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ABSTRACT 
 

South Africa is a water scarce country. With the increasing demand of water from other 

users, irrigation, as the largest water user, has to find ways to produce more per drop and 

meet the food demands of the growing population. Enhancing the performance of 

smallholder irrigation schemes (SHI) is one way of saving water since they are fast 

becoming the largest water users in South Africa and the world over. Performance in the 

smallholder sub-sector is reportedly below the expectations of stakeholders. However, 

performance in smallholder irrigation schemes is multi-dimensional and can be looked at 

from different perspectives. This study assessed the technical performance of the Mooi 

River Irrigation Scheme (MRIS) from the technical managers` and the farmers` points of 

view and integrated them into one to derive a comprehensive set of best management 

practices (BMPs) for the scheme. This was done acknowledging that the farmer is now the 

water manager in line with Participatory Irrigation Management (PIM) and Irrigation 

Management Transfer (IMT). 

 

Three performance indicators related to water supply and delivery: conveyance efficiency, 

dependability of irrigation intervals between water applications and relative irrigation 

supply, and two agricultural performance indicators namely, output per unit irrigation 

supply and output per unit water consumed, were assessed during the spring and summer of 

the 2010/11 season. The field measurement method was used for the assessment of these 

indicators as opposed to the faster and more encompassing remote sensing method, due to 

resource constraints. The Velocity-area method was used to measure flow-rates in canals 

and crop water demands were estimated from FAO Cropwat 8.0 and Aquacrop 3.1. The 

results show an overall scheme conveyance efficiency of 86.4%, a maximum dependability 

of irrigation intervals between water applications of 2.57 in spring and a scheme relative 

irrigation supply of 1.48. Agricultural performance indicators, output per unit irrigation 

supply and water productivity per unit crop evapotranspiration (ET), were found to be 0.64 

kg/m3 and 5.37 kg/m3 on average for cabbage, respectively. 
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Farmers` satisfaction with taking an irrigation service can be used as a measure of the 

scheme`s performance. A questionnaire was administered among farmers to gather their 

views on the performance and to determine the factors that significantly influence their 

satisfaction status with taking the irrigation service at MRIS. Information collected from 

the questionnaire include age, gender, irrigation training, timeliness of water delivery, 

water distribution among the blocks, farming experience, farmer involvement in inspection 

of irrigation infrastructure and maintenance, among others.  Farmers` were also asked for 

suggestions on improving the performance of their scheme. Their responses were analysed 

using a multinomial logit model. Results showed that 57% of the farmers are satisfied with 

using the irrigation service at MRIS, 30% are not satisfied, while 13% are neutral. Eight 

factors were found to be statistically significant in influencing the farmers` satisfaction 

status namely: location with respect to the water diversion point, location within a block 

from the main canal, age of the farmer, education level attained by the farmer, farming 

experience, the number of plots a farmer owns, fairness of water distribution across the 

blocks and the number of days a farmer accesses water 

 

The technical performance indicators assessed and the suggestions from the farmers on the 

way to improve performance of MRIS allowed the selection of the BMPs for the scheme. A 

set of seven BMPs based on farmer suggestions was derived. BMPs used as a guideline. 

The farmers were also tasked with the ranking of the derived BMPs according to their 

preference. The collected data was then ranked through an Analytic Hierarchy Process 

(AHP). The results show that establishment of and adherence to an irrigation schedule was 

the most preferred BMP by the farmers, while volumetric measurement of irrigation water 

used by each block was the least preferred. 

 

This study concludes that the performance of MRIS is comparable to other schemes and 

that farmers are aware of the problems bedevilling their scheme. It is also concluded that 

the performance of the scheme meets the farmers`, the key stakeholders, expectations and 

that irrigation scheduling is the most preferred BMP. The study recommends that farmers 

be more involved in performance assessments and management of their schemes. It is 

crucial to ensure that the recommended BMPs are acceptable to the farmers in the scheme. 
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The best way to achieve this is by allowing farmers to participate in policy formulation and 

decision making. 

 

  



v 
 

Table of Contents 
1.  INTRODUCTION .............................................................................................................. 1 

1.1  Objectives ............................................................................................................... 3 

1.2  Outline of the Dissertation ...................................................................................... 3 

1.3  Scientific Relevance and Contribution of the Study ............................................... 4 

1.4  References ............................................................................................................... 6 

2.  WATER MANAGEMENT IN COMMUNALLY-MANAGED SMALLHOLDER 

IRRIGATION SCHEMES: TECHNICAL PERFORMANCE OF MOOI-RIVER 

IRRIGATION SCHEMES .................................................................................................. 9 

2.1  Introduction ........................................................................................................... 10 

2.1.1  Conveyance efficiency (Ec) ...................................................................... 12 

2.1.2  Dependability of irrigation interval between water application ............... 13 

2.1.3  Relative irrigation supply .......................................................................... 14 

2.1.4  Output per unit irrigation supply .............................................................. 14 

2.1.5  Output per unit water consumed (WPET) .................................................. 15 

2.2  Irrigation Performance Assessment in Smallholder Irrigation (SHI) ................... 15 

2.2.1  Field measurement of flow rate ................................................................ 16 

2.2.2  Crop-water requirements, irrigation schedules and depths ....................... 17 

2.3  Materials and Methods .......................................................................................... 18 

2.3.1  Study site ................................................................................................... 18 

2.3.2  Data collection .......................................................................................... 21 

2.3.3  Data analysis ............................................................................................. 27 

2.4  Results ................................................................................................................... 27 

2.4.1  Conveyance efficiency (Ec) ...................................................................... 27 

2.4.2  Dependability of irrigation interval between water applications .............. 30 

2.4.3  Relative irrigation supply .......................................................................... 32 

2.4.4  Output per unit irrigation supply .............................................................. 33 



vi 
 

2.4.5  Output per unit water consumed by crop (ET) ......................................... 33 

2.5  Discussion ............................................................................................................. 34 

2.5.1  Conveyance efficiency .............................................................................. 34 

2.5.2  Dependability of irrigation interval between water applications .............. 38 

2.5.3  Relative Irrigation Supply ......................................................................... 40 

2.5.4  Output per unit irrigation supply .............................................................. 41 

2.5.5  Output per unit water consumed by crop (ET) ......................................... 44 

2.6  Conclusions and Recommendations ..................................................................... 44 

2.7  References ............................................................................................................. 46 

3.  FARMERS` PERCEPTIONS OF THE PERFORMANCE OF SMALLHOLDER 

IRRIGATION SCHEMES ................................................................................................ 52 

3.1  Introduction ........................................................................................................... 53 

3.2  Model Specification .............................................................................................. 54 

3.3  Materials and Methods .......................................................................................... 56 

3.3.1  Study site ................................................................................................... 57 

3.3.2  Sampling procedure .................................................................................. 59 

3.4  Results ................................................................................................................... 63 

3.4.1  General statistics about the scheme .......................................................... 63 

3.4.2  Multinomial Logit analysis ....................................................................... 65 

3.5  Discussion ............................................................................................................. 68 

3.5.1  Location of a farmer`s plot in the scheme ................................................ 68 

3.5.2  Location of plot within a block ................................................................. 69 

3.5.3  Age of the farmer ...................................................................................... 69 

3.5.4  Education level of the farmers .................................................................. 70 

3.5.5  Farming experience ................................................................................... 70 

3.5.6  Number of plots ........................................................................................ 71 

3.5.7  Fairness in water distribution .................................................................... 71 



vii 
 

3.5.8  Access to water ......................................................................................... 72 

3.6  Conclusions and Recommendations ..................................................................... 72 

3.7  References ............................................................................................................. 73 

4.  DERIVING BEST MANAGEMENT PRACTICES FOR SMALLHOLDER 

IRRIGATION SCHEMES IN SOUTH AFRICA FROM THE FARMERS` 

PERSPECTIVE ................................................................................................................ 76 

4.1  Introduction ........................................................................................................... 77 

4.2  Application of AHP in the Selection of Irrigation BMPs ..................................... 79 

4.3  Materials and Methods .......................................................................................... 82 

4.3.1  Sampling procedure .................................................................................. 83 

4.4  Results ................................................................................................................... 84 

4.5  Discussion ............................................................................................................. 87 

4.6  Conclusions and Recommendations ..................................................................... 89 

4.7  References ............................................................................................................. 91 

5.  FINAL DISCUSSION ...................................................................................................... 95 

5.1  Background ........................................................................................................... 95 

5.2  Findings and Conclusions ..................................................................................... 95 

5.3  Recommendations ................................................................................................. 97 

5.4  Future Research Needs ......................................................................................... 98 

 

 

  



viii 
 

 

DECLARATION 1 - PLAGIARISM 
 

I,  ………………………………………………..… declare that: 

 

1. The research reported in this dissertation, except where otherwise indicated, is my 

original work. 

 

2. This dissertation has not been submitted for any degree or examination at any other 

university. 

 

3. This dissertation does not contain other persons’ data, pictures, graphs or other 

information, unless specifically acknowledged as being sourced from other persons. 

 

4. This dissertation does not contain other persons’ writing, unless specifically 

acknowledged as being sourced from other researchers. Where other written 

sources have been quoted, then:  

a. Their words have been re-written but the general information attributed to 

them has been referenced. 

b. Where their exact words have been used, then their writing has been placed 

in italics and inside quotation marks, and referenced. 

5. This thesis does not contain text, graphics or tables copied and pasted from the 

internet, unless specifically acknowledged, and the source being detailed in the 

dissertation and References sections. 

 

Signed: ……………………………………… 

  



ix 
 

 

DECLARATION 2 – PUBLICATIONS 
 

Details of contribution to publications that form part this dissertation, which include papers 

in preparation, are given in each paper.  

 

Publication 1 – Chapter 2 of this dissertation 

 

Gomo T and Senzanje A. 2011. Water management in communally-managed smallholder 

irrigation schemes: Technical performance of Mooi-River Irrigation Scheme. Paper in 

preparation 

 

Publication 2 – Chapter 3 of this dissertation 

 

Gomo T., Mudhara M., and Senzanje A. 2011. Performance of smallholder schemes: 

Farmers` perspectives. Paper in preparation. 

 

Publication 3 – Chapter 4 of this dissertation 

 

Gomo T., Senzanje A and Dhavu K. 2011. Deriving best management practices for 

smallholder irrigation schemes in South Africa from the farmers` perspective. Paper in 

preparation. 

 

Signed: ……………………………………… 

  



x 
 

ACKNOWLEDGEMENTS 

 
Firstly I would want to thank God the Almighty for His grace, mercy and protection during 

the course of this study. May His glory be forever. 

 

I want to express my gratitude to the following people for their different roles during the 24 

month period of this study: 

 

Dr. A. Senzanje and Dr. M. Mudhara. This study would not have come to a successful 

conclusion without your supervision and guidance. You taught me a great lesson of 

openness and team work. May God bless you. 

Prof. Jeff Smithers and all members of the former School of Bioresources Engineering and 

Environmental Hydrology for ensuring that resources are available for this study to go 

ahead. Prof., you have done a commendable job of running the school smoothly. 

My late father (May his soul rest in peace), mother, brothers and sisters for the support you 

were always willing to provide, even when things were tough for you too. Special thanks to 

Mr. Trust Gomo for always being there when needed and for your unwavering support and 

trusting me. 

Department of Agriculture (Tugela Ferry Offices): Mr. T. Ngubane, Mr. M.C. Zulu, 

Thembelihle Mzimela, Sphindile Mdunge, Nompumelelo Mthethwa and all the staff at the 

offices for making sure that I carry out my studies smoothly and always offering to help. 

Thank you very much and may that spirit continue among you. 

Mooi River Scheme farmers for your cooperation during the study. 

Michael P Malinga for introducing me to Msinga community and the support you offered. 

To other FSG staff, Lindelwa, Zanele and Gina, please keep up the good work. 

My collegues Phesheya, Ernest, Mphatso, Craig, Charmaine, Shaame, Sylver  and all other 

postgraduate students in the school. It was marvellous to work with you.  



xi 
 

LIST OF FIGURES 
 
Figure 1.1  Structure of study ........................................................................................... 5 

Figure 2.1.  The scheme layout showing blocks and main canal (after DAEA 2001) .... 20 

Figure 2.2   The FP111 Global Water Flow Probe .......................................................... 23 

Figure 2.3   The use of Global Water Flow Probe FP111 ............................................... 23 

Figure 2.4   Measurement points and location of plots used in the study ...................... 24 

Figure 2.5  Seasonal variation of conveyance efficiency (Ec) among blocks at 08:00 

hours ............................................................................................................. 28 

Figure 2.6   Seasonal variation of conveyance efficiency (Ec) among blocks at 12:00 

hours ............................................................................................................. 28 

Figure 2.7   Seasonal variation of conveyance efficiency (Ec) among blocks at 1600 

hours ............................................................................................................. 29 

Figure 2.8   Variation of mean conveyance efficiency (Ec) per block throughout the 

season ........................................................................................................... 29 

Figure 2.9   Water conveyance loss ratio (WLR) variations in time and space among the 

different blocks ............................................................................................. 30 

Figure 2.10   The average dependability of irrigation interval between water applications 

in spring 2010 irrigation season ................................................................... 31 

Figure 2.11   The average dependability of irrigation interval between water applications 

in summer of 2010/11 irrigation season ....................................................... 31 

Figure 2.12   Variation of relative irrigation supply throughout the season at MRIS ...... 32 

Figure 2.13   Cabbage output per unit delivered irrigation water at MRIS ....................... 33 

Figure 2.14   Water productivity with respect to crop evapotranspiration ........................ 34 

Figure 2.15   Domestic and other water uses in the head blocks of MRIS (a) Washing (b) 

Animals drink from the canal, (c) community fetches water from the 

canal.(d) brick moulding with water from the canal .................................... 35 

Figure 2.16   One of the pumps drawing water from the main canal in Blocks 9 & 10 .... 36 

Figure 2.17  Condition of the main canal in blocks with lowest conveyance efficiency  37 

Figure 2.18  One of the balancing dams in Block 14, (a) the dam is full; (b) the dam had 

run dry .......................................................................................................... 41 

Figure 2.19   Factors affecting water productivity (irrigation) at MRIS ........................... 43 



xii 
 

Figure 3.1   Location of MRIS and scheme layout (insert) showing sampling strata .... 58 

Figure 4.1   Hierarchy for ranking irrigation BMPs (after Srdjevic and Srdjevic, 2005)80 

Figure 4.2   Ranking of BMPs by farmers located in the head section of the scheme .... 85 

Figure 4.3   Ranking of BMPs by farmers located in the central section of the scheme 85 

Figure 4.4   Ranking of BMPs by farmers located in the tail-end section of the scheme 86 

Figure 4.5   Overall ranking of BMPs by farmers at MRIS ............................................ 86 

 

LIST OF TABLES 
 

Table 2.1   The sizes of the different blocks and the number of plot-holders in each 

block ............................................................................................................. 21 

Table 2.2   The percentage area occupied by crops in each block at the time of study . 26 

Table 3.1   Sampling strata ............................................................................................. 59 

Table 3.2   Definition of variables in the satisfaction status of the farmer in using 

irrigation service ........................................................................................... 61 

Table 3.3  Coding of the factors assumed to affect farmer satisfaction status as used in 

MYSTAT ..................................................................................................... 62 

Table 3.4 Summary of statistical information showing marginal percentages .................... 64 

Table 3.5   Frequency table showing category choices and the reference category ....... 65 

Table 3.6   Results of multinomial Logit regression analysis of the factors affecting 

farmer satisfaction ........................................................................................ 66 

Table 4.1  Comparison matrix ....................................................................................... 81 

Table 4.2  Descriptions of selected BMPs (after Hernandez and Uddameri, 2009) ..... 82 

Table 4.3   Number of farmers section of the scheme. ................................................... 83 

 

 

  



xiii 
 

LIST OF ABBREVIATIONS 
 

BMPs  Best Management Practices 

CWR  Crop Water Requirements 

DAEA  Department of Agriculture and Environmental Affairs (KwaZulu Natal) 

FAO  Food and Agriculture Organisation of the United Nations 

IMT  Irrigation Management Transfer 

MRIS  Mooi River Irrigation Scheme 

RIS  Relative Irrigation Supply 

SABI  South African Irrigation Institute 

SHI  Smallholder Irrigation 

TFIS  Tugela Ferry Irrigation Scheme 

WRC  Water Research Commission 

 

  



1 
 

 

1. INTRODUCTION 

 

Water for irrigation is increasingly becoming limited owing to increased demand from 

other uses such as domestic water, industries and the environment (Perry, 2005) which give 

higher economic and social returns. This is the case despite that irrigation remains one of 

the best options to meet future food demands. To meet the increasing demands for food 

with an increasingly limited water supply, water resources management must be improved. 

