, 
1997) in parts of the USA and Canada (Dorance, Roy, 1976). Wolverines kill sheep and domestic 
reindeer in Norway (Landa, 1999). Farmers have been protecting their stock for hundreds of years, 
by fencing and kraaling their stock to prevent the risk of predation losses. The black-backed jackal 
(Canis mesomelas) and the caracal (Caracal caracal) are important medium size predator species 
among the South African wildlife, although having a negative impact on the livestock industry in 
South Africa, especially small stock like sheep and goats (Hall-Martin, Botha, 1980). Although 
the diet of the black-backed jackal and the caracal normally consists of smaller mammals, they 
prey on small stock. (Hall-Martin, Botha, 1980; Rowe-Rowe, 1983; Moolman, 1984). 

Despite the wide distribution ranges of the black-backed jackal and caracal (Cillie, 1997). 
Little information is available about their current distribution and their impact on the local small 
stock industry. However some studies have been done to estimate the problem, the National Wool-
growers Organisation (NWGA) estimated a loss of 8% (2.8 million head of small stock, 2007) of 
stock per year. Losses to predation are not the only economic losses, there are additional costs in 
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preventing predation (Arnold, 2001). The decision of how to manage these predators involves the 
allocation of scarce resources in the midst of competing needs. Economic analysis is therefore a 
useful tool to aid such decisions (Moberly, White, Webbon, Baker, Harris, 2003)

The primary objective of this study is to quantify the economic loss due to predation on small 
stock in the Western Cape Province (WCP) of South Africa. The secondary objectives are to 
determine the influence of management aspects on predation. These aspects include, different 
ways to control damage-causing animals and management aspects. Management include time of 
lambing, flock size, lambing months and breeds. 

Opportunity cost is an important factor that must be taken in consideration from an economic 
point of view. The question basically arise, to what level are farmers able and willing to pay for 
predator control, and the benefits will be and what will the optimum level be of control. Opportu-
nity costs can be divided into direct and indirect costs. The direct costs focuses on the prevention 
methods. Which include hunting, traps and fences etc., where a fiscal amount of money can be 
attached. While indirect costs imply, the time a famer has to spend on implementing certain man-
agement aspects. Management aspects consist of certain lambing practices, count of stock or the 
time it takes to control damage causing animals. Indirect costs are however difficult to calculate 
and will not be estimated in this paper.

2. Procedures 
Economics is often experienced as the discipline that measures things in monetary units, while 

other disciplines use physical units. This view is to simplistic and even in appropriate, economics 
is not concerned principally with money but with making rational choices and decisions in the 
allocation of scarce resources amongst competing alternatives. The conceptual models underlying 
economic analyses include three major components: people, products and resources (Mclnerney, 
1987; Otte, et al., 2001). Economic analysis is therefore a useful tool to aid decision-making 
(Moberly, et al., 2003). A basic criterion for determining whether predator control is an appropri-
ate management action is whether the benefit of carrying out control exceeds the cost and this 
should be determined before a control program is instigated in order to prevent unnecessary or 
uneconomic control actions (Caugheley, Sinclair, 1994; Moberly, 2002). 

The profit of a small stock farmer is a function of the number of lambs born and lamb losses 
between birth and weaning, amongst other factors. Losses are made up of predation losses as well 
as to other causes. It can be assumed that a farmer aims to minimise lamb losses to predators as 
far as possible (Moberly, 2002; Skonhoft, 2005). Therefore the cost of livestock mortality should 
take into account both the loss, or reduction in output, and the expenditure on extra inputs, includ-
ing control and prevention costs (Mclnerney et al., 1992). There are several ways of valuing the 
costs of stock mortality. One approach is to use the output loss, the loss as “finished products” or 
the value of the animal when it is lost (Mclnerney, 1987; Moberly, 2002). The value is difficult 
to estimate if the animal is not at a point of sale, as to if a “finished product” is lost. Losses is 
determent according to Otte et al. (2002) and Mclnerney et al. (1992) as the total cost (C), the loss 
of the animal (L), plus the direct and indirect expenditure cost and control expenditure (E). This 
estimates the total cost to farmers based on the market price of finished an animal multiplied by 
the number of losses, as explined in equation (1). 

C = L + E         (1)
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A farmer has to choose a strategy, what level of pest control or preventive measure to use before 
the economic impact of the pest is known. If there is uncertainty about what level of pest attack 
will occur, but the probability of any particular level of attack occurring is known, the expected 
outcome of alternative strategies can be determined. Preventive or control methods consist of 
control methods (lethal and non-lethal) and managerial aspects. Lethal methods kill the predator 
and the non-lethal methods are a mean of reducing predation without killing the predator. These 
methods include lamping with rifles, shooting by day, hunting with dogs, snares, traps poisoning 
and the non-lethal methods include kraaling of small stock or indoor housing, sheep herder, bells, 
guard dogs, King Collers (Arnold, 2001; Moberly, 2002; van Deventer, 2008). 

3. Data collection
A questionnaire was developed to obtain relevant information on predation on farms in the 

WCP of South Africa. This questionnaire was designed for short telephonic interviews with farmers 
in the WCP. Data collection took place over a period of two years, which included two lambing 
seasons or farmers who used three lambing seasons in two years. The questionnaire includes 
questions on farm recourses and flock size, farm location, losses of livestock due to predators, 
topography, surrounding land uses, predator control (lethal and non-lethal) and managerial aspects 
for two calendar years (2006 and 2007). Management questions were asked to identify whether 
certain management practices can lead to a reduction in losses due to predators. The management 
questions on certain farming practices included; how often does a farmer count his stock, lambing 
location and identification of small stock.

In April 2008 telephonic interviews was held with farmers in the Western Cape Province (WCP) 
of South Africa. The WCP host a very diverse agricultural sector, include wine producing areas, 
field crop production and small stock production in the Karoo. This study is part of an greater 
study that focus on the five mayor small stock producing provinces of South Africa (Free state, 
Northern Cape, Eastern Cape, Western Cape and Mpumalanga), in which a total of 1 500 farmers 
was interviewed in these five provinces. According to the methods used by De Vos et al. (2000) 
a stratified random sample was selected to draw a sample of farmers. In the WCP 187 farmers 
was interviewed. The sample of farmers was drawn according to the percentage that each of the 
different magistrates districts of the WCP contributed to the total small stock numbers (sheep and 
goat) of the WCP. Nationally the WCP contributed 11% of the commercial small stock numbers 
of the five major small stock producing provinces in South Africa (DOA, 2006).

4. Methodology
The methodology used consists of quantification of predation losses to set a fiscal economic 

value to predation losses in the WCP. Furthermore to further investigate factors influencing pre-
dation on farms in the WCP.

