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ABSTRACT 

 

Water resources are finite. As a result of competition for water resources, the irrigation sector 

continuously faces pressure to justify the large allocations that it currently enjoys. Large 

investments and research efforts have been directed toward the development of tools, 

technology and best management practices (BMPs) for irrigation. In South Africa, irrigation 

scheduling and hardware monitoring, maintenance and evaluation collectively make up a suite 

of available irrigation BMPs. The guidelines, tools and approaches for implementing the 

BMPs appear to be readily available in varying degrees of complexity, so that they can be 

matched to different combinations of expertise, financial and time constraints. 

 

Both local and international literature, however, suggest that irrigation BMPs are not widely 

adopted. Numerous studies report that adoption of scientific irrigation scheduling methods 

range from 18% in South Africa and Washington State in the USA, to 23% in Australia and 

30% in large regions in Canada and Spain. In addition, it has been reported that 66% of the 

irrigation related funds are allocated for premature rehabilitation of irrigation systems 

annually, largely as a result of lack of infrastructure maintenance.   

 

The literature was also studied to detect the success factors and impediments which either 

drive or hinder BMP adoption. Positive drivers range from adequate support, ease of use and 

demonstrable benefits to reducing costs and optimising crop yield or quality. Negative drivers 

include, amongst others, inappropriate practices which are not compatible with farm 

operations or goals, ineffective support systems, hardware constraints and uncertainty of 

benefits relating to risk. The conclusions and recommendations from the vast number of 

studies are, however, inconsistent, confusing and varied. There are a multitude of factors that 

influence and drive the system, making the topic complex. A complex systems approach 

could be used to identify and understand the core factors that are most influential and 

overriding in BMP adoption.    
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1. INTRODUCTION 

 

South Africa is a semi-arid and water scarce country. The mean annual precipitation in South 

Africa is 450 mm, well below the world‘s average of 860 mm (NWRS, 2012). In addition, the 

rainfall in South Africa is unevenly distributed and seasonally irregular in occurrence (Perret, 

2002). As much as 21% of the country receives less than 200 mm of rainfall annually (WRC, 

2012a) and, taking topography into account, 60% of the river flow comes from 20% of the 

country‘s area (van Der Merwe, 2008). South Africa was ranked as the 30
th

 driest country in 

the world (NWRS, 2012). To give an indication of the aridity, consider that the largest river in 

South Africa, the Orange River, carries 10 times less water than the Zambezi River and 100 

times less than the Congo (NWRS, 2012). Easily accessible fresh water resources in South 

Africa are fully utilised and in 12 of the 19 Water Management Areas the demand for water is 

greater than supply (NWRS, 2004). The opportunities to develop new water resources via the 

building of infrastructure are limited and, following global trends, attention has shifted to 

using the existing resources more effectively and efficiently (van Der Merwe, 2008). To 

further exacerbate the situation, rapid population growth and the associated increase in 

demand for food (Wallace, 2000), coupled with the drive for economic growth and job 

creation, have escalated the pressure on water resources. Apart from agriculture and the 

growing awareness of environmental needs, especially in the context of climate change 

(Benhin, 2006), the mining, industrial and housing sectors are all dependent on water for 

growth and expansion (Nieuwoudt and Backeberg, 2011).  

 

A total of 62% of surface and groundwater resources are allocated to the irrigation sector in 

South Africa (NWRS, 2004). As a result of competition from other sectors, the irrigated 

agricultural sector, being the largest water user, has come under increasing pressure to justify 

the large allocations of water use. The end users (irrigators), however, have not all heeded the 

forthcoming crisis. While it appears that the technology, knowledge and institutional 

arrangements to manage and utilize water efficiently are readily available (Backeberg, 2005; 

Backeberg and Sanewe, 2006; Pott et al., 2009), poor irrigation management and performance 

prevails at all levels (Murray-Rust and Snellen; 1993; Reinders, 2001 and Stevens; 2005 and 

2006).  
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Over-irrigation, resulting in runoff and deep drainage, are associated with the erosion of top 

soil and the leaching of salts and agricultural fertilisers (van der Laan et al., 2011). The return 

flows from agricultural land contribute to the degradation of water quality and eutrophication, 

which has direct implications on water availability for downstream users (van der Laan et al., 

2011).  Apart from using a large portion of the available water resources, irrigators are hence 

also viewed as contributors to polluting the resource. 

 

Furthermore, the accruing pressure for irrigators to use water more efficiently expands 

beyond the realm of sustainable, efficient and equitable use of a limited water resource. 

Modernisation of irrigation systems in South Africa, and worldwide, has increased the 

dependency on electrical energy (Rocamora et al., 2012). Currently, the use of water in 

irrigation is invariably linked to electricity use. Similar to water, however, there is a growing 

imbalance between the supply and demand of electrical energy in South Africa (Inglesi, 

2010). The country‘s only service provider (ESKOM) has called for a 10% reduction in 

energy use across all sectors, including irrigation. To compound matters further, the 

electricity tariffs over the last 5 years have increased at an alarming rate. As shown in Figure 

1.1, the electricity tariff has increased by 27%, 31%, 25%, 26% and 16% in the past five 

years. In some instances the electricity increase amounted to five times higher than the 

corresponding Consumer Price Index (CPI).  

 

 

Figure 1.1 Percentage increase of ESKOM tariff compared to CPI (after ESKOM, 2012) 

 

In the context of limited water resources, electricity demand management and financial 

constraints, margins for error for irrigators are smaller. The survival and prosperity of the 

irrigation sector appears to hinge on uptake and adoption of technology and best management 
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farming practices (Backeberg and Sanewe, 2006). Both local and international literature, 

however, suggest that irrigation BMPs are not widely adopted (Leib et al, 2002; Stevens, 

2006 and Stirzaker, 2006). Despite the investment in resources and subsequent research 

successes, farmers are still not making use of recommended practices and technologies 

(Annandale et al., 2011). It is evident that there are many factors and stakeholders that 

influence the adoption process. The theme of irrigation management cuts across the social, 

engineering and environmental disciplines (Stevens, 2006; Stirzaker, 2006 and Baumgart-

Getz et al., 2012). These factors and their interactions can vary over time and space, creating 

uncertainty (Pannell, 1999). The adoption of irrigation BMPS appeared to be complex.  

 

The aim of this study was to review past efforts directed at improving the adoption of 

irrigation BMPs in order to identify knowledge gaps, systemic trends and shortcomings. In 

order to achieve this, the first objective was to describe the recommended irrigation best 

management practices (BMPs) considered in this review. This is contained in Chapter 2. The 

next objective, covered in Chapter 3, is to report on the adoption of BMPs and the factors 

which were most crucial for influencing adoption. In Chapter 4, an overview of complex 

systems is presented in order to gain a deeper understanding of the nature of the BMP 

adoption problem. Chapter 5 contains the discussion and conclusions. Finally, in Chapter 6 a 

project proposal is presented where the aims and objectives of a PhD study are explained.  
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2. AN OVERVIEW OF IRRIGATION BEST MANAGEMENT 

PRACTICES 

 

Engineering consultants and contractors are typically responsible for the design and 

installation of irrigation systems hardware. Once the irrigation system hardware has been 

installed and commissioned, the responsibility of management is handed over to the farmer. 