 

The realisation of the need to carefully manage scarce and further dwindling water 

resources forced governments across the world to embark on various management 

interventions, such as injection of financial aid to smallholder irrigation schemes, 

introduction of Participatory Irrigation Management (PIM) and Irrigation Management 

Transfer (IMT). In PIM participation by all irrigation stakeholders, such as farmers in 

irrigation management was increased while in IMT responsibilities were completely 

transferred from government to farmers. In South Africa, the government invested financial 

resources in the range of R30, 000 to R60, 000 per hectare towards the revitalization of 

smallholder irrigation schemes (Denison and Manona, 2007). The revitalization 

programme included capacity development among the farmers, improvement of extension 

services, establishment of water user associations and repair and maintenance of 

infrastructure in the schemes. These schemes are used as engines of growth in the poor 

rural areas in developing countries such as South Africa where 30, 000 families rely on 

them for employment and food security (Denison and Manona, 2007). 

 

To evaluate the effectiveness of management strategies employed to improve the 

performance of irrigation schemes, various authors proposed several performance 

indicators (Bos and Nugteren, 1974; Levine, 1992; Abernethy, 1986; Seckler et al., 1988; 

Molden and Gates, 1990; Sakthivadivel et al., 1993; Perry, 1996, Molden et al., 1998). 

Most of these indicators are applicable to all types of irrigation schemes ranging from 

simple gravity-fed to highly technical computer-controlled systems. Rao (1993) 

summarized the various performance indicators proposed by the different authors for 
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measuring irrigation system performance and explained their use. Only a few of these 

indicators allow comparisons between schemes. In the past the focus was mainly on the 

irrigation systems, as seen in the summary by Rao (1993), but an irrigation scheme as a 

whole requires a holistic performance evaluation in order to recommend comprehensive 

best management practices. The difference between an irrigation system and an irrigation 

scheme is that an irrigation system is the part of the scheme which deals with water 

conveyance structures while an irrigation scheme encompasses socio-economic and 

institutional sub-systems such as road networks, temporary storage facilities, human 

resources, management structures, irrigated land and villages (Bos et al., 2005). These 

various sub-systems within the scheme have different effects on each other and on the 

general performance of the scheme, hence the need to consider the scheme holistically 

when carrying out performance assessment.  

 

The proposed performance indicators have been widely used to evaluate if the performance 

of various schemes across the world satisfy different objectives such as helping irrigation 

managers to improve water delivery service to users or for providing information for policy 

implementation (Kuscu et al., 2009). The performance assessments have been done from 

different perspectives – researchers, donors, farmers, irrigation managers and government. 

Sam-Amoah and Gowing (2001) and Kuscu et al., (2009), however, highlighted that the 

least attention has been paid to the perspectives of the consumer of irrigation services and 

the fundamental stakeholder – farmers. With farmers as managers and users after PIM and 

IMT, it is possible to combine the performance assessments from different points of view 

into one and develop the best management practices (BMPs) acceptable in smallholder 

irrigation schemes. The introduction of PIM and IMT indicates that farmers can no longer 

be relegated to mere spectators in technical and management decision making processes; 

and their views have to be taken into account. 

 

However, a cause for concern has been the performance of the various irrigation schemes 

under the management of farmers (Garces-Restrepo et al., 2007). Several studies carried 

out in various countries across the world have shown mixed results. In some countries, the 

performance improved after IMT while in others the performance deteriorated (Shah et al., 
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2002). Svendsen et al. (2009) noted the general performance of smallholder irrigation 

schemes across the world has been below expectations before and after PIM and IMT. The 

causes of low performance have varied among countries but have relatively been similar 

within countries. In South Africa, Bembridge (2000) and Oosthuizen, (2002), mentioned 

sub-optimal water management, especially in communally-managed smallholder schemes, 

as one of the drivers of low performance. 

 

1.1 Objectives 

 

The aim of this study was to assess the performance of a communally-managed 

smallholder irrigation scheme from both technical and farmers` points of view and derive 

best management practices for smallholder irrigation schemes in South Africa. This study 

integrated a wide spectrum of research aspects; from engineering to partly socio-

institutional factors. The specific objectives were to: 

- assess the technical performance of Mooi River Irrigation Scheme (MRIS) using 

selected and appropriate indicators, 

- determine the farmers` subjective assessment of performance and the factors 

underlying their assessment at MRIS, and 

- derive the best management practices for smallholder irrigation from the key factors 

identified above. 

 

1.2 Outline of the Dissertation 

 

This dissertation is comprised of five chapters. Chapter 1 consists of a brief introduction to 

the whole document. Chapters 2 – 4 address the aforementioned objectives in ‘draft paper 

format’. All the field work, selection of research methods, data analysis techniques, data 

analysis, results interpretation, discussion and other aspects to do with thesis was done by 

the student while the supervisors and co-authors  provided academic guidance. The final 

chapter is a summary of conclusions and recommendations from the whole document. A 

brief description of what to expect in each chapter is given below. 
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Chapter 2 addresses the technical performance assessment aspects of the research. Five 

performance indicators – conveyance efficiency, dependability of irrigation interval 

between water applications, relative irrigation supply, water productivity with respect to 

irrigation water supply and water productivity with respect to water consumed, were 

assessed. Flow rates, irrigation schedules and depths and yields were measured in the field 

while crop water requirements were estimated using FAO software. In Chapter 3, farmers` 

perceptions, satisfaction levels and factors underlying their assessment of irrigation 

performance were investigated through a semi-structured questionnaire. A Logit model was 

used to analyse their responses. 

 

A set of seven BMPs derived from both the technical and farmers` perspectives, and guided 

by the Texas State Soil and Water Conservation Board (TSSWCB, 2005) BMPs, were 

ranked using Analytic Hierarchy Process (AHP) and the results are presented in Chapter 4. 

 

1.3 Scientific Relevance and Contribution of the Study 

 

In the past, performance assessments in irrigation have been from one stakeholder`s or the 

other`s point of view that is from the irrigation manager`s perspective, from the donors` 

point of view or from a farmer`s point of view (Ghosh et al., 2005, Kuscu et al., 2008; 

Kuscu et al., 2009). This study has integrated the technical performance assessment with 

the farmers` assessment in view of the reality that under PIM and IMT the farmer is now 

the water manager. A set of BMPs is derived, and then ranked using AHP (Saaty, 1994), 

the first time it has been used in ranking smallholder BMPs in South Africa. 

 

A pictorial view of the study structure is shown in Figure 1.1. 
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Figure 1.1 Structure of study 
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2. WATER MANAGEMENT IN COMMUNALLY-MANAGED 

SMALLHOLDER IRRIGATION SCHEMES: TECHNICAL 

PERFORMANCE OF MOOI-RIVER IRRIGATION 

SCHEMES 

 

a T. Gomo, a A. Senzanje and b M. Mudhara 
a School of Engineering, b Farmer Support Group,  

University of KwaZulu-Natal, Pietermaritzburg, RSA 

 

Abstract 

 

Performance assessment of irrigation has become the central issue in water management 

with the unprecedented development of smallholder irrigation. Smallholder irrigation (SHI) 

farmers still rely on more affordable and simple field measurement methods, despite the 

advent of new and more encompassing methods such as use of remote sensing. This study 

assessed three water supply and delivery and two agricultural performance indicators 

through physical measurements in a communally-managed Mooi-River Irrigation scheme 

(MRIS) in KwaZulu-Natal, South Africa, during the spring and summer of the 2010/11 

season. The Velocity-area method was used to measure flow-rates in canals and crop water 

demands were estimated using FAO Cropwat 8.0 and Aquacrop 3.1. The results showed 

overall scheme conveyance efficiency of 86.4%, a maximum dependability of irrigation 

interval between water applications of 2.57 in spring and a scheme relative irrigation 

supply of 1.48. These results are comparable to results from other international studies 

around the world and previous studies in South Africa. Agricultural performance 

indicators, which are, output per irrigation supply and water productivity (ET), were found 

to be, on average 0.64 kg/m3 and 5.37 kg/m3, respectively for cabbage and are similar to 

other results in studies carried out in Botswana and Malawi. It was concluded in this study 

that the performance of MRIS is comparable to other schemes around the world. This study 

recommends that farmers be more involved in all performance assessments and 

management in order to improve the performance levels since the farmers are responsible 
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for operation and maintenance after the introduction of Participatory Irrigation 

Management (PIM) at the scheme. 

 

Keywords: Participatory irrigation management, performance, water management, 

water balance approach, smallholder irrigation, water use efficiency 

 

2.1 Introduction 

 

Water is a critical agricultural resource which is increasingly becoming limited owing to 

the increasing demands for domestic water supply, industries and manufacturing as well as 

the environment (Perry, 2005, Garces-Restrepo et al., 2007). The increasing demand for 

water has led the irrigation sector to review its water use efficiency and policy, and to seek 

an in-depth understanding of when and how much water to apply (Akbari et al., 2007). As 

the sector continues to lose water to other users and its water-use comes under international 

scrutiny (Garces-Restrepo et al., 2007), efficient conveyance and field application in 

smallholder irrigation, which is fast becoming the largest water user (Svendsen et al., 

2009), has become imperative. To this end, several irrigation performance indicators, 

applicable to any type of irrigation scheme, have been developed. Some of these 

performance indicators can be assessed using either field measurement method or remote 

sensing. 

 

Performance indicators have been used in assessing levels of service pertaining to 

operation, strategy (Gorantiwar and Smout, 2005), for comparison of different schemes 

with respect to management environments (Molden et al., 1998), and to evaluate the 

impacts of management interventions such as Participatory Irrigation Management (PIM) 

and Irrigation Management Transfer (IMT) (Svendsen and Murray-Rust, 2001; Latif and 

Tariq, 2009). The indicators have also been used to monitor trends in water management 

performance of specific schemes over time (Mateos et al., 2010) and for the purpose of 

benchmarking with other schemes exhibiting efficient water management systems 

(Chivate, 2010). 
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Rao (1993) summarized the various indicators proposed by different authors for measuring 

irrigation system performance and explained their use. Molden et al. (1998); Malano and 

Burton (2001) and Bos et al. (2005) developed other indicators which included socio-

economic and institutional factors, that provided the basis for holistic scheme performance 

assessments when they developed indicators for use at irrigation project level. These 

indicators have been used internationally to fulfil different performance objectives. In 

South Africa, Ntsonto (2005) and Yokwe (2009) evaluated the economic performance of 

the Zanyokwe irrigation scheme, while on-going research work at Tugela Ferry irrigation 

scheme (TFIS) seeks to address socio-institutional practices (Cousins, 2011), but technical 

performance assessment has been lagging behind. Shongwe (2007) evaluated water 

distribution only in a section of TFIS. 

 

Perry (2007), however, highlighted that most of the indicators currently being used are just 

theoretical ratios which are difficult to interpret for an ordinary smallholder farmer and, in 

some cases, to policy makers, yet the performance evaluations are done mainly to advise 

them. In technical evaluations related to water supply, delivery and water-use in water 

scarce countries such as South Africa, Reinders et al., (2010) encourages the water balance 

approach which does not involve complex mathematical ratios. The approach identifies and 

minimises losses and non-beneficial water uses, from the conveyance system to field 

application. 

 

The main objective of this study was to assess the technical performance in relation to 

water supply and delivery and agricultural performance of the MRIS using performance 

indictors based on a water balance approach. The performance indicators are briefly 

discussed below. 

 

The technical performance indicators assessed in this research include conveyance 

efficiency (Ec), dependability of irrigation interval between water applications (Dint) and 

relative irrigation supply (RIS). Agricultural performance indicators were water 

productivity with respect to irrigation water supply (WPI) and water productivity with 

respect to crop evapotranspiration (WPET) as explained by Bos et al., (2005). These 
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performance indicators were selected basing on the fact that water is more constrained 

(Molden et al., 1998) and are representative of the problems faced by farmers after a pilot 

survey at MRIS, TFIS and other smallholder gardens in the study area, as part of this 

research. The indicators also help in identifying non-beneficial water uses, in line with the 

water balance approach (Reinders et al. 2010; Van der Stoep, 2010) and they have not been 

widely used in South Africa. More research work has been done on socio-economic 

indicators (Ntsonto, 2005; Yokwe, 2009) 

 

2.1.1 Conveyance efficiency (Ec) 

 

Conveyance efficiency refers to the ratio of volumes of water leaving a canal section to that 

introduced into the section. As a performance indicator, Ec is assessed by measuring inflow 

and outflow of selected canal reaches and calculated using Equation 2.1 developed by Bos 

et al. (2005) 

 

௖ܧ  ൌ  ொ೚ೠ೟

ொ೔೙
           (2.1) 

 

where  Ec is the conveyance efficiency, 

Qin is the total water flowing into a specific section of the canal [m3.s-1], and 

Qout is the total water flowing out of a specific section of the canal [m3.s-1]. 

 

This indicator can be analysed either as a trend in time to quantify the need for system 

maintenance or spatially to identify sections of the canal sections that need maintenance. 

The temporal variation of the conveyance efficiency over the same section shows that 

either the system has deteriorated or has been rehabilitated, depending on whether the 

variation is positive or negative. A value >1 implies more water leaves a specific canal 

reach than that which enters it, while a value equal to 1 implies there is no water loss over 

the section under consideration. A value < 1 indicates that there was water loss in the 

section and therefore a need for maintenance of the system. The extent of water loss will 

determine the need for maintenance of the system. It is recommended that the conveyance 

efficiency of concrete lined-canal should be above 85% (Brouwer et al., 1989, Gungor et 
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al., 1996; cited by Korkmaz et al., 2009). The indicator has been used in various 

performance assessment studies in water scarce regions and recently Awulachew and 

Ayana (2011) used it in Ethiopia. 

 

To allow comparison of actual water losses to permissible limits, a water conveyance loss 

ratio can be calculated for each section of the primary canal using Equation 2.2 (Ucar et al., 

2010). 

 

௅ܹோ  ൌ  ொ೔೙ିொ೚ೠ೟

ொ೔೙
 (2.2)        100 ݔ 

 

where  WLR is the water conveyance loss ratio expressed as a percentage[%], and 

Qin and Qout are as previously defined. 

 

2.1.2 Dependability of irrigation interval between water application 

 

Dependability addresses the reliability of timeliness of water delivery to the edge of the 

plots. Renault and Vehmeyer (1999) noted this indicator can be used to address 

dependability of duration of water application or assesses the dependability of water 

delivery. To show how dependable water supplies are in an irrigation scheme, Bos et al., 

(2005) proposed the indicator given as Equation 2.3: 

 

௜௡௧ܦ  ൌ  ஺೔೙೟

ூ೔೙೟
           (2.3) 

 

where  Dint = dependability of irrigation interval between water applications,  

Aint = actual irrigation interval [days], and 

Iint = intended or design irrigation interval [days]. 

 

This indicator, when given as a trend in time, shows changes in service to farmers (timing 

only) while it illustrates the equity of water delivery service to farmers when analysed in 

space (Bos et al., 2005). Dint equals 1 if water is delivered as scheduled, less than 1 if water 
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is delivered more often than planned and greater than 1 if farmers wait longer than 

scheduled to receive water. 

 

2.1.3 Relative irrigation supply 

 

Molden et al., (1998) described relative irrigation supply (RISሻ as giving an indication of 

how well crop water requirements are met or satisfied in a scheme as calculated using 

Equation 2.4: 

 

ൌ ܵܫܴ  ௌ೔ೝೝ

஽೔ೝೝ
          (2.4) 

 

where  RIS is the relative irrigation supply, 

Sirr is the irrigation supply [m3.s-1], and 

Dirr [m3.s-1] is the irrigation demand. 

 

Molden et al. (1998) also state that RIS is an inverse of the irrigation efficiency proposed 

by Bos and Nugteren (1974). If the water requirements are met, the value of RIS is unity 

while a value greater than 1 would indicate more water is supplied than required, and a 

value less than 1would show the crops are not getting enough water. 

 

2.1.4 Output per unit irrigation supply 

 

This indicator relates the crop yield to the amount of water diverted into a specific field. It 

provides information on water use in the field or plot, and is expressed in kg/m3. It is 

calculated using Equation 2.5(Molden et al., 1998). 

 

ܹ ூܲ  ൌ  ௉

ொ೏
          (2.5) 

 

where  WPI is the water productivity with respect to irrigation water supply [kg/m3], 

P is the crop yield [kg], and  
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Qd is the diverted irrigation water into a specific plot [m3]. 