4.1.  Quantification of predation cost in the WCP
The primary objective of this study is to quantify the economic loss due to damage-causing 

animals in the WCP. Quantification is done by multiplying the market price of an animal by the 
number of animals lost within a province, however this is difficult when this animal is not at a 
point of sale. The National Wool Growers’ Association valued one unit (animal lost) in earlier 
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estimates at R 600, this was a very low estimate for a unit lost. Stock theft Forum is valuing one 
small stock (sheep) unit at R1 200, and one small stock (goat) unit at R1 400. By using the value 
used by stock theft Forum an over estimation is possible. For the purpose of this study a value 
was used of R600 for one unit (sheep and goat) younger than six months and a value of R1 000 
for one unit (sheep and goat) older than six months. However, this only illustrates the direct cost 
of predation for the WCP and does not reflect the indirect cost of preventing predation on a farm. 
The cost of prevention includes the cost of a professional hunter, fencing (jackal proof and elec-
trical) and management input, just to name a few. Although some of these methods is a once-off 
expense, the methods are very expensive and therefore not a viable option to all farmers. Other 
methods like poison and the use of professional hunters or the farmer hunting himself represent 
a continuous cost to farmers.

4.2.  Model specification 
The secondary objective of this study is to determine the influence of management aspects on 

predation. A hypothesis was made that the variables influencing the occurrence of predation and 
variables influencing the level of predation is not the same. 

In this study the model on factors influencing predation consist of two factors, whether or 
not predation will occur or not and if predation occurs what level of predation will occur. An 
important factor that must be taken in consideration is the fact that a small number of farmers 
incurred no losses on their farms (over 90% of farmers incurred losses). According to Aramyn, 
Lansink, Verstegen (2007) excluding observation with zero predation can lead to the sample be-
ing bias and biased regression parameters. It is however important to include these observations 
in the regression, because it is possible that no predation occurred during the two year when data 
was collected or management and control methods (lethal and non-lethal) is of that nature that no 
predation occurs. Therefore it is important to include these observations when estimating factors 
influencing predation.

The Tobit regression model is frequently used when dealing with zero observations (Tobin, 
1958; Gujarati, 2003; Aramyn et al., 2007). A problem occurs that the Tobit model is very restric-
tive, according to Aramyn et al., (2007). For example, any variable that increases the probability 
that predation will occur increases the level of predation on a farm. The Cragg’s model is an 
alternative for the Tobit model and allows one set of parameters to determine the probability that 
predation will occur and the second set of parameters to determine the level of predation. In the 
Tobit regression model, a variable that increases the probability of predation will also have a 
higher influence on the level of predation (Lin & Schmidt, 1984) cited in Katchove and Miranda 
(2004) and Jordaan and Grové (2010). Thus, the same variables will influence the probability 
that predation will occur and the level of predation, therefore the Tobit regression model alone 
would be insufficient in some cases.

According to Katchove and Miranda (2004) the Tobit model arises when the, occurrence of 
predation (weather or not predation will occur on a farm), is represented by the Probit model in 
Equation 2.
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The level of predation on a farm, is represented by the Truncated regression model in Equation 3.
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The variables influencing the probability that predation will occur on a farm is modelled by 
the Pobit regression model. The dependent variable takes the form of a dummy variable, coded 
zero for no losses and one if predation incurs on a farm. The variables influencing the level of 
predation on a farm is modelled by the Truncated regression model. The dependent variable takes 
the form of a continuous variable, where the reported losses to predators is divided by the total 
number of ewes/does and lambs/kids on a farm. 

According to the hypotheses made, that the variables influencing the probability that preda-
tion will occur or not and variables influencing the level of predation is not the same variables. 

The Cragg model suggests the assumption that the same variable influences both the probability 
that predation will occurs as well as the level of predation on a specific farm. In other words the 
Cragg model is the tool adopted for testing the Tobit model against the alternative two-step model. 
Cragg’s test is based on a comparison between the likelihood ratios (Lin & Schmidt, 1984; Conte 
& Vivarelli, 2007). The Cragg’s model with a log-likelihood function is illustrated in Equation 4 
as given by Katchove and Miranda (2004) and furthermore explained by Lin and Schmidt (1984); 
Zhang et al. (2006) and Conte and Vivarelli (2007). The log-likelihood in Cragg’s model is a 
sum of the log-likelihood of the Probit model (the first two terms) and the log-likelihood of the 
Truncated regression model (the second two terms).
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All the regression models regarding the analyses on data on predation were done by using 
NLOGIT 4.0 statistical software. 

4.3.  Hypothesised variables
A summery of hypothesised variables, a short description of variables and the expected signs 

influencing predation in the WCP is shown in Table 1. The variables in Table 1, can be divided into 
two groups, management variables and control variables (lethal and non-lethal). It is hypothesised 
the management will have a negative sign in regression models, it is believed that a higher level of 
management will reduce predation on a farm (McAdoo, 2000). Management aspects will include 
time of lambing, flock size, breeds, lambing intervals, counting of small stock, identification of 
small stock and lambing months. 

A positive sign is expected with all control methods including lethal and non-lethal methods. 
Lethal methods include hunting, poisons and gin traps. Non-lethal methods include electric fences, 
jackal-proof fencing, bells, King Collars and guarding dogs. According to De Waal (2009) the un-
necessary killing of predators will lead to increase in predation in that specific area. Non-lethal meth-
ods will only reduce the level of predation and will not stop the occurrence of predation on a farm.
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5. Results
This section will consist of the direct cost to predation in the WCP, was a fiscal amount will 

be put on predation. in section 5.2 factors influencing predation are shown and discussed. 

5.1.  The cost of predation in the WCP
Although predation losses are relatively low for the whole province there are some areas within 

the province that experience very high losses due to predation. These areas mostly include the 
Central Karoo where small stock farming is the main agricultural activity. A loss of 6.1% was 
associated with lambs between zero and six months and 0.1% for animals older than six months. 
The direct cost of predation in the WCP added up to R 104 980 967 as explained in Table 2. 
Farmers in these areas have high indirect costs in preventing predation on their farms, costs that 
include professional hunters, electrical fences and management practices.

Table 1. Variables influencing predation and direction of influence

Variable Description Expected 
sign

Farming size Continuous variable, area of farm in hectares -

Lambing interval Dummy variables, coded 1 for farms with 8 or 12 
month lambing interval, 0 otherwise -

Lambing months

Dummy variables, coded 1 for farms with lambing 
seasons in March-April or August-September or 
March-April and August-September or year round, 
0 otherwise

-

Production ewes/does Continuous variable, number of ewes/does -

Counting of small stock Continuous variable, times per months farmers 
counts small stock -

Identification of small stock Dummy variables, coded 1 for identification of 
small stock, 0 otherwise -

Combination of two or more 
non-lethal control methods

Dummy variables, coded 1 for using more than 2 
non-lethal control methods, 0 otherwise +/-

Predator control carried out 
(including lethal and non-lethal)

Dummy variables, coded 1 for farms where predators 
were killed by various control measures, 0 otherwise +

Believed foundation of 
predation problem

Dummy variables, coded 1 for different sounding 
practices that contributes to predation on farms 
(farmers view point), 0 otherwise

+

Table 2. The cost of predation in the WCP
Number of 
small stock

Average predation 
losses (%)

Losses due to 
predators

Cost per 
unit (R)

Cost of 
predation

Sheep < 6 months 2 564 250 6.1% 156 419 600 93 851 550
> 6 months 2 564 250 0.1% 2 564 1 000 2 564 250

Goats < 6 months 227 797 6.1% 13 896 600 8 337 370
> 6 months 227 797 0.1% 228 1 000 227 797

Total 2 792 047 173 107 104 980 967
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5.2.  Factors associated with predation losses in the WC province
Different variables that were included into the regression models are shown in Table 3. Variables 

were kept the same between the two model specifications to test the Cragg’s model specifications. 
The variables were selected at a statistically significant level of 15% significant level. The Cragg’s 
model had a significant P value (P = 0.000; CHISQ = 43.312); according to the Cragg’s model it 
was necessary to use the Probit and Truncated models to analyse data on predation in the WCP.

