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ABSTRACT
Smallholder drip farmers lack appropriate tools to assess crop water requirements and to
monitor the soil moisture conditions in the field. A simple irrigation scheduling tool, the Drip
Planner chart (DPC) was designed at Wageningen University and Research Centre to assist
smallholder farmers in drip scheduling. Optimal use of any technology requires the basic
understanding of that technology. This research was aimed at evaluating the applicability of
the DPC as a tool for irrigation scheduling by smallholder farmers. The research was conducted
in Kafue District in Zambia. Purposive sampling was used to select ten farming households to
grow a tomato and a cabbage crop under drip irrigation. The sizes of the plots were each
approximately 200 m2. The farmers were introduced to the DPC and asked to apply the DPC in
the day to day irrigation scheduling for their plots. The farmers were supplied with a form to
record the amount of water applied daily (irrigation data) on the plots. On each plot six Hansen
moisture sensors connected to a data logger were installed to record soil moisture data during
the irrigation period. Structured interviews, semi‐structured interviews and field side
observations were used in the research. An evaluation exercise was carried out to assess the
comprehension of the DPC. Analysis of the irrigation data and soil moisture data was used to
assess the farmers’ application of the DPC. The results show that eighty percent of the farmers
performed well in the evaluation exercise for the comprehension of the DPC. Apart from the
level of education attained, comprehension of the DPC was also influenced by active
participation in farmer groups. A potential water and labour saving of approximately 30 % was
shown to be possible if farmers applied the DPC correctly. Use of the DPC and decision making
in irrigation water management within the households was generally male dominated. It is
concluded that the DPC is a comprehensible tool for the farmers in Kafue, Zambia. The DPC
gives practical advice that smallholder drip farmers can use in their day to day irrigation
scheduling. However, farmers lack knowledge of crop growth stages which is important for
irrigation scheduling. It is advised that the future DPC must try to bridge this knowledge gap.
The farmers recommended for a design of the DPC in which one chart caters for a single crop
and to include important irrigation information for the crop on the chart to make the DPC
more convenient to the farmers

iv

Table of Contents
ACKNOWLEDGEMENTS ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐ III
LIST OF TABLES ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐ VII
CHAPTER 1: INTRODUCTION ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐ 1
1.1 SMALLHOLDER DRIP IRRIGATION SCHEDULING ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐ 1
1.2 DEVELOPMENT OF A SMALLHOLDER DRIP IRRIGATION SCHEDULING TOOL ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐ 2
1.3 JUSTIFICATION OF RESEARCH ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐ 3
1.4 OBJECTIVES‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐ 4
1.4.1 Main objective ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐ 4
1.4.2 Specific objectives ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐ 4
1.4.3 Research Questions ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐ 4
CHAPTER 2: BACKGROUND AND THEORY ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐ 5
2.1 A BRIEF ON IDE, ZAMBIA ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐ 5
2.2 CONCEPTUAL FRAMEWORK ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐ 7
2.2.1 The Farmer‐Back‐to‐Farmer model ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐ 7
2.2.2 Farmer/User evaluation ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐ 9
2.2.2 Developing user based evaluation ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐ 10
2.2.3: Factors affecting use of irrigation scheduling ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐ 11
CHAPTER 3: MATERIAL AND METHODS ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐ 13
3.1 STUDY AREA ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐ 13
3.2 OVERVIEW OF THE RESEARCH ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐ 13
3.3 SELECTION OF FARMERS ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐ 14
3.4 FARMERS’ TRAINING ON THE DPC ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐ 15
3.5 DATA COLLECTION ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐ 15
3.5.1 Evaluation exercise‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐ 16
3.5.2 Farmers records‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐ 16
3.5.3 Focus group meeting and inception workshop ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐ 16
3.5.4 Moisture sensors ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐ 16
3.6 ONSET OF THE RAINFALL ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐ 19
CHAPTER 4: RESULTS ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐ 21
4.1 IRRIGATION STATUS IN KAFUE DISTRICT, ZAMBIA ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐ 21
4.1.1 Irrigation methods ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐ 21
4.1.2 Irrigation scheduling ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐ 23
4.2 FARMERS’ COMPREHENSION OF THE DPC ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐ 24
4.3 GENDER, IRRIGATION AND THE DPC ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐ 26

v

4.4 CROP YIELDS‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐ 27
4.5 OVERALL WATER USE IN THE PLOTS ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐ 28
4.5.1 Water use on the tomato plots ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐ 28
4.5.2 Water use in the cabbage plots ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐ 29
4.6 TRENDS IN WATER APPLICATION‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐ 29
4.6.1 Trends in water application in the tomato crop‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐ 30
4.6.2 Trends in water application in the cabbage crop ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐ 34
4.7 WATER, LABOUR AND THE DPC ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐ 36
4.8 RECOMMENDATION FOR THE FUTURE DPC ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐ 38
4.8.1 Recommendations from the interviews ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐ 38
4.8.2 Recommendations from the inception workshop‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐ 39
4.9 FACTORS AFFECTING APPLICATION OF DRIP IRRIGATION IN KAFUE ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐ 39
CHAPTER 5: DISCUSION OF RESULTS‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐ 41
CHAPTER 6: CONCLUSIONS AND RECOMMENDATIONS ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐ 47
6.1 CONCLUSIONS ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐ 47
6.2 RECOMMENDATIONS ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐ 47
REFFERENCES ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐ 49

vi

LIST OF FIGURES
Figure 1: Drip Planner Chart. Left (side 1) and right (side 2) ................................................................... 2
Figure 2: drip kits layout: 200 m2 (left) and 500 m2 (right) .................................................................... 6
Figure 3: New Mosi‐O‐Tunya treadle pump (left). Old treadle pump (right) .......................................... 7
Figure 4: Four stages of the Farmer ‐ back ‐ to ‐ farmer model (Rhoades and Booth, 1982).................. 8
Figure 5: Kafue District Study sites ........................................................................................................ 13
Figure 6: Three site configuration for the AM 400 Moisture Sensors ................................................... 17
Figure 7: Surface irrigation from a motorized pump ............................................................................. 22
Figure 8: Actual irrigation against DPC recommendation, Farmer A3, tomato plot. ............................ 30
Figure 9: Soil moisture tension, irrigation water and rainfall, farmer A3, tomato plot. ........................ 31
Figure 10: Actual irrigation against DPC recommendation, farmer A10, tomato plot. ......................... 31
Figure 11: Soil moisture tension, irrigation water and rainfall, farmer A10, tomato plot..................... 32
Figure 12: Actual irrigation against DPC recommendation, farmer A8, tomato plot. ........................... 32
Figure 13: Soil moisture tension, irrigation water and rainfall, farmer A8, tomato plot. ...................... 33
Figure 14: Actual irrigation against DPC recommendation, farmer A7, tomato plot. ........................... 33
Figure 15: Soil moisture tension, irrigation water and rainfall, farmer A7, tomato plot. ...................... 33
Figure 16: Actual irrigation against DPC recommendation, farmer A5, Cabbage plot. ......................... 35
Figure 17: Soil moisture tension, irrigation water and rainfall, farmer A5, Cabbage plot..................... 35
Figure 18: Actual irrigation against DPC recommendation, farmer A6, Cabbage plot. ......................... 36
Figure 19: Soil moisture tension, irrigation water and rainfall, farmer A6, cabbage plot. .................... 36

LIST OF TABLES
Table 1: IDE Drip kits specifications ......................................................................................................... 6
Table 2: Planting dates ........................................................................................................................... 14
Table 3: Moisture Sensor depths ........................................................................................................... 17
Table 4: Interpreting soil moisture tension readings ............................................................................. 18
Table 5: Soil texture classification.......................................................................................................... 18
Table 6: Growth stages for the tomato and cabbage crops ................................................................... 20
Table 7: Status of irrigation at the beginning of the research within the selected households ............ 21
Table 8: Summary of the results of the evaluation exercise .................................................................. 25
Table 9: Irrigation responsibilities within the house hold and levels of education ............................... 26
Table 10: Tomato and cabbage yields .................................................................................................... 27
Table 11: Overall water use on plots ..................................................................................................... 28
Table 12: A comparison of the FP vs the DPC from transplanting until the 9th of October .................. 29
Table 13: Overall water use on Cabbage plots....................................................................................... 29
Table 14: Pump tests.............................................................................................................................. 37

LIST OF APPENDICES
Appendix 1: Questionnaire 1 ................................................................................................................. 51
Appendix 2: Questionnaire 2 ................................................................................................................. 53
Appendix 3: Questionnaire 3 ................................................................................................................. 54
Appendix 4: Codes for farmers’ names ................................................................................................. 55

vii

viii

CHAPTER 1: INTRODUCTION
1.1 smallholder drip irrigation scheduling
Irrigation scheduling is defined as the process where an irrigation manager decides when to
irrigate and how much water to apply on the field. Effective Irrigation scheduling allows the
efficient use of water resources and ensures that crops are provided with enough moisture for
effective growth and production. Despite the importance of irrigation scheduling and the
amount of research devoted to it, worldwide adoption of irrigation scheduling methods and
the field application of this knowledge among irrigators is below expectation (Stirzaker, 2003).
In a study to investigate the use of irrigation scheduling methods in South Africa, it was
observed that only 18 % of South African farmers used formal irrigation scheduling methods,
while the rest make use of subjective scheduling based on experience, local knowledge and
intuition (Stevens, 2007).
Research has made available a large number of irrigation scheduling tools / models. Most of
them depend on use of computers, require use of expensive equipment like tensiometers and
other type of soil moisture sensors and others require input of a lot of data. However, very
little has been done in developing irrigation scheduling tools meant for smallholder farmers.
Smallholder farmers lack the financial means to purchase the expensive equipment and
computers to run the models on (Boesveld et al., 2010)There is need to develop appropriate
irrigation scheduling technologies that are aimed at the poor drip irrigation farmers.
Smallholder farmers need simple and affordable tools to advice on irrigation scheduling.
Smallholder drip technologies are being promoted in many developing countries in Asia and in
Africa where rural populations live on less than US 2$ a day (Chelemu and Henderson, 2009).
Non‐governmental organizations such as the Linkages for Economic Advancement of the
Disadvantaged (LEAD), have distributed low cost drip kits in Zimbabwe in 2003 to bridge dry
spells, mitigate droughts and ensure food security (Chigerwe et al., 2003).
With the current debate and pressure on irrigated agriculture to reduce its water consumption,
increase water productivity and overall production, drip technologies are likely to gain more
interest as they use water more efficiently compared to other methods of irrigation. When
managed well drip irrigation allows the application of water at the root zone reducing
evaporation from the surrounding areas and leaching of nutrients resulting in more produce
per drop (improved water productivity).
As well, the failure of the traditional large‐scale surface irrigation schemes due to
mismanagement, declining performance of infrastructure and lack of funding etc, may open
more opportunities for smallholder drip irrigation at household levels as well as co‐operatives
level. The traditional large scale surface irrigation schemes in many developing countries have
continuously failed to meet the ambitious target identified at their conception (Senzanje et al.,
2003). Thus, the introduction of drip irrigation may be in line with the outcry on irrigation to
increasing efficiencies and physical water productivity
With many of the rural farmers in developing countries living in arid areas with scarce water
resources, drip irrigation seems to be their next option. It is therefore, imperative that
smallholder farmers be provided with simple and appropriate irrigation scheduling tools to
couple to their drip technologies to make efficient use of the water resources.
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1.2 Development of a smallholder drip irrigation scheduling tool
In the light of the above, Wageningen University and Research Centre has designed a tool to
provide smallholder drip farmers with timely advice on crop water needs. The tool is called the
Drip Planner Chart (DPC). The DPC is a simple manual chart to determine the irrigation
requirement of various crops. The DPC is envisaged to be a simple tool that farmers can use to
effectively irrigate their crops in the smallholder drip plots while utilizing water and labour
resources more efficiently.
The first prototype of the DPC was first tested in Spain on citrus crop. This Chart was developed
for fruit crops (citrus, banana, grapes and pineapple). Successful testing lead to the
development of another Chart for vegetable crops (tomato, cabbage, carrot, onion).
The Drip Planner Chart consists of two disks; one disk with crop and climate data in order to
calculate the irrigation requirement. The second disk translates the irrigation requirement of
disk 1 into a practical advice on the amount of drums to irrigate per plot per day (Boesveld et
al., 2010)

Figure 1: Drip Planner Chart. Left (side 1) and right (side 2)