 

It must however be noted that water productivity can only be compared in terms of mass if 

the same crop is considered (Molden et al., 1998), otherwise they have to be compared in 

terms of their market values. This indicator is important to water managers and farmers. 

Water managers are usually concerned with water use, and farmers who want to realise 

maximum returns from their investment. 

 

2.1.5 Output per unit water consumed (WPET) 

 

This indicator focuses only on crop evapotranspiration (ET); water evaporated from soil 

surface and transpired by crops, and therefore focusing on crop behaviour; that is the 

changes in crop water demands with time. It excludes water that may have been used for 

leaching of salts or drained away through deep percolation or surface flow as this is 

included in the calculation of WPI. It is calculated using Equation 2.6 (Molden et al., 

1998): 

 

ܹ ா்ܲ  ൌ  ௉

ொಶ೅
          (2.6) 

 

where  WPET is the output per unit water consumed [kg/m3], 

P is the yield [kg], and 

QET  is the volume of water consumed by crop ET [m3]. 

 

The indicator provides information on yield production to those more concerned with crop 

behaviour such as crop physiologists and agronomists  

 

2.2 Irrigation Performance Assessment in Smallholder Irrigation (SHI) 

 

Performance assessments in smallholder irrigation rely more on affordable and 

understandable field measurement methods, despite the advent of new and more accurate 

methods of evaluating performance, such as remote sensing (Perry, 2005). The field 
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measurement method involves physical measurement of parameters, such as flow rates, 

irrigation schedules, irrigation depths and crop yields. 

 

2.2.1 Field measurement of flow rate 

 

Flow rate measurements in the canals can be done using various methods. Yoder (1999) 

discussed the various methods which included hydraulic structures, slope-hydraulic radius, 

dilution method, water collection at the downstream end of the open channels and velocity-

area method. The Velocity-area method is recommended for temporary flow measurements 

such as research studies and in the absence of hydraulic structures (Yoder 1999). 

 

The velocity-area method involves measuring of mean velocity at various cross-sections 

along a channel. Yoder (1999) explained several increasingly accurate technologies, such 

as Doppler, electromagnetic, transit time as well as radar, which can be used to measure 

velocity in open channels. The selection of the method is however dependent on several 

factors which include cost, geometry of the canal, water quality, required accuracy (Martin, 

2009) and duration as well as ergonomics. 

 

The flow cross-sectional area is determined at each cross-section to allow for computation 

of flow rates from the continuity Equation 2.7: 

 

Q ൌ V  ൈ A          (2.7) 

 

where Q = discharge [m3.s-1], 

V = average velocity [m.s-1], and 

A = flow cross-sectional area ሾm2ሿ. 

 

Other than that the velocity-area method is complex compared to using hydraulic 

structures; it has several advantages over other methods, such as: 

 

 it can be used where there are no weirs or flumes constructed, 
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 the method can be used with a variety of channel shapes, 

 the method is more accurate than hydraulic-radius method, and 

 there is minimal flow obstruction when using this method 

 

Cross-sectional areas of the channels are calculated differently depending on the variations 

in geometry of the channels. For parabolic channels, Equation 2.8 is used for calculation of 

area (Sarkar 2008) 

 

ൌ ܣ  ଶ

ଷ
 (2.8)           ݕܶ

 

where A is the area ሾm2ሿ, 

T is the top width of flow[m], and 

 .is flow depth ሾmሿ ݕ 

 

2.2.2 Crop-water requirements, irrigation schedules and depths 

 

Despite the fact that the physical determination of crop-water requirements (CWR), 

irrigation schedules and depths, is complicated and time-consuming, they remain vital to 

irrigation water management and planning (Abdelhadi et al., 1999). 

 

The introduction of computer models has made it easier and possible to schedule irrigation 

and supply the exact amounts of water required by crops at every physiological stage in 

their growth cycle. Examples of such models include CropWat (Clarke et al., 1998), 

SapWat (Crosby and Crosby 1999, 2010) and more recently AquaCrop (FAO 2010). The 

models are based on work done by Doorenbos and Pruitt (1977), Doorenbos and Kassam 

(1979) and Allen et al., (1998) and they require information on crop environment (climate 

and soil) and physiological behaviour of the crops to estimate reliable CWR (Smajstrla and 

Zazueta, 1995). Their estimation is based on statistical methods or physical laws that 

govern water uptake and use. The main advantage of the models is that they produce very 

accurate estimates once they have been calibrated for a specific area. 



18 
 

 

2.3 Materials and Methods 

 

Field measurements were used to assess irrigation performance in this study. Flow rates, 

irrigation schedules and depths and yields within the scheme were physically measured. 

Although there are new faster, accurate and more encompassing technologies such as 

remote sensing (Perry, 2005), field measurements were used in this study due to resource 

constraints and the small size of individual irrigated plots which measure approximately 

0.1 ha per plot. 

 

Crop water requirements in the scheme were estimated using Cropwat 8.0 (Clarke et al., 

1998), and Aqua-Crop 3.1 (FAO 2010). The estimation of CWR was calculated because of 

the significant changes in cropping patterns from the time the scheme was designed.  The 

scheme was originally meant for maize to provide food security to the rural poor in that 

area of South Africa, but now the farmers are more into horticulture, thus effecting a 

change in water demand. 

 

2.3.1 Study site 

 

The MRIS is located in the uMsinga District in the Midlands region of KwaZulu-Natal 

province in South Africa. The scheme is located between 28º 56` longitude, latitude 30º 22` 

(diversion point) and. 28º 56` S, 30º 29` (lower end of scheme). Water is diverted from a 

weir constructed across the Mooi River into a parabolic canal which runs for 20.8 km from 

the diversion point to the end of the scheme (DAEA, 2001). The concrete-lined canal with 

a top width of 2.0 m and a depth of 1 m is designed to convey approximately 0.36 m3.s-1 

(DAEA, 2001). The scheme is divided into 15 blocks of different sizes for management 

and ease of water distribution. The scheme layout is depicted in Figure 2.1. 

 

The actual year the scheme was established is not clear but farmers highlighted that the 

scheme started in the early 20th century with earthen canals and concrete-lined in 1973. The 

scheme was intended to provide food and jobs to the local people. It covers 600 hectares 
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and consists of distinctly demarcated plots, approximately 0.1 ha each in size. However, 

some farmers own or use more than one plot with most of them using about 0.5 ha on 

average. There are 824 farmers in the scheme. 

 

The scheme is managed through block committees which are responsible for water 

distribution within each specific block, among other responsibilities. The overall scheme is 

managed by an irrigation management committee (IMR) which is comprised of the 

chairpersons and secretaries of all blocks. The irrigation management committee ensures 

equitable water distribution among the blocks, inspection of irrigation infrastructure and 

sourcing funds for repairs and conflict resolutions. 
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Figure 2.1. The scheme layout showing blocks and main canal (after DAEA 2001) 
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Water is distributed into the various plots through parabolic distributary canals of varying 

size depending on the area to be irrigated in the block. The sizes of the blocks and number 

of plot-holders in each block are shown in Table 2.1 

 

Table 2.1  The sizes of the different blocks and the number of plot-holders in 
each block 

Block Total hectares per block Number of plots Number of farmers

1 5.0 44.0 15.0

2 15.0 152.0 26.0

3 9.0 90.0 29.0

4 26.0 253.0 76.0

5 2.5 25.0 2.0

6 64.8 648.0 113.0

7 4.4 44.0 16.0

8 33.8 338.0 35.0

9 14.0 140.0 31.0

10 50.4 504.0 91.0

11 39.2 392.0 68.0

12 62.0 620.0 76.0

13 71.0 710.0 86.0

14 58.0 580.0 103.0

15 146.0 1460.0 57.0

Total 601.1 6000 824

 

 

2.3.2 Data collection 

 

2.3.2.1 Flow rates measurement 
 

The Velocity-Area method, as described in sub-section 2.2.1, was used for flow-rate 

measurement in this study. The main canal was divided into 15 sections, each section 

covering a block. This was done to determine the total water being delivered into and 

leaving a specific section of the canal for each block, except Blocks 10 and 11 which share 
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the distributary canals. As a result, 15 measurement points were selected along the main 

canal. Measurements were taken at points where water enters a section of the main canal, at 

the off take from the main canal and as it leaves that section of the canal. 

 

Flow velocity, top width of flow and depth of flow were measured at each point three times 

a day, in the morning (at 08:00 hours), afternoon (12:00 hours) and evening (16:00 hours) 

from July 2010 to February 2011. Based on preliminary measurements taken for two weeks 

prior to commencement of actual data collection, it was assumed that: 

 

(i) The flow rates are constant between 06:00 hours – 10:00 hours, 10:00 hours – 

14:00 hours and 14:00 hours – 18:00 hours for both the main canal and branch 

canals. This was the basis for selection of measuring times, 08:00 hours, 12:00 

hours and 16:00hours. Regular cross checks to ensure the assumption holds 

were also done at the main canal and branch canals 

 

(ii) The flow rates in the branch canals within each block are the same. The branch 

canals in this case are defined as those canals that distribute water from the 

main canal into the blocks. Regular cross checks were also carried out to ensure 

the assumption holds at all times. 

 

The flow rate measurements were done early, mid and late in the cropping season 

throughout the scheme. 

 

The flow velocity of water in the canal was measured using the Global Water Flow Probe 

(Global Water Instrumentation, 2009). The flow probe is described as a highly accurate 

instrument for water velocity measurements in irrigation canals, with an accuracy of 0.1 

m.s-1. The probe consists of a propeller and bearing for measuring water velocity, coupled 

with a graduated telescoping probe handle ending with a flow display computer, as shown 

in Figure 2.2. 

 



23 
 

 

Figure 2.2  The FP111 Global Water Flow Probe 

 

When taking flow velocity measurement at a point, the probe was dipped in water as shown 

in Figure 2.3 below, and gently moved three times across the section of channels at 

different depths of 0.3y, 0.6y and 0.9y, where y is the flow depth. This was repeated three 

times at a time and the 3 readings averaged to reduce errors. Moreover, the reading 

recorded is an average of several values averaged by the probe since it records the velocity 

every second. Global Water Instrumentation (2009) gives a detailed discussion of how the 

probe operates. 

 

 

Figure 2.3  The use of Global Water Flow Probe FP111 



24 
 

 

Within each block, a distributary canal was selected along which three measurement points 

were chosen in the upper, middle and lower parts of the canal, as shown in Figure 2.4.  

 

 

Figure 2.4  Measurement points and location of plots used in the study 
 

Water supplied into selected plots was also measured. A total of 9 plots with cabbage were 

used in the study. Three plots were chosen in each of the head, central and tail-end sections 

of the scheme for the measurement of water supplied and yields. Blocks 2, 6 and 15 were 

chosen to represent the three sections of the scheme respectively. The plots within each 

section were located in the upper, middle and lower regions in each block. The locations of 

the plots can be seen in Figure 2.4. 

 

2.3.2.2 Crops grown, estimation of crop water requirements, irrigation schedules 
and depths 

 

The crop water demands, schedules and water depths for each block were estimated using 

Cropwat 8.0 (FAO, 2009). This was done because the cropping patterns have changed 
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since the design and lining of the scheme in the 1970s.The estimation was done to allow 

evaluation of how much of the crop water demands had been met during the growth cycle.  

 

A physical inspection of the cropped plots revealed three main crops: cabbage, potato and 

tomato, which were found in all blocks in the scheme. Cabbage was selected for 

comparison of water productivity in the head, central and tail-end sections of the scheme. 

The percentage area occupied by each crop between July and end of October 2010 can be 

seen in Table 2.2. 
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Table 2.2  The percentage area occupied by crops in each block at the time of 
study 

Block Percentage area occupied by crop 

Cabbage Beans (gr) Tomato Small Vegetables Potato Maize Pepper

1 - - - - - - -

2 70 10 10 - 10 - -

3 40 20 30 - 10 - -

4 60 10 5 10 15 - -

5 5 - 50 20 20 - 5

6 40 - 10 15 10 20 5

7 70 - 20 - 10 - -

8 50 - 20 5 10 10 5

9 20 10 20 15 25 10 -

10 30 10 10 20 20 10 -

11 30 10 25 5 15 10 5

12 20 10 15 10 25 20 -

13 15 10 20 20 15 15 5

14 60 - 15 5 20 - -

15 20 - 30 10 20 20 -

 

The information in Table 2.2 was used as input into Cropwat 8.0 for determination of water 

requirements. Block 1 was excluded because there were no crops during spring of 2010. 

 

2.3.2.3 Yield measurements 
 

Crop yields were measured from farmers in the upper, middle and lower location in all the 

9 plots. Individual cabbages were weighed and an average mass calculated for each plot. 

The total harvest per plot was calculated from the average weight of individual cabbages 
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and number of cabbage heads per plot. The yield measurements were done just before the 

produce was taken to the market. 

 

2.3.3 Data analysis 

 

The flow velocity and depths and cross sectional area data were used for calculation of 

flow rates. For agricultural performance indicators, analysis of variance (ANOVA) was 

used to test the significance of variation, at p = 0.05, in water productivity in and across the 

blocks. 

 

2.4 Results 

 

2.4.1 Conveyance efficiency (Ec) 

 

The results presented show both the temporal and spatial conveyance efficiency values. 

The variation of conveyance efficiency at the beginning, middle and end of the season at 

08:00, 12:00 and 16:00 hours for each block can be seen in Figures 2.5 – 2.7, while the 

variation of overall Ec per round per block in the scheme is depicted in Figure 2.8. Block 6, 

14 and 15 have been excluded from most graphical presentations because they are mainly 

supplied from balancing dams which usually fill at night, with no water delivered during 

the day. In some cases, the conveyance efficiency was not calculated because there was no 

water delivered at the time of measurement, hence some missing values such as in Blocks 

10 -13. 

 



28 
 

 

Figure 2.5 Seasonal variation of conveyance efficiency (Ec) among blocks at 
08:00 hours 

 

 

Figure 2.6  Seasonal variation of conveyance efficiency (Ec) among blocks at 
12:00 hours  
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Figure 2.7  Seasonal variation of conveyance efficiency (Ec) among blocks at 1600 
hours 

 

 

Figure 2.8  Variation of mean conveyance efficiency (Ec) per block throughout 
the season 
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The water conveyance loss ratio for the main canal sections shows a high of 61.2% in 

Block 13, as shown in Figure 2.9. In some blocks, the water conveyance loss ratios were 

not calculated since there were no water deliveries at the time of measurement such as 

early season in Blocks 1and 7, and mid-season in Blocks 10 and 11. 

 

 

Figure 2.9  Water conveyance loss ratio (WLR) variations in time and space among the 
different blocks 

 

2.4.2 Dependability of irrigation interval between water applications 

 

The dependability of consecutive water deliveries to the edge of plots varied within each 

block and along the canal from head to tail-end between 0.34 – 2.48 and 1.14 – 2.81 for 

spring and summer respectively as can be seen in Figures 2.10 and 2.11.  
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Figure 2.10  The average dependability of irrigation interval between water applications in spring 2010 irrigation season 
 

 

Figure 2.11  The average dependability of irrigation interval between water applications in summer of 2010/11 irrigation 
season 
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In spring, the values of Dint are < 1 for Blocks1 – 4 indicating that water is being delivered 

to the edge of the plots more often than planned; while Dint values are around 1 in the 

middle blocks, 7 – 10, showing that water is delivered at around the planned time. Dint 

values are > 1 for tail-end blocks, 11 – 13 meaning that the farmers wait for a longer time 

to get water on the edge of their plots than promised. In summer however, the Dint values 

are all greater than 1. 

 

2.4.3 Relative irrigation supply 

 

The level to which crop water demands were met varied at the beginning, middle and end 

of the season. At the onset of the season, RIS varied among the blocks between 2.1 – 0.1, 

increasing in the middle of the season to vary between 6.4 – 0.1 from head to tail-end 

blocks respectively, as can be seen in Figure 2.12. The measured values of water supply 

towards the end of the season were not reliable due to some rainfall being received which 

would overflow into the damaged branch canals, thus giving distorted measurements. Some 

of the blocks such as Blocks 7 and 8 were not irrigating towards the end of the irrigation 

season because the rainfall was enough for the crops water requirements. 

 

 

Figure 2.12  Variation of relative irrigation supply throughout the season at 
MRIS 
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Results of RIS complement Dint since the upper part of the scheme shows that RIS >1, and 

RIS <1 for the tail-end blocks. 

 

2.4.4 Output per unit irrigation supply 

 

The trend in the results shows that plots close to the main canal have a lower output to 

water delivered than those further away from it each block within a block. The output per 

unit irrigation for cabbage shows variations of 0.38 – 1.10 kg/m3 as shown in Figure 2.13. 