In the Probit model a number of variables are significant in modelling the occurrence of 
predation in the WCP. These variables are mostly associated with managerial aspects such as 
number of ewes on a farm and counting of small stock. A negative coefficient was expected for 
all managerial aspects, meaning the more intensive the management, the loses the occurrence of 
predation. In the WCP a higher level of management is associated with larger small stock numbers 
on a farm (Probit, P = 0.005). Therefore, a higher level of management on a farm will have a 
tendency to a reduction in predation losses. Regular counting of small stock was not founded to 
be significant in the Probit model, although having a negative impact on predation. In the WCP 
agriculture practices are to a great extent diversified, making it difficult for farmers to manage all 
of there farming enterprises and to do effective predation management.

A great deal of success is associated with control methods in the WCP. Although control 
methods reduce the level of predation (Truncated), some of these methods will also influence the 
occurrence of predation on a farm (Probit). This can be attributed to the fact that a specific method 
or farming action can be highly effective in a specific region at a certain point in time. The use 
of bells, gin traps and jackal-proof fencing can be seen as an example of very effective control 
methods, which will have an influence on the occurrence of predation on a farm. Kraaling small 
stock (Truncated, P = 0.081) at night was founded significant in effecting the level of predation 
on a farm. A negative coefficient was expected. The reason being that kraaling at night is not 
significant in the occurrence of predation and the positive coefficient in the Truncated model is 
due to the fact that damage-causing animals adapt themselves to infiltrate in closed areas and 
cause major losses, where fences are not up to standard, according to some farmers in the WCP. 
Hunting by using a professional hunter in the WCP influence on the level of predation, due to 
the fact that damage-causing animal control is only practised in small parts of the WCP makes it 
very difficult to control effective predation management.

A high level of success is experienced when non-lethal methods are used in combination or in 
rotation with one another (Probit, P = 0.050), mainly due to the adaptability of predators. 

Table 3. Output of the Probit and Truncated regression models for the WC province

Variables Probit Truncated
Coefficient P value Coefficient P value

Constant 0.458 0.015 -0.127 0.050
Number of ewes -0.000 0.005 -0.296 0.807
Counting of small stock -0.013 0.630 -0.002 0.592
Hunting (by professional hunter) -0.022 0.957 0.083 0.047
Combination of non-lethal methods -1.100 0.050 -0.057 0.264
Bells 1.125 0.013 0.06 0.279
Jackal-proof fencing 1.386 0.000 0.052 0.448
Kraaling small stock at night 0.026 0.966 0.117 0.081
Gin traps 0.594 0.069 0.100 0.011
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6. Conclusion and recommendations
Predation on small stock by black-backed jackal and caracal is a growing problem in the WCP 

and in South Africa. Problem-causing animals are responsible for large losses in small stock in 
the WCP. Direct losses in the WCP added up to R104 980 967 this only included direct cost of 
predation. Indirect cost of predation is difficult to calculate, control methods differ immensely 
between production regions. A number of these methods is a once-off payment and usually are 
tremendously expensive and therefore not accessible to all farmers.

A hypothesis was made that variables that influenced the occurrence of predation and variables 
that influenced the level of predation was not the same, thus it was necessary to use the Probit and 
Truncated regression models. An assumption was made the factors influencing the occurrence 
of predation are usually associated with management aspects and normally will be negatively 
correlated with predation losses. Variables affecting the level of predation can be seen as factors 
reducing the level of predation. These factors will usually include non-lethal and lethal methods. 
Mon-lethal control methods generally do not stop predation, but will reduce the level of predation 
on a farm. However, where a great deal of success is associated with a curtain prevention method, 
mostly control methods, this variable will be significant in effecting the occurrence of predation 
on a farm and at a specific point in time.

The WCP is a very diverse agricultural sector, which include wine producing areas, field crop 
production and small stock production in the Karoo and southern parts of the province. Due to 
the fact of the very diverse agricultural sector in the WCP predation losses fluctuate immensely 
in the province and makes predator control very difficult.

There can be no uncertainty regarding the fact that predation in South Africa is a serious 
problem for the South African small livestock sector and there is no indication that the problem 
of predation is subsiding. This study will not answer all questions on predation, but is a step 
forward in understanding the magnitude of predation and factors influencing predation on farms. 
The information collected can be used in addition to evaluate smaller areas intensively to deal 
with predation problems and develop strategies accordingly.

Due to the fact that these two predator species are so abundantly and widely found in South 
Africa, it makes effective management of problem-causing animals fairly difficult. The results 
of this study indicated that a higher level of management would lead to a reduction in predation 
losses. However, a higher level of management is not always financially or physically possible 
on every farm. These management aspects compete with the same resources on a farm and make 
it very difficult to implement. Due to the adaptability of these problem-causing animals, mostly 
black-backed jackal, management aspects must be diversified to have an efficient impact on predator 
management programs. A farmer has to decide for himself what level of predation is acceptable 
and what level of control would be sufficient, so that the cost do not exceed the benefit of predator 
control. As previously said, not all farmers have the ability to effectively control problem-causing 
animals, mainly due to a lack of resources. On the other hand, this is a major problem for farmers 
within areas experiencing high losses due to predation. That is why it is necessary for a nation- 
wide strategy in controlling problem-causing animals.

Government intervention will assist tremendously in implementing a coordinated national 
strategy in controlling problem-causing animals. The primary responsibility of controlling 
problem-causing animals will still be in the hands of the farmers. Government intervention can 
help to make recourses available to farmers in efficiently controlling problem-causing animals.
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Abstract
Despite extensive promotion of maize and sorghum cultivars adapted to multiple stresses 

through public, private and research institutions’ extension initiatives in Western Kenya, the 
adoption of such technologies by small scale farmers is low and production of the two crops is 
not only declining, but also continues to fall behind potential. Production of maize and sorghum 
are not only below 0.5 t/ha against a potential of 3-4 t/ha, but also declining. The objective of 
the study was to not only characterize awareness and adoption of maize and sorghum cultivars 
adapted to moisture stress, striga, low fertility acid soils and aluminum toxicity, but also isolate 
factors influencing their adoption. Data was collected from five sites in Nyanza and Western prov-
inces using systematic sampling to generate a sample of 100 farmers. Data was analyzed using 
descriptive statistics and a probit model. Results show that gender, age, farm size, income, and 
access to extension influence adoption of maize and sorghum technologies. It is recommended that 
policies should consider household structure, empower them economically and improve access 
to extension services to enhance adoption of maize and sorghum technologies.