The crop water requirements of the DPC are based on the FAO guidelines for calculating crop
water requirements which is based on the reference evapotranspiration and the crop factors
depending on the growth stage of the crop. Likewise the DPC identifies four distinct growing
stages during a crop growing season. These are Initial stage, Development stage, Mid‐season
stage and the Late‐season stage.
The current DPC is designed for daily irrigation applications. Two main input details are
required when using the DPC for irrigation advice. These are the ETo values and knowledge of
the crop growth stages. ETo can be acquired from nearby weather stations or agricultural
extension service. Monthly averages of ETo values can be used for simplification. With correct
information about ETo and knowledge of crop growth stages the DPC can be applied in all
areas for irrigation scheduling in smallholder drip irrigation.
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A chart can be developed for a particular region by assign standard weather conditions after
analyzing the probability levels of ETO in that area during different seasons. This could even
lead to the use of icons to indicate e.g. sunny during dry season, cloudy dry season, etc.
(Boesveld et.al, 2010). This may make the DPC even more simplified.
The design of the DPC assumes a drip irrigation system efficiency of 80%. During operation
rainfall is subtracted accordingly to give a corrected daily application. Since capillary rise is only
substantial in soils with a groundwater table close to the root zone. In many arid/water scarce
areas, this can be neglected and has not been catered for in the DPC (Boesveld et al., 2010)
A theoretical validation of the DPC prototype in Spain on a citrus farm showed that the DPC
had a very good correlation (R2 = 0.9203) of the Irrigation Requirement with CROPWAT. Both
CROPWAT and the DPC had a more accurate timing of irrigation throughout the growing
season leading to a better and lower overall water use compared to the actual irrigation by the
farmers. A 14 % water saving was found with the DPC compared with the actual water applied
on the farm (Boesveld et al., 2010)
Further field experiments to establish applicability at smallholder level were conducted in 2009
in Zambia and Nepal (Zisengwe, 2009), (Yakami, 2009). The field experiments were conducted
in conjunction with the International Development Enterprise offices in Zambia and Nepal.
Both field experiments were conducted in randomized complete block designs with plot sizes
of 30 m2 in Zambia and 26 m2 in Nepal. The field experiments compared three methods of drip
irrigation scheduling. The method were the traditional farmers practice (Only done in Nepal,
this was based on interviews and consultation with farmers), IDE extension officers advice and
the irrigation scheduling with the DPC. The results showed that DPC advice was more adapted
to the changing demands of the crop over the different growing stages and the climatic
conditions. Considerable water and labor savings were achieved in Nepal without losing yield.
In Zambia, not much water savings were observed but better timing of irrigation amount over
the growing season resulted in less water stress and higher yield (Boesveld et al., 2010)
1.3 Justification of research
The last section (section 1.2) shows positive results towards the development of the DPC as a
tool for irrigation scheduling in smallholder drip irrigation. However, the results show the tests
done by researchers on experimental plots not directly by the farmers. Therefore, while the
results uphold the accuracy DPC, the tests does not evaluate the DPC with regards to the actual
users of the technology. However, literature shows a number of new technologies in
agriculture have not been used or adopted by the farmers as much as the experts in the
technology development and transfer anticipated. Paradoxically some farmer initiated
practices have taken over expert driven technologies (Ashby, 2001). One of the reasons
indentified as the cause of poor adoption expert driven technologies is the lack of active
farmer involvement in problem definition as well as in evaluation of the technology in the
procedure for developing technologies for small scale farmers.
Rhoades and Booth (1982) advocated for a model called the “farmer back to farmer” which
emphasizes farmer involvement in the development and evaluation of technology as a
pathway to developing appropriate agricultural technologies. Ashby (2001) also states that
pprofessionals in many scientific disciplines are trained to specialize in understanding a
particular fragment of an agricultural problem and no one specialist knows as intimately as the
farmer, all the problems and needs of the farm household. The above shows that a farmer
evaluation of a technology is an important step in ascertaining the development of agricultural
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technologies which are in tune with the needs of the farmer. User evaluations validate
technology or identifies usability problems and gives recommendations or ideas which can be
used to improve proposed technologies (Bevan, 2007).
In smallholder drip irrigation scheduling User evaluations are also important. Boesveld et al.
(2010) states that most farmers find irrigation scheduling tools overwhelming and they lack the
skill to install and operate them. Such a scenario can be minimised by conducting farmer
evaluation of technology before new technologies are based on to the users. This ensures that
the new technology is compatible with the needs of the farmers.
This research is therefore based on the assumption that farmer evaluation of technology
should play an important part in agricultural technology development process. Thus a user
based evaluation should be the next step in the development and refinement of the DPC.
If the DPC succeeds as an appropriate tool for smallholder drip irrigation scheduling, IDE and
WUR, hopes that the DPC will be used as an extension tool by IDE field officers for irrigation
water management and that the DPC could be included as a basic component of the Drip kit
packages being marketed by IDE to smallholder farmers.
In many rural communities, men and women have socially defined roles in the household.
However, introduction of new technologies like an irrigation scheduling tool modifies the way
how irrigation is done in the household and may bring changes to irrigation roles. For instance,
who will use or manage the DPC in the household and how will the labour for irrigation be re‐
negotiated within the household? This research also seeks to investigate the how households
will respond to the introduction of the DPC in the household.
1.4 Objectives
Like the previous researches in Zambia and Nepal, this research was also carried in Conjunction
with IDE Zambia in Kafue District (one of IDE Zambia working area). The objectives of the
research were as follows.
1.4.1 Main objective
The main objective of this research was to evaluate the applicability of the Drip Planner Chart
as a tool for irrigation scheduling for smallholder drip farmers.










1.4.2 Specific objectives
To identify and describe irrigation scheduling methods used by IDE smallholder farmers in
Kafue, Zambia through interviews with farmers
To investigate the practicability of the DPC as a farmer’s tool for smallholder drip irrigation
scheduling through interviews, evaluation exercises and field observations on participating
farmers.
To identify the user’s recommendations towards the improvements of the DPC to make it
more usable and relevant to the users, through stakeholder meetings, focus group
discussions and feedback analysis
1.4.3 Research Questions
What are the common irrigation and irrigation scheduling methods used by farmers in
Kafue?
What factors affect the understanding and use of the DPC?
Can the use of the DPC have some effect on water and labour use on the drip farmers?
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CHAPTER 2: BACKGROUND AND THEORY
2.1 A brief on IDE, Zambia
The International Development Enterprises, Zambia was established in 1997. It is a
nongovernmental and nonprofit oriented organisation that focuses on low‐cost irrigation
technologies as a practical way to address poverty and hunger in rural Zambia. IDE Zambia
operates in rural Zambia in Lusaka, Kafue, Kabwe and Livingstone Districts.
IDE, Zambia is a part of the worldwide International Development Enterprises (IDE) founded in
1981 by Paul Polak (http://www.ide.org). IDE is a non‐profit organization aimed at improving
the social, economic and environmental conditions of poor families, with special emphasis on
the rural poor, by identifying, developing and marketing affordable, appropriate and
environmentally sustainable smallholder agro based solutions utilizing local market forces)
(IDE, India website, http://www.ide‐india.org). IDE facilitates the local manufacture, marketing,
and distribution of low‐cost micro‐irrigation technologies and water lifting technologies
through local supply chains. The products are sold to farmers at affordable prices which they
can repay in one growing season. IDE encourages farmers to grow higher value and surplus
crops. IDE then turn links the farmers and the produce to high‐value crop markets where they
can realize higher profits from their yields.
IDE, Zambia is a leading organisation in the marketing of smallholder drip irrigation
technologies in Zambia. Currently IDE markets drip packages, better known as drip kits within
the IDE circles. The packages include a main line and a sub‐mainline, drip laterals, 25 mm long
micro tubes used as emitters, a filter, a ball valve tap and all the necessary connection
materials. The most common size of drip package being marketed is the 200 m2 package. The
500 m2 is also marketed but has lower sales. Both sizes are divisible and can be customized to
fit smaller plots sizes. In the event of a shortage the 500 m2 is usually customized to the 200 m2
package.
Table 1 shows the different specifications of the 200 m2 and the 500 m2 drip kits. The drip
laterals are supplied with no emitter holes on them. These are perforated during installation.
To lower the cost of the drip kits, conventional emitters have been replaced by having holes in
which 25 cm micro‐tubes will be inserted to act as spiral emitters.
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Table 1: IDE Drip kits specifications
Specifications

IDS 200

IDS 500

Area Coverage

200 m

500 m

Type of Emitter

1.2 mm micro‐tube, 25 cm long

1.2 mm micro‐tube, 25 cm long

No. of Emitters

600

1500

Emitter spacing

Variable

Variable

Type of Lateral

16 mm ø LLDPE

16 mm ø LLDPE

Lateral Length

10 m

12.5 m (Both side of Sub‐main)

No. of Lateral

20

20

Lateral spacing

1m

1m

Type of Sub‐main Line

48 mm ø LLDPE

48 mm ø LLDPE

Sub‐main Line Length

25 m

25 m

32 mm inlet and outlet ø Screen filter

32 mm inlet and outlet ø Screen filter

1.5 m

2m

Vegetable Crops: Tomato, eggplant, onion,
cabbage, paprika, cauliflower, garlic,
watermelon, lettuce etc

All for Vegetable crops plus Fruit
crops: Banana, Citrus, Mango etc with
some necessary modifications)

Filter
Operating Head / Height
of Tank
Expected Crops

Figure 2 shows the layout of the two drip kit systems

Figure 2: drip kits layout: 200 m2 (left) and 500 m2 (right)

Most of the IDE drip packages have been sold through a voucher process with Mennonite
Economic Development Associates (MEDA) another non‐governmental organisation operating
in Zambia. This arrangement was available for the 200 m2 package. In the voucher process, IDE
went out into its target rural districts and offered training workshops for drip irrigation. At the
end of the training workshops, the trained farmers obtained a signed voucher form they took
to MEDA which was financing the drip voucher system. The farmers then paid Kwacha 30 000
(approximately US $ 6) for a drip kit whose original price was Kwacha 250 000 (US $ 50). This
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probably explains why most farmers have the 200 m package than the 500 m2. (Boesveld et al.,
2010)
The voucher system for purchasing the drip packages did not include two important
components of a drip set, the tank and a water lifting pump. The farmers had to purchase own
tanks and pumps. Both IDE and MEDA marketed 200 litres plastic tanks at Kwacha 100 000 (US
$ 20).
IDE also markets the Mosi‐o‐Tunya brand treadle pressure pump as the technology for lifting
water from the farmers’ wells. A new treadle pump is expected to lift 75 litres of water per
minute (approximately 2.5 minutes to fill a 200 litre tank) (IDE Treadle pump brochure, No
date). However due to worn out parts and lack of maintenance, farmers can take about 10
minutes to fill a 200 liter drum with water.

Figure 3: New Mosi‐O‐Tunya treadle pump (left). Old treadle pump (right)

2.2 Conceptual framework
2.2.1 The Farmer‐Back‐to‐Farmer model
Rhoades and Booth(1982) presents a model that outlines an approach to solving and
generating acceptable farm‐level agricultural technology solutions for rural and agricultural
development. The model is called the Farmer – Back – to – farmer model. The model suggests
that successful research and development of agricultural technologies must begin and end
with the farmer. In other words the search for effective agricultural solutions must be done in
conjunction with the farmers. Applied research cannot begin and end in isolation on an
experimental or research stations out of touch with farm conditions and the users of the
technology.
The farmer‐back to farmer models also suggests an interdisciplinary approach to solving
agricultural technological problems. Experts from different disciplines work with farmers to
find solutions. Farmers must be involved in the defining the problem and brainstorming for
new ideas to solve the problems together with experts. Understanding the farmer’s perception
of the problem and valuing the farmers’ input for the proposed solution is key for successful
development of agricultural technology (Rhoades. R, 1981).
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In the farmer back to famer model, farmers play another important role of evaluating the
proposed solution. As the users of the technology, farmers can provide a good basis for
evaluating whether the proposed solution has solved the problems that the farmers had.
While Rhoades and Booth (1982) note that the ‘Farmer‐Back‐To‐Farmer’ model is not novel to
agricultural research, they suggest that the model is rarely followed by developers of
agricultural technologies leading to ineffective agricultural technology solutions which are out
of touch with the farmers.
The farmer back to farmer model is divided into four main stages. Figure 4 shows these stages
and how they are connected.