The highest productivity was in the tail-end block. It should be noted that Blocks 6 and 15 

are included in the results of water productivity, unlike in the conveyance efficiency, 

because the flow rate measurements taken were of water delivered into individual plots. 

 

 

Figure 2.13  Cabbage output per unit delivered irrigation water at MRIS 
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The average values of output per unit of water consumed by the cabbage for the head, 
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parts of the scheme, while the head of the scheme shows a different pattern as can be seen 

in Figure 2.14. 

 

 

Figure 2.14  Water productivity with respect to crop evapotranspiration 

 

2.5 Discussion 

 

2.5.1 Conveyance efficiency 

 

The conveyance efficiency varied within a day, at the beginning, middle and end of season 

and among the blocks throughout the scheme as can be seen in Figures 2.5 -2.8. The 

average conveyance efficiency of the concrete-lined parabolic main canal was 86.4%, 

above 60% SABI norms and slightly above 85% which Gungor et al., (1996) in Korkmaz 

et al., (2009) stated should be the minimum for concrete-lined canals but lower than 95% 

recommended by Brouwer et al., (1989) in properly maintained canals in FAO training 

manual. 
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The conveyance efficiencies at 08:00, 12:00 and16:00 hours at the beginning, middle and 

end of the season was almost constant in each block, as shown in Figures 2.6 – 2.8, for 

upstream Blocks 1 – 5, ranging above 85% , indicating that there was no significant 

deterioration of the system nor increased illegal water withdrawals throughout the season. 

This was because the upstream farmers have access to adequate irrigation water and there 

are proper maintenance practices. The slight variations can be explained in SHI water 

supply being multiple-use system with domestic and other minor water uses from the canal, 

such as those shown in Figure 2.15 taken in Block 3. 

 

 

Figure 2.15  Domestic and other water uses in the head blocks of MRIS (a) 

Washing (b) Animals drink from the canal, (c) community fetches 

water from the canal.(d) brick moulding with water from the canal 
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For middle and tail end blocks, 7 – 13, there were significant variations in the conveyance 

efficiencies as can be seen in Figures 2.5 – 2.8 due to increased illegal withdrawals of 

water as farmers jostle for the inadequate water to irrigate even plots outside the 

demarcated scheme boundaries. This was evident particularly in Blocks 9 and 10 where 

pumps with a combined capacity 1800 litres per minute (0.03 m3.s-1) were used to irrigate 

gardens outside the scheme, larger than individual plots in the scheme. One such illegal 

water withdrawal is shown in Figure 2.16, where a pump is housed and the suction is in the 

canal. 

 

 

Figure 2.16  One of the pumps drawing water from the main canal in Blocks 9 & 
10 

 

In Blocks 12 and 13 which have the lowest average conveyance efficiency of 40%, far 

below that recommended for concrete-lined canal of 85%, there were pronounced leaks due 

to damaged canal walls, reduced canal capacity due to deposition causing water to flow 

over canal banks, illegal withdrawal of water with pipes drilled on the canal base and there 

were signs of continuous tempering with the canal, as shown in Figure 2.17. 

 

 

A pump which draws water from the canal is 

housed here. 
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Figure 2.17 Condition of the main canal in blocks with lowest conveyance 

efficiency (a) Leaking canal; (b) damaged canal wall; (c) & (d) canal 

filled with grass and blocking, (e) distribution gate blocked with 

rocks; (f), (g) & (h) vandalism of canal walls to ‘steal’ water 
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The water conveyance loss ratio in Figure 2.9 supports the fact that much water is lost in 

Blocks 8, 9, 10 and 13 where the lowest conveyance efficiency is found. The conveyance 

efficiency for Blocks 6, 14 and 15 were excluded since they are supplied from balancing 

dams. 

 

The values of conveyance efficiency found in this study show an improvement in 

conveyance efficiency compared to 76% found by Reid et al., (1986) when the same 

scheme was government-managed. The improvement could be explained in terms of 

transfer of responsibilities from government to farmers through PIM post-1994. 

 

The conveyance efficiency values found in this study are comparable to other results found 

in various irrigation canals in Africa, Asia and Latin America which ranged between 61 

and 93% (Plusquellec et al., (1990) in Korkmaz et al., 2009). Korkmaz et al., (2009) also 

found an average of 86% in concrete-lined trapezoidal canal in Turkey, while Awulachew 

and Ayana (2011) found a conveyance efficiency of 88.7% in Bilate irrigation scheme in 

Ethiopia. The research results from this study showed a scheme average of 86.4% which is 

not so different from those found in Turkey and Ethiopia. 

 

2.5.2 Dependability of irrigation interval between water applications 

 

The dependability of intervals between water deliveries was low in the upstream indicating 

greater access to water by farmers in Blocks 1 – 5. The waiting period between two 

consecutive water applications within and among these blocks ranged between 1 - 5 days, 

averaging 3 days for spring of 2010. This is less than the intended interval of 7 days 

between water applications. The farmers have access to water at any time of the day hence 

they do not wait for the planned day of delivery at the expense of those further 

downstream. Bos et al., (2005) noted that pattern of water delivery over time is directly 

proportional to the overall water that is consumed with a direct impact on crop production. 

However it should be noted that frequent access does not transform directly into adequacy 

of water unless the supply meets demand over a given period. 
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The values of dependability of intervals between water applications shown in Figure 2.10 

steadily increase along the scheme within and among the blocks in the middle to the tail 

end blocks up to 2.5. The results show that the farmers in the lower blocks waited for 

longer periods of up to 17.5 days before water was delivered. The farmers would not be 

sure of the actual time the water would be delivered and as such tend to temper with the 

infrastructure for them to be able to access the little water that reaches them, as can be seen 

in Figure 2.17. The farmers would also not use other inputs such as fertilizers in optimal 

quantities faced with unpredictable variation in timing of water delivery, instead they 

would be concerned with the survival of the crop (Bos et al., 2005). 

 

Block 11 was the worst affected both in spring and summer because it shares the 

distributary canal with Block 10, hence is further away from the main canal. Lower plots in 

Block 13 were also affected because the little water that reaches Block 13 is used up by 

upper plotholders in the block. In some cases the waiting period was longer because of 

repairs and maintenance of the canal. The waiting period reduced slightly for the Blocks 14 

and 15 because of the balancing dams which provide relief to crop earlier, although the 

waiting period is still above the intended. 

 

A comparison between spring and summer values shows similar trends although all Dint 

values are greater than 1 for summer. This was probably because more frequent rain events 

are received in summer. Farmers also grow maize during summer for subsistence and only 

irrigate after a relatively longer period without rainfall. 

 

The results found in this study are comparable to those found in other studies, for example 

Bos et al., (2001) found the dependability of irrigation interval between water application 

in Chivilcoy canal in Argentina ranging between 0.1 and 1.15, where the water distribution 

was controlled by the government.  
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2.5.3 Relative Irrigation Supply 

 

In this study, the average RIS values were found to be 0.52 at the beginning of the season, 

1.64 in the middle of the season and 2.29 at the end of the season. The calculation of this 

indicator were however based on measurements of water diverted through official 

distributary canals, hence there is a possibility of over-estimation of the RIS since illegal 

water withdrawals were evident. 

 

The values of RIS per block in this study were found to vary significantly both at the 

beginning and the middle of the season. The upper blocks had the higher values, as can be 

seen in Figure 2.12, indicating that they may be over irrigating. This might be because the 

farmers have access to water at any time of the day since they are responsible for water 

distribution. The trend in the results shows that there was an increase in the RIS values as 

summer approached from 2.1 to 6.4. This can be attributed to the farmers increasing their 

water application because the soil surface quickly looks dry in the scotching heat usually 

just before the onset of the rains in the study area. The farmers always wanted to see the 

surface wet despite that there might have been enough water in the soil for their crops, so 

they tended to irrigate more than required.  

 

The tail-end blocks have extremely low RIS values of around 0.1 throughout the season, 

indicating a large mismatch between the supplied irrigation water and the crop demand. 

This may be explained in terms of the higher RIS values upstream which imply more water 

is used upstream and there is not enough water for downstream blocks. In some instances, 

blocks 14 and 15 would not receive water during the day, but rely on balancing dams like 

that shown in Figure 2.18, which fill at night The dams are however small, considering that 

the areas of the blocks add upto 204 hectares constituting 34% of the scheme, and 

sometimes they run dry as can be seen in Figure 2.18(b). 
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Figure 2.18 One of the balancing dams in Block 14, (a) the dam is full; (b) the 
dam had run dry 

 

Considering that Molden et al., (1998) found a wide range of mean RIS values from 0.41 to 

4.81 in 18 different irrigation schemes located in 11 countries, and Uysal and Atis (2010) 

in Turkey found RIS values of 1.2, 1.4 and 1.5 in the evaluation of Irrigation Management 

Transfer (IMT) as management intervention in the Aegean region, the results found in this 

study show that the performance is comparable to other countries around the globe. 

 

2.5.4 Output per unit irrigation supply 

 

The output per unit irrigation supply varied within and among the head, middle and tail-end 

blocks. The mean output of cabbage per unit water supplied was found to be 0.56, 0.56 and 

0.81 kg/m3 for head, middle and tail-end respectively. The results were compared in terms 

of mass since only one crop is considered as recommended by Molden et al., (1998); 

otherwise they would have been compared in terms of standardized market value. In each 

block the water productivity with respect to water supplied increased with an increase in 

distance from the main canal. 

 

The farmers upstream and close to the main canal tend to use water carelessly since they 

have easy access compared to those who are further away. This may explain the variation 

in the output per unit water supplied. The farmers in the tail-end section of the scheme have 
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limited water deliveries and they have adapted to producing with less water, hence higher 

water productivity with respect to irrigation. 

 

Most of the studies that have been carried out around the world and in South Africa have 

expressed the value in economic terms, which makes it difficult to compare in terms of 

mass. However if compared to the study carried out by Yokwe (2009) at Zanyokwe 

irrigation scheme which found a value of R0.69 per m3, the value found in this study of 

R0.63 per m3 of irrigation water is within the same range. 

 

There are various factors which were visible during the study period which could have 

contributed to lower water productivity with respect to irrigation such as lack of fencing 

which exposed crops to animals, and animals being herded in the scheme. There is 

evidence of tail-water not being used and flowing back to the river from the plots. There 

are signs of over-irrigation and poor farming practices such as lack of weeding that reduce 

crop production as can be seen in Figure 2.19. 
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Figure 2.19  Factors affecting water productivity (irrigation) at MRIS 

(a) & (b) animals are headed within the scheme; but (c) there is no 

fence to protect the crops; (d), (e) & (f)water diverted into a block 

for irrigation flows back to the river; (g) over-irrigating; (h) & (i) 

poor crop management practices 
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2.5.5 Output per unit water consumed by crop (ET) 

 

The average values of water productivity with respect to crop evapotranspiration is (WPET) 

found for upper, middle and lower of the scheme were 5.4, 6.8 and 3.79 kg/m3 respectively, 

ranging between 3.5 – 7.8 kg/m3 throughout the season. The variation of WPET was not 

statistically significant within blocks and throughout the scheme. 

 

The results are comparable to those found by Chafutsa et al., (2007) in Malawi which 

ranged between 5.1 – 8.4 kg/m3, Domuta et al., (2010) in Romania found range of 7.61 – 

9.91 kg/m3and 11.32 kg/m3  found by Imtiyaz et al (2000) in Botswana but is far below 

that estimated by FAO (2002) of between 12 – 20 kg/m3. The shortfall can be explained by 

the various factors. Lack of fencing contributed to reduced yields because the crops were 

exposed to animals and theft. The differences in the varieties of the cabbage grown by 

different farmers also contributed to the slightly lower output per unit water consumed. 

Some varieties produce more per water consumed. However, the most common variety was 

established to be Conquestador, distributed by the Department of Agriculture located 

within the scheme. The other problem which might have led to the disparity may be poor 

crop management as can be seen in Figure 2.19 (h) and (i) by the farmers due to lack of 

knowledge about the crops. Lack of or wrong application of fertilisers, pests and diseases 

may have also contributed to reduced yields. An investigation into these causes has been 

recommended below. 

 

2.6 Conclusions and Recommendations 

 

The main purpose of this study was to assess and understand the technical performance of 

the Mooi-River smallholder irrigation scheme, in relation to water supply and delivery and 

agricultural performance with performance indicators. The values of the indicators reveal 

that the scheme performance is comparable to results found in other parts of the world 

confirming that smallholder irrigation schemes perform below expectation. 

Analysis of the conveyance efficiency shows the system delivers enough water to irrigate 

the whole scheme but lack of institutional framework hinders water distribution within and 
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among the blocks. The recommendation here is to resuscitate management committees 

within the blocks to monitor the water distribution. It is also recommended to regularly 

carry out seasonal infrastructure inspection and repair damaged components. Replacement 

of the distributary canal with pipes may assist in improving delivery performance and 

monitoring water use. 

 

Farmers located in the head section of the scheme have more and unlimited access to water 

at the expense of middle and tail-end farmers, which if regulated may improve the 

operational performance of the scheme. It is recommended that government assist in 

resuscitating scheme management committees to manage water allocation for blocks from 

the main canal. For this to be effective there must be a clear policy on irrigation hand-over 

to the farmers clearly defining the roles and responsibilities of the farmers and those of the 

government. There is also need to introduce water tariffs to curb carelessness in water use. 

Most of the farmers indicated willingness to pay for water as long as they will be 

guaranteed to get promised water in time. 

 

Water productivity is generally low. It is recommended that financial and technical 

assistance be provided to farmers through qualified personnel. The scheme has only two 

qualified agricultural technicians who are also expected to cover dry-land agricultural 

advisory services and provide animal health services, among other responsibilities. There is 

need to engage irrigation specialists to advice farmers. Financial services can be in the 

form of fence for the scheme and training to the farmers on running irrigation as a business 

since it is their source of livelihood. It is also recommended that further long term studies 

be carried out in the scheme to cover social, economic and institutional performance and 

include the farming practices as well as crop management by SHI farmers. 

 

Generally the scheme is still performing like others across the world but the trend of 

infrastructure destruction taking place could lead to further deterioration of performance. 

The best way to achieve this may be to deepen the participation of the farmers in the 

management of the scheme; carry out awareness campaigns as well as putting in place a 

regulating authority, which may involve traditional leadership. The traditional leadership is 
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currently responsible for land allocation in the scheme. However, the involvement of 

traditional leadership may also be the problem since some people who are not interested in 

farming may be allocated plots to the exclusion of those interested who then extract water 

illegally. 
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3. FARMERS` PERCEPTIONS OF THE PERFORMANCE OF 

SMALLHOLDER IRRIGATION SCHEMES 

 
a T. Gomo; b M. Mudhara and  a A. Senzanje 
a School of Engineering, b Farmer Support Group,  

University of KwaZulu-Natal, Pietermaritzburg, RSA 

 

Abstract 

 

Farmer satisfaction with using an irrigation service can be used as a measure of technical 

performance of the scheme. An investigation to determine factors that significantly 

influence the satisfaction status of farmers at Mooi-River Irrigation scheme (MRIS) was 

instituted. A multinomial Logit regression model was employed to analyse the response of 

the farmers. Results show that eight factors which indicate location of the farmer`s plot 

with respect to the water diversion point, location within a block from the main canal, age 

of the farmer, education level attained by the farmer, farming experience, the number of 

plots a farmer owns, fairness of water distribution across the blocks and the number of days 

a farmer accesses water, were found to be significant in influencing the satisfaction status 

of farmers with using the irrigation service. It was established that about 57% of the 

farmers are satisfied with using the irrigation service, 30% are not and 13% are neutral. 

The majority of farmers, accounting for 85%, either never went to school or went only up 

to primary level and these are mostly women, who own close to 80% of the plots in the 

scheme. It was concluded that there are many factors affect the satisfaction of farmers with 

using an irrigation services, among them access to irrigation water. This study recommends 

formulation of policies that support farmer initiatives to form scheme management and 

ensure maximum benefits are derived from the scheme by the farmers. 

 

Keywords: Farmer satisfaction, technical performance, multinomial logit regression 
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3.1 Introduction 

 

Irrigation performance has been the subject of research in the agricultural sector 

internationally for more than five decades. However, very little has been yielded from these 

efforts mainly as a result of the lack of collaborative implementation of recommendations 

on the part of stakeholders, which include farmers, policy-makers, environmentalists, 

donors, among others. Research work has been done from the point of view of the various 

stakeholder, but still the performance of irrigation schemes, especially in the communally-

owned smallholder schemes, has remained low (Svendsen et al., 2009).  