Keywords: drivers, adoption, maize and sorghum, technologies, Western Kenya 

1. Introduction
Food and nutrition insecurity is a major problem in western Kenya, which is home to more 

than 15 million people who derive their livelihoods from agriculture. About 4.5 million people 
from the region experience serious food and nutrition insecurity, largely due to drought, low soil 
fertility, soil acidity, pests and diseases (FEWSNET, 2009). In this region, sorghum (Sorghum 
bicolour (L.) Moench) and maize (Zea mays (L.) are the two major staple food crops and sources 
of livelihood. These crops are produced by smallholder farmers (SHF) who use low levels of inputs 
and have limited access to new technologies. Consequently, sorghum and maize grain yields are 
low and declining, normally less than 1.0 ton and 1.5 tons /ha, respectively (FAOSTAT, 2006). It 
is predicted that in the marginal areas of Eastern Africa including the dry land areas of western 
Kenya, global climate change will cause more food deficit, increasing vulnerability of the local 
population. If not checked, drought, soil acidity and other environmental stresses prevalent in 
western Kenya may prevent the country from realizing the vision 2030 and the Millennium De-
velopment Goal (MDG) No. 1 which commits countries to halving poverty and hunger by 2015.

Maize and sorghum production and yield per unit area in Kenya is affected by many fac-
tors. Among the most important are total planted area and productivity. There is limited scope 
for expanding cultivated land under maize production since unused land is diminishing or is of 
marginal quality or just unsuitable for maize production. Producing higher maize yields on ex-
isting cultivated land is therefore the surest way of generating the extra maize grain required to 
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feed the nation. However, this is curtailed by multiple stresses such as drought, soil acidity, low 
available phosphorus, and striga infestation. Even though, locally based research initiatives in 
Western Kenya have generated and disseminated maize cultivars adapted to these multiple stresses, 
adoption rates still remain very low and maize production continues to fall way behind potential.

In many parts of Kenya, sorghum remains an important crop for rural food security. Since many 
sorghum producing areas still experience periodic food deficits, production must be increased 
in order to ensure food security. The growing of improved sorghum varieties in Kenya has been 
promoted by not only public agricultural extension service, but also private extension initiatives 
and outreach arms of research institutions as one of the ways of achieving this. However, the 
adoption of technologies associated with these varieties by small scale farmers is still low result-
ing, probably, in the low production of the crop.

In Kenya, Striga infestation is most severe in Nyanza and Western provinces. Despite exten-
sive promotion of both maize and sorghum cultivars tolerant to striga infestation by ministry of 
agriculture and other research institutions’ initiatives in western Kenya levels of adoption are 
low and the weed continues to wreak havoc on production of the two crops in the region. With 
the above background several questions can be raised. What is the level of awareness among 
farmers of maize and sorghum cultivars tolerant to drought, acidic soils, Aluminium toxicity and 
striga infestation in western Kenya? What is the level of adoption of some of these technologies 
and what influences the adoption behaviour? In an attempt to address the aforementioned ques-
tions, the objectives of the paper are to characterize the level of awareness and adoption of maize 
and sorghum cultivars adapted to drought, aluminium toxicity, low fertility acid soils and striga 
infestation and to assess factors affecting their adoption.

2. Methodology

2.1.  Study sites
The survey was carried out in five sites, two in Nyanza province and three in Western Province. 

The sites included; Karungu, Sega (Nyanza), Matayos, Koyonzo, and Angurai (Western). Karungu is 
located 0° 51’ 0” South, 34° 9’ 0” East, at an altitude of about 1, 145 m. The area has low (250 - 750 
mm), unimodal (March – May) rainfall, with low to medium (≈ 60%) reliability. The area is in the 
Lower Midland 4 (LM4) agro-ecological zone (AEZ) and is suitable for sorghum, cassava and sun-
flower. The soils are neutral, verticarenosol/vertisols of medium to low fertility. Sega site is located 
0° 15›N & 34°20›E, at an altitude of about 1,200 m and receives the long rains between March–June 
(Jaetzold and Schmidt, 1983) and the short rains between September and December. The area is in AEZ 
LM 3 and is suitable for maize, sorghum, cassava and sunflower. Sorghum and maize are the priority 
cereals, but grain yield is affected by drought and soil acidity (pH < 5). The soils are orthicacrisol that 
contain toxic levels (33% saturation) of aluminium (Al) and low levels (3.0 mg/Kg soil) of available P 
(Obura et al., 2008; Kisinyo et al. 2009). Angurai is in Teso District and falls in AEZ LM3, character-
ized by a long (155 to 174 days) cropping season followed by a short (85 -104 days) second growing 
period (Jaetzold et al., 2005). Angurai receives 1300 mm of rainfall annually. The soils are acidic, 
ferralo-orthicacrisols with moderate to low fertility. Farmers in this region grow significant quantities 
of sorghum, which is mixed with cassava and used as a staple food. Koyonzo is in Matungu division 
of Butere-Mumias district. Matayos is in Busia District and is in AEZ LM3. The site lies at an altitude 
of 1,219 m, and receives 1,420 mm of rainfall annually, that comes in during the long and short rainy 
seasons. The soils are well drained, deep, red to dark red, friable Chromic Acrisols; partly petro ferric.
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2.2.  Data types and sources
Both primary and secondary sources of data were used. Both qualitative and quantitative data 

were collected. Types of data used in this study included general demographics of the respondents 
such as age, gender, education, household size and occupation among others; awareness, access 
and adoption of maize and sorghum technologies, resource endowments such number of livestock, 
acreage under key crop enterprises, sources of livelihoods, types and sources of maize and sorghum 
seed, marketed fraction and market outlet for seed and constraints in the maize and sorghum value 
chain, maize and sorghum production and yield levels, input usage and past production trends 
of maize and sorghum. The technologies under consideration were maize and sorghum varieties. 
These varieties have been bred and tried under multiple stresses under farmers’ conditions in a 
participatory approach for more than 4 years at the 5 sites. The multiple stresses include moisture 
stress, aluminium toxicity, acidic soils and striga weed. Both local maize and sorghum varieties as 
well as cultivars generated through a participatory screening process by Moi University research 
team were at the disposal of farmers. The maize varieties at the disposal of farmers were hybrids 
(H505, H507, H511, H512, and H614), Duma, and Pwani. The sorghum varieties which were at 
the disposal of farmers had been screened for different tolerance to the aforementioned stresses. 
They included Nyadundo1 (drought, striga, aluminium), Nyadundo 2 (drought and aluminium), 
C26 (drought, Striga), P53B (Striga), T30B (Drought), ED95A (Aluminium and Phosphorous), 
E97 (Aluminium and Phosphorus), E94 (Aluminium and phosphorus), Seredo (Aluminium and 
Phosphorus), N57 (Striga), N68 (Striga), E16 (drought), E12 (drought), E15 (drought) and M45 
(Striga). Farmers were therefore aware of existence these sorghum varieties. Primary data was 
obtained through a baseline survey while secondary data was acquired through perusal of gov-
ernment and private research documents, journals and other publications relevant to the study.