Figure 4: Four stages of the Farmer ‐ back ‐ to ‐ farmer model (Rhoades and Booth, 1982)

Stage 1: Diagnosis
This stage shows the diagnosis of the agricultural problem. The main goal of this stage is for
the experts to come to a common agreement with the user/ farmers about the problem they
are facing. This is the springboard of research. The importance of this stage is that farmers
frequently define their problems differently from change agents or experts and an effort must
be made to arrive at an agreed‐upon problem for which there may be potential solutions. It is
important to define the problem as far as farmer’s perceived it.
Stage 2: Interdisciplinary research
In this stage the experts as well as the farmers brainstorm through different activities and
forums to develop possible technological solutions to the indentified problems. The stage
involves thinking out of the box where solutions are not limited to a single discipline or expects
only.
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Stage 3: Interdisciplinary team testing and adaptation
In this stage, experts use on farm researches or experimental plots to test and adapt possible
technologies or solutions that came from stage two. Stage three assesses the performance of
the technology as well adapting it to improve accuracy and applicability. This stage is mainly
controlled by the experts who are in charge of the experimental designs and the experimental
plots. The stage should also be done with the involvement of the farmers.
Stage 4: Farmer evaluation of technology
Farmer/User evaluation of technology is an important step in the Farmer back to farmer
model. The main goal of this stage is to understand the farmers’ acceptance of the proposed
new technology and to obtain recommendations or the farmers’ views for modification of the
proposed solution. In farmer evaluation process, information about farmers’ behaviour and
perception as they use prototype is collected. This information helps to find new directions in
refining the technology. While the Farmer‐Back–to– Farmer model has four defined stages, its
actual implementation is cyclic. The development of a new technology may go through the
four stage cycle more than once in search of the best solution.
A look at the Farmer‐Back‐to‐Farmer model diagram (Figure 4) in relation to the developments
of the DPC (refer to section 1.2) shows that the DPC has passed through stages 1, 2 and 3 in its
development. The next step in the development of the DPC is the user evaluation of the
technology (Stage 4). A user evaluation of the DPC serves validate or disapprove the tool and
to gather information to improve the functionality of the tool.
2.2.2 Farmer/User evaluation
Ashby (1990) defines a farmer evaluation of agricultural technology as hands on contact by
farmers with new technology in an experimental framework. In farmer evaluation, the farmers
are given access experiment with a new technology. The researchers use observations and
special interview techniques to obtain more information from the farmers. The interviews ask
for farmers’ responses to different functions of using the new technology. User evaluation
should stimulate free expression of farmers’ opinions, preferences, criticisms and suggestions
about the proposed solution. A user evaluation tells the researchers which feature of the
technology, the farmers consider important or how the farmers rank the alternative solutions
(if they are many) and why they prefer one over the others. It also tells whether the farmers
are likely to adopt the new technology.
The decision that a certain technology is a workable alternative to customary ways of doing
things is far more than purely technical, for it requires a holistic grasp of the human needs in
which the technology is to be used. An effective farmer evaluation enables researchers to map
the perceptions of the farmers in a systematic ways so that they can easily use this information
to improve technologies.
However, Ashby (1990) states that user/farmer evaluation can be done at all the stages of the
development of agricultural technologies instead of only at the final stage. For example
evaluation can be done in the early stages for selecting a few alternatives from the many
possible alternatives. It can also be used for comparison of the few selected alternatives to
arrive at the developed technology. In the last stages it can be used for validation of the
developed technology.
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2.2.2 Developing user based evaluation
Selecting sample group
Farmers invited to take part in the on‐farm trials for the new technology are normally selected
on the basis of willingness and interest in the project to make available a suitable plot for the
trial. Effort must be made to ensure representativeness in terms of resources, sex, age, ethnic
group, location and any other important factors that may be deemed to affect to performance
of the farmers with the new technology (Bevan, 2007).
Sample size
The number of participants required for an evaluation exercise depends on the goals of the
evaluation exercise. Formative evaluations require less number of participants than summative
evaluations. Bevan (2007) suggests that three to ten participants are sufficient for formative
tests depending on the complexity of the task. Formative evaluations are descriptive in nature
of output of the results. Their main aim is to identify as much as possible and describe usability
problems or recommendations. Summative evaluations are quantitative in nature. They seek
to use statistical sound analysis to explain the results. Number of participants required for
summative tests will depend on the confidence intervals accepted in the overall results.
Selecting tasks for evaluation
A unique aspect in the user evaluation of the DPC is that it assesses how the farmers are able
to use or operate the DPC. That is the readability of the DPC as far as the farmers are
concerned is a very important aspect of the evaluation. Bevan and Macleod (1994) state that
the overall usability of a new technology like the DPC can only be obtained by assessing the
effectiveness, efficiency and satisfaction with which representative users carry out certain
selected tasks which are representative of the day to day encounters of the users with the new
technology. The evaluation therefore, is a sort of a simulation of the conditions that the
farmers will meet often in their encounter with the DPC. Thus the DPC must not be
unnecessarily difficult to understand for the farmers.
An important factor then involves selecting tasks or activities to be assessed to ensure farmers
understand and operate the DPC. The tasks selected must be related to the important goals
that the technology is intended to support. For each task to be tested, a means of monitoring
how well the task has been performed is identified. If there is more than one main task to be
tested it is necessary to decide the order in which the tasks are to be undertaken. It is ideal
that multiple tasks are arranged in the way that they will done in real life. Measures for
assessing a task include effectiveness and efficiency. Effectiveness describes whether (or to
what extent) the task is completed successfully, while efficiency may be taken as the time
taken to achieve the goal(s).
Test Environment
Testing should be carried out in the normal environment and context in which the technology
would be used. It is important that the test procedure is as natural as possible, with only forms
of assistance that would be available in the real world. If possible the participant should carry
out the task alone and not be rushed as time spent is also part of the evaluation. To obtain
more insight the participant can be probed why they are making particular choices during the
task. If a participant is truly unable to complete the task, it is possible to give hints as this will
enable feedback on subsequent parts of the task, however this should be well documented.
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2.2.3: Factors affecting use of irrigation scheduling
This section looks at the factors that may be considered in the development of a user based
evaluation for an irrigation scheduling tool. In a study to investigate the use of irrigation
scheduling methods in South Africa, (Stevens, 2007) observed a number of factors that can be
classified as technical, economic, socio‐cultural and institutional factors affect the use of
irrigation scheduling methods.
Technical factors included the complexity of the irrigation scheduling method. Farmers must
have the correct technical skills to implement the given irrigation scheduling method. Technical
factors also included the performance of the irrigation systems. Poor performance of irrigation
systems affects the proper application of irrigation scheduling methods.
Economic factors pertained to the cost of the equipment involved with the method (e.g.
computers and soil moisture monitoring equipment. Thus the method must be affordable to
the farmers. Other economic factors perceived by the farmers are improved yields
Socio‐cultural factors like traditional irrigation management methods practised by a
community or group of farmers affect the use of irrigation scheduling methods. Age and level
of education affected the type of irrigation scheduling method as the young and educated
farmers used computer related methods compare to older farmers.
Institutional factors like the management of irrigation schemes/systems e.g. the allocation of
water turns affected irrigation scheduling in that irrigation turns become determined by water
allocation at system level rather than by independent irrigation scheduling on the farmer’s
level.
Stevens (2007) also noted that farmers perceived or associated successful irrigation scheduling
technologies with factors such as the following.


Improved yields/crop quality



Decrease in electricity costs/water use and labour



Ease to implement/Use



Affordable

The above show that appropriate irrigation scheduling tools must be affordable to the farmers,
easy to implement, read or use. The method must also be accurate as far as the farmers are
concerned. It can also be said that farmers may be motivated to use irrigation scheduling by a
number of factors which include expected economic gains such as improved yields or savings
from reduced water application, electricity use or labour. In smallholder drip irrigation, labour
and time taken for irrigation are salient issues to farmers. At the same time the irrigation
scheduling tool must be affordable, easy to read and accurate as far as the farmers are
concerned
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CHAPTER 3: MATERIAL AND METHODS
3.1 Study area
The research was carried out in Zambia’s Kafue District. This is one of IDE zambia’s areas of
operation. At the beginning of the research two districts in which IDE, Zambia operates were
visited to locate farmers for the research. These were Kabwe and Kafue. It was noted that
these areas were further apart and would create logistical problems during the research as it
was required to visit the farmers frequently. In the end, Kafue District was chosen for its
proximity to Lusaka City which also allowed frequent contact with the farmers. Kafue District is
situated in Lusaka province and is 45 km from the City of Lusaka to the South along the main
highway to Zimbabwe. In the district we worked on four areas namely: Chikupi, Kabweza,
Mungu and Shimabala. Travelling to meet the farmers in these areas was made possible by use
of vehicle and drivers provided by IDE. At least two visits to Kafue were made per week. In
each visit it was possible to visit three or four farmers. Thus it was possible to visit each
household at least once in a period of 10 days. Figure 5 shows the research sites in Kafue
District.

Figure 5: Kafue District Study sites
3.2 Overview of the research
Ten farmers were selected for the research from the four areas in Kafue. There were two
farmers in Chikupi; one in Mungu; one in Shimabala and six in Kabweza. The farmers were
selected to grow the following crops (tomato, cabbage and carrot) under drip irrigation. In the
initial stage of the project five farmers were selected to grow tomatoes and use the DPC for
irrigation scheduling while two farmers were selected to grow tomatoes and irrigate the crop
according to their own experience. This method of irrigation scheduling has been termed in the
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thesis as the farmers Plan (FP). A comparison of water use under the two irrigation methods
allowed the assessment of the potential of water saving of using the DPC for irrigation
scheduling compared to the farmers experience. The two farmers on the Farmers plan (FP)
were later shifted to irrigation scheduling with the DPC to increase the number of households
being assessed for using the DPC which was the main aim of the research. A later introduction
to the research was the cabbage and carrot crops grown also under drip irrigation and the DPC.
The crops were introduced to allow evaluation of use of the DPC on more crops that are
catered for by the DPC. However the carrot crop has not been included in the results analysis
for this research as the crop failed to geminate in one of the two plots selected and the farmer
with the better crop could not provide complete records for the irrigation of the crop.
IDE provided the seedlings, initial fertilizers and chemicals for all the crops. In order to
encourage full participation, the households were given ownership of their plot and would own
the entire yield from the plots. The farmers were expected to manage the plots in the best way
possible. Due to lack of adequate equipment among the farmers, IDE had to provide drip
packages, irrigation tanks and treadle pumps to some of the participating farmers.
To collect information about the soil moisture content during the growth of the crops, six
Hansen moisture sensors connected to a data logger were installed on each plot.
Table 2 shows the farmers’ location, the crops planted and the planting dates for the crops.
The correct identities of the farmers have been hidden in respect of privacy. However,
Appendix 4 shows the correct identities of the farmers. This appendix has been provided for
the supervisors of the project for marking purposes.
Table 2: Planting dates
Area (Community)

Area Planted (m2)