This section deals specifically with irrigation management, for which the irrigator (i.e. the 

farmer) is responsible. Infield irrigation management can be subdivided into two components. 

The first component is aimed at managing the crop in relation to water requirements. This 

includes irrigation scheduling, which is presented in Section 2.1. The second component deals 

with management of the irrigation hardware to ensure that it is operating according to design 

specifications. This includes monitoring, maintenance and evaluation, presented in Sections 

2.2, 2.3 and 2.4, respectively.  

 

The Water Research Commission (WRC) of South Africa (WRC, 2012b) recently completed 

a project titled ―Standards and guidelines for improved efficiency of irrigation water use from 

dam wall release to root zone application‖ (Reinders et al., 2010). As the title suggests, the 

project reports on the most updated and comprehensive set off recommended design and 

management practices available. The irrigation best management practices (BMPs) were 

aligned to international standards, designed to be practically achievable and proposes new and 

improved benchmarks for performance indicators (Reinders et al., 2010). Reinders et al., 

(2010) is specifically highlighted to demonstrate to the reader that irrigation BMPs is a well-

researched discipline. In this section an overview of the recommended irrigation BMPs is 

provided to show how water use is influenced by the quality of management. This section also 

provides an indication of what is required, either in terms of financial investment, time or 

expertise, for the irrigation BMPs to be implemented. 

 

2.1 Irrigation Scheduling 

 

Irrigation scheduling is the process of deciding when and how much water to apply (Pereira, 

1999). Poor irrigation scheduling can result in either under-irrigation, leading to crop stress 

and reduced yields, or over-irrigation which leads to misuse of water and electricity resources, 

leaching of expensive fertilisers, pollution of water, erosion of top soil and potentially yield 
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reductions from anaerobic soil conditions (Pereira, 1999; English, 2002; Lecler, 2004; 

Annandale et al., 2011). Scientific or objective scheduling of irrigation applications is 

therefore an important BMP. 

 

The soil-plant-atmosphere continuum, demonstrated in Figure 2.1, helps to understand how 

irrigation scheduling decisions are taken. Analogous to a bank account, the amount of water 

in a soil can fluctuate depending on gains or losses. Rainfall and irrigation contribute to gains 

since they increase the soil water content, while losses occur through transpiration, 

evaporation, runoff or deep percolation (Burt et al., 1997). For crop production, the 

availability of soil water in the root zone is critically important (Annandale et al., 2011). The 

crop, via transpiration, beneficially extracts water out of the soil to allow for photosynthesis 

and biomass production. If rainfall is inadequate, irrigation is required to refill the soil water 

reservoir in order to prevent unnecessary crop stress. If the soil water reservoir is full and 

irrigation is still applied or rainfall occurs, water is lost through surface runoff or deep 

percolation beyond the root zone. Since it is difficult to separate the evaporation and 

transpiration components, they are often combined and referred to as evapotranspiration (ET) 

(Burt et al., 1997). Deciding when and how much water to apply is therefore a function of the 

dynamics within the soil-plant-atmosphere continuum (Raine, 1999). The soil water status is a 

function of the soil water holding characteristics, the prevailing weather conditions and the 

crop water use characteristics.  

 

 

Figure 2.1 Illustration of the irrigation soil water balance (after Burt et al., 1997) 
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A detailed account of irrigation scheduling tools in South Africa is reported on by Stevens et 

al. (2005). Stevens et al. (2005) subdivided irrigation scheduling methods and techniques into 

the following five groupings; (a) intuition, (b) atmospheric based quantification of 

evapotranspiration, (c) soil water measurement, (d) plant-based monitoring and (e) integrated 

soil water balance approaches. The latter includes real time approaches and pre-programmed 

methods, such as irrigation calendars.  

 

Intuitive scheduling is not scientific. It is either based on traditional practices (e.g. a recipe) 

used by previous generations or other role players, or it is based on regular observation of the 

soil, plant and weather conditions together with a basic understanding of the system and 

accumulated past experiences (Stevens et al., 2005). In the remaining groups, a wide range of 

scheduling tools varying in accuracy, cost, simplicity, available support and skill and time 

requirements are obtainable and can be matched for almost any situation. These include, but 

are not limited to, computer models and sensors. Computer models aim to estimate irrigation 

requirements and intervals by modelling the soil water budget and crop water use. Sensors 

measure the soil moisture status or the response of specific crop parameters to water 

availability. Table 2.1 provides an overview of the irrigation scheduling tools and approaches 

available to irrigation managers in South Africa. 

 

Table 2.1 Overview of irrigation scheduling tools and approaches used in South Africa (after 

Annandale et al., 2011) 

Plant based techniques Leaf water potential (thermocouple psychrometers and various 

pressure chambers) 

Soil Based Techniques Soil water content (neutron probes, capacitance probes, etc.) 

Soil water potential (tensiometers, watermark and other porous 

matrix sensors) 

Wetting depth (Full stop wetting front detector) 

Atmospheric Based 

Approaches 

A-pan evaporation and crop coefficients (green book method, check 

book method and pegboard method) 

Computer models of soil water balance (BEWAB, PUTU, SWB 

and My Canesim) 

Predetermined irrigation demand calendars derived from computer 
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models 

 

Computing capacity and technology developments have enhanced the accuracy and ease with 

which scheduling tools can be used (Jensen et al., 2000; Vellidis et al., 2008; Romero et al., 

2012). Continuous logging of data, automatic and remote accessing and processing of data, 

and publishing of data on the internet in an easy to interpret format are some of the examples 

of technological developments (Charlesworth, 2000; Jensen et al., 2000; Leib et al., 2001; 

Vellidis et al., 2008). Technology has progressed such that even remote satellite imagery of 

fields used in conjunction with the energy balance can now provide information on crop water 

use (Bastiaanssen et al., 2000; Gowda et al., 2008). These types of tools are attractive since 

the complicated science is hidden and farmers receive the information in a simple, digestible 

format for easy decision making (Belmonte et al., 2005). For example, the crop stress or ET 

of a field can be viewed online in a colour coded map of the farm. Similarly, farmers who 

subscribe to the Canesim irrigation scheduling service receive short messaging service (SMS) 

on their cell phones (Singels and Smith, 2006). The SMS informs them to, either, start, stop or 

continue irrigating (Singels and Smith, 2006).  

 

2.2 Irrigation Monitoring  

 

Irrigation monitoring refers to the daily or weekly monitoring of the irrigation system 

(Reinders et al., 2010). At the start of every irrigation cycle, pressure and flow rates should be 

checked to ensure that the irrigation system is operating according to design. Traditionally, 

pressure gauges have been cheaper than flow meters and have become the dominant form of 

monitoring (Reinders et al., 2010). However, in recent times, because of the increased need to 

irrigate more precisely, the use of flow meters are on the rise (Benade et al., 2010). 

Measurement points may be at the pump station, the inlet of the irrigation block or at a 

discharge emitter (Reinders et al., 2010). 

 

The discharge emitter is the last component with which the water comes into contact before 

reaching the crop or the soil. Depending on the irrigation system, most discharge emitters 

require a minimum pressure to operate correctly. The water at the discharge emitter has to be 

energised to a minimum threshold for the correct volume of water to be applied and for even 

distribution of the water over the designated space (Tarjuelo et al., 1999). In the case of 
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sprinklers, for example, pressure is required to load the spring for sprinkler rotation and to 

enable the nozzle to adequately break the water into droplets for even distribution across the 

wetting radius (Molle et al., 2012). Inadequate or too much pressure at the discharge emitter 

will result in incorrect or an uneven application of water (Clemmens, 1991). For this reason, 

the frequent monitoring of irrigation hardware must accompany irrigation scheduling 

(Reinders et al., 2010). 