2.3.  Sampling procedures
The target population was all maize and sorghum farmers in the five sites of Sega, Matayos, 

Koyonzo, Angurai and Karungu. A sample of 100 small holder maize and sorghum farmers were 
purposively selected from the five sites. In each site, 20 farmers were systematically selected. 
However, the first farmer was selected randomly and subsequent farmers selected by skipping 
every next sorghum/maize farmer. 

2.4.  Data collection instruments and methods
The main instruments used for data collection were questionnaires, interview schedules, ob-

servation, and focused group discussions. A mixture of enumerator administered questionnaires 
and interview schedules were used to retrieve information from farmers. Questionnaires and 
interview schedules were structured with both open ended and closed ended questions. Instru-
ments of data collection were pre-tested in Sega site on 10 respondents to ensure reliability and 
validity and revised before embarking on the actual survey. To supplement information gathered 
using questionnaires, an interview schedule was used to collect information from key informants 
such as extension service providers from Ministry of Agriculture and non-governmental organi-
zations and local leaders to facilitate formation of general opinion about behaviour of variables 
under investigation.
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2.5.  The probit model
In order to explain the behaviour of a dichotomous dependent variable a suitably selected 

Cumulative Distribution Function (CDF) was used. The logit model uses the cumulative logistic 
function. But this is not the only CDF that one can use. In some applications, the normal CDF 
has been found useful. The estimating model that emerges from the normal CDF is known as the 
Probit or Normit Model. The Probit model is expressed as (1):

xxxprobit βαππ φ +==
−

))(())((
1

    (1)

Where is the inverse standard normal cumulative distribution.
The probit model is an alternative to the logit model and does not show the structural problem 

such as the linear probability model. There are a lot of similarities and minor differences between 
a logit and probit model. The chief difference between logit and probit is that the logistic model 
has slightly flatter tails. The normit or probit curve approaches the axes more quickly than the 
logistic curve. Qualitatively, logit and Probit models give similar results and the estimates of 
parameters of the two models are directly comparable (Vasisht, 2002). The study employed the 
Probit model to evaluate the adoption of maize and sorghum cultivars adapted to multiple stress 
such as drought and striga in Western Kenya. It was assumed that there is a latent, or unobserved, 
variable Y* which is generated from a familiar looking model:

eXY += β '*

      (2)

Where β is a K-vector of parameters, x is a vector of explanatory variables and e ~ N(0; 1) is 
a random shock. We observe y = 1 if y* > 0 and y = 0 otherwise. 

In this study, the model was specified as follows;

Y = βX + e         (3)

Y = a vector of farmer’s adoption of stress tolerant maize/ sorghum cultivars
X = a vector of independent variables including:- demographic characteristics, farm size, area 

allocated to maize/ sorghum, household size, Age, education, gender, occupation, income, yield 
of maize/ sorghum. Since the level of awareness among farmers of existing stress tolerant maize/
sorghum technologies was low models were estimated for adoption of moisture stress tolerant 
sorghum and striga tolerant maize in western Kenya.

2.6.  Data processing and analyses
All questionnaires and interview schedules were sorted and coded before inputting in the ap-

propriate software. Data was then analyzed using Statistical Package for Social sciences (SPSS) 
version 17.0 and Ms-Excel. Descriptive statistics such as measures of central tendency, bar charts 
and cross tabulations were used to describe the socio-economic indicators of households and to 
characterize awareness and adoption of multiple stress tolerant sorghum and maize technologies. 
Regression analysis was used to determine the cause and effect relationship between variables 
under study.
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3. Results and discussions

3.1.  Characterization of awareness and adoption of maize/sorghum technologies
Farmers were asked if they were aware and used locally available multiple stress tolerant 

sorghum and maize varieties. Table 1 shows awareness among farmers of multiple stress toler-
ant sorghum and maize technologies. The general level of awareness among farmers of existing 
multiple stress tolerant sorghum cultivars was very low in the entire sample and replicated across 
experimental sites. While 17-18% of all respondents were aware of Al tolerant sorghum and maize 
cultivars, only 41% were aware of moisture stress tolerant sorghum and maize varieties.

Table 1. Awareness in percentage of sorghum and maize technologies across the study area
Location Stress tolerant Aluminium 

tolerant
P-efficient Striga tolerant

Sorghum Maize Sorghum Maize Sorghum Maize Sorghum Maize
Koyonzo 5 6 4 5 3 4 5 6
Angurai 5 4 2 2 2 3 5 5
Matayos 12 12 4 4 5 6 11 13
Sega 14 14 7 7 10 10 14 15
Karungu 5 5 0 0 0 0 3 3
Total 41 41 17 18 20 23 38 42

Source: Authors’ Survey, 2011

While 20-23% of respondents were aware of P-efficient sorghum and maize cultivars, 38-42% 
of them were aware of striga tolerant sorghum and maize cultivars. That implied that less than 
half of the farmers were not aware of the multiple stress tolerant maize and technologies calling 
for more awareness campaigns to enlighten farmers on the existing multiple stress maize and 
sorghum tolerant technologies. However, Koyonzo, Angurai and Karungu require more awareness 
campaigns. The relative level of awareness of moisture stress and striga weed was high across 
all the sites. This could point to the devastating effects of the two challenges in the study area.

Table 2 shows adoption of multiple stress tolerant sorghum and maize cultivars. The general 
level of adoption of multiple stress tolerant sorghum and maize cultivars by farmers was too 
low in the entire study area and across the experimental sites. Less than 10% of respondents had 
adopted any of the four sorghum technologies. The story was the same for maize technologies 
with exceptions of P-efficient and striga tolerant maize cultivars which were adopted by 23 and 

Table 2. Adoption in percentage of sorghum and maize technologies across the study area
Location Stress tolerant Aluminium tolerant P-efficient Striga tolerant

Sorghum Maize Sorghum Maize Sorghum Maize Sorghum Maize
Koyonzo 1 1 0 0 0 4 0 6
Angurai 2 3 1 1 1 3 2 5
Matayos 1 3 1 1 1 6 1 13
Sega 3 3 1 1 3 10 5 15
Karungu 0 0 0 0 0 0 0 3
Total 7 10 3 3 5 23 8 42

Source: Authors’ Survey, 2011
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42 % of respondents respectively.Among adopters of striga tolerant maize majority came from 
Sega and Matayos experimental sites. That implied that enough sensitization may have been 
undertaken at the two sites calling for more sensitization in the other sites. It could also point to 
striga weed being a more devastating problem in the study area than the other multiple stresses 
thus eliciting more adoption.