Crop

Planting date

A9

Kabweza

200

Tomato

27 August 2010

A8

Kabweza

200

Tomato

27 August 2010

A3

Kabweza

200

Tomato

27 August 2010

A4

Kabweza

300

Tomato

29 August 2010

A7

Mungu

200

Tomato

27 August 2010

A10

Chikupi

200

Tomato

30 August 2010

A2

Shimabala

200

Tomato

27 August 2010

A5

Kabweza

200

Cabbage

15 October

A6

Kabweza

200

Cabbage

15 October

A1

Kabweza

200

Carrot

15 October

A7

Chikupi

200

Carrot

15 October

Name of farmer

3.3 Selection of farmers
The selection and all meetings with the farmers were made possible with the assistance of the
IDE field Officers for Kafue District (Mr Simukoko Jairos and Mrs. Alice Banda). Two meetings
were held with farmers in Kabweza, and Chikupi. The first meeting, held in Kabweza was
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attended by farmers from Kabweza, one farmer from Shimabala and another from Mungu,
while the meeting in Chikupi was attended by farmers from Chikupi only. The main aims of the
meetings were to introduce and provide information about the research as well as to select
participating farmers.
Going to the field, it was anticipated that a number of smallholder drip farmers would be found
in the selected areas and from these a sample of 10 farmers would be selected for the
research. Ten farmers were thought to be adequate for the research in order to allow for
frequent visits to the farmers’ plots and an in‐depth study since the research was a formative
research. A summative research would require a larger sample of farmers to be able to make
acceptable statistical inferences. Also important to note is that the research sought to select
participating farmers who previously owned and used drip irrigation consistently. It was
thought that this group would provide additional information on the comparison of the drip
irrigation without DPC against drip irrigation with DPC since the farmers would have previous
experience with drip irrigation. However, in the field it was noted that only a few IDE farmers
in these areas used drip irrigation consistently. Out of the 10 selected households, three
owned and used drip irrigation regularly. Two other households owned each a drip set but had
not been using them for the past two years, using surface irrigation instead. The other five
farmers practised surface irrigation either with hoses or buckets. In order to achieve the
required number of farmers, IDE provided drip lines, tanks, treadle pumps and other
accessories to the selected farmers who did not have the equipment.
3.4 Farmers’ training on the DPC
Since the DPC was a new technology to the farmers in Kafue, some form of training on the use
of the DPC had to be done on the farmers prior to assessing the how farmers use the DPC.
Formal training on the DPC was done on two occasions. The first one was after the selection of
the farmers, two more meetings were held, one in Chikupi and another in Kabweza. In the
meetings the Farmers were formally introduced to the DPC and educated on how to use the
tool in an open discussion session. The meetings took about an hour each. In the meetings the
farmers also got a chance to share ideas on using the DPC with other farmers. An instruction
sheet for using the DPC was prepared and given to the farmers. The second formal training of
the DPC was an individual training at the farmer’s homestead to ensure that adequate
understanding of the DPC before the onset of the research. Extra training on the DPC was
provided during subsequent field visits as requested by the farmers. In the first individual
meetings at the homesteads, a questionnaire was administered to the farmers. The
questionnaire sought to understand the general irrigation setup within the households (types
used, crops grown, irrigation labour arrangements etc) and irrigation water management
which could be used as a basis for comparison with the DPC.
3.5 Data collection
Apart from the initial meetings with the farmers and first structured interview during the onset
of the research, data was also collected through a semi structured interview and a second
questionnaire administered after the establishment of the tomato crop. The questionnaire
asked mainly for the expectations of the farmers in using the DPC. This was asked to
understand the frames through which the farmers view the DPC and with what factors they
may associate as the success of an irrigation scheduling tool. The asked also if the farmers
thought the training they had received on the DPC was adequate.
Field visits during the development of the crop also formed a part of the data collection. During
the visit, observations and informal meetings (by the field side) with the farmers formed were
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done. During these discussions farmers were asked about challenges they faced in their
irrigation activities. Pump discharge tests were also done to determine the output of the
pumps that farmers were using for irrigation. This was done to have picture of the labour
involved with irrigation. The field visits also formed a check to see if farmers were keeping
records of their work as was expected. At the mid of the tomato growing season, evaluation
exercises were carried out to evaluate how the farmers were able to use the DPC.
3.5.1 Evaluation exercise
The evaluation exercises were carried out at different times each household. The exercise
tested the use of the DPC and generally consisted of two case scenarios in which the
respondent was to show the extent of their ability to use the DPC to calculate the crop water
requirements. An example of the two scenarios is shown below.
Scenario 1: A tomato crop at developmental stage (II). The area of the field is 200 m2 (or area
of the farmers plot during the research). In the month of September on a day where there is no
rainfall. How many drums of water would you apply on your field?
Scenario 2: A tomato crop at mid‐season stage (III). The area of the field is 200 m2 (or area of
the farmers plot during the research). In the month of October on a day there is 5 mm rainfall
(or a number amount that requires an adjusted irrigation). How many drums of water would
you apply on your field?
The evaluation exercise looked at the respondents’ ability to work through the scenarios
without assistance. The evaluation exercise was done on the members of the household who
were responsible for using the DPC.
3.5.2 Farmers records
During the research farmers were asked to record the amount of water applied on their plots
every day. The farmer also recorded the moisture sensor readings from the data loggers twice
a day, in the morning before irrigation and late afternoon or at sunset after the irrigation.
Affordable plastic rain gauges were mounted of each household’s plot. During the rainy season
the farmers were expected to take note of the daily rainfall. Daily rainfall records were used it
to adjust irrigation water on their plots making use of the DPC and also to record the rainfall.
3.5.3 Focus group meeting and inception workshop
At the end of the research period a focus group meeting was held with the farmers in Kabweza.
The meeting was supposed to be attended by all the farmers in the research. However due to
the heavy rains farmers from Mungu and Chikupi could were not able to attend. An inception
workshop was also held in Lusaka by IDE, WUR, representatives of the farmers and other
commercial and non‐governmental organisations involved with the drip irrigation technologies.
Theses meeting gave a lot of feedback on a number of issues concerning drip irrigation
technologies as well as use of the DPC.
3.5.4 Moisture sensors
Six Hansen moisture sensors were installed on each plot to record the levels of soil moisture in
the soil. The sensors were installed at depths of 17.5 cm and 37.5 cm. The sensors were
identified as Sensor 1 to Sensor 6. The six sensors were placed at 3 random locations on the
field, with 2 sensors at each location using a three site configuration (The National Center for
Appropriate Technology, 2004). Thus each location had 2 sensors, one at 17.5 cm and the
other at 37.5 cm depth from the surface. The locations were not too close to the edges of the
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field or close water leaks on the drip system. On installation, the sensors were placed in the
root zone but not directly under the emitter. Sensors 1, 3 and 5 were installed at 17.5cm while
Sensor 2, 4 and 6 were installed at 37.5 cm. Table 3 shows the sensor depth.

Figure 6: Three site configuration for the AM 400 Moisture Sensors

Table 3: Moisture Sensor depths
Depth

Sensors

17.5 cm

Sensor 1, Sensor 3 and Sensor 5

37.5 cm

Sensor 2, Sensor 4 and Sensor 6

The sensors were placed in the soil to monitor the amount of moisture due to the irrigation. In
drip irrigation, root development of the crop tends to be concentrated in the wetted perimeter
and dense root is found close to the surface. Approximately 70 % of a plant’s roots are found in
the upper half of the plant’s maximum root depth (The National Center for Appropriate
Technology, 2004). Qasem et al.(1985) found that the effective root depth of tomato grown
under drip irrigation was 30 cm in the first 60 days and extended to between 30 cm to 60 cm
before harvest. Thus, sensors were placed at 17.5 cm to measure the soil moisture in the top
layer of the root zone and, while the sensors at 37.5 cm measured soil slightly below the
concentration of the root zone. Ideally the sensors at 17.5 cm gave the representative
moisture content in the root zone while the sensors at 37.5 cm monitored over irrigation.
Figure 6 shows the 3 by 2 configuration layout of the moisture sensors on the field.
Interpretation of the soil moisture tension data
The Hansen AM400 moisture meters measure the electrical resistance inside each Watermark
sensor, and after correcting for soil temperature converts these readings into centibars. A
centibar is 1/100th of a “bar,” where a bar is equivalent to one atmosphere of pressure or 1
Kpa. Soil water tension must be thought of as indicating how hard the plant has to work to
extract water from the soil. As soil dries, soil water tension increases, the plant works harder to
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pull water from the soil, and the centibar reading goes up. Big numbers mean dry soil. Table 4
shows some general guidelines on assessing soil moisture tension readings

Table 4: Interpreting soil moisture tension readings
Reading

Interpretation

0‐10 Kpa

For fine soils, the soil is saturated and water is draining.

10‐20 Kpa

Most soils are at field capacity.

30‐40 Kpa

Range of irrigation in fine sandy loams.

40‐60 Kpa

Range of irrigation in medium soils.

70‐90 Kpa

Range of irrigation in heavy soils.

> 100 Kpa

50% available water or less. Plants may be experiencing stress

Source: The National Center for Appropriate Technology, 2004

Soil moisture tension readings are best analyzed by comparing the soil moisture tension recorded to the type of
soil on the plot. Soil samples were collected from the plots of the tomato farmers and sent for soil texture
classification at the Zambian Agricultural Research Institute (ZARI) in Chilanga.

Table 5 shows the results of a soil texture classification exercise.

Table 5: Soil texture classification
Farmer

Area

Soil texture Classification

A7

Chikupi

Sandy Clay loam

A10

Shimabala

loam

A4

Kabweza

Silt loam

A9

Kabweza

Silt loam

A8

Kabweza

loam

A3

Kabweza

Silt clay loam

A2

Mungu

Silt

Table 4 shows that, soil water tension of saturated soil varies between 0 and about 10 Kpa,
while field capacity varies between 10 and 30 Kpa. The range of irrigation for fine sandy soils is
30 to 40 Kpa, while that for medium soils is 40 to 60. Heavy clayey soils still have water for
crops at 70 to 90 Kpa. From Table 5, generally the soils in Kafue ranges from silt loam to clay
loam.
18

Processing soil moisture data
To analyze the soil moisture data collected by the Hansen moisture sensors from the plots over
the growing season, average values for each sensor depth per day was calculated. This was
achieved in two steps as follows.
Step 1‐ Calculating the average soil moisture tension per day: Eight out of the 10 data loggers
used in the field were programmed to record soil moisture tension three times per day. The
other two were recording two times per day (i.e. at 8 hours interval and 12 hour interval
respectively). A daily representative value for each sensor per day was obtained by finding the
average reading of the sensor per day.
Step 2‐ Average value per depth per day: Each data logger on each plot had six sensors located
at a depth of either 17.5 cm or 37.5 cm. Refer to Table 3 shows the sensor depth.

Figure 6: Three site configuration for the AM 400 Moisture Sensors

for the depths of the different Hansen moisture sensors in the field. Average daily sensor
readings (from Step 1) for sensors at the same depth were summed and averaged to give a
new reading. This reading gave a smoothened soil moisture tension reading for each for each
day per depth. Utilizing smoothened averages to look at the results gave better perspective
into the data and showed trends more clearly.

3.6 Onset of the rainfall
The onset of the rains in Kafue area was around the 20th of November 2010. This affected the
irrigation of mainly the cabbage crop in the last part of the research. The tomato crop which
was planted between 27th and 30th August 2010 (Table 2) had progressed through all the
growth stages hence the effect of the rains was only in the last few days of irrigation. However,
the cabbage crop (which was a later introduction into the project) had only progressed to
approximately the end of its second growth stage at the beginning of the rainy season.
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Table 6 shows the growth stages for the tomato and cabbage crops.

Table 6: Growth stages for the tomato and cabbage crops
Crop

Stage

Tomato

No of days

Cabbage

Initial (I)

Development (II)

Mid‐season (III)

Late‐season (iv)

10

30

30

20

Approximate dates

27th Aug – 5th
Sept (2010)

06th Sept – 5th Oct

6th Oct – 4th Nov

5th Nov – 24th Nov

No of days

15

35

30

10

15th Oct – 30th
Oct (2010)

29th Oct – 28th
Nov

29th Nov – 28
Dec

29th Dec – 7th Jan
(2011)

Dates
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CHAPTER 4: RESULTS
The results chapter is divided into four sections. The first section describes the status of
irrigation and irrigation scheduling in Kafue. The next section shows the comprehension of the
DPC and gender versus the use of the DPC within the households. This is followed by a section
which presents the yield and a comparison of the actual irrigation water use versus the
recommendations of the DPC during the project. The final section presents the outcomes of
the focus group meeting and the IDE, WUR and UNZA inception workshop held at the end of
the project.
4.1 Irrigation status in Kafue district, Zambia
4.1.1 Irrigation methods
Table 7 shows the summary of the status of irrigation at the beginning of the research within
the selected households. It looks at the methods of irrigation in use, the crops grown and the
equipment used in irrigation.
Table 7: Status of irrigation at the beginning of the research within the selected households
Farmer

Method of irrigation

Size of
Drip
System

Size of
Tank

Method of
pumping
water

Source of
Water

Crops grown

A9

Surface(H), Drip

2X
200m2

1000 L

MP, TP

Open Well

To, On, R, Ok

A8

Surface (H),

none

500 L

MP

Open Well

To, On, Ok, Cb

A3

Surface (H), Drip

2X
200m2

1000 L

MP

Open Well

To, On, R, Ok, Cb, Ma

A4

Surface (Bu)

none

none

TP*

Open Well

To, On, R

A7

Surface (H), Drip

2X
200m2

1000 L

MP

Open Well

To, On, R

A10

Surface (H),

200m2 *

200 L

MP*

Borehole

To, On, R, Ok

A2

Surface (Bu)

none

none

TP

Open Well

To, On, R, Ok, Cb

A6

Surface (Bu)

none

none

TP

Open Well

R

A5

Surface( Bu), (H)

200m2 *

none

TP *

Open Well

To, Bu, Ok

A1

Surface(H)

none

1000 L

TP*

Open Well

R, Ma,

KEY: Method of irrigation: H= Hose; Bu= Bucket
Irrigation water prime mover: TP= Treadle pump; TP*= TP supplied by IDE; MP=Motorised
pump
Crops grown: To= Tomato; On= Onion; Cb= cabbage; R= Rape (leaf vegetable); Ok= Okra; Ma=
Maize;
Table 7 shows that surface irrigation is a common method of irrigation in Kafue as all the
selected farmers use one or both forms of surface irrigation. Two forms of Surface irrigation
were identified: The first involves a hose connected to either a treadle pump or a motorized
pump. The hose directly supplies water to the field. The second involves use of buckets. In this
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method, one person pumps the water into a large container (e.g. a drum) using a treadle pump
and a hose. The other family members move the water from the drum to the irrigated plot
using buckets. Surface irrigation using hoses is more common for farmers who own motorized
pumps while farmers who use the treadle pumps use the bucket system. The size of plots is
smaller bucket irrigation (usually less than 100 m2) while the plots are bigger for those utilising
motorized pumps approximately 200 to 300 m2. Figure 7 shows a setup used for Surface
irrigation with hoses connected to a motorized pump.