 

The performance of these schemes is affected by a complex set of factors. A 

comprehensive understanding of these variables will enhance smallholder irrigation 

performance, assist to improve the livelihoods of the rural poor and ensure sustainability of 

the schemes. The various performance issues in smallholder irrigation (SHI) schemes range 

from technical, economic, social to institutional. These can be explored from different 

stakeholders’ perspectives. Several studies on smallholder irrigation performance have 

been carried out from the farmers` perspective (Naik and Kalro, 2000; Yercan, 2003; 

Ghosh et al., 2005, Kuscu et al., 2008; Kuscu et al., 2009) but, in South Africa, the focus 

has been on economic performance (Ntsonto, 2005; Yokwe, 2009) and social performance 

(Van Averbeke and Mohamed, 2006, Cousins, 2009). 

 

Technical performance research studies related to water conveyance, delivery and use in 

the SHI schemes and implementation of the recommendations have usually been ignored 

by farmers (Plusquellec, 2002; Kuscu et al., 2009), probably due to the misplaced belief 

that they are unable to understand and contribute to technical issues (FAO, 2001). Contrary 

to this belief and in the wake of Participatory Irrigation Management (PIM) and Irrigation 

Management Transfer (IMT), farmers usually find themselves entrusted with the operation 

and maintenance of the schemes, and without technical information and proper 

management skills the schemes deteriorate quickly and frequently need rehabilitation only 

a few years after construction (FAO, 2001). However, several problems, such as subjective 
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judgments and multicollinearity among factors considered, arise in analysing performance 

assessment data from the farmers` point of view (Magingxa et al., 2006).  

 

The objective of this study was to investigate the social and technical factors that 

significantly affect farmer’s assessments of the performance of smallholder irrigation 

schemes. 

 

This study considers the solution for poor performance in SHI should be when involving 

farmers in performance assessments. Farmers` levels of satisfaction with both technical and 

managerial issues within a scheme can be used as a measure for assessing its performance. 

Data obtained from farmers can be analysed econometrically to assess the factors affecting 

the subjective judgements of the performance of schemes. 

 

3.2 Model Specification 

 

Various statistical analysis tools are available for partitioning the factors affecting farmers` 

perceptions on levels of satisfaction with the performance of their schemes. Probabilistic 

models such as the Logit Model (LM), Probit Model (PM) and the Linear Probability 

Model (LPM) can be used. A careful selection process must, however, be done to choose 

the best way to incorporate the farmers` views in the performance assessment studies.  

 

Damisa et al. (2008) recommended the use of the Logit Model for the purpose of analysing 

the farmers` satisfaction status because it has the following advantages over the other 

models: 

 

 The computation of the logistic distribution ensures the rate of the probabilities 

estimated always lie between 0 and 1. 

 The probability does not increase linearly with a unit change in value of the 

explanatory variables, as it does in Linear Probability Model, and so the problem 

of heteroskedasticity is eliminated.  

 It is easier to compute and interpret than the Probit Model. 
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 The dichotomous logit model has been used in other studies for analysing the 

farmers` satisfaction status (Damisa et al., 2008; Kuscu et al., 2009) 

 

Logit regression analysis allows for estimating probability that an event occurs or not by 

predicting a binary or multinomial dependent outcome from a set of independent variables. 

For example, a farmer`s satisfaction status with using an irrigation service can take values 

such as 1, 2 or 3 denoting dissatisfied, neutral and satisfied, respectively. The status is 

dependent upon various independent factors. The Logit model can then be employed to 

estimate the satisfaction status of a randomly selected farmer from an irrigation scheme 

(Damisa et al., 2008, Kuscu et al., 2009). 

 

The logistic model to estimate the probabilities of farmer satisfaction status will have three 

categories and if probability of a farmer being satisfied by using the irrigation service, 

PrሺYൌ3ሻ, is taken as the reference group, then Equations 3.1 and 3.2 are Logit functions 

relating to categories ‘farmer is not satisfied’ and ‘farmer is neutral’ to category ‘farmer is 

satisfied’. 

 

ܼଵሺܺሻ  ൌ  ln ቀ ௉௥ሺ௒ ୀଵ|௫ሻ

௉௥ ሺ௒ ୀ ଷ|௫ሻ
ቁ  ൌ  ln ቀ௉భ

௉య
ቁ  ൌ ଵ଴ߚ  ൅ ଵଵߚ  ଵܺ  ൅ ߚଵଶܺଶ ൅ ൅ ڮ  ଵ௞ܺ௞ (3.1)ߚ

And 

ܼଶሺܺሻ  ൌ  ln ቀ ௉௥ሺ௒ ୀଶ|௫ሻ

௉௥ ሺ௒ ୀ ଷ|௫ሻ
ቁ  ൌ  ln ቀ௉మ

௉య
ቁ  ൌ ଶ଴ߚ  ൅ ଶଵߚ  ଵܺ  ൅ ଶଶܺଶߚ  ൅ ൅ ڮ  ଶ௞ܺ௞ (3.2)ߚ

 

where X1, X2 …. , Xk denote the set of explanatory factors assumed to have an effect on Y, 

Y is the dependent variable (‘satisfied’, ‘neutral’ or ‘not satisfied’), 

 ଶ଴  represent the interceptsߚ ଵ଴ andߚ

, ଵଵߚ , ଶଵߚ ଵ௞ andߚ … … ,  ,ଶ௞   represent the slopes of the logit regression functionsߚ

 ܼଵሺܺሻ and ܼଶሺܺሻ respectively (Uysal and Atis, 2010). 

 

Following the dichotomous logit model (Damisa et al., 2008, Kuscu et al., 2009, Uysal and 

Atis, 2010) where a farmer was considered to either be satisfied (Y=1) or not (Y=0), and 
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considering the 3 category multinomial logit function as two dichotomous logistic 

functions, the probabilities of the 3 categories can be shown to be: 

 

ଷ݌ ൌ ሺܻ ൌݎܲ ሻݔ|3  ൌ  ଵ

ଵ ା ௘೥భ ା௘೥మ
      (3.3) 

 

ଶ݌ ൌ ሺܻ ൌݎܲ ሻݔ|2  ൌ  ௘೥మ

ଵ ା ௘೥భ ା௘೥మ
      (3.4) 

 

ଵ݌ ൌ ሺܻ ൌݎܲ ሻݔ|1  ൌ  ௘೥భ

ଵ ା ௘೥భ ା௘೥మ
      (3.5) 

with  

ଷ݌ ൅ ଶ݌  ൅ ݌ଵ ൌ  1        (3.6) 

 

The model parameters are estimated using the Maximum Likelihood Method (Burnham 

and Anderson 2003). In irrigation studies, this model has several applications, which 

include selection of the best irrigation method suitable in an area (Karami, 2006). In this 

study, the Logit model was used to determine the significant factors that affect satisfaction 

of farmers in an irrigation scheme. 

 

3.3 Materials and Methods 

 

A structured questionnaire (Appendix I) was administered to 114 farmers from Mooi-River 

Irrigation scheme selected through stratified random sampling during the 2010/2011 

irrigation season. Seven local enumerators, who spoke Zulu, the local language at the study 

site, were employed to administer the questionnaire. Information collected include age, 

gender, irrigation training, timeliness of water delivery, water distribution among the 

blocks, management, farming experience, farmer involvement in inspection of irrigation 

infrastructure and maintenance, among others. The logit model for this case was specified 

as follows: 

 

ܻ ൌ ݂ ሺݔଵ, ,ଶݔ ,ଷݔ … … . ,  ௞ሻ        (3.7)ݔ
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where  Y is the dependent variable, in this case satisfaction with irrigation services, 

,ଵݔ  ,ଶݔ ,ଷݔ … … . ,  ௞ are the independent variables assumed to have an effect on Yݔ

 

The factors investigated through the questionnaire were analysed through this model using 

SYSTAT software to determine those that have a significant bearing on farmers` 

satisfaction status (SYSTAT Manuals 2007). 

 

3.3.1 Study site 

 

The study was conducted in Mooi-River Irrigation Scheme (MRIS) located in the Msinga 

local Municipality along the floodplains of Mooi River in the Midlands region of 

KwaZulu-Natal province in South Africa. The scheme is over 600 ha in extent and is home 

to approximately 824 farmers (DAEA, 2010) and is within a 30 kilometre radius of a 

bigger SHI scheme, Tugela Ferry Irrigation Scheme (TFIS). KwaZulu-Natal ranks third in 

the number of smallholder irrigation schemes (11%) after Limpopo (57%) and Eastern 

Cape (23%) (Denison and Manona, 2007). For ease of management and water distribution, 

it is administratively divided, as shown in Figure 3.1, into 15 blocks of varying sizes with 

each block having its own local committee responsible for water allocation. The scheme 

has an overall management committee.  

 

Water is distributed from the main canal through in-field canals to the edges of the plots. 

From the plot edge, it becomes the individual farmer`s responsibility to irrigate within a 

specified time of 30 minutes per plot. Each plot is approximately 0.1 hectares and the 

farmers grow mainly horticultural crops in winter for markets in surrounding towns and 

maize for subsistence during summer. More information about the scheme has been 

discussed in sub-section 2.3.1 of this dissertation. 
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Figure 3.1  Location of MRIS and scheme layout (insert) showing sampling strata 
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3.3.2 Sampling procedure 

 

The scheme was divided into three strata exhibiting similar characteristics in relation to 

water availability and irrigating days. The divisions are shown in Figure 3.1 and Table 3.1. 

 

Table 3.1  Sampling strata 

Stratum Blocks 

Head section blocks 1-4 

Central section blocks 5-11 

Tail end section blocks 12-15 

 

Each stratum was further sub-divided into three zones: Upper, Middle, Lower for farmers 

who are located closer to the main canal, in the middle and further away respectively, from 

which the sample was taken. The sample was reduced to 114 from a possible of 269 using 

the Raosoft Inc. (2010) sample calculator at 95% level of confidence, see Equations 3.8 – 

3.10. 

 

ݔ ൌ ܼሺܿ
100ൗ ሻଶݎ ሺ100 െ  ሻ        (3.8)ݎ

 

݊ ൌ ݔܰ 
ሺሺܰ െ 1ሻܧଶ ൅ ሻൗݔ          (3.9) 

 

ܧ ൌ  ට
ሺேି௡ሻ௫

௡ሺேିଵሻ
           (3.10) 

 

where  N is the population size, 

n is sample size, 

E is margin of error, 

r is the fraction of responses of interest to the researcher, 

Zሺc/100ሻ is the critical value at 95% confidence level 

c is the confidence level, 95% in this study, and  

x is the reduced sample size 



60 
 

 

A multinomial Logit Model was run on Student Version of SYSTAT 12, called MYSTAT 

(SYSTAT Manuals 2007), with the fifteen factors that were assumed to have an effect on 

the satisfaction status of the farmer. The factors were tested at 95% confidence interval. 

Each factor hypothesis is summarised in Table 3.2 and the coding for each category is 

shown in Table 3.3. The multicollinearity of the factors was taken into consideration when 

the data was input into the model by using the software to check from the data input into it. 

The model software allows a check of multicollinearity among the various factors 
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Table 3.2  Definition of variables in the satisfaction status of the farmer in using irrigation service 

Variable Description Hypothesis 

BLOCK Location of the farmer with respect to the 
water diversion point 

The farmers closer to the diversion point are 
satisfied since they have relatively unlimited 
access to water. 

LOC Location of the plot in relation to the main 
canal. 

Farmers with plots close to the main canal will 
be satisfied. 

GENDER Shows the whether the plot is owned by a 
female or male. 

Female farmer will be more satisfied. 

AGE Measures the actual age of the farmer.  Old farmers are more satisfied. 
EDU Measures the farmers` level of education.  Educated farmers are satisfied owing to ability to 

adopt improved innovations. 
FARMEXP Measures the irrigation farming experience 

of the farmer in the scheme.  
Farmers with more farming experience in the 
scheme are satisfied. 

RESOWN Refers to resource ownership by the 
farmer.  

Farmers with more resources are satisfied. 

PLOTS Measures the number of plots a farmer 
cultivates in the scheme.  

The farmers with more plots in the scheme are 
expected are satisfied 

TRAINING Allows for the determination of farmers 
who have received water management 
training.  

The farmers who have been trained in irrigation 
water management are more likely to be 
satisfied. 

WATDEL Measures the timeliness of water delivery. Farmers receiving water in time are more 
inclined to be satisfied. 

WATDIST Measures the satisfaction of farmers with 
water distribution among the blocks  

Farmers who are satisfied with the distribution 
will be satisfied with using the irrigation service. 

WATSHORT Measures the water quantity availed to 
plots. 

Farmers who receive enough water will be 
satisfied 

OPMAIN Allows determination of farmers` 
involvement in operation and maintenance 
of the scheme.  

Farmers involved in operation and maintenance 
are satisfied  

INSPEC Measures the involvement of farmers in 
seasonal inspection of the irrigation 
infrastructure.  

It is expected that farmers involved in seasonal 
inspection are satisfied 
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Table 3.3 Coding of the factors assumed to affect farmer satisfaction status as used in MYSTAT 

Variable Coding 

IRRISERV Value 3 if farmer is satisfied with using irrigation service; 2 if neither satisfied nor dissatisfied; 1 if not 

satisfied  

BLOCK Value 1 if farmer is located upstream (Blocks 1-4), 2 in the middle (Blocks 5 -11) and 3 if farmers is located in 

the tail end (Blocks 12-15) 

LOC Value 1 if plot is located close to the head of distributary canal, 2 in the middle, 3 if close to the tail-end of the 

distributary canal 

GENDER Gender of the farmer: 1 = Male, 0 = Female 

AGE Actual age of farmer in years 

EDU Level of education of the farmer. Value 1 if farmer went for Secondary/Tertiary education, 0 otherwise  

FARMEXP Actual number of years the farmer has been irrigating in the scheme 

RESOWN Resource ownership by the farmer Value 2 if farmer owns tractor, 1 if farmer owns cattle/donkeys;  0 if farmer 

does not own tractor, cattle or donkeys 

PLOTS Actual number of plots the farmer uses within the scheme 

TRAINING Value 1 if farmer has received irrigation training, 0 otherwise 

WATDEL Actual number of days the farmer receives water per week 

WATDIST Value 2 if farmer is satisfied with water distribution among the blocks;  

1 if neither satisfied nor dissatisfied; 0 if not satisfied with water distribution among the blocks 

WATSHORT Value 1 if water is sufficient, 0 otherwise 

OPMAIN Value 1 if  farmer is involved in Operation and maintenance of the scheme, 0 otherwise 

INSPEC Value 1 if farmer is involved in annual/seasonal inspection of irrigation structures, 0 otherwise 
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3.4 Results 

 

3.4.1 General statistics about the scheme 

 
Results show that 57% of the farmers are satisfied with using irrigation service while 30% 

are not satisfied and 13% are neutral, that is, neither satisfied nor dissatisfied. Some 78% of 

the plots are owned or used by women. In addition, some 85% of the farmers only have 

upto primary school education while around 15% went up to secondary school and beyond. 

In terms of farming experience, about 46.5% of the farmers have more than 20 years in the 

scheme while those who have between 10 and 20 years of experience account for 36% of 

the sample and those who joined the scheme less than 10 years ago constitute the 

remaining 17.5%. It was also established that most of the farmers hire implements such as 

tractors and cattle or donkeys for farming activities since 65% have no draft power, 30% 

own cattle or donkeys for provision of draft power while 5% own tractors. In terms of land 

ownership, 7% own one plot in the scheme, while 83% have two to nine plots. 10% own 

ten or more plots. It was also established that 60% of the farmers have never received 

training in irrigation water management. Only 40% have been trained 

 

Survey results also show that about 74% of the farmers do not access water at all for a 

whole week or have access to water for one day a week. Those in the central part of the 

scheme get water for more than a day but less than five days a week while those in the head 

of the main canal access water for six or seven days a week. Some 75% of the farmers 

complain of shortage of water while 25%, mostly in Block 4 and upstream, felt water was 

adequate. However, despite this water shortage 49% of the farmers are satisfied with the 

water distribution across the blocks, with 39.5 % not satisfied and the remainder being 

neither satisfied nor dissatisfied. 