That could be attributed to the low levels of awareness among farmers of the existing multiple 
stress tolerant sorghum and maize cultivars in their neighbourhoods since majority of the farmers 
were known to work with technologies they understood. This calls for awareness campaigns in 
the entire study area in order to trigger interest in the multiple stress tolerant crop technologies

3.2.  Probit regression results
Table 3 shows probit regression results for adoption of stress tolerant sorghum. Results show 

that age, social capital, sorghum farm, income and extension advice were significant and posi-
tively influenced adoption of moisture stress tolerant sorghum. These results are consistent with 
Okuthe et al., (2000) findings that farmers’ adoption of improved sorghum varieties and tech-
nologies depend on household size, income, farm size, age, education attainment and gender of 
household head. However, while Okuthe focused on Ndhiwa Division in Nyanza Province, this 
study covered parts of Nyanza and Western provinces. He also used chi-square to determine the 
relationship between the independent variables and the dependent variable while this study fitted 
a probit model to unravel drivers of adoption of sorghum/maize production technologies. It is also 
consistent with Adesina et al (1995) findings in his study in Burkina Faso and Guinea on farmers’ 
perceptions and adoption of new agricultural technologies. However, the range of variables used 
in this study while they cut across socio-economic, demographic and institutional factors they do 
not include farmers’ subjective perceptions of the characteristics of new agricultural technologies.

The positive relationship implies that older people are more likely to adopt stress tolerant 
sorghum than young people which is attributable to the fact that sorghum as a crop is mainly 
consumed by older generations who have valued the crop through the years as opposed to young 

Table 3. Regression results for moisture stress tolerant sorghum
Coefficients S.E. Sig.

Age
Gender -3.656* .057 .017
Education .520 .665 .544
Group membership .939** .067 .003
Occupation .581 .042 .435
Sorghum acreage .805* .155 .016
Income .034* .011 .043
Advice .823* .114 .050
Farm -.887* .078 .024
Constant -23.520 5757.000 .997

-2 Log likelihood → 26.610; Cox & Snell R Square → 0.500;  Nagelkerke R Square → 0.695 Omnibus 
test for model coefficients – Chi-square → 156.906; Hosmer&Lemeshow test – Model Chi-square → 
2.116; Sample Size → n = 100
Source: Author’s Survey Data, 2011
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people who view sorghum as an inferior cereal. In addition, older people retain ownership of 
farm assets, including land and welcome ideas that promote enterprises they engage in. Social 
capital enhances adoption of stress tolerant sorghum technology since members of groups seek 
information and share it among themselves. Groups also make it economical to get attention of 
technology innovators rather than the technology innovators targeting individual farmers; which 
may be expensive on the part of the technology innovators. 

On the contrary, gender and sorghum farm even though significant, negatively influenced 
adoption of moisture stress tolerant sorghum. The results indicated that an increase in the number 
of male headed households by one unit would bring about a decrease in the log of odds in favour 
of adoption by 3.656. The converse is also true. This was expected because sorghum farming 
is usually a preserve of women especially in the Western part of Kenya. In that light therefore, 
women would be more willing to take up stress tolerant sorghum that would guarantee them better 
returns even when rain fails or is erratic.

Land size allocated to sorghum was found to influence adoption of stress tolerant sorghum 
among small holder farmers in Western Kenya. Its coefficient was positive and significant at 5 
percent implying that a unit increase in the land size allocated to sorghum leads to an increase in 
the log of odds in favour of adoption of stress tolerant sorghum by 0.805. This means that small 
scale sorghum farmers who have allocated a larger portion of their land on sorghum production 
are more likely to adopt the technology than those who have allocated a small portion. That is 
reasonable because large scale sorghum producers should find it economical to take up new 
technology as opposed to small scale producers.

The positive relationship between income and adoption of stress tolerant sorghum implies that 
economic empowerment of small holder farmers opens opportunities for them to adopt technol-
ogy. That is justifiable because new technologies come at a cost and only those with adequate 
financial resources can afford them. That was expected because most smallholder farmers in 
Western Kenya depended entirely on subsistence agriculture as their major source of livelihood 
(93%), and only 4% had formal employment while 3% had small scale business enterprises. That 
implies that farmers have limited scope to earn income; the situation is further aggravated by low 
prices for their produce and high input prices. 

The positive and significant relationship between extension and adoption of stress tolerant 
sorghum implies that farmers who received extension advice were more likely to adopt the tech-
nology than those who did not. That is justifiable because extension agents bring to the attention 
of farmers existence, benefits and costs of various technologies. About 39% of farmers reported 
to have received extension advice in the previous year on sorghum production. That could explain 
why this technology had not been widely taken up by farmers in the study area.

The negative and significant relationship between total land size owned by households and 
adoption of stress tolerant sorghum implies that as the total land owned increased, there was a 
tendency for farmers to abandon sorghum farming and move to other crop enterprises like maize, 
sugarcane, and tobacco as was observed in the sampled sites. That was so because farmers being 
economically rational would seek to engage in a bigger scale in those farming activities that yield 
more output and therefore income. Almost all farmers who were engaged in growing sugarcane 
and tobacco as cash crops never allocated any land to sorghum production. Table 4 shows probit 
regression results for adoption of striga tolerant maize. 
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Results show that maize farm, income, extension, occupation, social capital and age positively 
and significantly influenced adoption of striga tolerant maize variety. The positive relationship 
between maize farm area and adoption of striga tolerant maize implies that small scale maize 
farmers who have allocated a larger portion of their land on maize production are more likely to 
adopt the technology than those who have not. That scenario is attributed to the willingness of 
large scale producers to adopt new maize technologies due to their economies of scale compared 
to small holder producers. The positive relationship between income and adoption of striga toler-
ant maize among smallholder farmers in Western Kenya implies that well endowed small holder 
farmers would easily take up technology unlike their poor counterparts. This is true because 
new technologies come at a cost and it is only reasonable that those with enough income afford 
them. The positive relationship between extension and adoption of striga tolerant maize cultivar 
implies that farmers who received extension advice were more likely to adopt the technology 
than those who did not. Extension advice on the existence, benefits and costs of striga tolerant 
maize is therefore critical for triggering adoption of the aforementioned technology. About 39% 
of farmers reported to have received extension advice in the previous year on maize production 
which explains why the technology had not been widely taken up.

The positive and significant relationship between occupation of the household head and adop-
tion of striga tolerant maize implies thatfarmers with other livelihood sources adopted technology 
easily since this economically empowered them to secure new technologies. Businesses and formal 
employment expand farmers’ scope to earn income and therefore afford technology. 

Social capital positively influenced adoption of striga tolerant maize variety by smallholder 
farmers in Western Kenya. This is consistent with the finding in the previous section that famers 
who work in groups are well placed to better engage in their farming activities. Group interven-
tion is crucial and cost-effective for such category of farmers.

The positive and significant relationship between gender of household head and adoption of 
striga tolerant maize implies that an increase in the number of male headed households by one 
unit would bring about an increase in the log of odds in favour of adoption by 0.64 which was ex-
pected because men make most of the decisions affecting households including farming decisions. 