Figure 7: Surface irrigation from a motorized pump
Drip irrigation is another relatively new irrigation method in Kafue. Five out of the ten selected
households had drip kits. The drip systems were all in units of 200 m2 which is one of the
standard units supplied by IDE. However, three out of the five farmers who owned and
regularly used the drip kits in the last two years, while the other two had not been using their
drip kits. One of the two farmers who were not using their drip systems had an incomplete set,
lacking a tank and few other components. The farmer mentioned that they were anticipating
using the drip system if they manage to acquire the tank and the other missing components.
The other farmer who had a complete set of drip lines and a tank had selected to store away
his drip set after purchase without using it. The farmer was currently using a motorised pump
to irrigate his crops with a long hose. Apart from IDE, drip irrigation has been promoted in
Kafue by a number of non‐governmental organisations e.g. MEDA (Mennonite Economic
Development Associates) and Mapepe Bible College. According to the farmers, the main
reason for not owning or expanding in drip irrigation technologies is the high cost of
purchasing of the drip lines and the tanks. All the farmers who owned drip kits had bought
them from IDE through a voucher system (refer to section 2.1).
The treadle pump and the motorised pumps are the common methods of lifting water for
irrigation from the open wells. In some cases buckets tied to a rope are used to draw water
from the well for other purposes which do not require a lot of water like drinking and washing.
Five households used treadle pumps, while the other five used motorised petrol pumps. All
the farmers except one, who owned petrol pumps had also purchased them from IDE in
another voucher system to promote growth in IDE farmers. These farmers had started off with
a treadle. According to the goals of IDE’s Rural Prosperity Initiative (RPI) this is one forms of
progression that is keenly anticipated in the rural farmers of Zambia. The treadle pump that is
marketed by IDE is the Mosia Tunya pressure pump. This is a positive displacement pressure
pump that has a maximum suction head and a maximum delivery head of 6m and 7m
respectively. When new and working well, the pump is designed to produce a discharge of 75
litres per minute with steady pumping (Mosia Tunya pump brochure, IDE 2009). One of the five
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farmers with treadle pumps had a river pump (A treadle pump that can only lift water out of a
shallow well to the surface (the pump level) but is not able to push water to a height). This
pump was not adequate for the research and the farmer was given a new Mosia‐Tunya pump
by IDE. Most of the treadle pumps being used by the farmers were worn out and took a more
time than anticipated to pump water (see section 4.7 for the pump tests). Two treadle pumps
broke down during the research and IDE had to provide new pumps for the farmers.
While IDE promotes a 200 litre tank to go along with their drip systems, the tank has not been
part of the voucher system under which the farmers have acquired most of the drip irrigation
equipment. The farmers have thus been forced to make their own arrangements in acquiring
tanks. The likely end is that farmers who can afford the tanks will purchase and have a
complete set for drip irrigation, while those who cannot afford may not be able to use drip
irrigation.
The common crops grown under surface irrigation are tomato, cabbage, onion, rape (a leaf
vegetable), eggplant and okra. The most common crop grown under drip irrigation is the
tomato crop. However, farmers mentioned that they would also want to grow the other
mentioned crops under drip irrigation. At the beginning of the research one farmer had a
thriving crop of green maize under drip irrigation.
4.1.2 Irrigation scheduling
Surface Irrigation
The interviews revealed that there is no formal irrigation scheduling method followed by the
farmers in Kafue. Farmers generally apply their own judgement and experience to make
decisions on irrigation. Factors considered by the farmers include perceived moisture content
of the ground (by looking at the colour and feel of the soil) and the health of the crop. This
determines when to irrigate as well as judging if adequate water is being applied to the crop.
Farmers skip irrigation by a day or two after irrigation. Amount of water applied is generally
not quantified by the farmers. The goal of an irrigation turn is to supply the field an irrigation
gift enough to last the next two days or so before the next irrigation.
An indication of the amount of water applied under Surface irrigation can be obtained using
data obtained from the field. In an interview with one farmer who was using Surface irrigation
to irrigate a tomato crop at the time of the inception of the research explained that he irrigates
his approximately 200 m2 tomato plot for about 45 minutes. The farmer’s pump fills a 6000
litres tank in 45 minutes. The farmer then skips 2 days before the next irrigation turn. Simple
calculations would suggest that in a single irrigation the farmer applies approximately 6000
litres of water. If next irrigation turn is skipped by a day, the average application per day gives
2000 litres (2 m3) per day for a 200 m2 plot. Changing this value to mm gives 10 mm of water
per day. This gives a flat rate of irrigation throughout the irrigation season and can be seen to
be too high during the initial stages of the crop and a little less during periods of high demand
considering the low irrigation efficiency of surface irrigation.
Drip irrigation
Under drip irrigation, farmers still face a lack of concrete irrigation scheduling methods. A
number of farmers highlighted that the advice that they have received from extension officers
who promoted drip kits is that generally a plant should be supplied with 1 litre of water per
day (1 litre/plant/day). (Maisiri et al., 2005) quotes from (Daka and Borsma, 1999) the IDE
guidelines for Zambian and Nepalese drip farmers for irrigation scheduling as 1 litre /plant/day.
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The actual application can be broken into two irrigation periods per day once in the morning
and once in the afternoon. Assuming a tomato plot of 200 m2 with spacing of 1m by 0.30 m
(common spacing used in drip irrigation in Kafue), the plot will have approximately 667 plants.
Thus 1 litre/plant/day will translate to 667 litres per 200m2 per day or 0.667 m3 per 200 m2
per day. Changing this to mm gives 3.3 mm of water per day. However, the farmers
interviewed have not tried to put this into practise as they find it difficult to implement.
A tomato production manual (produced by IDE and a local seed and Irrigation company)
supplied with drip kit package is not clear about water application rates but encourages
farmers to keep the soil wet and advice breaking down irrigation into 2‐3 applications per day
in dry weather to conserve moisture. As a guide the tomato production manual advices that
during the cool season (June/ July), 3 to 4 tanks or 350 litres may be applied per day while in
October to November up to 10 tanks may be applied (IDE , Tomato Production Manual, 2nd
Edition, no date). The size of the tank is however not indicated.
4.2 Farmers’ comprehension of the DPC
The farmers were evaluated on two scenarios. Each scenario involved two stages. Thus the
whole exercise can be said to have four steps. The first stage involved calculating the irrigation
water requirement (IWR) in Litres/m2 on side 1 of the DPC. The second stage involved
calculating the number of drums to be applied on the plot using side 2 of the DPC (Refer to the
DPC). Four out of nine farmers managed to perform the two tasks with no need for assistance.
Four farmers needed assistance on at least one step to complete the task. One farmer needed
assistance on all steps.
In scenario 1, generally farmers perform well on side 1 of the DPC than on side 2. Side 1
involved a direct determination of the IWR, while on side 2 farmers took time to get a good
combination of plot area and tank size so as to work out the number of tanks to be applied.
Farmers also perform better on scenario 1 than on scenario 2. Scenario 2 involves an extra step
of taking into account the rainfall to adjusting the irrigation water requirement (IWR). A note is
that only one farmer had a direct combination of the correct tank size and his plot area in the
same quadrant on side 2 of the DPC. The rest of the farmers had to be careful to find a good
combination of plot area and tank size.
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Table 8 shows a summary of the evaluation exercise results.
Table 8: Summary of the results of the evaluation exercise
Farm household

Overall Score

Scenario 1

Scenario 2

Result
A9

A8

A3

A4

A5

A7

A1

A10

A2

10/10

8.5/10

7/10

2/10

7/10

10/10

10/10

10/10

6/10

Result

Stage 1

++

Stage 1

++

Stage 2

++

Stage 2

++

Stage 1

++

Stage 1

++

Stage 2

++

Stage 2

+*

Stage 1

++

Stage 1

+*

Stage 2

+*

Stage 2

++

Stage 1

+*

Stage 1

X

Stage 2

X

Stage 2

+*

Stage 1

++

Stage 1

+*

Stage 2

+*

Stage 2

++

Stage 1

++

Stage 1

++

Stage 2

++

Stage 2

++

Stage 1

++

Stage 1

++

Stage 2

++

Stage 2

++

Stage 1

++

Stage 1

++

Stage 2

++

Stage 2

++

Stage 1

++

Stage 1

+*

Stage 2

X

Stage 2

++

Key:
Successful completion of each stage in a scenario is awarded a score of 2.5 marks. 1.0 mark is
awarded for the completion of a stage with some assistance from the researcher.
(++): Successful completion of a task with no assistant
(+*): Successful completion of a task with some form of assistance from researcher
(X): An unsuccessful attempt
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Table 9 shows who was responsible for the DPC with the household and their corresponding
level of formal education attained. The overall score from the evaluation exercise is repeated
for easier comparison with the levels of education attained.
Table 9: Irrigation responsibilities within the house hold and levels of education
Farm
household

Overall Score

Responsible for the DPC

Level of Education

A9*

10/10

Husband , wife

G7, G7

A8*

8.5/10

Husband

G9

A3

7/10

Husband

G7

A4

2/10

Husband

G7

A5*

7/10

Husband , wife

G6 , G7

A7

10/10

Husband

G7

A1

10/10

Husband

G10

A10*

10/10

Husband

G12

A2*

6/10

Husband

G6

It can be noted from Table 9 that most of the farmers (80 %) went through basic education in
Zambia (grade seven) or higher while the remainder stopped at grade six. The overall results of
the evaluation exercises show that the ability displayed by the farmers to use the DPC to
calculate irrigation water requirements ranged from very well to average. In four cases
(approximately 40 %), the farmers managed to respond to the two evaluations scenarios
without help of the researcher, while in three cases the farmers involved received some
assistance from the researcher to complete one stage. In two cases the respondents were
judged to have failed to successfully complete the evaluations exercise as they failed to
perform some tasks. The results also show that farmers who have attained higher levels of
education performed well than farmers with lower levels of education. Two of the farmers who
did well in the test have attained a level of education of grade 10 and grade 12. It seems that
other factors other than formal education also come into play in determining levels of
comprehension. Such factors could be other forms of training obtained from participating in
farmers’ associations or other related capacity building groups. For example farmer the other
two other farmers A9 and A7 who did well in the evaluation exercise are all IDE lead farmers in
their areas. As IDE lead farmers, the farmers regularly attend meetings on behalf of other
farmers. They are also responsible for coordinating other farmers in agricultural projects,
distributing inputs and keeping records. On the other hand the farmers who did not perform
well in the tests have achieved basic education of grade 7 and 6. Thus, it seems education as
well as other forms of capacity training assist in improving the comprehension of the farmers.
4.3 Gender, irrigation and the DPC
Table 9 shows the people who were responsible for applying the DPC within the households.
Generally men (husbands) were involved in using the DPC than the women. Out of the
interviewed households 80 % had men only working with the DPC, while in the remainder both
the husband and the wife worked on the DPC. However in all households the husband, wife
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and grown children worked on the irrigated fields. This shows the gender differentiation of
irrigation scheduling technology as a role of the husband than the women.
During the initial meetings to introduce the DPC, 50 % of the households (household marked
with a (*) in Table 9) had both the husband and the wife involved in the initial discussions of
the DPC. However as the DPC was handed to the households in the subsequent meetings and
work with the DPC started, the wives seized to be involved with the DPC. During the field visits
it became apparent that men had taken up the role of applying the introduced drip technology.
However the women continued to perform other tasks like applying fertilizers and pulling
weeds. I did not make an effort to invite the women as this was taken at the time, to be a
normal gender differentiation of roles within the household which is common in Africa.
However in retrospect, such a call could have yielded more insight into the dynamics of gender
and irrigation within the households in Kafue.
4.4 Crop yields
This section describes the results that were obtained from the tomato and the cabbage plots. It
was unfortunate that one of the tomato farmers, A4 had his tomato crop destroyed by a fire
that gutted the grass and the grass hedge around his plot towards the ripening of the crop.
After the fire irrigation was discontinued and the crop slowly withered. Another tomato farmer
A2 had some problems with his tomato crop as the flowers on his tomato crop continuously
withered off and fell to the ground. The main cause of this effect could not be ascertained
during the period of the research. The plot was recommended for further analysis to ascertain
the cause of the falling flowers. These two plots have not been considered for analysis in this
report. Table 10 shows the results of the yields obtained from the plots for the remaining
tomato plots and the cabbage plots.
Table 10: Tomato and cabbage yields
Farm household