 

Survey data also showed that only 39.5% of the farmers are involved in seasonal inspection 

of the scheme infrastructure while the majority of the farmers do not take part. In terms of 

gender, 71% were women and 29% men. A summary of this statistical information is 

presented in Table 3.4. 
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Table 3.4 Summary of statistical information showing marginal percentages 
Variable Description Marginal Percentage
IrriServ Farmers not satisfied with using irrigation service  29.8%

Farmers neither satisfied nor dissatisfied  13.2%

Farmer is satisfied with using the irrigation service 57.0%

Block  Block 1-4 17.4%

Block 5-11 52.8%

Block 12-15 29.8%

Gender  Female 78.1%

Male 21.9%

Age 20-30 4.4%

31-50 24.6%

Above 50 71.0%

Edu  Primary/Never went to school 85.1%

Secondary/Tertiary 14.9%

FarmExp  <10years 17.5%

10-20 years 36.0%

>20 46.5%

Resown  Farmers neither own tractor, cattle nor donkeys 64.9%

Farmer owns cattle/donkeys 30.1%

Farmer owns tractor 5.0%

Plots  1 7.2%
2-9 82.6%
≥10 10.2%

Training  Farmer has not received any irrigation training 57.0%

Farmer has received irrigation training 43.0%

Watdel  ≤ 1 73.7%

2-5 21.1%

6-7 5.2%

Watshort  Water is short 75.4%

Water is enough 24.6%

Watdist Not satisfied with water distribution among the blocks 39.5%

Neither satisfied nor dissatisfied  11.4%

Satisfied  49.1%

Inspec Farmer is not involved in annual/seasonal inspection of 
irrigation infrastructure 

60.5%

Farmer is involved  39.5%

OpMain  Farmer is not involved in operation and maintenance 34.2%

Farmer is involved in operation and maintenance 65.8%
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3.4.2 Multinomial Logit analysis 

 

This section shows the results from the logit model run on MYSTAT 12, a student version 

of SYSTAT. The multinomial logit analysis had three levels of the response variable, 

IRRISERV. 

It was established that 65 farmers were satisfied with using irrigation service, 34 were not 

satisfied while 15 were neutral. A frequency table (Table 3.5) from MYSTAT summarises 

the findings and shows the reference category choice. By default, ‘farmer is satisfied with 

taking irrigation service’ category was selected as the reference choice group. SYSTAT 

always chooses the highest level of the dependent variable as the reference group. 

 

Table 3.5  Frequency table showing category choices and the reference category 

Category Choices Level Frequency (%) 

Farmer is not satisfied with using irrigation service 1 30

Farmer is neutral 2 13

Farmer is satisfied with using irrigation service (Reference) 3 57

Total  100

n = 114 

 

MYSTAT used the Akaike Information Criterion (AIC) and the Schwarz`s Bayesian 

Information Criterion (BIC) for measuring the goodness of the model, which SYSTAT 

Manuals (2007) describe as more accurate than other methods.  

 

The parameter estimation consists of two sets of estimates owing to the fact that the 

response variable IRRISERV has three levels. The first model consists of two IRRISERV 

categories 1 and 3, and the second has categories 2 and 3, as shown in Table 3.6.  
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Table 3.6  Results of multinomial Logit regression analysis of the factors affecting farmer satisfaction 

Parameter Estimate Standard 

Error 

Z Odds ratio p-value 95 % Confidence Interval 

Lower Upper 

Reference category: Farmer is satisfied with using irrigation service 

Choice category: Farmer is not satisfied with using irrigation service 

1 CONSTANT -1.561 2.056 -0.759  0.448 -5.590 2.468 

2 BLOCK 0.939 0.458 2.050 2.558 0.040* 0.041 1.837 

3 LOC 0.105 0.310 0.339 1.111 0.735* -0.503 0.713 

4 GENDER -1.189 0.788 -1.509 0.305 0.131 -2.733 0.355 

5 AGE 0.013 0.026 0.486 1.013 0.627* -0.038 0.063 

6 EDU -0.142 0.437 -0.326 0.867 0.745* -0.999 0.714 

7 FARMEXP 0.008 0.021 0.379 1.008 0.705* -0.034 0.050 

8 RESOWN -0.384 0.341 -1.123 0.681 0.261 -1.053 0.286 

9 PLOTS -0.124 0.118 -1.052 0.884 0.293* -0.354 0.107 

10 TRAINING -0.254 0.495 -0.514 0.775 0.607 -1.224 0.715 

11 WATDEL -0.050 0.260 -0.192 0.951 0.847* -0.559 0.459 

12 WATSHORT -0.707 0.779 -0.908 0.493 0.364 -2.232 0.819 

13 WATDIST -1.092 0.308 -3.546 0.336 0.000* -1.696 -0.488 

14 INSPEC 0.530 0.553 0.957 1.699 0.338 -0.555 1.615 

15 OPMAIN -0.268 0.511 -0.524 0.765 0.600 -1.271 0.734 
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Table 3.6 continued 

Reference category: Farmer is satisfied with using farm irrigation service 

Choice category: Farmer is neither satisfied nor dissatisfied 

1 CONSTANT 3.908 2.441 1.601  0.109 -0.877 8.693 

2 BLOCK -0.600 0.561 -1.069 0.549 0.285 -1.700 0.500 

3 LOC -0.067 0.385 -0.174 0.935 0.862** -0.822 0.688 

4 GENDER 0.066 0.855 0.077 1.068 0.939 -1.610 1.742 

5 AGE 0.001 0.028 0.027 1.001 0.979** -0.054 0.055 

6 EDU 0.000 0.274 0.000 1.000 1.000** -0.536 0.536 

7 FARMEXP -0.051 0.032 -1.629 0.950 0.103** -0.113 0.010 

8 RESOWN -0.339 0.370 -0.916 0.712 0.360 -1.065 0.387 

9 PLOTS -0.143 0.179 -0.802 0.866 0.422 -0.494 0.207 

10 TRAINING -0.521 0.542 -0.960 0.594 0.337 -1.583 0.542 

11 WATDEL -1.767 0.999 -1.768 0.171 0.077 -3.725 0.192 

12 WATSHORT -1.235 0.942 -1.311 0.291 0.190 -3.082 0.611 

13 WATDIST -0.106 0.413 -0.255 0.900 0.798* -0.916 0.705 

14 INSPEC 0.856 0.732 1.170 2.353 0.242 -0.578 2.290 

15 OPMAIN -0.460 0.679 -0.678 0.631 0.498 -1.791 0.870 

** significant for both categories and * significant for one category at 95% confidence interval 
 
Information Criteria 
AIC 220.587 
Schwarz's BIC 302.673 
McFadden's Rho-squared 0.257 
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McFadden`s rho-squared statistic was used in assessing the model as a whole (SYSTAT, 

2007). In this model, it was calculated and found to be 0.257 which lies in the range 0.20 

and 0.40, described by Hensher and Johnson (1981) as being very satisfactory. 

 

The results also show that location with respect to the water diversion point, location 

within a block from the main canal, age of the farmer, education level attained by the 

farmer, farming experience, the number of plots a farmer owns, perceived fairness of water 

distribution across the blocks and the number of days a farmer accesses water are 

statistically significant in influencing the farmers` satisfaction. The same factors were also 

shown to influence the satisfaction status of the farmer with respect to being neutral, except 

location with respect to water diversion point and number of days a farmer accesses water. 

The statistical significance of each factor, however, differs depending on the category 

being considered. The estimate of each factor shows the magnitude of change in the log 

odds ratio for any change in the factor but does not explain the change in probability since 

the probability of satisfaction is a nonlinear function of the logit (SYSTAT Manuals, 

2007). The estimate just reflects the relative importance of the factor. 

 

The other factors do not have statistical significance in influencing the satisfaction status of 

the farmer. 

 

3.5 Discussion 

 

3.5.1 Location of a farmer`s plot in the scheme 

 

Location of the farmer with respect to the water diversion point is indicated by the block in 

which a farmer is. The blocks are numbered along the canal from the diversion point. 

Farmers in the head section have access to water anytime of the day, while those in the tail-

end wait for longer periods before getting water to their plots, as shown in Figure 2.10 

(Chapter 2). A change from an upstream block to the next block downstream will increase 

the likelihood of a farmer being dissatisfied by a multiplicative factor of 2.558, as reflected 

by the odds ratio in Table 3.6. These results concur with the hypothesis in Table 3.2 that 
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farmers in the head section were more satisfied. More than 70% of the farmers located in 

the head were satisfied with using the irrigation scheme, 59% of those located in the central 

section of the scheme were satisfied with using the irrigation service while 45% of those 

located in the tail-end section were satisfied. The infrastructure in the head section is still in 

good condition compared to the central and tail-end, which may help explain the 

importance of location with respect to water diversion point. 

 

3.5.2 Location of plot within a block 

 

Location with respect to the main canal within a block is shown to be statistically 

significant in making the farmer not satisfied or neutral. The likelihood of a farmer moving 

from being ‘satisfied’ to ‘not satisfied’ category increases by a multiplicative factor of 

1.111 with an increase in the distance from the main canal. However, the likelihood of 

being ‘neutral’ decreases by multiplicative factor of 0.935 with an increase in the distance 

from the main canal. This can be explained in terms of easy access to irrigation water for 

their crops. Farmers close to the main canal can easily access water and are the first to 

access it on their day of irrigation, hence they are more satisfied than those located in the 

lower section. The decrease in the likelihood of a farmer being ‘neutral’ can be explained 

similarly. The farmers are more likely to be dissatisfied if they are far away from the water 

source than they are likely to be neutral. 

 

3.5.3 Age of the farmer 

 

The results on age of farmers suggest that younger farmers are more satisfied. As the 

farmers get older, the odds of being ‘not satisfied’ or ‘neutral’ increase by a multiplicative 

factor of 1.013. This can be attributed to the fact that older farmers might have memories of 

the time the scheme was performing better, hence contribute to their dissatisfaction. 
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3.5.4 Education level of the farmers 

 

Farmers who have attained higher education levels are less likely to be satisfied with taking 

the irrigation service. The log odds in favour of ‘satisfaction’ with respect to ‘not satisfied’ 

decreases by a multiplicative factor of 0.867 as the farmers attain higher education levels. 

This probably because better educated farmers understand the potential of the scheme and 

better understand the operations. They also understand the irrigation business better and 

they try to aim better but are always prohibited by the prevailing conditions in the scheme 

such as vandalism to canals, as can be seen in Figure 2.17 (Chapter 2) resulting water 

shortage. Despite more educated farmers are more innovative in farming; their progress is 

hindered by difficulties in accessing water. The odds ratio of moving from ‘satisfaction’ to 

‘neutral’ does not change with the level of education. 

 

3.5.5 Farming experience 

 

It was found that as the number of years a farmer has in the scheme increases, the log of 

odds in favour of ‘satisfaction’ increases by a multiplicative factor of 0.379 for each unit 

increase in number of years for farming experience, while it decreases in favour of being 

‘neutral’ by a multiplicative factor of 0.950 as indicated by the negative sign of the 

estimate in Table 3.6. This implies that as the farmers gains more farming experience, they 

tend to be satisfied and the probability that a farmer will be neutral decreases. This could 

be attributed to skills gained in the years that a farmer spends farming, which would allow 

that farmer to adopt new technologies and innovations. It can also be that as the farmer gets 

older, the chances of formal employment diminish and, as such, that farmer is forced to be 

content with irrigation as the source of livelihood. The markets that a farmer could have 

penetrated during the long years of farming may mean a ready market for farm produce, 

thus contributing to satisfaction with using the irrigation service.  
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3.5.6 Number of plots 

 

The negative signs on PLOTS in both categories in Table 3.6 indicate that as the number of 

plots a farmer owns increases, the log of odds in favour of ‘satisfaction’ with respect to 

‘not satisfied’ decreases. This means that the probability of a farmer being satisfied 

decreases with an increase in the number of plots, contrary to what was expected. This can 

be attributed to the fact that farmers with more plots would like to take irrigation seriously 

to derive their livelihoods but are likely to be less satisfied due to the problems in the 

irrigation scheme, such as shortage of water, especially for farmers located in the tail-end 

section of the scheme. Lack of resources, as indicated in Section 3.4 with 65% of the 

farmers neither owning a tractor or cattle, for farming activities could be another factor 

contributing to dissatisfaction with larger pieces of land. It can be also due the lack of 

markets to sell the produce. The farmer might invest more on a larger piece of land and 

produce more but will not have the markets, thus contributing to dissatisfaction. 

 

3.5.7 Fairness in water distribution 

 

Perceived fairness in water distribution across the blocks shows the log odds in favour of 

satisfaction decreases considerably for both categories of the farmers being ‘not satisfied’ 

and ‘neutral’ as indicated in Table 3.6. The log odds decrease by a multiplicative factor of 

0.336 in the category ‘farmer is not satisfied with using irrigation service’ and by a factor 

of 0.900 in the ‘farmer neither satisfied nor dissatisfied’ category. This might be because 

farmers are aware that some blocks receive more water than others. The farmers also 

indicated that the management committees are aware of water theft but they do not attend 

to it, hence other users get water illegally. This might be a factor contributing to the 

dissatisfaction. These findings complement the findings of Chapter 2 (Figure 2.10), where 

it was shown that some blocks have access to water every day. 
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3.5.8 Access to water 

 

Access to water has been shown to have statistical significance in making the farmer ‘not 

satisfied’ from a ‘satisfied’ category. The log odds in favour of ‘satisfied’ with respect to 

‘farmer not satisfied’ decreases by a multiplicative factor of 0.951 for a day’s increase in 

the number of days farmers have access to water. The decrease is slight, most probably due 

to the fact that some farmers have realised that there is no need to access water every day, 

and access once a week will be enough to satisfy crop water demands. Farmers in the 

central and some in the tail-end blocks access water ones a week, as shown in Figure 2.10, 

and this is where most of the farmers are located.  

 

The results found in this study are comparable to other studies carried out in Nigeria 

(Damisa et al., 2008) and Turkey (Kuscu et al., 2009, Uysal and Atis, 2010). Damisa et al. 

(2008) concentrated on the economic factors which included availability of fertilisers, size 

of land owned and timeous delivery of inputs. 

 

3.6 Conclusions and Recommendations 

 

In this study, eight factors were found to have statistical significance in influencing 

farmers` satisfaction status at MRIS. The factors are location of a plot with respect to the 

water diversion point, location of a plot within a block from the main canal, age of the 

farmer, education level attained by the farmer, farming experience, the number of plots a 

farmer owns, fairness of water distribution across the blocks and the number of days a 

farmer accesses water. 

 

Satisfaction status was mainly dependent on water availability for irrigation and on the 

benefits from the irrigation service, such as source of livelihood. It is recommended that 

policy makers pay special attention to the benefits that farmers are deriving from irrigation 

and formulate policies that support farmer initiatives. The government must also have a 

clear policy on irrigation elaborating the responsibilities of farmers. Farmers at MRIS were 

not aware of their responsibilities when it concerns water management. 
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It was concluded that farmers at MRIS are aware of the problems bedevilling their scheme 

but seemed to have no power to resolve them. As such, it is recommended that they play a 

greater role in decision making and management of their scheme. There is need to 

resuscitate block committees to steer management strategies and irrigation policies. The 

importance of incorporating farmers in performance evaluation should be understood by all 

stakeholders at scheme level, from the farmers to the scheme managers and government. 
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4. DERIVING BEST MANAGEMENT PRACTICES FOR 

SMALLHOLDER IRRIGATION SCHEMES IN SOUTH 

AFRICA FROM THE FARMERS` PERSPECTIVE 

 

T. Gomo; A. Senzanje and K. Dhavu 

School of Engineering, University of KwaZulu-Natal, Pietermaritzburg, RSA 

 

Abstract 

 

Smallholder irrigation schemes are reportedly performing below expectations due to 

shortcomings in management of resources. To improve the performance of these schemes, 

management should be improved through adoption of best management practices (BMPs). 

Adoption of BMPs in smallholder irrigation (SHI) schemes, however present complex 

challenges to irrigation scheme managers, especially where irrigation water is shared 

among farmers. These challenges can be solved by involving farmers in deriving BMPs. 

There are several methods that can assist in making decisions in the presence of multiple 

criteria and alternatives, such as in the selection of BMPs for smallholder irrigation 

schemes. In this study, farmers were tasked with the selection and ranking of BMPs for 

their scheme. The BMPs were selected using the framework provided by Texas State Soil 

and Water Conservation Board (TSSWCB, 2005). The overall ranking of farmer-selected 

BMPs was done using Analytic Hierarchy Process (AHP). Pair-wise judgment of the BMPs 

was derived from questionnaires administered by the farmers and then ranked using 

SuperDecisions software. The results show that farmers have several BMPs they want 

adopted for the smooth running of their scheme. It was concluded that irrigation scheduling 

was the most preferred BMP, while volumetric water measurement was the least. It is 

recommended that farmers be involved in the selection of the irrigation BMPs for their 

scheme to ensure acceptability and responsibility in scheme water management. 