Table 4. Regression results for striga tolerant maize
Variable Coefficients S.E. Sig.
Maizefarm .869* .456 .050
Income .521** .011 .008
Advice 1.881** 1.051 .004
Occupation 1.862* .875 .033
Member 2.199* .912 .016
Education .445 .567 .433
Gender .217 .974 .824
Age .064* .037 .041
Constant -10.936** 3.182 .001

2 Log likelihood → 26.539; Cox & Snell R Square → 0.560; Nagelkerke R Square → 0.714 Omnibus 
test for model coefficients – Chi-square → 179.314; Hosmer&Lemeshow test – Model Chi-square → 
2.908;  Sample Size → n = 100
Source: Author’s Survey Data, 2011
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The positive and significant relationship between adoption of striga tolerant maize and age 
of respondents implies that older people were more likely to adopt striga tolerant maize varieties 
than young people. That was expected because older people were the land owners and owners of 
other farm assets and therefore could take the initiative to invest in new technologies when they 
were assured of increased returns from such technologies. Furthermore, the role of older people as 
household decision makers gives them a head start in making choices that are supposed to benefit 
the households at large. In addition, older people are often charged with the great responsibility of 
providing food and fibre to the members of the households and therefore will be willing to take 
up technologies that guarantee them better yields. 

4. Conclusions
It is concluded that the level of awareness and adoption of multiple stress maize and sorghum 

cultivars were generally low in the study area and across the experimental sites. This calls for 
awareness campaigns to enlighten majority of the farmers on the existence and availability of 
multiple stress tolerant maize and sorghum cultivars in their neighbourhoods. The major drivers 
of adoption of moisture stress tolerant sorghum and striga tolerant maize were indentified. Drivers 
of moisture stress tolerant sorghum were age, social capital, area allocated to sorghum, income 
and extension advice. On the other hand, drivers of striga tolerant maize were area allocated to 
maize, income, extension, occupation, social capital and age. It is recommended that policies that 
seek to improve adoption of multiple stress tolerant sorghum and maize technologies in Western 
Kenya should consider the household structure, empower them economically, enhance social 
capital and improve access to extension services.
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Abstract
The agricultural sector in Nigeria has attracted tremendous attention because of its enor-

mous potentials and central role in the nation’s economic development. However, sub-optimal 
performance and stagnation persists despite its enormous potentials.  Myriad of institutional 
credit programmes were initiated to arrest the national food insecurity as well as transform the 
sector. The expected transformation is yet to be met and contribution to industrial growth is still 
a mirage. The primary focus of this research is to examine institutional credit policies, budgetary 
allocations and Nigeria’s quest for agricultural transformation. Using the historical and content 
analysis methods, it explores the developmental issues confronting the financing of agricultural 
sector and budgetary provisions. It also noted two theoretical foundations on financing agricul-
tural development, the financial accelerator and credit channel theories (Bernanke, B.S 2007). 
The paper recommends, among others, that the structural gaps in the sector must be addressed 
for the emplacement of real agricultural transformation in Nigeria. 

Keywords: credit policies, agricultural transformation, Nigeria

1. Introduction 
Nigeria’s agricultural sector has undergone tremendous changes in the past few decades to tap 

its numerous potentials for the nation’s economic development. The country is richly endowed 
with diverse natural resources and total land area of 924,000 square kilometers out of which 304,920 
square kilometers are cultivable. Over 70 percent of its population is engaged in the agricultural 
sector.  It can also provide the raw materials requirements for agro-based industrialisation.  With a 
population of well over 167 million people, Nigeria’s agriculture must satisfy the country’s basic 
food needs. It’s the largest contributor to non-oil sector at ….

However, there is stagnation in the sector leading to poor economic performance and food 
insecurity, despite employing over 70 per cent of the population and contributing on average, 41.4 
percent of the country’s GDP.  The poor performance of the sector is attributed to challenges such 
as low productivity, poor technology and cultural practices, low research and development, and 
under-financing of the agricultural value chain. 

Bernanke (2007) posited that though economic growth and prosperity is primarily created by 
productivity, quantity and quality of the capital stock, availability of land and natural resources, 
among others, financial factors plays more crucial role. This he referred to as ‘financial accelera-
tor’ which is amplified by ‘credit channel’ and both are essentially related.  Bernanke submitted 
that ‘..healthy financial conditions help a modern economy realize its full potential.’ Thus the 
transformation of the Nigeria to be one largest twenty economies by the year 2020 has been the 
principal focus of Government in recent times. The country’s comparative advantages in the 
agricultural sector have made it the cynosure of the transformation agenda. 
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2. Financing of agriculture in Nigeria
Financing of the agricultural sector is paramount because it was considered as the spring 

board for Nigeria’s modern economy. Added to this, is that it is politically expedient because of 
the large population engaged by the sector, to create jobs and poverty reduction. The sector has 
always been a major thrust of all budgets since the country became independent in 1960. At vari-
ous times, the national and sub-national governments through budgetary provisions established 
institutions, introduced policies, and initiated institutional credit schemes aimed at boosting 
financing of agricultural production. These include: 
• credit ceiling, 
• direct control of interest and exchange rates, 
• sectoral credit allocations 
• Agricultural research institutes
• Operation Feed the Nation (OFN)
• National Accelerated Food Production Programme (NAFPP) 
• Directorate for Food, Roads and Rural Infrastructure (DFRRI)
• Green Revolution Programme
• Agricultural Development Projects 
• Bank of Agriculture ( formerly Nigeria Agricultural Cooperative and Rural Development Bank )
• River Basins Development Authority
• People’s Bank
• Community Banks
• Nigerian Agricultural Land Development Authority (NALDA)
• Family Economic Advancement Programme (FEAP)
• Better Life for Rural Women 
• Family Support Programme (FSP)
• Rural Infrastructure Development Scheme (RIDS)
• Natural Resource Development and Conservation Scheme (NRDCS) 
• Rural Banking Scheme (RBS) 
• Commercial bill for financing schemes for regional commodity boards, 
• Export financing and rediscounting facility
• Agricultural Credit Guarantee Scheme (ACGS), 
• Interest Draw-back Programme (IDP), 
• Agricultural Credit Support Scheme 
• N200 Billion Commercial Agricultural Credit Scheme (CACS) 

3. Funding of the agricultural sector with budgetary provisions
Between the years 2003 to 2013, the total budget of the Federal Government of Nigeria was 

over N33.0 trillion, with only a paltry sum of N834.0 billion allocated to the agricultural sector.  
This was 2.53% of the total sum expended within the eleven years. The trend of Government 
expenditure on agriculture is shown in Table 1.

Generally, the trend of budgetary allocations to the agricultural sector shows a negative re-
lationship with total budget provisions, except in years 2008, 2009, and 2010. Thereafter it was 
inverse relationship. As the total budget increases, provisions to the sector decrease. Furthermore, 
it was only in 2010 that the budget of 4% met the requirements stipulated in the National Eco-
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Table 1.  Provisions to Agriculture as a Component of the Federal Budget 2003-2013

Year Total Budget 
(N’000 Millions)

Allocation to Agriculture 
(N’000 Millions)

% of Allocation to 
Agriculture of Total budget % Change

2003 976.25 18.05 1.85 1.25
2004 1,302.52 18.94 1.45 0.45
2005 1,799.94 20.47 1.14 0.14
2006 1,899.99 30.81 1.62 0.62
2007 1,885.92 38.83 2.06 1.06
2008 3,431.30 134.95 3.93 2.93
2009 3,101.81 166.67 5.37 4.37
2010 4,608.62 184.39 4.00 3.00
2011 4,226.19 63.53 1.50 0.50
2012 4,877.21 78.98 1.62 0.62
2013 4,987.22 81.41 1.63 0.63
Total 33,096.98 837.04 2.53