 

2.3 Maintenance 

 

Poor irrigation performance is often linked to a lack of maintenance (Thoreson et al., 1997). 

Irrigation hardware will inevitably degrade over time (Svendsen and Huppert, 2003). 

Reaching the end of the design life of components, damage from contaminants in the water, 

or routine wear and tear are some of the reasons why maintenance is necessary. Maintenance 

can be subdivided into either preventative or corrective action. Thoreson et al. (1997) defined 

―corrective maintenance as any action required to return a system‘s performance to a desired 

level and preventative maintenance as any action required to keep a system‘s performance at a 

desired level‖. As can be expected, budgeting for corrective maintenance, which arises from 

unforeseen circumstance, can be difficult. Preventative maintenance, however, is a periodic 

and recurring activity, which can be pre-planned. Diligent preventative maintenance can 

substantially reduce the need for corrective maintenance (Murray-Rust et al., 2003).   

 

Reinders et al. (2010) provide, amongst others, a maintenance schedule for the commonly 

used irrigation systems in South Africa. A second project, with the specific aim of preparing 

detailed guidelines for design, costing, operation and maintenance of drip systems was also 

completed (Reinders et al., 2012). The WRC recognised the difficulty that end users have in 

comprehending sophisticated technical information on drip irrigation. Hence, focus was 

directed to generating user friendly guidelines. Table 2.2 presents an example of one of the 

maintenance schedules published in the guidelines by (Reinders et al., 2012). It should be 

noted that a product supplier may also provide specific maintenance guidelines for specialised 

products.  

 

Table 2.2 An example of system monitoring and maintenance program for drip irrigation 

(Reinders et al. 2012) 
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Activity 
Interval 

Weekly Monthly 6-Monthly Yearly 

Detect and fix leakages X    

Monitor pressure differences across filter X    

Adjust filter back-flush cycle  X   

Monitor pressure at lateral outlets  X   

Monitor system flow (main flow meter) X    

Monitor air and pressure control valves    X 

Water sampling at lateral ends, evaluate changes 

in quality 
 X  X 

Moisture sensor readings (e.g. Neutron Probe) X    

Backwash filters (As needed) X X   

Flush laterals and adjust pressure reducing valves  X   

Treatment with Treflan or root growth inhibitor   X  

Monitor hydraulic and electrical connections X    

Replace sand of sand filters    X 

Chlorine treatment    X 

Check hydraulic valves and filters to inspect 

moving parts 
   X 

Clean filter thoroughly  X   

 

2.4 Evaluation 

 

Irrigation evaluations aim to measure or gauge how well the irrigation system/hardware is 

performing relative to the design specifications (Bos et al., 1993). It is different from 

monitoring, since it is performed periodically rather than continuously. Irrigation evaluations 

typically involve field measurements of specific parameters which are used to calculate 

performance indicators that are comparable to published norms and standards (Merriam and 

Keller, 1978; Hoffman et al., 2007).  

 

In South Africa, detailed field measurement and data processing procedures, as well as the 

acceptable norms and standards, have been published in a manual by Koegelenberg and 

Breedt (2003). Reinders et al. (2010), in the context of irrigation evaluation, explain that the 

in-field irrigation system should apply the right amount of water (application rate accuracy), 

to all the plants in the field (distribution uniformity) with as little non-beneficial loss 

(application efficiency) as possible.  

 

For pressurised irrigation systems, evaluation involves capturing water as emitted by the 

irrigation system over a designated representative surface area and time period, while 

monitoring the corresponding pressure. As depicted in Figure 2.2, rain gauges are laid out 
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across the length of the centre pivot, representing the wetted area. The pressure measurements 

and rain gauge readings collectively indicate whether the centre pivot is operating according 

to acceptable norms. 

 

 

Figure 2.2 Rain gauges and a pressure meter used during a centre pivot evaluation  

 

In most parts of the world, mobile irrigation laboratories and performance assessment service 

providers are readily available via government funded agencies and universities (Little et al., 

1993; Ortega et al., 2005; CIMIS, 2013). In South Africa, however, service providers are less 

abundant. In June 2013, only 24 individuals were registered irrigation system evaluators with 

the South African Institute of Irrigation (SABI, 2013).    

 

Irrigation system evaluations can benchmark the performance of the irrigation system and, if 

necessary, serve to develop a post-evaluation plan for improving the performance (Merrey, 

1995). The results from the exercise are also used to inform the maintenance plan and budgets 

for the upcoming seasons (Möller and Weatherhead, 2007). Interventions for improving 
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performance can range from replacing or correcting hardware components, such as pipe leaks, 

worn nozzles and damaged emitters, to clearing blockages by flushing and applying 

chemicals or even adjusting irrigation schedules and operation routines.  

 

This concludes the overview of recommended irrigation BMPs. The incentives for 

implementing the irrigation BMPs are transparent. BMPs aim to ensure that the crop receives 

adequate water for optimal growth, while minimising water loss and costs and maximising the 

life span of irrigation systems. It is also apparent that the BMPs have a degree of flexibility, 

and implementation can be matched to the farmer‘s specific circumstances, depending on 

available time, expertise and funding. The extent to which irrigation BMPs have been adopted 

is reported on in the next chapter.   
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3. BEST MANAGEMENT PRACTICES: ADOPTION STATUS AND 

INFLUENTIAL FACTORS  

 

This chapter contains a review of the adoption of irrigation BMPs. Local and international 

literature is cited to indicate levels of success or failure in achieving adoption. The literature 

was also reviewed to detect factors that were perceived to contribute to either the success or 

failure in the technology transfer process.  

 

3.1 Current Status of Adoption 

 

In South Africa, adoption of irrigation BMPs is, according to researchers, below expectations. 

Annandale et al. (2011) report that the Water Research Commission (WRC), over the last 40 

years has funded several projects which successfully produced many irrigation scheduling 

technologies. The PHUTU model (de Jager et al., 1987), BEWAB (Bennie et al., 1988), SWB 

(Annandale et al., 1999), Canesim (Singels and Smith, 2009) and Wetting Front Detectors 

(Stirzaker, 2003) are a few examples of research and development successes in South Africa. 

Annandale et al. (2011) report that, while exceptional advancements were realised amongst 

the scientific research fraternity, transfer of these technologies to farmers was poor. It is 

argued that the value of research results are not fully realised due to widespread lack of 

adoption. Stevens (2006) report that less than 18% of irrigators in South Africa make use of 

scientific irrigation scheduling tools. Olivier and Singels (2004), in an independent survey, 

report that poor adoption of irrigation scheduling tools was also the case within the sugar 

industry in South Africa.  