Tomato (Kg/m2)

A9

2.5

A8

3.4

A3

3.7

A7

2.8

A10

4.0

Cabbage (kg/m2)

A5

3.7

A6

3.6

Tomato yields ranged from 2.5 kg/m2 to 4.0 kg/m2 or 25 to 40 tones/ha. From the interviews
conducted on the farmers and the IDE field officers, the expected to tomato yield would be
about 35 to 40 crates of tomatoes from a plot of 200 m2. A crate is a box of dimensions 25 x 25
x 45 cm3. A crate of tomatoes has an average weight of 20 kg. Thus the expected yield would
translate to 700 – 800 kg/200m2 or 35 to 40tones/ha. Two of the tomato plots obtained yields
which are relatively lower than the expected yield by the farmers. The average yield for the
five plots is 3.3 kg/m2. In general, the yields obtained from the plots are fairly comparable with
the expectations of the farmers. One reason for the slightly lower yields could be that the
tomato crop started ripening at the onset of the rainy season in Zambia, hence farmers
27

managed to harvest few times compared to dry season. There was also visible poor weed
management in some of the plots during the later part of the crop growth. On the world scale
tomato yields vary a lot and depend on management, variety and also type of irrigation.
However, according to an FAO website a good commercial yield of tomato under irrigation is
expected
to
obtain
45
to
65
tons/ha
fresh
fruit
http://www.fao.org/nr/water/cropinfo_tomato.html). A comparison with the FAO stated
commercial yields confirms that lower yields were obtained from plots. This can be expected
since due to the high crop management standards practiced under commercial agriculture.
The result of the cabbage crop yield is very close with a mean of 3.6 kg/m2 or 36 tones/ha. The
results from the interviews showed no indication of an expected yield in kilograms for the
cabbage crop. Normally cabbage is traded between the buyers and the farmers in terms of
number of heads and head sizes. However the farmers considered the obtained yield to be
satisfactory. According to an FAO website on cabbage production, under rain fed conditions,
cabbage crop yields of 25 to 35 ton/ha fresh heads are normal, with a maximum of about 50
ton/ha when sprayed and well‐fertilized. Under ideal climatic conditions and good irrigation
and
crop
management,
yields
can
be
as
high
as
85
ton/ha
(http://www.fao.org/nr/water/cropinfo_cabbage.html). Thus the results obtained from plots
are lower than the expected yield under irrigation.

4.5 Overall water use in the plots
At the end of the irrigation season, the amounts of irrigation water used by the tomato and
cabbage farmers were compared against the recommendation from the DPC.
4.5.1 Water use on the tomato plots
Table 11 shows the comparison of water use in the tomato crop against the recommendations
of the DPC for the whole growing season.
Table 11: Overall water use on plots
Farm
household

Crop

Scheduling

Actual
Irrigation
(mm)

DPC Advice
(mm)

Difference
(mm)

(%) over
application

A3

Tomato

DPC

693

572

121

21

A10

Tomato

DPC

605

541

64

12

A2

Tomato

DPC

667

569

98

17

A4

Tomato

DPC

625

562

63

11

A7

Tomato

FP + DPC

720

591

129

22

A8

Tomato

FP + DPC

693

579

114

20

Key: DPC=Irrigation scheduling with DPC; FP=Irrigation scheduling with the Farmers’ Plan
The results show that all the farmers deviated from the recommendation of the DPC by
applying slightly more water. Higher deviations from the recommendations of the DPC were
obtained from farmers the farmers who also used the farmer’s plan (FP) for irrigation
scheduling. Farmer A8 used 20 % more water, while farmer A7 used 22 % more irrigation water
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than recommended by the DPC. These two farmers were used the Farmer’s Plan until the 9th of
October. After this date the farmers started using the DPC for advice in irrigation scheduling.
Among the tomato farmers who used the DPC for scheduling advice from the onset, farmer
(A3) tops this group with 21 % more water. He is followed by Hamwene who used 17 % more
water, while the other two remaining farmers used approximately 12 % more water than
recommended by the DPC. It is important to note that amongst this group, farmer A3 who tops
the group was a previous user of drip irrigation.
A comparison (Table 12) from transplanting until the 9th of October for farmers A7 and A8
showed that the two farmers used more water under the Farmer’s Plan (FP). The farmers used
an average of 33 % more water than the recommendation of the DPC.
Table 12: A comparison of the FP vs the DPC from transplanting until the 9th of October
Farm
household

Crop

Scheduling

Actual
Irrigation
(mm)

DPC
Advice
(mm)

Difference
(mm)

(%) Over
application

A7

Tomato

FP

345

255

90

35

A8

Tomato

FP

325

246

76

30

4.5.2 Water use in the cabbage plots
The cabbage plots water use results show a higher use of water than for the tomato crop
farmers. The cabbage farmers were trained on how to use the DPC and had the tool at their
disposal for advice on irrigation scheduling. The farmers were however not supplied with
information about the growth stages as was the case with tomato farmers. The farmer had to
determine on their own knowledge and experience the changes in growth stages and hence
use the DPC to advice on irrigation water accordingly.
Table 13: Overall water use on Cabbage plots
Farm
household

Crop

Scheduling

Actual
Irrigation
(mm)

DPC
Advice
(mm)

Difference
(mm)

(%) over
application

A5

Cabbage

DPC

214

164

50

30

A6

cabbage

DPC

219

164

55

34

Table 13 shows that the farmers A5 and A6 applied almost the same amounts of irrigation
water, using 30 % and 34 % more water respectively. A note is that the irrigation period under
analysis for the cabbage crops covers from transplanting on the 15th October until the onset on
heavy rains in Kafue on the 20th of November. Thus according to the crop growth stages in the
field, the onset of the rains came about halfway into the second growth stage of the cabbage
crop.
4.6 Trends in water application
This section looks at how the farmers applied irrigation water throughout the irrigation season
on their plots. We look at the deviations from the recommendation of the DPC and analyze the
trends that may be apparent in irrigation scheduling among smallholder drip farmers in Kafue.
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We first look at the results from the tomato crop then followed by the results from the
cabbage crop. Two types of graphs are drawn. The first graph shows actual water application in
the plots against the recommendation of the DPC. On the graph, sections in green show over
application of irrigation water while sections in blue show under irrigation when actual
application rates are compared with the irrigation gifts recommended by the DPC. The second
type of graph displays soil moisture tension (SMT) data plotted against actual irrigation and
rainfall data supplied by the farmers. Irrigation and rainfall data have been transformed to
millimeters (mm) of water for easier presentation
4.6.1 Trends in water application in the tomato crop
Farmer A3
Figure 8 shows the graph of actual water use plotted against the recommendations of the DPC
in farmer A3’s plot. The figure shows that farmer A3’s response to changes in water application
was not always in step with the DPC recommendations. Water application was characterized
by an over irrigation in the initial, development and the late stage of the crop. The periods of
over irrigation concurs with the graph of the soil metric potential (Figure 9) which shows high
amount of soil moisture soil conditions on the plot during these times compared to the mid‐
development stage. During the mid‐development stage water application was in line with the
requirements of the DPC. Generally, farmer A3’s plot shows (Figure 9) wet soil conditions
throughout the irrigation season until the onset of the rainy season (blue lines). The drop in
water application resulting in under irrigation during the mid‐development season of the crop
was a result of the farmer’s shallow well which could not yield enough water during irrigation.
This only happened once during the whole irrigation season. A peak in water application at the
start of the irrigation season is as a result of a Surface irrigation to ensure that new seedlings
do not suffer from moisture stress at this tender age. This peak is appears in all farmers plots

Irrigation

Temporary

Figure 8: Actual irrigation against DPC recommendation, Farmer A3, tomato plot.
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Figure 9: Soil moisture tension, irrigation water and rainfall, farmer A3, tomato plot.

Farmer A10
Figure 10 shows that farmer A10 followed the recommendations of the DPC more closes as the
graph of actual irrigation lies closely with the graph of the recommendation from the DPC. The
peak in water application during the initial stage of the crop was as a result of Surface irrigation
after applying pig manure on the tomato crop. The farmer believes that drip irrigation is not
enough to cause the quick decomposition of manure. Figure 11 shows soil moisture tension
readings rising steadily from installation to the late stage in farmer A10’s plot. Soil moisture
tension readings rose to approximately 120 Kpa during the late stage of the crop until the
onset of the rains from the 20th of November. Farmer A10’s plot shows very high soil moisture
tension which are not expected in drip irrigation.

Surface
Surface

Figure 10: Actual irrigation against DPC recommendation, farmer A10, tomato plot.
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Figure 11: Soil moisture tension, irrigation water and rainfall, farmer A10, tomato plot.

Farmer A8 and Farmer A7
Figure 12 to Figure 15 show the irrigation trends for the two farmers who started off on the
farmer’s plan (FP) before shifting to the DPC. These will be analyzed together. Figure 12 and
Figure 14 shows that water application in the two farmers is characterized by over irrigation
during the initial stages of the tomato crop. The period from transplanting to the 9th of October
(Farmers switched from the Farmer’s Plan to the DPC on the 9th of October) is characterized by
flat rates of irrigation over long periods. Both farmers adjusted their application rates only
once during this time.

No irrigation: Husband away

Surface

Pump failure

Figure 12: Actual irrigation against DPC recommendation, farmer A8, tomato plot.
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Figure 13: Soil moisture tension, irrigation water and rainfall, farmer A8, tomato plot.

Figure 14: Actual irrigation against DPC recommendation, farmer A7, tomato plot.

Figure 15: Soil moisture tension, irrigation water and rainfall, farmer A7, tomato plot.
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The first blue marks in both farmers A8 and A7’s plots show under irrigation due to longer
periods with a flat rate of irrigation. This may also serve to show lack of knowledge of crop
growth stages before the period of using the DPC.
The second blue mark in A8’s plot shows no irrigation on the plot. This incident occurred when
the husband had traveled. The tomato field was not irrigated for two day because the
husband was away. The wife did not know how much water to irrigate using the DPC,
mentioning that it was the husband who was using the DPC. The husband had not left
instructions for irrigation of the chart field.
In farmer A8’s plot (Figure 13) the soil moisture tension rises to around 70 Kpa in the
development stage of the crop. The moisture content is temporarily lowered during the mid‐
development stage (mid October) due to Surface irrigation on the plot. Farmer A7’s plot
(Figure 15) shows a similar rise in soil moisture tension to around 80 kpa in the mid‐
development stage. However, soil moisture sensors were pulled out of this plot before the end
of the research period

General trends in water application in the tomato crop
Generally soil moisture tension readings on all plots were low soon after the installation of the
sensors indicating high moisture content in the soil. Apart from contribution of irrigation, low
moisture tension soon after installation could also due to the “installation moisture” in the
sensors. Hansen sensors are recommended to be buried wet. This is achieved by having 2 – 3
cycle of pre soaking and drying the sensors and finally soaking overnight prior to installation.
This is done to improve sensor interaction with the soil after installation. (Installing and Using
the AM400 soil Moisture Monitor, 2004)
Generally there is no significant trend or difference between soil moisture tension at the two
depths of at which soil moisture tension was measured. The readings are close to each other
and show no significant pattern through the growth stages. This is probably due to the
proximity of the sensors which may be reading soil moisture tension in the root zone of the
crop
During the transition from initial to developmental stages the farmers on the DPC effected the
adjustment in irrigation water close to the correct dates. However, on the subsequent
transitions the farmers had to be reminded if they had adjusted the water application

4.6.2 Trends in water application in the cabbage crop
Farmer A5
Figure 16 to Figure 19 shows the trends in water use and the soil moisture during the
irrigation. In the cabbage crop irrigation is characterized by a flat application rate over long
periods. These farmers were not supplied with information about the growth stages of the
cabbage crop. Figure 18 show that the farmer A6 shifted his cabbage crop into the next stage
(developmental stage) nine days after transplanting. On the other hand farmer A5 adjusted his
water application after thirteen days from transplanting
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Figure 16: Actual irrigation against DPC recommendation, farmer A5, Cabbage plot.