 

Keywords: Best management practices, smallholder irrigation, water management 
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4.1 Introduction 

 

Sustainability of smallholder irrigation (SHI) schemes, whether government-managed, 

farmer-managed or jointly-managed, has become a priority across the whole world. 

Improper irrigation management practices have detrimental effects not only to the 

environment but also exacerbate the effects of climate change on already depleted water 

resources and deprive other sectors of the economy of their fair share of the water resource 

(Harnandez and Uddameri, 2009). 

 

To improve resource management in the smallholder irrigation subsector and ensure 

sustainability, practical and affordable approaches, called best management practices 

(BMPs) have been developed. An example of such BMPs in irrigation engineering is 

routine inspection of water conveyance infrastructure to identify leakages. These BMPs 

have been demonstrated to improve productivity in irrigation schemes, reduce pressure on 

water and other natural resources, and decrease negative impacts on the environment 

(Withers et al., 2007; Hassanli et al., 2009 in Hernandez and Uddameri, 2009). However, 

the effectiveness of BMPs depends on careful selection of those that apply to a particular 

geographic location considering demographic and climatic conditions as well as farming 

practices in that region (Hernandez and Uddameri, 2009).  

 

The objectives of this study were to: 

 

- derive farmer-recommended BMPs for Mooi River Irrigation scheme (MRIS) in 

South Africa, and to 

- rank the derived BMPs according to farmer preference. 

 

This study assumes that the performance of smallholder irrigation can be improved 

significantly by including farmers in the selection and ranking, according to preference, of 

best management practices for their scheme. 
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The selection of BMPs applicable to a particular irrigation sub-sector can be determined 

through multi-criteria decision making (MCDM) (Hernandez and Uddameri, 2009). 

MCDM involves several methods which assist in making decisions in the presence of 

multiple, usually conflicting, criteria. The various MCDM methods utilise a decision 

matrix to provide a systematic analytical approach for integrating risk levels, uncertainty, 

and valuation, which enables evaluation and ranking of many alternatives. Some of the 

MCDM methods which have been used in engineering management decisions include 

Analytic Hierarchy Process (AHP) (Saaty 1977, 1980, 1983, 1990, 1994), Multi-attribute 

utility theory (MAUT) and Multi-attribute value theory (MAVT) (Belton et al., 2001). 

Selection of the appropriate MCDM method to be used depends on the objectives and the 

overall goal. Of these various MCDM methods available, AHP has been widely applied to 

aid decision making in irrigation and engineering fields (Triantaphyllou and Mann, 1995). 

Srdjevic and Srdjevic (2005) and Karami (2006) used AHP in the selection of the best 

irrigation methods in Yugoslavia and Iran, respectively. Young (2009) used the method in 

the selection of storm-water drainage BMPs and Okada et al. (2008a, 2008b) in evaluating 

whether an irrigation project improved crop yields. 

 

Kasperczyk (2011) stated that the wide use of AHP has been because of its advantages over 

the other MCDM methods which are explained in Kasperczyk and Karlheinz (2006) as the 

following: 

 

 The method allows a decision problem, such as selection of BMP, to be 

decomposed and builds hierarchies of criteria. The importance of each criterion 

becomes clear in this case (Macharis et al., 2004). 

 The method is flexible, intuitively appeals to decision makers and has the ability to 

check inconsistencies (Ramanathan 2001). Users also find pair-wise comparison of 

data input simple and convenient. 

 AHP is capable of handling both subjective and objective evaluation measures 

common in irrigation where farmers are involved, at the same time providing 

consistency checks, thus reducing bias in decision making. 
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 AHP helps model situations of uncertainty and risk since it is capable of deriving 

scales where measures ordinarily do not exist (Millet and Wedley 2002). 

 The method supports group decision−making through consensus by calculating the 

geometric mean of the individual pair-wise comparisons (Zahir 1999). 

 

4.2 Application of AHP in the Selection of Irrigation BMPs 

 

AHP involves an importance-ratio assessment procedure and uses a hierarchy to establish 

preferences and orderings (Dyer et al., 1992). It assumes complete aggregation among 

criteria and develops a linear model which is used to rank alternatives. Selection of BMPs 

in irrigation is complex particularly in smallholder irrigation where individual irrigated 

plots are very small. AHP has been applied successfully on various complex resource 

management decisions (De Steiguer et al., 2003; Ánagnostopoulos et al., 2005; Srdjevic 

and Srdjevic, 2005; Karami, 2006; Man and Mustafa, 2006). The method is particularly 

useful where subjective, qualitative and quantitative data such as that obtained if farmers 

are involved (Karami, 2006). 

 

In the ranking process of irrigation BMPs, criteria are developed to judge alternatives 

(Young et al., 2009). The essence of the AHP is to decompose a problem into its 

constituent parts and allow the users to assess the relative weight of multiple alternatives 

against the developed criteria in an intuitive manner. The method ranks the alternatives by 

calculating eigenvectors. The method involves a few steps (De Steiguer et al., 2003, 

Ánagnostopoulos et al., 2005, Young et al., 2009) which are briefly explained below. 

 

Step 1: This step involves decomposing the problem of BMP ranking into its constituents 

and structuring the problem as a hierarchy which shows the complex relationships among 

the constituent parts. The hierarchy will have the objective at the top, the criteria in the 

intermediate level and the alternatives at the bottom as illustrated in Figure 4.1. This helps 

the decision maker to assess whether the elements in each level are of the same magnitude 

to allow for their comparison. 
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Figure 4.1  Hierarchy for ranking irrigation BMPs (after Srdjevic and Srdjevic, 2005) 
 

At this stage, all participants associated with the problem are identified, such as extension 

officers, policy makers, donors and, most importantly, farmers in the case of irrigation 

BMPs (De Steiguer et al., 2003). 

 

Step 2: The second step involves setting relative importance between criteria by assigning 

weights, usually between 1 (equal importance) and 9 (extreme importance) 

(Ánagnostopoulos et al., 2005) with the reciprocal of this value assigned to the other 

criterion in the pair forming comparison matrix. If we assume that criterion A is twice as 

important as B, B is 3 times as important as C and A is 4 times as important as C, then a 

comparison matrix showing the relative importance of each pair of criteria will look like 

that shown in Table 4.1. The inconsistency exhibited by the rough judgement will be 

corrected using the eigenvectors which are calculated and multiplied by the rough 

judgements. 
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Table 4.1 Comparison matrix 

 A B C 

A 1/1 1/2 3/1

B 2/1 1/1 4/1

C 1/3 1/4 1/1

 

The weights are normalized and averaged to get an average of each criterion. 

 

Step 3: The third step involves the pairwise comparison of alternative options and scoring, 

with the better option awarded a score while the other option gets the reciprocal. The score 

is again in the scale of 1 (equally good) and 9 (absolutely better) (De Steiguer et al., 2003). 

At this stage, consistency checks are done to ensure that each comparison matrix does not 

violate logical constraints. An example of a logical constraint can be defined in terms of 

three alternatives A, B and C. If B is 2 times as important A and A is 3 times as important 

as C, then it is logical to conclude that B is more important than C. A consistency check 

will ensure this logical constraint has not been violated (Young et al., 2009). 

 

Step 4: In the final step, the scores are combined with the criteria weights to produce a 

decision matrix which shows the overall ranking of the alternatives. The extent to which 

the alternatives satisfy the criteria is weighed according to the relative importance of the 

criteria. This process is done by simple weighted summation, as explained in Saaty (1980; 

1983; 1990; 1994) and Srdjevic and Srdjevic (2005). 

 

However, several computer programs have been developed which support such complex 

decision making processes and do all the mathematical calculations involved in AHP. 

SuperDecisions 2.0.8 software, developed by Adams and the Creative Decision Foundation 

(CDF) in 2009, can be used to run AHP model. SuperDecisions model was chosen in this 

study because it was easily available and it is user friendly. 
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4.3 Materials and Methods 

 

Six extension officers and their assistants working in Mooi-River Irrigation Scheme 

(MRIS) and Tugela Ferry Irrigation Scheme (TFIS) assisted in selecting appropriate 

irrigation BMPs for the scheme. They were selected to assist because they understood the 

TSSWCB framework from which the BMPs for the scheme were based, unlike farmers, 

some of whom did not go to school. A set of seven BMPs, listed in Table 4.2, were 

developed by the irrigation experts working in the schemes. The BMPs were based on a 

questionnaire, Appendix II, administered to farmers in at MRIS and the framework 

provided by Texas State Soil and Water Conservation Board (TSSWCB 2005). TFIS is 

located within 30 kilometres from MRIS, and both schemes face similar water management 

problems. This necessitated the inclusion of extension officers from TFIS in the 

interpretation of the suitable set of BMPs suggested by the farmers in the local Zulu 

language for water management in SHI schemes, other than the fact there were too few 

extension officers from MRIS. 

 

Table 4.2 Descriptions of selected BMPs (after Hernandez and Uddameri, 
2009) 

BMP Description 

Irrigation scheduling (IS) Adhering to the water schedule in place at the 
scheme 

Volumetric measurement (VM) Assessment of water usage per each block 
through measurement and supplying the correct 
amount required 

Lining of in-field canals (LC) Re-lining of broken in-fields canals to avoid 
water loss 

Replacement of in-field canals with 
pipes (RC) 

Replacing the in-field canals with pipes to 
reduce water loss from damaged canals 

Tail-water reuse (TWR) Construction of water collection tanks and pump 
the water back into the scheme for use 

Irrigation water fees (IrrigF) Charging irrigation water fees to promote water 
use efficiency 

Routine irrigation infrastructure 
inspection (INSP) 

Carrying out seasonal infrastructure to check 
damaged canal walls and identify unofficial 
water withdrawal points  
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Each BMP was scrutinized through a set of five factors namely – (1) Applicability to 

communally-managed SHI scheme, (2) acceptance by the farmers in the schemes, (3) ease 

of implementation, (4) ability to meet water saving requirements, and (5) regulatory 

requirement oversight (Hernandez and Uddameri, 2009). The set of BMPs developed was 

presented in the form of a questionnaire, Appendix II, to twenty-five farmers in the MRIS 

for their contribution towards final ranking. The farmers were required to rank the selected 

BMPs in a scale of 1 – 9 relative to each other. The alternative with the greatest rank would 

be the most desirable while successively lower ranks indicate less desirable alternatives. 

 

4.3.1 Sampling procedure 

 

Twenty-five farmers were selected from those who had been previously interviewed, see 

Chapter 3. A questionnaire, Appendix II, containing BMPs derived from the previous 

questionnaire was administered to them for their input. Students from University of 

KwaZulu Natal were employed as enumerators. The sample was smaller owing to the 

number of farmers who could understand the technical language in the questionnaire and 

few farmers were irrigating at the time the interviews were conducted. The number of 

farmers from each stratum is shown in Table 4.3. 

 

Table 4.3  Number of farmers section of the scheme. 

Scheme section Number of farmers interviewed 

Head (Blocks 1-4) 6

Central (Blocks 5-11) 8

Tail-end (Blocks 12-15) 11

 

The data collected from the farmers were then averaged and input into the SuperDecisions 

program. SuperDecisions provide results in different forms ranging from graphical to 

numerical. The user has to select the best way to present results. In this study, the graphical 

presentation was used because it is easy to interpret. 
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4.4 Results 

 

The BMP with the greatest rank was the most desirable while successively lower ranks 

indicate less desirable alternatives. The results show that the location of farmers had a 

bearing on their preferred BMP alternative. Farmers located in the head section of the 

scheme preferred routine inspection of irrigation infrastructure and repairing the damaged 

canal walls, while farmers located in the central blocks preferred adherence to set irrigation 

schedules. In the central blocks, the introduction and adherence to an irrigation schedule 

scored 0.30, while relining of in-field canals, being the least preferred, scored 0.09. In the 

tail-end section, emphasis was more on replacement of in-filed canals with pipe-lines, 

which scored 0.30. The least preferred BMP in the tail-end section was volumetric 

measurement of irrigation water with a very low score of 0.05. The BMP rankings from 

each section are shown in Figures 4.2 – 4.4. It must be noted however, that it is not be 

possible to implement the BMPs per section since water conveyance infrastructure is 

shared, but to the whole scheme, hence the need to have an overall ranking of the BMPs. 

The overall ranking for the whole MRIS prefer adherence to irrigation schedule in the 

scheme, scoring 0.2, as the best BMP before implementing any other, as can be seen in 

Figure 4.5.  
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Figure 4.2  Ranking of BMPs by farmers located in the head section of the 
scheme 

 

 

Figure 4.3  Ranking of BMPs by farmers located in the central section of the 
scheme 
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Figure 4.4  Ranking of BMPs by farmers located in the tail-end section of the 
scheme 

 

  

Figure 4.5  Overall ranking of BMPs by farmers at MRIS 
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4.5 Discussion 

 

Farmers in the head section of the scheme prefer routine inspection of infrastructure 

probably because the farmers have access to water any time and the water loss they see is 

due to small leakages and ‘theft’. The infrastructure is generally still in good condition 

indicating water availability which reduces vandalism. As such the farmers have given re-

lining and replacement of in-field canals low rankings. However, they pointed out the need 

to stick to design irrigation schedules and charging of water fees after realising the reckless 

manner in which water is used in the upper blocks. Farmers in the lower end of upper 

blocks sometimes do not get water in time and as such highlighted the need to stick to 30 

minute irrigation time per plot, as set in the schedule. This may help reduce water theft. 

Their high ranking of infrastructural inspection may be because they want to reduce water 

theft by farmers outside the demarcated boundaries of the scheme who siphon water from 

the canal. They also want to reduce withdrawal of water for other uses such as brick 

moulding which is evident, especially in Block 3. 

 

The farmers in the central blocks emphasized irrigation scheduling because they get water 

on their allocated days, as can be seen in Figure 2.10. Sticking to the schedule would 

ensure they continue to receive water at the planned time. They also ranked infrastructure 

inspection high, probably due to reasons similar to those in the head section which entails 

stopping water theft by irrigators outside scheme boundaries and other uses of water. The 

introduction of water fees was ranked third, indicating a willingness by farmers to pay for 

the water. The condition for paying water fees was, however, categorically stated that they 

should be guaranteed to get water as promised. Their infrastructure is generally in good 

condition, hence the low ranking of re-lining and replacement of in-field canals with pipes, 

tail water re-use and volumetric measurement of irrigation water used in each block. 

 

The tail-end farmers preferred replacement of in-field canals with pipes and introduction of 

water fees, as can be seen in Figure 4.4. This is due to comparison with part of Block 14 

where in-field canals were replaced with pipes, thus reducing water shortage problems. The 

farmers also feel that if water fees are introduced in the scheme, the upstream farmers will 
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use water more responsibly, hence they will be able to get the allocated water. Adherence 

to irrigation schedules was ranked third, indicating the farmers believe they can get water 

in time if farmers in the upper blocks stick to the schedule. Tail water re-use was also 

highly regarded as the farmers view it as an option to get water, even pumping water which 

would have flowed back to the river. Infrastructure inspection is lowly ranked since almost 

every farmer who is irrigating at the time of this study gets water through ‘illegal’ and 

unofficial withdrawal channels. The infrastructure is dilapidated due to farmers drilling and 

damaging the canal walls, thus competing for the little water that gets to their section of the 

main canal. 

 

The overall ranking of BMPs in the scheme, however, shows that farmers prefer irrigation 

scheduling to all other BMPs in this study. This is be because farmers acknowledge that the 

water diverted is enough to irrigate the whole scheme if farmers across all the blocks 

adhere to the irrigation schedule set for them by the designers of the scheme. Routine 

infrastructure inspection is also highly preferred as it comes second in the overall ranking. 

This is because farmers realise that much of the water is lost due to illegal withdrawals and 

leaks, as can be seen in Figure 2.17. Regular inspection of the main canals and distribution 

facilities will help identify sections which need repair and maintenance. Reducing the 

water losses would improve the water availability for farmers. 

 

Replacement of canals is ranked third in the overall scheme ranking of BMPs. This is 

because a larger number of farmers interviewed are from tail-end blocks, close to Block 14 

where a section of the block had in-field canals replaced with pipes. The pipes seem to 

have eased water shortages for the farmers in that section; hence every farmer close to that 

block considers replacement of the damaged canals with pipes a solution. A further study 

may help determine if replacement of in-field canals with pipes is a sustainable option of 

water management and to determine the costs. 

 

The introduction of water charges for irrigation was favoured by farmers. It appeared in the 

top three preferred BMPs in all the sections of the scheme, similar to irrigation scheduling, 

but on the overall scheme ranking, it is fourth. The farmers seem to agree that water pricing 
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would encourage them to use water efficiently, and help in easing the water shortages. 