 

In contrast to irrigation scheduling, no comprehensive studies could be found on the adoption 

status of irrigation systems evaluation or irrigation maintenance in South Africa. Only a few 

isolated studies could be found. Reinders (2001) made use of a recently developed mobile 

irrigation laboratory to evaluate the performance of irrigation systems in the South African 

sugar industry. Of the 36 irrigation systems that were evaluated, only 34% performed at 

acceptable uniformity levels. Ascough and Kiker (2002), in independent studies in South 

Africa, support the notion that poor performing irrigation systems can increase the demand on 

a scarce water resource. Poor performance was attributed to lack of adoption of a best 

management practice in the form of inappropriate maintenance. 
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Similar to South Africa, the international literature also suggests that poor irrigation 

management practices still prevail on many farms. In Australia, for example, Car et al. (2012) 

report that Watersense, a tool with proven ability to improve water use efficiency (Inman 

Bamber et al., 2005), was used by less than a hundred farmers, among thousands. 

Furthermore, a maximum of 12 users was recorded for any of the 21 irrigation decision 

support systems operated in Australia (Inman Bamber and Attard, 2005 cited by Car et 

al.,2012).  Stirzaker (2006), based on the Australian agricultural census data, reported that the 

use of scientific irrigation scheduling methods increased from 13% in 1996 to 23% in 2003. 

While the increase in adoption rates were promising, there was still a concern that almost 80% 

of farmers did not adopt any of the available tools (Stirzaker, 2006). Lieb et al. (2002), based 

on a survey in Washington State in the USA, found that scientific irrigation scheduling was 

practiced on only 18% of the 858 300 ha of irrigated land.  In Canada, based on a survey of 

52 100 ha over two irrigation districts, Bjornlund et al. (2009) found that less than 30% of the 

irrigators made use of monitoring instruments, computer, phone, web based programs or 

private consultants to schedule their irrigation. The survey also indicated that few farmers had 

plans to do so in the near future (Bjornlund et al., 2009). In a case study in Castilla-La 

Mancha in central Spain, Ortega et al. (2005) and Montoro et al. (2011) reported on the 

performance of an irrigation scheduling service established in 1988. By 2005, Montoro et al. 

(2011) reported that the area serviced expanded to 33 500 ha of a possible 100 000 ha, 

indicating a degree of success on just more than 33% of the area. Ortega et al. (2005) found 

that approximately 25% of the irrigated area received scheduling advice. The irrigation 

scheduling service also grew to provide field checks, irrigation monitoring and system 

performance assessments (Montoro et al., 2011) and in some instance customised scheduling 

advice. Ortega et al. (2005) reported that of the 615 drip irrigation systems that were 

evaluated, only 30% operated at adequate pressure for emitters. Similarly, 45% and 30% of 

the 262 centre pivots and solid set sprinkler systems which were evaluated operated at 

uniformity levels below the acceptable norms (Ortega et al., 2005). Huppert et al. (2003), 

citing Jones (1995),  reported that as a result of poor maintenance, 66 % of the World Bank‘s 

annual investment for irrigation developments was used for premature irrigation 

rehabilitation.    

 

There have been reports of some successes. The most prevalent model in these instances was 

when an irrigation advisory service was made available to irrigators. The California Irrigation 
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Management Information System (CIMIS) is a prominent example (Ortega et al., 2005). 

CIMIS was developed in 1982 through a joint research and development project between the 

University of California and the California Department of Water Resources (CIMIS, 2013). 

The primary function was to provide, via a network of weather stations, reference 

evapotranspiration estimates to water agencies, farmers, farmer advisors and irrigation 

specialists as a source for irrigation scheduling (Eching and Moellenberndt, 2000; Eching, 

2002). CIMIS has experienced 20% year on year growth since 1985 and it is estimated that 

over 15 000 famers receive CIMIS related irrigation scheduling advice (Eching, 2002). 

Subsequently, the CIMIS activities expanded to include research initiatives to provide, for 

example, crop coefficients. Many value adding agencies have also collaborated with CIMIS to 

provide access to irrigation scheduling software, specialist advisory services, training 

workshops and evaluation of irrigation systems with mobile irrigation labs (Eching and 

Moellenberndt, 2000; Eching, 2002). By adopting and adapting to the CIMIS model, many 

other irrigation advisory services have been established in the USA. The University of 

Florida, University of Georgia, Texas Cooperative Extension, Utah State University 

Extension and the University of Minnesota are a few examples (Ortega et al., 2005 citing 

Smith and Munoz, 2002).  

 

The incentives for adoption of good hardware maintenance practices and irrigation scheduling 

include increased life span of the system, better efficiency in the use of water and electricity 

resources and associated cost benefits, higher crop yields and reduced leaching of expensive 

fertilisers.  

 

The lack of adoption, in the presence of these clear incentives and substantial investment and 

research success is confusing. Why are growers not adopting BMPs despite the presence of 

many benefits? This question can be described as an ambiguity. ―When an unsolved difficulty 

seems to have a clear solution that is not getting implemented there must be an ambiguity. An 

ambiguity is defined as a puzzle, or a question, whose answer will help to understand the 

cause and possible solutions to a difficulty‖ (Mashayekhi and Ghili, 2012). The identification, 

raising and answering of ambiguities depicts the iterative process for problem definition and 

hypothesis testing (Mashayekhi and Ghili, 2012). In the context of irrigation BMP adoption, it 

is logical to conclude that despite the many incentives there must still be some factors which 

obstruct adoption. As suggested by Mashayekhi and Ghili (2012), uncovering and developing 

a deeper understanding of the ambiguities could be the key to improving the adoption of 
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BMPs. In the next section, past studies documented in the literature are drawn from in order 

to detect key factors which may hinder or accelerate the uptake of irrigation BMPs. 

 

3.2 Success Factors and Impediments for the Adoption of Irrigation 

BMPs 

 

The most comprehensive study on adoption in the irrigation sector in South Africa was 

completed by Stevens (2006) who, in a doctoral study, focused only on the adoption of 

scientific/objective irrigation scheduling. Stevens (2006) conducted semi-structured 

interviews with irrigation professionals and a qualitative survey of large and small scale 

growers on 32 irrigation schemes. Stevens (2006) indicated that a combination of technical 

and human socio-economic issues influenced adoption rates. Examples of technical issues, 

usually labelled as the hard issues, included:  

(a) the status of current farm technology level,  

(b) size of the farm,  

(c) value of crops,  

(d) crop quality,  

(e) reliability and flexibility of bulk water supply and infield infrastructure, and  

(f) the potential to reduce electricity costs and fertiliser leaching, amongst others. 

The human socio-economic issues, typically labelled as soft issues, are as follows:  

(a) scientists often work in isolation and fail to understand the world view and  complex 

reality under which farmers operate (Stevens, 2006; citing Vanclay, 2003) resulting in 

incompatible tools and misaligned recommendations,  

(b) situational variation relating to perceived and real benefits/risks,  

(c) incorrect extension packaging relating to either too much or inappropriate information 

(information dazzle), or insufficient information, and  

(d) the perceived investment of effort, time and resources required were also listed as 

influential factors for adoption.  

 

Stevens (2006) emphasised that the previously neglected softer issues have a strong influence 

and an enabling environment for scientists, extension specialists and farmers to network and 

co-learn was required. This was corroborated by Annandale et al. (2011) who proposed that 

adaptive and experiential learning initiatives are required, amongst others, to further improve 
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the adoption of better irrigation management practices. Olivier and Singels (2004) found 

irrigation scheduling decision support programs to be impractical and too complicated to be 

useful. In order to address the shortcomings of decision support programs, Singels (2007) 

discusses the need for South African farmers‘ participation in the design of a decision support 

program. 