Figure 17: Soil moisture tension, irrigation water and rainfall, farmer A5, Cabbage plot.
Farmer A6
Figure 17 shows that soil moisture in farmer A5’s plot was around field capacity (between 10
and 20 Kpa) during the developmental stage. As well, soil moisture tension readings of below
10 Kpa characterized farmer A6’s plot signifying saturated conditions. It is important to
reiterate that the cabbage farmers were given the DPC to use as a guide. The farmers were not
supplied with information about growth stages of the crop but where supposed to use their
own knowledge and experience. A look at the amount of water applied by these shows that
they applied more water than expected which may explain the high soil moisture in the plots
before the onset of the rains.
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Figure 18: Actual irrigation against DPC recommendation, farmer A6, Cabbage plot.

Figure 19: Soil moisture tension, irrigation water and rainfall, farmer A6, cabbage plot.

4.7 Water, Labour and the DPC
To obtain a picture about the labour involved with irrigation as well as possible labour saving
involved with the use of the DPC, pumping test were conducted on some of the pumps found
in the field. The pumping tests determined the time taken to fill the farmer’s irrigation tanks in
order to approximate the time spent during irrigation. Three treadle pumps and three
motorized pumps were tested. In the case of treadle pumps the husbands farmers treaded on
their own pumps.
Table 14 shows the results of the pump tests.
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Table 14: Pump tests
Farmer

Pump

Tank size (litres)

Time
(minutes)

taken

Average
output
(litres/minute)

A4

Treadle Pump

200

8

28

A5

Treadle Pump

200

12

17

A1

Treadle Pump

1000

10

20

A3

Motorized pump

1000

7

142

A7

Motorized pump

1000

7

142

A10

Motorized pump

6000*

45

133

Key: 6000*: Household tank
Of note is that is that a brochure for the Mosia –Tunya treadle pump suggests that a new
treadle pump can deliver 75 litres of water per minute. This means that the pump can be used
to fill a 200 liter tank in slightly less than 3 minutes (Mosia‐Tunya treadle pump brochure, no
date). However the results from the field show a different picture. In addition a pump may
need approximately 2 minutes to prime before the actual pumping
To obtain an idea of water saving related with using the DPC in this research, we look at the
water use on two tomato farmers A7 and A8 and the two cabbage farmers A5 and A6. For the
tomato farmers we look at the period from the transplanting of the crop until the 9th of
October. During this period the farmers did not make use of the recommendations from the
DPC but applied water according to their own knowledge and experience (Farmers’ Plan). In
this period the two farmers applied 345 and 325 mm of water on their plots as compared 255
mm and 246 mm respectively recommended by the DPC during this period. By following the
recommendations of the DPC the farmers could have saved 90 mm or 79 mm of water
respectively thus achieving a water saving of 35 % and 32 % respectively (refer to Table12). A
look on the cabbage farmers also shows that farmer A5 over irrigated by 50 mm while farmer
A6 over irrigated by 55mm to which could have translated to a water saving of 30 % and 35 %
respectively.
For a labour intensive system like smallholder drip irrigation where members of the household
have to work to pump water for irrigation, it is possible to assume that water saving can
translate directly to labour saving. Taking the treadle pump as the prime water mover for the
Kafue community and two of the four examples example highlighted above, I will use simple
calculations to estimate possible labour saving from the DPC.
Consider farmer A7: 90 mm of water over an area of 200 m2 is equivalent to 18000 litres of
water as shown by the following calculation

Volume (m3) = Area (m2) * height of water (m)
= 200 m2 * 90/1000 (m)
= 18 m3
= 18 000 litres (Given 1 m3

= 1000 litres)
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For a farmer with a 200 litre tank, 18 000 litres gives 90 tanks of water. From these calculations
it can be seen that a labour saving in terms of time of 90 tanks * 10 minutes/ tank = 1080
minutes or 18 hours (taking an average treadle pump test of 10 minutes/ 200 liter tank). Thus
in the initial to developmental stage of the crop the farmer could have saved 18 hours of active
/ continuous pumping per season.
Consider cabbage farmer A6: 55 mm of water over an area of 200 m2 is equivalent to 11000
litres of water as shown by the following calculation
Volume (m3) = Area (m2) * height of water (m)
= 200 m2 * 55/1000 (m)
= 11 m3
= 11 000 litres (Given 1 m3

= 1000 litres)

Following the last example 11000 litres of water translate to 55 tanks of water. The time
involved to pump water would be 55 tanks * 10 minutes per tank giving 550 minutes or 9.17
hours. This time could be spent on other things on the farm.
4.4 Results from the focus group meeting and Inception workshop
The focus group meeting and the Inception workshop came out with interesting outcomes. The
farmers highlighted that the DPC is an important tool that will assist them to use labour and
water more efficiently during irrigation. Both previous and new users of drip irrigation agreed
that the DPC’s advice was realistic and corresponded well with the crop growth stages. The
farmers mentioned in comparison to the advice of the DPC, they had been using applying more
water on their crops. One farmer commented on the DPC as an eye opener with regards to as
it gave him insight on water use in drip irrigation and importance of crop growth stages.
Irrigation technicians at the inception workshop commented on the DPC as a useful extension
tool. Both meetings produced useful recommendations that can be use to map the future DPC.
4.8 Recommendation for the future DPC
4.8.1 Recommendations from the interviews
Crop growth stages
Cabbage farmers highlighted the difficulty of correctly determining the growth stages of this
crop as its growth stages are not indicated on the DPC. This statement agrees with the
observation from the irrigation data that cabbage farmers failed to identify correctly the end of
the initial growth stage of the crop as was expected at 15 days after transplanting. The farmers
preferred a setup similar to that of the tomato crop where the growth stages are shown by use
of pictures. Inclusion of the relevant pictures as well as estimates of duration of growth stages
would be beneficial to the farmers.
Irrigation tanks
Farmers also highlighted that the common tank size of 200 litres (which is locally available and
also marketed by IDE) is not on side 2 of the DPC, while an uncommon tank size of 50 litres is
available. This makes the task of correctly matching the plot areas to the tank sizes on side 2 of
the DPC require special attention. Thus this part has to be simplified to cater for easier direct
calculations.
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DPC to cater for more crops
Farmers also expressed interest to use drip irrigation and the DPC to irrigate other crops like
cucumber, egg plant and okra. A research by (Maisiri et al., 2005) on the evaluation of the
effects of low‐cost drip irrigation technologies on water and crop productivity compared to
conventional surface irrigation shows that farmers suggested that the design of low‐cost drip
system should be looked at to accommodate more crops per unit area.
A chart per crop
Overly, the farmers proposed a Drip planner chart for each crop citing that this would reduce
complications and will allow elaboration of each crop on the DPC. On this chart, growth stages
of the crop with the corresponding icons (pictures of the crop) should be available to make it
easy to understand. The expected durations of the growth stages in number of days or weeks
It will also be possible to make use of
should also made available to make it easy to follow.
more icons to represent ETo and crop growth stages to make the DPC easier to understand.
The use of icons is in line with the farmers’ recommendations observed by (Zisengwe, 2009)