However, some were sceptical about this BMP as they feared it might increase water theft 

by some farmers to avoid payments. 

 

The low ranking of re-lining of in-field canals and tail water re-use could probably be 

explained from experience. Farmers indicated these management options have been 

implemented before but have not resulted in any improvement. Re-lining of the in-field 

canals has been done in almost all the blocks, but the farmers highlighted that the 

management option has a failed as the canals are vandalised within a short space of time. 

Some farmers, especially in Block 15, had implemented tail water re-use and pumping 

water from the river but prohibitive costs of running pumps were involved. 

 

Volumetric water measurement is ranked as the lowest BMP. Farmers highlighted that 

even if water used by each block is measured and that amount only supplied, all the water 

will be used up by farmers closer to the main canal. This indicated that the water shortage 

may be due to distribution within blocks. Therefore, volumetric measurement alone will 

not be enough to reduce the water shortage problems. They also indicated the tendency of 

farmers to withdraw water from the main canal through unofficial channels, and that water 

would not be accounted for. 

 

The results found in this research complement those found by Mnkeni et al., (2010) at 

Tugela Ferry and Zanyokwe irrigation schemes, which highlighted that the water shortages 

may be due to poor irrigation management and vandalism of in-field infrastructure. The 

results from this research are also comparable to those recommended by Waskom (1994) 

which include irrigation scheduling, change in technology used in irrigation and the 

appropriate use of chemicals in irrigation to reduce contamination of water in the state of 

Colorado in the United States of America. These recommendations were however for 

commercial irrigation. 

 

4.6 Conclusions and Recommendations 
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The aim of this study was to derive and rank the best management practices that can be 

recommended for MRIS and possibly extended to other smallholder schemes in South 

Africa. From this study, it can be concluded that farmers can derive best management 

practices for their irrigation schemes. A set of seven BMPs were derived, based on a 

framework provided by TSSWCB (2005). It is concluded that the most preferred BMPs are 

the introduction and adherence to irrigation schedules, routine infrastructure inspection, 

replacement of in-field canals with pipes and introduction of water fees. It is also 

concluded that the farmers have solutions to the problems affecting their scheme, as seen in 

the BMPs they suggested, but they seem powerless to ensure adoption and enforcement of 

these BMPs. 

 

It is recommended that all the BMPs suggested by the farmers be adopted in the order of 

preference for the whole scheme and that the farmers be guided by the irrigation specialists 

in the adoption process. It is also recommended that farmers be supported by the 

government in resuscitating institutional infrastructure, such as Block Committees and 

Scheme Committee, to ensure enforcement of the scheme by-laws. 
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5. FINAL DISCUSSION 

 

5.1 Background 

 

The performance of smallholder irrigation schemes across the world has been reported to 

be below expectations. The causes of low performance have varied among countries but 

have been relatively similar within countries. One of the drivers of low performance has 

been reported to be sub-optimal water management, especially in communally-managed 

smallholder schemes. In South Africa, the government invested significant amounts, 

ranging between R30, 000 and R60, 000 per hectare, in the revitalisation of smallholder 

schemes. The revitalisation programme is aimed at capacitating smallholder farmers, 

rehabilitation and modernisation of infrastructure in smallholder schemes and improving 

extension services. However, the question which had to be answered is “How are the 

schemes performing now?” Of particular concern to this study was the water management, 

farmer satisfaction as well as the derivation of best management practises that can be 

followed to improve the performance of smallholder schemes. 

 

Water-related performance indicators were used in the study since water for irrigation is 

more constrained than land in South Africa. Farmers were interviewed to establish their 

satisfaction status with using the irrigation service from MRIS, the factors underlying their 

assessment and their suggestions to improve performance which resulted in best 

management practices. 

 

5.2 Findings and Conclusions 

 

The average conveyance efficiency in the MRIS was found to be 86.4%, slightly above 

85% recommended for lined canals. However, the conveyance efficiency varied spatially in 

the scheme. It was concluded that conveyance efficiency was higher in the upstream blocks 

because the infrastructure is still intact and illegal water withdrawal is low since every 

farmer has easy access to water. However, it was lower in the tail-end blocks due to 

damaged canal walls, illegal water withdrawals from the canal and poor maintenance 
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reducing canal capacity. The infrastructure is in need of repair to minimize water losses in 

the tail-end blocks. 

 

In terms of dependability of irrigation interval between water applications, the scheme is 

performing below expectations. Upstream farmers access water daily, while tail-end 

farmers wait for periods of up to 17 days before getting water and this contributes to 

dissatisfaction with using an irrigation service from MRIS since access to water was 

established as a significant factor influencing the satisfaction status of farmers. In trying to 

curb the delays in water delivery, farmers in the tail-end of the scheme suggested 

replacement of infield canals with pipes, charging water fees and the establishment and 

adherence to an irrigation schedule. Replacement of infield canals would increase water 

access control as the gate valves can be closed. The introduction of water fees will deter 

over-irrigation and inefficient use by upstream farmers and save water for those 

downstream. The adherence to an irrigation schedule will ensure equitable water 

distribution among the farmers. 

 

The relative irrigation supply varied among the blocks, with higher values found in the 

head blocks indicating over-irrigation. It was found that farmers lacked knowledge on 

appropriate irrigation water management techniques. For example, crops in the upstream 

plots were irrigated daily. Some farmers would irrigate as soon as the soil surface looks 

dry, unaware that there is still enough water for crops in the soil profile. It was concluded 

that farmers apply excess water and that this is due to lack of knowledge. The RIS values in 

tail-end blocks were found to be very low indicating that crop water requirements were not 

met. However, it was concluded that these farmers in the tail-end blocks are more efficient 

in water use, as can be seen in Figures 2.13 and 2.14, even though they do not have access 

to water readily. The farmers further away from the main canal, within a block and those in 

the tail-end of the scheme received less water but produced more per unit of water used. 

 

The majority of the farmers, who are the most important stakeholder in the scheme, are 

satisfied by using the irrigation service at MRIS. The factors which were significant in 

influencing the satisfaction status of farmers with using an irrigation service were: location 
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of farmers` plot with respect to the water diversion point, location within a block from the 

main canal, age of the farmer, education level attained by the farmer, farming experience, 

the number of plots a farmer owns, fairness of water distribution across the blocks and the 

number of days a farmer has access to water. 

 

It was established that farmers were aware of the causes of ‘artificial’ water shortage in 

their scheme and the farmers suggested seven BMPs. Of the seven BMPs, the farmers 

generally preferred the introduction and adherence to an irrigation schedule, the 

introduction of water fees, the replacement of in-field canals with pipes and routine 

inspection of irrigation infrastructure. These four were ranked high for all the sections of 

the scheme while others such as re-lining of in-field canals, tail water re-use and 

volumetric measurement of irrigation water use by each block were ranked low in terms of 

preference. 

 

Overally, it was concluded that the performance of MRIS was comparable to others around 

the world, in terms of the performance indicators assessed. The scheme performance meets 

the expectations of the stakeholders such as farmers in the scheme, the majority of whom 

are satisfied by taking the irrigation scheme. 

 

5.3 Recommendations 

 

It is recommended from this study that the BMPs suggested by the farmers be adopted and 

that irrigation and crop specialists be engaged to train extension officers and farmers in 

irrigation water management and agricultural production in general. The farmers indicated 

their willingness to learn more about irrigation to enhance their productivity. Routine 

farmer training on water management may improve, not only water productivity, but, also 

ensure equitable water distribution since the farmers will only withdraw water that is 

enough for their crops. 

 

The need for a clear policy on irrigation is a fundamental recommendation from this study. 

The policy should define the roles of each stakeholder in the scheme, for example, the 
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farmers would be advised that routine repair and maintenance of the canal is their 

responsibility. During the course of this study, there were conflicting of roles to be played 

by the government and farmers. With a clear role to play, farmers, through management 

committees, may assist in reducing illegal tampering with the infrastructure and water 

withdrawal. Farmers need to organize themselves to rehabilitate the damaged infrastructure 

in the scheme. 

 

5.4 Future Research Needs 

 

A further similar study in other communally-managed smallholder schemes may assist in 

deriving the best management practices which could be generalised and applied in South 

Africa and beyond. This study is not representative since it was only one scheme studied. 

Further studies are also recommended to establish the land ownership patterns and socio-

economic dispensation of the scheme since some farmers have abandoned their plots, 

particularly in Blocks 1, 7 and 8. 
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APPENDIX I 
 

QUESTIONNAIRE ON IRRIGATION PERFORMANCE 

 

INTRODUCTION 

 

My name is Taziva Gomo from University of KwaZulu-Natal, Pietermaritzburg. I am 

carrying out a study on the performance of Mooi-River Irrigation Scheme. I am kindly 

requesting you to assist by filling in this form. The questionnaire has 4 pages. 

 

All the information obtained from this questionnaire is confidential and will only be used 

for this research. 

 

GENERAL INFORMATION 

Date:   ........................................................................................ 

Block Number: ....................................................................................... 

 

PERSONAL INFORMATION 

 

This questionnaire targets the head of the family irrigating. 

(a) Sex:   [    ] Female   [    ] Male  

(b) Age group   ........................................................ 

(c) Education level  [    ] Tertiary  [    ] Secondary  [    ] Primary  

[    ] Never went to school 

(d) How long have you been irrigating in this scheme?..................................................... 

(e) Do you own cattle or tractor?   [    ] Tractor   [    ] Cattle 

[    ] Donkeys   [    ] None 

(f) How many plots do you use in this scheme?................................................................. 

(g) What do you use for ploughing in your plot(s)? [    ] Tractor  [    ] Cattle 

[    ] Donkeys   [    ] Hands 

(h) If you use, a tractor or cattle, where do you get them from?............................................. 
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(i) If you hire a tractor, donkeys or cattle, 

(i) how much is it per plot?......................................................................................... 

(ii) where do you get the money from?.................................................................. 

 

SCHEME MANAGEMENT 

 

1. Have disputes occurred among farmers or between blocks due to water issues? 

[    ] No   [    ] Yes  

(i) If Yes, what are/were the problems?

 ................................................................................ 

2.  (i) If Yes in 1, have these problems been solved? [    ] No  [    ] Yes  

(ii) If yes in (i), how have these problems been solved?

 ........................................................ 

(iii) If Yes in (ii), are you satisfied about the way the problems have been addressed? 

[    ] No  [    ] Yes  

3. Compared to the situation three years ago, the number of problems is : 

[    ] less [    ] same  [    ] more [    ] There weren`t any 

problem 

4. Do you (or your family member) attend meetings concerning block management? 

[    ] No   [    ] Yes 

5. (i) Have you (or your family member) received training in irrigation water 

management?  

[    ] No   [    ] Yes  

(ii) If yes, who was providing the training? 

[     ] Irrigation staff/ Department of Agriculture  [     ] Associate Farmer 

[     ] Other, specify ......................................................................... 

6. Do you pay any water fees? [    ] No   [    ] Yes, to who? 

.................................... 

7. Are you satisfied with the way the committee operates?  [    ] Yes [    ] No 

 

Explain...................................................................................................................................... 
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WATER DISTRIBUTION 

 

8. How often do you get water into your plot? 

[     ] everyday    [     ] once a week  [     ] once a month  

[     ] Never    [     ] other......................................................... 

9. For how many minutes/hours do you let water into your plot on your irrigation day? 

............................................................................................................................................ 

10. (i) Do you follow/respect the water distribution schedule? [    ] Yes [    ] No 

(ii) Who makes the schedule? 

[     ] Scheme management Committee [     ] Block management Committee 

[     ] Department of Agriculture 

11. Are you as farmers consulted in the making of water distribution schedule?  

[     ] Yes    [     ] No 

12. Who is responsible for getting water from main canal into block? 

[     ] Irrigation staff  [     ] Farmer  [     ] Other, 

specify....................... 

13. (i) Are you facing a shortage in irrigation water?  

[     ] Yes   [     ] No 

(ii) Give reasons......................................................................................................... 

14. (i)  Compared to the situation 3 years ago, amount of irrigation water you receive is : 

[      ] less    [      ] same   [      ] more  

(ii) If changed, what are the reasons for this change in water you receive? 

............................................................................................................................. 

15. (i) How do you feel about the water distribution in general? 

[     ] satisfied   [     ] not satisfied  [     ] neutral  

(ii) Explain................................................................................................................. 

 

OPERATION AND MAINTENANCE 

 
16. As farmers are you involved in the cleaning of the main canals?  
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[     ] Yes     [     ] No 

Explain.......................................................................................................................... 

17.  Are you involved in repair and maintenance of the main canal? 

[     ] Yes     [     ] No 

Explain ......................................................................................................................... 

18. Where do you report problems with the canal? 

[     ] Irrigation staff/ Department of Agriculture  [     ] Block committee 

[     ] Other, specify ................................................................................................... 

19. (i) Is there a seasonal/annual inspection of the irrigation canals/structures? 

[     ] No    [     ] Yes  

(ii) If yes, who are participates in this inspection? (Tick the appropriate box (es)) 

[     ] irrigation staff   [     ] irrigation block management  

[     ] block members   [     ] Scheme irrigators/farmers 

[     ] contractor   [     ] other  ............................................. 

20. (i) Are you satisfied with the operation and maintenance of the scheme? 

[     ] No    [     ] Yes  

(ii) 

Explain.............................................................................................................................. 

21.  (i) Are you satisfied with the overall performance of the irrigation scheme 

[     ] No    [     ] Yes   [     ] Neutral 

(ii) Explain…………………............................................................................................ 

 

Thank you for taking your time to complete this questionnaire 

 

THE END 
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APPENDIX II 
 

QUESTIONNAIRE ON RANKING OF BEST MANAGEMENT 

PRACTICES 

 

INTRODUCTION 

 

My name is Taziva Gomo from University of KwaZulu-Natal, Pietermaritzburg. I am 

continuing with the study on the performance of Mooi-River Irrigation Scheme. This 

questionnaire is a follow-up to the one previous administered in September 2010. I am 

kindly requesting you to assist by filling in this form. 

 

All the information obtained from this questionnaire is confidential and will only be used 

for this research. 

 

GENERAL INFORMATION 

 

Date:   ........................................................................................ 

Block Number: ....................................................................................... 

Sex:   [    ] Female   [    ] Male  

Age group  ........................................................ 

 

RANKING OF BEST MANAGEMENT PRACTICES 

 

In the tables below, please rank the BMPs in a scale of 1 – 9 according to your preference 

of the best management practices relative to the one on the left column of each table. 1 will 

be the least preferred while 9 will be the most preferred. 

 

The enumerator will assist you as to where to put the scores. 
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Table 1 

 Score  

 

 

Routine irrigation 

infrastructure 

  Establishment and adherence to irrigation scheduling 

  Introduction of water fees 

  Volumetric water measurement 

  Re-lining of in-field canals 

  Replacement of infield canals with pipes 

  Tail-water re-use 

 

Table 2 

 Score  

 

Establishment and 

adherence to 

irrigation scheduling 

 

  Routine irrigation infrastructure 

  Introduction of water fees 

  Volumetric water measurement 

  Re-lining of in-field canals 

  Replacement of infield canals with pipes 

  Tail-water re-use 

 

Table 3 

 Score  

 

 

Introduction of water 

fees 

 

  Establishment and adherence to irrigation scheduling 

  Routine irrigation infrastructure 

  Volumetric water measurement 

  Re-lining of in-field canals 

  Replacement of infield canals with pipes 

  Tail-water re-use 
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Table 4 

 Score  

 

 

Volumetric water 

measurement 

 

  Establishment and adherence to irrigation scheduling 

  Introduction of water fees 

  Routine irrigation infrastructure 

  Re-lining of in-field canals 

  Replacement of infield canals with pipes 

  Tail-water re-use 

 

Table 5 

 Score  

 

 

Re-lining of in-field 

canals 

  Establishment and adherence to irrigation scheduling 

  Introduction of water fees 

  Volumetric water measurement 

  Routine irrigation infrastructure 

  Replacement of infield canals with pipes 

  Tail-water re-use 

 

Table 6 

 Score  

 

 

Replacement of 

infield canals with 

pipes 

  Establishment and adherence to irrigation scheduling 

  Introduction of water fees 

  Volumetric water measurement 

  Re-lining of in-field canals 

  Routine irrigation infrastructure 

  Tail-water re-use 

 

  



 

H 
 

Table 7 

 Score  

 

 

Tail-water re-use 

  Establishment and adherence to irrigation scheduling 

  Introduction of water fees 

  Volumetric water measurement 

  Re-lining of in-field canals 

  Replacement of infield canals with pipes 

  Routine irrigation infrastructure 

 

 

Thank you for taking your time to complete this questionnaire 

 

THE END 
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