 

In the USA, Baumgart-Getz et al. (2012) conducted a meta-analysis, on 42 carefully selected 

papers, in order to identify the variables which have the largest impact on adoption. Variables 

were divided into 3 categories namely, capacity, attitude and environmental awareness. In the 

capacity category farm size, age, extension training, capital, percentage income from farming 

and tenure are positively related to adoption. Farming experience for example, was not found 

to be a significant driver. The meta-analysis also suggest that social factors, within the attitude 

and environmental awareness categories, only have a small influence on adoption and use of 

such factors in studies must define a clear connection to BMP adoption (Baumgart-Getz et al., 

2012). For example, perceived risk was included as an attitude variable. A farmer‘s 

willingness to take risks was hypothesised to have a positive effect on adoption. The study 

indicates that perceived risk as an influencing factor reduces over time. As BMPs become 

more widely used, the perceived risk appears to diminish. As a result, the continued use of 

perceived risk as a variable in adoption studies is doubtful. Factors having the largest 

influence on adoption were listed as: access to and quality of information, financial capacity 

and being connected to an agency or local network of farmers or watershed groups. 

(Baumgart-Getz et al., 2012).        

 

In a case study context, Bjornland et al. (2009), citing Stephenson (2003), state that farmers 

who adopt innovations at an early stage tend to be younger, more educated and more 

cosmopolitan, have higher incomes, larger farm operations and are more reliant on primary 

sources of information. Furthermore, adoption is driven by economic factors if an innovation 

is easy to implement and has demonstrable benefits. If the innovation, however, required 

considerable new skills, adoption is driven by sociological factors (Bjornland et al., 2009; 

citing Morrison, 2005). 

 

In a comprehensive study in Australia, Stirzaker (2006) propose 7 obstacles to adoption. 

These are:  

 an entrenched culture,  
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 farmer‘s don‘t see the importance,  

 the investment does not pay,  

 BMPs are hard to implement,  

 there is too much complexity and uncertainty,  

 different goals of science versus farmers perspectives, and  

 the wrong extension model.  

 

In a later publication, Stirzaker (2010), expanded on the mismatch between the perspective 

and goals of scientists and farmers. Scientists tend to concern themselves within a framework 

of accuracy while farmers are more interested in aspects such as the ability to test a tool or 

BMP on a smaller scale, or the compatibility with current practice and the management of 

risk. Leib et al. (2002), Ortega et al. (2005), Bjornland et al. (2009) and Montoro et al. (2011) 

all suggest that farmers adopt irrigation BMPs to improve crop yield, crop quality or 

profitability, not necessarily to use water more efficiently.  

 

As indicated in Table 3.1 numerous studies is focused on the adoption of irrigation BMPs. 

Scientists from many disciplines, e.g. Extension (Stevens, 2006),  Social Science (Jakku et al., 

2007), Agronomy (Stirzaker, 2006; Stirzaker et al., 2010), Crop Modelling (Singels, 2007) 

and Irrigation engineering (Eching, 2002; Ortega, 2005) have conducted a reasonable amount 

of work and have provided an array of factors to explain the success factors and impediments 

to the adoption of irrigation BMPs. The wide array of factors can be categorised into three 

emergent themes, namely, (a) water as a priority, (b) the provision of support services and (c) 

compatibility.  

 

Table 3.1 summarises how frequently the emergent themes appear in the literature reviewed. 

The literature list is not exhaustive and was not selected based on any specific criteria, apart 

from the focus on irrigation BMP adoption. As shown in Table 3.1, the respective authors 

highlighted the efficient use of water as a low priority frequently. In some instances growers 

would only consider adopting BMPs if it helped to reduce the amount of time spent on water 

management, thereby freeing up time to spend on other activities (Kaine et al., 2005). Water 

as a low priority does not hinder or prevent adoption, but adoption is more likely to occur if 

water was considered a high priority. Ortega et al. (2005) indicated that water does become a 
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high priority when supply is low or when irrigation costs are high. Adoption of BMPs is 

higher in these instances to secure water supply or reduce costs. 

   

Table 3.1 A summary of influential themes which recur in literature in the context of 

irrigation BMP adoption  

No. Reference Water as a Priority Support 

Services 

Compatibility Country 

Low Medium High 

1 Baumgart-Getz 

et al. (2012)  

  √   USA 

2 Car et al. 

(2012) 

    √ Australia 

3 Jara Rojas et 

al. (2012) 

citing Boyd et 

al. (2000) 

   √ √ Chile 

4 Annandale et 

al. (2011) 

   √ √ South Africa 

5 Hochman and 

Carberry 

(2011) 

   √ √ Australia 

6 Montoro et al. 

(2011).  

√      Spain 

7 Stirzaker et al. 

(2010) 

    √ South Africa 

8 Bjornlund et 

al. (2009) 

√      Canada 

9 Boland et al. 

(2006; 2011) 

   √  Australia 

10 Stirzaker 

(2006) 
   √ √ 

Australia 

11 Stevens (2006)    √ √ South Africa 

12 Kaine et al. 

(2005) 
√     

Australia 

13 Ortega et al. 

(2005) 

√     √ Spain 

14 Vanclay 

(2004) 
    √ 

Australia 

15 Eching (2002)    √ √ USA 

16 Leib et al. 

(2002) 

√      USA 

17 Smith and 

Munoz (2002) 

   √  Global 

(ICID) 

18 Burton et al. 

(1999) 

    √ Global 

(developed 

countries) 

19 Raine et al. 

(1999) 

   √ √ Australia 
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 Total 6   9 12  

 

The second emergent theme relates to the provision of support services. Shearer and Vomocil 

(1981), state that for adoption of fertiliser and weed control practices, sustained and 

concentrated support was required from both industry and educational institutions to 

accomplish market transformation. Leib et al. (2002) argues that a similar paradigm for the 

provision of support services is required for irrigation BMPs. As shown in Table 3.1, the 

theme, provision of support services, emerged frequently in the literature for irrigation BMP 

adoption. 

 

Compatibility, however, was the most frequently appearing theme. Compatibility includes the 

alignment of the irrigation BMP to available farm budgets, skill/expertise, time, labour, 

hardware constraints and daily operational routines. It relates to the need for scientists to 

better understand farmers requirements and the constraints under which they operate (Stevens, 

2006; Stirzaker, 2006 and Annandale, 2011; citing Vanclay, 2004). Ortega et al. (2005), in the 

context of external irrigation advisory services, emphasised the importance of coordination 

with farmers to ensure that they participated in solutions and provided valuable feedback. 

Irrigation advisors must take cognisance of local experience and the divergence between 

research results and farmers‘ practices (Ortega et al., 2005). In the Australian sugar industry, 

Juffs et al. (2004), Webb et al. (2006), Everingham et al. (2006), Jakku et al. (2007) and 

Thorburn et al. (2011) have all, in the past decade, worked on improving the uptake of 

irrigation technologies and adoption of BMPs through participatory research approaches. 

These initiatives aimed to promote co-learning or networking amongst scientists, extension 

and farmers to support and enable a better understanding of the respective realities.  