Source: Compiled from CBN Annual Reports various editions & National Bureau of Statistics (NBS) 

Allocation to Agriculture (N’000 Millions)

Figure 1. Provisions to Agriculture as a Compnent of the Federal Budget 2003-2013
Total Budget (N’000 Millions)
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nomic Empowerment and Development Strategy (NEEDS) for increased output in the sector. It 
is noteworthy that it was in 2010 that the N200 Billion Commercial Agricultural Credit Scheme 
(CACS) initiated by the Central Bank of Nigeria in collaboration with the Federal Ministry of 
Agriculture and Rural Development (FMARD) commenced full operations.
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The food import bill of the country continues to rise due to increasing population, despite the 
plethora of funded programmes to transform the sector. According to the Honourable Minister 
of Agriculture, Nigeria spent about N1trillion (USD 6.33 billion) annually on the importation of 
wheat and rice, making the country the world’s largest importer of wheat from the US at N635 
billion (USD 4bllion). The country imported sugar and fish worth N217 billion (USD 1.4 billion) 
and N97billion (USD61.3 million), respectively in 2011. 

Figure 2. Total Federal Budget 
and Allocation To Agriculture 
(2000-2013)
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Figure 4. Budgetary Allocation to Agriculture of the Federal Budget and % of change (2003-2013)

Figure 5. Change in Budget 
Provisions to Agriculture of Total 
Federal Budget (2000-2013)  

 

 

 

0.50

1.50

2.50

3.50

4.50

5.50

2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013

Chart 3: Budgetary Allocation to Agriculture of the Federal Budget and % Change 2003 - 2013

% Allocation to Agric of total budget % Change
 

 

 

 

 

 

 

 

 

 

0.50

1.50

2.50

3.50

4.50

5.50

2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013

Chart 3: Budgetary Allocation to Agriculture of the Federal Budget and % Change 2003 - 2013

% Allocation to Agric of total budget % Change
 

 

 

 

 

 

 

 

 

 



INSTITUTIONAL CREDIT POLICIES AND NIGERIA’S AGRICULTURAL TRANSFORMATION: BOON OR BANE? 339

4. Challenges of agriculture transformation in Nigeria  
Basic infrastructure like roads, water, electricity, rudimentary technology, poor business model 

and inadequate funding are impediments to attracting investments in the sectors. This created 
structural gaps.  The provision and management of basic infrastructures have become a daunting 
challenge in the transformation of agriculture. The World Bank (2010) estimated that poor infra-
structure across Africa, Nigeria inclusive reduced economic growth by 2% per annum. The Debt 
Management Office in Nigeria has estimated that Nigeria will require investing $8 – $10bn per 
year, for the next 10 years to fill the gaps in power and transport sectors and the under-investment 
in social infrastructures. 

Gross underfunding of the agricultural sector is a major challenge (Table 1). The budgetary 
allocation to the sector is less than 4 per cent of the Federal budget contrary to the 2003 African 
Union (AU) Maputo Declaration that directed member countries to increase investment in the 
agricultural sector to at least 10 per cent of the national budget by 2008.  Furthermore, private 
investment in the agricultural value chain is at a low ebb owing to perceived risks, distortions and 
uncertainties such that Nigerian agriculture is today one of the most underfunded in the world.  
Currently, lending to agriculture accounts for only about 2.5 per cent of total banks’ lending in 
Nigeria. This performance is below the levels recorded in some other developing countries like 
Kenya and Brazil with 6 per cent and 18 per cent, respectively (Nigeria Incentive-based Risk 
Sharing for Agricultural Lending, 2011).

Other challenges include low technology, inadequate processing of primary produce and low 
value additions, high post-harvest losses, lack of interface of operations of banks with the farming 
system which was dependent on seasonal dynamics and cash flows of the enterprises and weak 
linkages with other major growth drivers, e.g. manufacturing sector, research and development 
(R&D). The sector’s numerous challenges demands pragmatic approach to address them for the 
transformation of agriculture to occur.

5. Strategies to achieve agricultural transformation for economic 
development

Stiglitz, J (2002) in Review of Development Economics posited that development can be re-
garded as a transformation of society. According to him, it is a movement from traditional ways 
of thinking and traditional methods of production to more modern ways to improve all aspects 
of peoples’ lives. In Communication for Development: One World, Multiple Cultures, J. Servaes 
(1999) opined that development must be multi-dimensional. It was on this premise that the South 
African’s Rural Development Framework (1997) referred to rural development as a means of 
helping rural people set the priorities in their own communities. 

Nigeria has some of the most fertile lands in the world, with over 79m ha. of agricultural land 
of which 40m ha. is arable. Over 45% of arable land remained uncultivated. The country has 
potentially irrigable land of up to 3.14m ha. of almost all crops exists. Nigeria is currently the 
global leader in cassava production. In the 1960s, it was on record that during that decade Nigeria 
was the leading exporter of key crops such as cocoa, groundnuts, cotton, rubber and palm produce 
(Federal Ministry of Agriculture & Rural Development, 2008).

Today, the reverse is the case as Nigeria’s agricultural imports bill stands at about N1trillion 
annually. There is still strong justification for Government to support agricultural development in 
all ramifications to facilitate the on-going process of agricultural transformation along the value 
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chain of financing, production, storage and marketing for the sector’s sustainable development.
The Federal Government has stated in the New Agricultural Policy Direction that the provi-

sion of facilities and incentives such as rural infrastructure, rural banking, primary health care, 
cottage industries etc., are paramount to encourage agricultural and rural development and at-
tract youths (including school leavers) to go back to the land. It also stated that deliberate efforts 
would be made for integrated rural development programmes to raise the quality of life of the 
rural people. The Federal Government was saddled with the following specific responsibilities 
in the policy document: 
• the provision of a general policy framework, including macroeconomic policies for agricultural 

and rural development and for the guidance of all stakeholders; 
• maintenance of a reasonable flow of resources into agriculture and the rural economy; and
• support for rural infrastructure development in collaboration with state and local governments.

6. Conclusions
Nigeria is a country that is determined to accelerate its pace of development. Agriculture 

can greatly assist in a sustainable way in the generation of jobs and income, creation of viable 
enterprises, empowerment of agro businesses and improve the standard of living of the populace. 
To attain this, we are left with no choice but to re-design and embrace a holistic approach in ad-
dressing the gamut of challenges confronting our agricultural sector, particularly rural agriculture. 
The role of finance in providing windows of opportunities for the strengthening and stabilizing 
the agricultural transformation we so desired cannot be underestimated. It requires commitment 
at the highest political level. Youth entrepreneurial farmers must be attracted to replace the old 
farmers.  There is need for capacity building of farmers on modern agri-business so that the can 
graduate of the current practice of subsistence farming. Nigerian farmers must think and globally, 
while Government addresses other structural gaps in the agricultural industry. Budgetary alloca-
tions to the sector should be scaled up to the 10% stipulated in the 2003 Maputo Declaration, if 
not above for agricultural transformation in the Nigeria to be a reality. 
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