 

Many similar publications, focusing on participatory modelling (Jakku and Thorburn, 2010; 

Smajgl, 2010; Voinov and Bousquet, 2010; Hochman and Carberry, 2011), reveal a trend 

towards discovering the influence of human socio-economic factors on productivity in 

agriculture. As pointed out above, compatibility does not only deal with matching the 

irrigation hardware to a management practice supported by a tool or technology. Level of skill 

and availability of time, labour and funding, amongst others, are also important 

considerations. These softer and more subtle human issues have become so prominent that the 

Agricultural Systems Journal devoted an entire issue to address the subject of poor adoption 

of decision support systems (Everingham et al., 2006; citing McCown et al., 2002). 
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Regardless of the large number of studies and suggested theories, low adoption of irrigation 

best management practices is still widespread. Conclusions and recommendations from the 

numerous studies are inconsistent, confusing and varied. Irrigation management is embedded 

in a complex agricultural system. Dependencies on unpredictable weather, spatial and 

temporal variability, different goals and objectives of multi-disciplinary stakeholders and the 

connectivity and inter-dependency of decision making and consequent actions makes 

irrigation complex. In the next section, the theory of complex systems is reviewed in order to 

gain an understanding of the nature of the adoption problem. 
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4. AN OVERVIEW OF COMPLEX SYSTEMS 

 

The above review of literature on the adoption of best management practices in the irrigation 

sector displays the complexity in which the subject matter is embedded. In this chapter, the 

adoption of irrigation BMPs is viewed in the context of complex systems. Initially an 

overview of complex systems is presented, before the characteristics of complex systems and 

its relevance to on farm water management is introduced.  This short chapter will briefly 

introduce the difference between simple and complex systems followed by a description of 

complex system characteristics such as non-linearity, feedback and emergent behaviour. In 

the last section, irrigation BMP adoption is qualified as a complex problem. 

 

The world can be viewed as a collection of interlocking systems. Some systems are simple 

and others complex. Simple systems are those where the behaviour can be clearly defined, 

modelled and predicted with a high degree of certainty (Pollard et al., 2011). Simple systems 

can also be complicated. Complicated systems may have numerous parts but are connected in 

a way to produce a deterministic (predictable) outcome (Pollard et al., 2011). The movement 

of the planets or aerodynamics of an airplane are examples of complicated but simple systems 

(Strong, 2013). In these systems, a Newtonian reductionist approach allows for system 

behaviour to be modelled by accounting for the physical laws which act on individual 

components (Pollard et al., 2011). These simple, yet complicated, systems are also associated 

with hard systems. Hard systems are physical in nature and exist in the real world. In hard 

systems, the components, the system itself and resultant behaviour are typically easier to 

define, model and optimise in a manner which is acceptable to all (Khisty, 1995). 

  

A complex system on the other hand is described as messy and unpredictable. In a complex 

system the resultant behaviour is dynamic and difficult to explain or model. It is generally 

accepted that complexity arises from a large number of interacting and interdependent 

components or agents (Pannell, 1999). The degree of complexity is attributed to the quantity, 

quality and resultant behaviour of the web of relationships (Richmond, 1994). The 

relationships and connectivity between these actors are not always visible or easy to describe. 

Dominant system drivers can vary over time and space to produce a combination of outcomes 

that result in uncertainty (Pollard et al., 2011). This is especially true for systems where soft 

variables interact with hard systems. In a soft system there is uncertainty about what is 
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causing the problem or what a suitable solution would look like (Checkland, 2000). For 

example, individual world views (mental models) may cause stakeholders to define the 

problem differently (Khisty, 1995; Stephens and Hess, 1999; Kayaga, 2008). Furthermore, 

complex systems include time delays and multiple scales. Examples of complex systems 

include stock exchanges, global climate change and supply chains (Sterman, 2000; Morecroft, 

2007; Bezuidenhout and Bodhanya; 2013). There are specific characteristics which could be 

used to identify a complex system. Complex systems are associated with non-linearity, 

feedback, and emergent behaviour. These characteristics are further described below. 

 

4.1 Characteristics of Complex Systems 

 

Simple systems are linear because the characteristics or behaviour of individual components 

can be used to explain the behaviour of the whole system. For example, Newton‘s laws of 

motion allow for the behaviour of the system to be determined by the dynamics of the 

individual elements prior to, say, a collision. Unlike simple systems, a Newtonian reductionist 

approach fails to model the behaviour of a complex system. In complex systems the whole is 

greater than the sum of the parts (Senge, 1990) because individual components cannot be 

summed up to equate to behaviour of the whole (non-linear) (Stephens and Hess, 1999). The 

commonly known butterfly effect (Lorenz, 2000) serves as a good analogy to describe non-

linearity. Small changes can amplify and have large impacts elsewhere in the system. The size 

of the cause is not necessarily correlated to the impact it has on the system. 

 

Complex systems are also characterised by the presence of feedback. Circular feedback is 

when the outcome of an action becomes the cause for the next action, such that the influence 

propagates through the interconnected system to return and influence the original causal 

agent, e.g. ―decisions cause changes which influence later decisions‖ (Forrester, 1998). An 

example of feedback in a simple system is compound interest earned in a bank savings 

account. Interest earned is a function of the interest rate and the current bank balance. The 

interest earned in the first time frame, however, alters the current bank balance which in turns 

alters the interest to be earned in the next time frame (Sterman, 2000). In a complex system, 

Sterman (2006) suggests that the feedback is less obvious or visible. Hence in complex 

systems, the primary cause of surprising results is a lack of understanding of feedback in the 

system (Sterman, 2006). Policies are often approved and implemented without due 
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consideration of any side effects which may arise from feedback. Consequently, the 

unintended consequences filters back to alter the state of the system, making the policy 

ineffective or adding to the cause of the problem. Feedback can be better understood by 

tracking the web of cause and effect relationships in the system (Sterman, 1994).  

 

Understanding of feedback in a system will also help to understand emergent behaviour. 

Emergent behaviour is the result of interactions which give rise to patterns of behaviour such 

as self-organisation or spontaneous order. Actors in a complex system are often tightly 

coupled and the consequences of action can deliver unanticipated side effects (Sterman, 1994; 

Sterman, 2006). For example, stimulating the complex system with an external force may not 

necessarily have the desired effect. Instead of influencing change, the system may adapt via 

feedback and surprisingly self-organise back to the original state (Pollard et al., 2011). This is 

referred to as self-organisation or emergence of a behaviour pattern.  

 

This concludes the brief overview of the characteristics associated with complex systems. In 

the next section, the adoption of irrigation BMPs is considered in the context of complex 

systems. While a large number of studies are reported on in Chapter 3.2, there is very little 

evidence to suggest that the complexity in an irrigation context has been dealt with 

adequately.   

 

4.2 Adoption of Irrigation Best Management Practices in the Context of 

Complex System 

 

As stated before, complexity typically arises from the interaction of a large number of hard 

and soft entities within a system. This is the case for irrigation BMP adoption. Research and 

development, technology transfer and on-going support of innovations require the 

involvement of a number of stakeholders from various disciplines. Section 3.2 lists the wide 

array of factors cited in literature which influence BMP adoption. Despite efforts to evolve 

the system and induce change, non-adoption still prevails, indicating some degree of self-

organisation or emergence. The dynamic interaction of these factors implies that irrigation 

BMP adoption is complex. Both Stevens (2006) and Jakku et al. (2007) suggest that 

agricultural innovation adoption is not a linear process where farmers passively receive 

knowledge from extension officers. Apart from the multi-disciplinary agents, and their 
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respective biases, economic, technical, environmental and institutional constraints together 

with social and cultural traits, all contribute to the complexity of the system (Jakku et al., 

2007).  

 

Pahl-Wostle (2007), Dewulf et al. (2007) and Brugnach et al. (2008) have all identified the 

need to account for complexity in natural resource management. These authors acknowledge 

that uncertainty and complexity are unavoidable and called for a movement from prediction 

and control management style to adaptive management. The methodical hard scientific 

approach no longer seems adequate. Social learning (Bandura, 1986), soft systems 

methodology (Checkland and Poulter, 2006), systems thinking (Senge, 1990) and system 

dynamics modelling (Forrester, 1961), which all aim to deal with complexity, and have been 

prominent in the management, social and business disciplines (Keating et al., 1999; Sterman, 

2000; Morecroft, 2008; Reynolds and Holwell, 2010), are now emerging in the 

environmental-social systems landscape (Pahl-Wostl, 2002; Pahl-Wostl and Hare, 2004; de 

Chazal et al., 2008; Sterman, 2011). Recognition of the need to account for complexity 

arising from the interaction of social and environmental systems appears abundant in the 

water sector, but only at larger spatial scales such as catchment and policy levels (Stave, 

2003; Tidwell et al., 2004; du Toit, 2005; Mostert et al., 2007; Pahl-Wostl and Tabara, 2007b; 

Pahl-Wostl and Tabara, 2007a; Pahl-Wostl et al., 2008; Pahl-Wostl, 2009; Qin et al., 2010; 

Goldani and Amadeh, 2011). There is no evidence in the literature of studies which focus on 

complexities in the form of cause and effect relationships and feedback structures for 

irrigation management or irrigation BMP adoption at the farm or field level. 
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5. DISCUSSION AND CONCLUSIONS 

 

South Africa has enjoyed a degree of success in the irrigation research fraternity. Substantial 

funding, research effort and dedicated time has resulted in the production of tools, procedures 

and recommended practices for the better use and management of water resources in the 

agricultural sector. The benefits derived from these hard science successes, however, are low 

since the adoption of these technologies has been poor. While some localised initiatives are 

evident, there appears to be a stark contrast in the energy diverted towards driving adoption 

and technology transfer as compared to, for example, the development or refinement of 

technology. The reviewed literature suggest that researches have become so involved in 

progressing the science, that they have lost touch with reality and constraints on farms, 

consequently churning out, innovative, but, less appropriate or misaligned technologies.  

 

The distribution of literature across the disciplines is skewed, favouring irrigation scheduling 

with less emphasis on the monitoring, maintenance and evaluation of irrigation hardware. 

This is perhaps an indication of where researchers believe the most benefit can be attained for 

the least effort.  

 

The complexity of water management has been given a fair amount of recognition at the 

catchment and policy scale, but this has not yet infiltrated down to farm level. In developed 

countries, where the resources directed towards extension programs and advisory services are 

better aligned to the resources allocated to research, poor adoption of irrigation BMPs has still 

been widespread. In the literature many reasons for why adoption is poor and how it can be 

improved have been cited. While a few common themes do emerge, the results are largely 

inconsistent, confusing and varied.  

 

The adoption of Irrigation BMPs is complex. There are a multitude of factors which influence 

and drive the system. The literature, however, seems to only list these factors, without much 

interrogation. There is little evidence of attempts to determine the relative strength or weight 

of the factors which influence the system. Taking cognisance of the complexity, there appears 

to be an opportunity to investigate the systemic relationships in order to identify and 

understand the core factors which are most influential and overriding in driving the systems 

behaviour.   
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6. PROJECT PROPOSAL 
 

The uptake and adoption of irrigation Best Management Practices (BMPs), both in SA and 

internationally, has been poor. Considering that water is a limited and scarce resource, there is 

a growing need to improve water use efficiency. Irrigators, being the largest water users, are 

the main target group for water conservation and demand management programs based on 

solid science and engineering principles. Water management, however, is embedded within a 

complex agricultural system. Dependencies on unpredictable weather, spatial and temporal 

variability, different goals, objectives and ability of stakeholders and the connectivity and 

inter-dependency of decision making and consequent actions makes water management 

complex. In this chapter, a project proposal is presented which aims to investigate the reasons 

for the lack of irrigation BMP adoption. Following the literature review in Chapters 2, 3 and 

4, a brief description of the problem statement and context is provided. System dynamics 

modelling, a discipline developed for engaging with complex systems, is the preferred 

approach for this project. Hence, after the detailed objectives are presented, a short sub-

section is provided to highlight and justify the suitability of using System Dynamics 

Modelling. Finally, the methodology, project deliverables, resource requirements and ethical 

considerations are presented.     

 

6.1 Problem Identification and Context 

 

Similar to the Water Research Commission (WRC), the South African Sugarcane Research 

Institute (SASRI) has a rich history of research excellence and has contributed substantially to 

the body of scientific knowledge for the production of sugarcane. In addition, SASRI has an 

efficient extension arm and a knowledge management unit to support and drive the transfer of 

technology and BMPs into the sugar industry. Despite the effort and resources directed 

towards technology transfer activities, however, adoption and uptake have still been well 

below expectations in the irrigation sector (Reinders, 2001; Olivier and Singels, 2004 and 

Singels; 2007).  

 

6.2 Aim  

 

In the context of irrigation better management practices in the South African sugarcane 
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industry, the aim of this project is to apply system dynamics modelling to assimilate the 

socio-technical factors that impact on the spread of innovations, so that recommendations for 

improving adoption can be made.  

 

6.3 Objectives 

The objectives are to: 

 Conduct literature reviews on adoption of irrigation BMPs, agricultural complex 

systems, system dynamics modelling, innovation diffusion theory and relevant theory 

necessary for meaningful planning and design of stakeholder interactions and data 

extraction processes.  

 Identify and map key factors and points of leverage which drive irrigation BMP 

adoption in the South African sugarcane context. 

 Develop, test and apply a system dynamics simulation model which adequately 

represents the connectivity and behaviour of the socio-technical system related to 

sugarcane irrigation. 

 Provide recommendations by co-designing and evaluating strategies and/or action 

plans for improvement in irrigation BMP adoption based on the modelling of 

interventions proposed by stakeholders and the SASRI project team. 

 

6.4 Rationale for using System Dynamics Modelling and Novelty of the 

Project 

 

System dynamics modelling is a technique for framing, describing, understanding and 

communicating complex problems or processes (Forrester, 1991). Mathematical equations are 

used to simulate the interactions and feedbacks between system components, which often 

uncover non-linear behaviour (Forrester, 1998). System dynamics shows how variables 

change through time (Forrester, 1991).  

 

System dynamics modelling relies heavily on the accurate depiction of system structure. 

Stock and flow or causal loop diagrams (Lane, 2000) are used to demonstrate how behaviour 

and feedback arises systemically. In other words, emphasis is placed on capturing the internal 

forces which result from either the context or decision rules/policies that drive action 

(Richardson, 2011). The uncovering of system structure and placement of system boundaries 
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through the process of constructing a systems dynamic model, with stakeholder participation, 

should help to improve understanding of the complexity of the operating environment. The 

process should also strengthen the relationship with stakeholders by ensuring that the 

respective realities are understood and appreciated. These appear to directly address the issues 

raised by Stevens (2006), Vanclay (2004), Jakku et al. (2007) and others like Pahl-Wostle 

(2007), who called for better communication and more interaction amongst scientists, 

extension and farmers.  

 

Fisher et al. (2000), based on a review of literature, concluded that system dynamics is better 

than previous mathematical models because of the transparent illustration of feedback, which 

is conducive for learning, and learning is necessary for technology adoption. Many examples 

can be found in the literature where system dynamics modelling was used to better understand 

the innovation diffusion process and/or guide future policy or actions to improve adoption 

rates. Case studies include, amongst others, epidemiology and contagion effects in the 

medical sciences (Dangerfield et al., 2001; Homer et al., 2004; Galea et al., 2010; Paich et al., 

2011), corporate product development and diffusion (Milling, 1996; Maier, 1998; Milling, 

2002; Ripenning, 2002; Oliva et al., 2003; Weil, 2007; Barran, 2010), the information 

technology industry (Pardue et al., 1999) and sustainable environmental/agriculture systems 

(Arquitt et al., 2005; Halog and Chan, 2008; Harich, 2010).  

 

Fisher et al. (2000) used system dynamics modelling in the context of adoption and diffusion 

of yield monitoring and mapping technologies for precision agriculture. Similarly, Kopainsky 

and Derwisch (2009) used system dynamics to explore strategies for fostering adoption of 

improved seed in West Africa. Davis and Durbach (2010) used a system dynamics approach 

to explore the household response to energy interventions in South Africa. Grobelaar (2006) 

also made use of system dynamics modelling to study the sustainability of South Africa‘s 

ability to generate research and development outputs. Only a handful of system dynamics 

modelling applications in  South Africa can be found in the literature (Kaggwa et al., 2006; 

Mussango et al., 2009), none of which involved agricultural systems, water or technology 

adoption. The lack of dedicated literature suggests that, worldwide, nobody has used System 

Dynamics modelling to study the adoption of irrigation BMPs.  
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6.5  Research Methodology 

 

6.5.1 Inventory of potential factors 

Based on literature, an inventory of potential factors which influence the adoption of 

irrigation BMPs will be compiled.   

 

6.5.2 Formulating a dynamic hypothesis and development and testing of a simulation 

model 

Informed by the literature review, exploratory surveys, interviews, focus groups, interactive 

workshops, ethnographic and other social science methods will be used to capture qualitative 

data from stakeholders. The data will be used to populate and describe the complex system 

structure, boundary and feedback loops (i.e. formulating a dynamic hypothesis). A system 

dynamics model, with algorithms that characterise the connectivity and behaviour of the 

system, will be configured and applied to understand the phenomenon of change in socio-

technical systems and irrigation best practices (i.e. development of a simulation model). 

Model development and formulation will, for example, include participatory processes to 

capture grower mental models, intimate realities of farm operations and decision making 

processes in order to quantify the relative strength of cause and effect relationships.  

 

Model testing in system dynamics modelling is not the same as model validation in the 

physical science disciplines. In the physical sciences a model is validated when simulated 

results are comparative to observed results for a wide range of input conditions (El Sawah and 

Mclucas, 2008). By definition, complex systems are unpredictable and messy. Very rarely is 

data from the real world available for the full range of plausible conditions. Hence validation 

through repeated comparison of model results and observed reality is usually not possible (El 

Sawah and Mclucas, 2008). In the system dynamics fraternity, model testing relate to building 

confidence in the model. Various tests such a dimensional consistency, extreme condition and 

the boundary adequacy tests are prescribed to ensure that the model can be used with 

confidence (Shreckengost, 1985). 

 

The sequence of data collection, model development and model testing is flexible and not 

necessarily chronological. The iterative process will allow for identification, ranking and 



 

 30 

better understanding the strength of key factors and points of leverage for more successful 

diffusion of better irrigation management practices (i.e. model testing). 

 

6.5.3 Design and evaluation of policies for improvement 

Based on the knowledge gained, the relationships developed and the improved predictive 

ability, a second phase of the project will aim to co-develop strategies and/or action plans 

with stakeholders. Recommendations for improving innovation diffusion in the irrigation 

sector will be formulated based on the experiences from stakeholder modelling exercises 

where the proposed interventions will be evaluated.   

 

6.6 Deliverables  

 

Through the conceptualisation, construction and application of a system dynamics model, the 

project is expected to deliver a better understanding of the complex system and the strength of 

behavioural system drivers (feedback loops) so that recommendations can be made to 

improve the diffusion of irrigation BMPs.  

 

The project deliverables are listed below: 

 

1. Qualitative conceptualisation of the structure and boundaries of the complex system in 

the context of irrigation BMP adoption. This may include, but is not limited to, for 

example, stock and flow or causal loop diagrams and network analysis theme maps. 

2. Formulation of a system dynamics model with equations/algorithms that is capable of 

reproducing the system behaviour which matches the reference mode or base case of 

key variables. 

3. A framework towards the application of a system dynamics modelling approach to 

facilitate the uptake of agricultural BMPs.  

4. Based on the participatory modelling exercises, recommendations for improving the 

adoption of irrigation BMPs.  

 

The project deliverables are expected to stimulate future proposals for technology transfer and 

knowledge dissemination projects at SASRI, so that the resultant recommendations could be 

implemented, tested and refined. The project is envisaged to create a platform from which 
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technology transfer activities could be transformed, redesigned or better aligned to 

shortcomings as a result of results from this project. For example, the current format of 

PowerPoint presentations at grower‘s days could be transformed into learning laboratory 

activities. Learning laboratory activities, by way of example, could include game playing and 

interactive scenario simulations to encourage learning and development of specific decision 

making rules. 

 

Ultimately, the conceptualisation of the complex system structure and formulation of a system 

dynamics model will be a valuable contribution to the body of scientific knowledge. As 

showed in Chapter 3.2, previous studies on irrigation BMP adoption merely list factors which 

influence the process. The underlying cause and effect relationships or feedback loops have 

not been defined explicitly. Construction of a system dynamics model will make both the 

system structure and the causal relationships transparent. In addition, the simulation capability 

will allow for proposed interventions to be tested and assessed before implementation. The 

modelling capability in conjunction with stakeholder participation will allow for the strength 

of key factors and leverage points to be detected.  

 

6.7 Resources Required  

 

All resources and finances required to conduct this research will be provided by the South 

African Sugarcane Research Institute (SASRI). The student is a full time employee at SASRI. 

On this basis, this project was proposed and approved as an official project in SASRI‘s 

program of work. The approved SASRI budget amounts to R 636 000, spread over a 5 year 

period (April 2012 – March 2016). The budget caters for the following: 

 software purchases,  

 local travel and subsistence for project team, 

 catering for stakeholder engagements, and 

 printing and stationery for stakeholder engagements. 

 

6.8 Ethical Considerations 

 

The project aims to make transparent grower mental models and intimate realities of farm 

operations, via participatory processes. This information may be considered sensitive. Ethical 
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considerations will therefore be a key component in this project. Before engaging in the 

stakeholder engagement activities, ethical clearance will be obtained from the University of 

KwaZulu-Natal. Informed consent and confidentiality when reporting project outcomes and 

results will be the main strategy to protect participants against additional stress or social 

stigmatisation.   
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