4.8.2 Recommendations from the inception workshop
The important result from the inception workshop was that representatives from organizations
that market drip technologies and one IDE officers agreed that the DPC is an important tool
that is useful for field officers and those who offer advice to farmers buying drip technologies.
However, unlike the farmers the representatives advocated for a computer based program of
the DPC that covers all the desired crops. Field officers and suppliers of drip irrigation
technologies have access to computers and a computer based program of the DPC would be a
handy and feasible solution. In the computer program, irrigation information about a particular
crop could be retrieved by punching in the crop, the planting date and the place. The program
will be used to produce specific crop irrigation calendars. It is important that the if the
computer program is to be useful it must produce practical advice for irrigation like number of
drums of water to be irrigated depending on the size of drum the farmer has.
4.9 Factors affecting application of drip irrigation in Kafue
During the focus group meeting the farmers were asked which factors they thought affected
their use of drip irrigation. This question was thought to be important as the use of the DPC
depends on the successful adoption of drip irrigation. Factors that limit the use of drip
irrigation will also affect the use of drip irrigation. The question was also asked in order to
provide IDE (who are partners in this research) with information that they could use to
improve their irrigation technologies and target them towards the requirements of the users.
Cost of the equipment
The major limitation was the cost of a complete drip set (including drip lines, tanks and hoses)
especially without the voucher system as is the current case. Most of the farmers who do not
have other source of income other than agriculture highlighted that they were not able to
afford the complete sets of the DPC.
The other factors given by the farmers can be considered to be technical factors. Some of
these factors are as follows:
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Design of the drip systems
The current designs of the drip lines marketed by IDE and other Organisations have a fixed
lateral spacing of approximately 90 cm. This is adequate for tomatoes but is considered too
large for crops where the farmers want to maximize on the piece of land. Farmers
recommended that the lateral spacing be reduced / adjustable to meet the requirements of
other crops like cabbages, onions, rape and carrots which require a spacing of 30 cm.
Worn out pumps
As highlighted earlier, it was observed that farmers use poorly maintained pumps which take
more time to fill the tanks than anticipated. The farmers mentioned that their pumps have not
been serviced since they were purchased over three or four years ago. Most pumps had worn
out rubbers in the cylinders which made pumping more difficult due to loss of suction. Some
farmers had no non‐return valves at the end of their suction pipes which made the pumps to
require more water and time for priming. Farmers use poor connections at the pump’s inlet
and discharge pipes by tying with old rubber bands which wear out and allow air into the pump
during pumping. Farmers lack channels for servicing their pumps in their local area. However
according to the IDE technical staff, IDE has agreed with the manufactures of their treadle
pumps to offer farmers a warranty of six months under which the manufactures will repair
broken pumps at no cost to the farmer. After this time the farmers have to repair broken
pumps at their own cost. Since most farmers are in the rural areas, it is difficult for these
farmers to contact the manufactures. Use of poor equipment may work against a good
program of irrigation scheduling
Low quality drip lines
Other problems encountered by the farmers are the blockages and leakages in the drip system.
Despite the existence of the filter on the drip, blockages still occurred mainly in the micro
tubes. The drip lines usually leaked at the water distribution points i.e. where water is diverted
from the tank to the main line and at the lateral main line intersection. The other problem they
encountered was the breakages along the drip lines. According to the farmers this was due to
the material of the drip kits which is of low quality and long periods of exposure to the sun of
drip kits. They would overcome this problem by replacing the broken drip kit lines with those
from the other drip kit components they already had.
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CHAPTER 5: DISCUSION OF RESULTS
Selection of farmers
An evaluation exercise requires a good representative sample of the target group. The fact that
some of the selected farmers are representatives of other farmers in their areas and that some
have achieved education level higher than the basic education level is likely to make these
farmers to be above the ordinary farmer that may be expected in a rural set up. In this way
their experiences which may be above that of an ordinary farmer could have influenced the
results of the evaluation exercise.
Another factor is that the 50 % of the farmers used motorized pumps to draw water from their
wells. On going to the research, it was anticipated that most farmers would be using treadle
pumps. However according to IDE, it is expected that as farmers develop economically and as
the area under drip irrigation increases, the farmers will upgrade and use less labour intensive
methods like motorized pumps for irrigation. Thus it is prudent that farmers using this type of
technology to move water be included in the evaluation of the DPC. Four out of the five
farmers who used motorized pumps had purchased them under a voucher system from IDE to
promote growth of smallholder farmers.
In the selected areas, only three farmers were found to have been actively using drip irrigation.
The other seven farmers who participated in the research were drawn from farmers who were
not previous users of drip technology. This observation shows clearly that use of drip irrigation
among the farmers in Kafue is still low and the sample of the selected farmers is a
representative of the status of drip irrigation in Kafue. However, all of the selected farmers
were familiar with drip technology having been introduced to it by many non‐governmental
organizations that have been to Kafue. This allowed the research to focus on water use other
than principles of operation of drip irrigation.
The DPC a niche technology
The results from the first interviews with the farmers showed that drip farmers in Kafue lack
formal and practical methods of irrigation scheduling in both surface and drip irrigation.
Farmers depend on their own experience and subjective judgment. This situation agrees with
the findings of Steven (2007) in South Africa. While local knowledge and experience may be
valuable, Boesveld (2010) suggest that this may not help if farmers are being introduced to a
new irrigation methods like drip irrigation.
The advice (given by field officers) mentioned by some farmers of 1 litre/plant/day failed to
yield practical application on the farmers’ plots as farmers mentioned that they were not able
to put it into practice due to lack of adequate advice. As well, this advice applies to all crops
grown under drip irrigation and is based on a uniform application throughout the growth of the
crop. Thus the method does not take into account that crops need different amounts of water
at different growth stages and that the different seasons in which the crop is grown has impact
on crop water requirements. Section 4.2 shows that 1litre/plant/day translates to 3.3 mm of
water per day for a drip irrigated tomato crop. Cleary this application is not adequate during
the critical stage of the crop in the hot climate of Zambia and farmers are justified in not taking
it up. On the other hand the brochures supplied by IDE to its farmers do not offer clear
guidelines on water application.
The above scenarios show that the DPC is a well timed tool for the upcoming smallholder drip
farmers in Kafue.
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Comprehension of the DPC
The results on the comprehension of the DPC from the evaluation exercises, observations
during field visits and interviews are satisfactory. The results show that the design of the
calculations steps and processes involved in using DPC generally met the levels of
comprehension of the smallholder farmers in Kafue most of whom have basic education. Itier
(1996) contends that irrigation scheduling methods must be simplified to match level of
training and income of the farmers. Thus, this aspect seems to have been fairly achieved by the
DPC. The results also show that attainment of level of education above the basic/ primary level
as well as involvement in other capacity building activities/ program improved the farmers’
understanding of the DPC. Thus it is important to continually involve rural farmers in capacity
development projects if there are to new agricultural technologies better. Generally farmers
performed well in scenario 1 as compared to scenario 2. This is because scenario 1 required
few calculations than scenario 2, which required working out the contribution of the rain to
irrigation before calculating the irrigation requirement. The result shows that as calculations
become complex, there are higher chances of the farmers failing to comprehend the DPC. It is
also possible that the outcome of the first stage of scenario 2 was affected by the outcome of
first stage scenario 1 as these stages were basically used to assess for the same knowledge.
However, the effect is minimal since it only applies to a few farmers who had not passed the
first stage of the first scenario. Thus the overall results of the comprehension of the DPC can be
trusted.
Overall water Use
A look into the overview of water use shows both tomato and cabbage farmers deviated from
the recommendations of the DPC by applying more water during irrigation. Tomato farmers on
the drip planner chart applied less water compared to the tomato farmers on “Farmer’s Plan”
and the cabbage farmers who did not have adequate information on crop growth stages. It
may be concluded that tomato farmers on the DPC made use of the guidelines from the DPC
although they did not specifically use the amounts recommended by the DPC, thus their water
use was a bit closer to the DPC than tomato farmers on Farmer’s plan and the cabbage
farmers. Water use by the tomato farmers on the farmers’ plan during the period from
transplanting to 19 October (before switching to the DPC) is characterised by long periods of
flat irrigation. This agrees with the findings during the research. Simple field calculations for
one of the farmers showed that a flat rate of 2000 litres over longer periods is applied per day
on a 200 m2 tomato plot. This figure translates to 10 mm of water per day and clearly leads to
over application of water during the initial stages of the crop when compared with the
recommendations of the DPC during the research period.
Cabbage farmers had approximately a similar percentage of over application as tomato
farmers on the farmers plan. Without information on the growth stages of the cabbage crop, it
seems the cabbage farmers failed to apply the DPC. Thus they acted as the tomato farmers on
Farmers plan. This underscores the importance and need to provide adequate information on
the DPC to make it more applicable to the smallholder drip farmers. The results show that a
knowledge gap exists among the farmers in terms of crop growth stages. When this
information is not supplied to the smallholder farmers, timing of when a crop growth stage
begins or end becomes a matter of the farmers ‘own perception and experience. This leads to
errors in irrigation scheduling. Knowledge of crop growth stages is critical in using the DPC. This
result shows that if the DPC is to be convenient to the farmers, the farmers must be supplied
with adequate information about crop growth stages.
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The general over application of water among the tomato farmers working with the DPC can be
used to analyze the farmers’ perceptions on irrigation and on the reliability or accuracy of the
DPC. One reason for over irrigation could be that the DPC by its design recommends an
irrigation gift which is in line with the crop water needs. Such an amount is likely to be viewed
as not adequate at face value by the farmers who are used over irrigation. Thus in the face of a
new trial tool, which they have not familiarised with, the farmers may have applied slightly
more than was recommended by the DPC to ensure that their crops always had enough water,
“Just in case .....”. It is also important to note that in the research, the farmers were given the
DPC to use as a guide and were free to deviate from the DPC‘s recommendations if they
thought this was necessary. Thus farmers were not tightly bound to apply the exact amount
recommended by the DPC.
Unlike in some parts of countries like India and Nepal where water is scarce and farmers have
to use it more carefully, farmers in Kafue are not yet limited by water. A household with a hand
dug well of 8 ‐ 10 m is guaranteed of water throughout the year.
On the other hand, the overall patterns of water use on the tomato crop on the DPC showed
that water application rates changed in line with the crop growth stages as well as changing
evapotransipiration (To simplify ETo, the farmers were given a chart which showed ETo values
for each month). This is in line with the recommendations of the DPC. However farmers’
changes were not always in step with the DPC and some farmers had to be reminded to effect
the changes. It is noted that farmers need time to get accustomed to timely irrigation
scheduling thus more time should be invested in training the farmers on the importance of
proper irrigation scheduling.

Crop yields
The yields from the tomato crop grown under irrigation with the DPC did not result in higher
yields as compared to the farmers’ experience. However the yields were comparable.
(Zisengwe, 2009) showed that tomato crops irrigated according to the advice of the DPC did
not have significantly higher yields compared to two other methods tested. (Maisiri et al.,
2005) noted that low cost drip irrigation alone did not achieve higher yields compared to
conventional surface irrigation system. However, an integrated approach that involved
nutrient management and proper water management under drip irrigation resulted in
significantly higher crop productivity. Proper irrigation scheduling alone is unlikely to bring
significant changes in crop yields. However, overall good crop management should be
encouraged for best results. Thus, Irrigation scheduling must be combined with appropriate
agronomic training and support so as to bring significant improvements in the farmers’
production.

Gender, Irrigation and the DPC
Analysis into gender and the DPC show that women were not involved in using the irrigation
scheduling tool and making decisions about water management in 80 % of the households.
Women continued to perform other tasks within the irrigated plots like fertilizer application
and pulling of weeds. During the field work no effort was made by the researcher to invite the
women or ask deeper why women were not involved in using the DPC. This setup was taken at
the time to be a normal gender differentiation of roles within the household which is common
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in Africa. However in retrospect, such a call and inquisitiveness could have yielded more insight
into the dynamics of gender and irrigation within the households in Kafue. In most researches
a unitary model is applied to households. In this model the household is viewed as a unit and
that all household resources pooled together, and that the resources are allocated by an
altruistic household head who represents the household’s tastes and preferences and seeks to
maximize household utility (Agarwal, 1997). The experience from Kafue in line with the DPC
technology proves that there is a gender differentiation within the household in terms of
technology. Generally in the patriarchal societies in Africa, technology and relatively heavy jobs
are taken to be the domain of the men. On the other hand women are linked to jobs that
require patience and precision like weeding and planting (Ingen‐Housz, 2009). However, for
the sustainable implementation of irrigation scheduling programs it is important that both men
and women understand the DPC. In one incident during the research, one tomato field was not
irrigated for two days because the husband was away (refer to section 4.7). The wife did not
know how much water to irrigate, mentioning that it was the husband who knew how much
water to apply using the DPC. The husband had not left instructions for irrigation of the field.
An IDE report (2009) mentions that literacy and knowledge levels also vary between men and
women and lead to a differentiation in the capacity of men and women to adopt new
technologies and agronomic practices. It may be important to purposefully target both men
and women instead of targeting a household for irrigation scheduling to be appreciated by
both men and women and to remove gender differentiation in irrigation technology.
Zwarteveen (1997)mentions that normal irrigation professionalism never demanded to
distinguish between different social categories of water users. This was the approach that was
also used in this research although it was not by design. However as can be seen from this
research such a situation seems to promote the gender bias within irrigation technology. An
approach which mainstreams gender is advocated to focus on both men and women for the
promotion of sustainable irrigation scheduling programs within the household. Such an
approach recognizes that men’s and women’s lives, experiences and issues are different and
tries to use appropriate methods to encourage participation in agricultural technology.

Soil moisture tension results
The Hansen soil moisture sensors were installed on the plots to investigate the evolution of soil
moisture with irrigation and check if following the recommendations of the DPC would keep
the soil moisture content at the recommended levels or if over application and under
application would result in too wet or too dry soil moisture conditions respectively.
Generally the soil types in all the sampled plots can be considered to range from medium to
slightly heavy soils (refer to soil texture classification, Table 5). Thus the expected soil moisture
tension readings in these plots would be from (10 ‐20) Kpa soon after irrigation when the soil is
at field capacity, while the maximum safe readings would be in the region of (70 ‐90) Kpa
which is the range of irrigation for heavy soils. Moisture tension readings above 100 Kpa
generally imply that plants may be experiencing stress and must be avoided
The soil moisture results from the cabbage plots show very wet soil conditions. This is in line
with the irrigation data which showed that the farmers over irrigated their plots. However the
results from the tomato crop are a bit puzzling as they show a mixture of dry and wet condition
among the farmers’ plots. Farmer A3’s plot shows wet soil conditions while farmer A8’s plots
show somewhat expected soil moisture content that is in the range of 60 to 80 Kpa from the
development stage to the late stage. On the other hand farmer A10’s plot show very dry
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moisture conditions during the mid‐season and late stages of the crop. This situation raises a
number of arguments on why there could be such a variation in these plots. A number of
factors can be used to explain this scenario.
The first argument is on the installation of the moisture sensors. Under drip irrigation where
there is localized irrigation, it matters where the moisture sensors are placed in relation to the
emitter and the wetted perimeter. In the field effort was made to place the moisture sensors
in the root zone but not directly under the emitters. However, the drip kits were made of light
flexible polythene tubes which could shift position thus placing a sensor outside the wetted
perimeter or very close to the emitter. Indeed of the complaints by one farmer during an
inception workshop was that the polythene laterals often shifted away from the plants.
The second argument is that when soil dries out to the point where the soil moisture tension
readings are higher than 80 Kpa, soil/sensor contact can be lost due to soil shrinkage. This is
most often occurs in heavy. To recover soil/sensor contact a full rewetting of the soil is
required. If this is not supplied the sensors will continue to dry out and record very high soil
moisture tension level until adequate irrigation is supplied which brings back the sensor into
contact with the soil (Watermark Soil Moisture sensor product Manual, no date)
It is also critical that a snug fit between the sensor and the surrounding soil is achieved during
It is important that the Watermark sensor be saturated when installed.
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CHAPTER 6: CONCLUSIONS AND RECOMMENDATIONS
6.1 Conclusions
The main aim of the research was to evaluate the usability and applicability of the DPC as a
drip irrigation scheduling tool for the smallholder farmers. The conclusion of this study is that
the DPC is a practical and applicable tool that can be applied for the day to day irrigation
scheduling of smallholder farmers. The research showed that the DPC fills an important gap
between smallholder drip technology and appropriate water management by providing a
practical way to determine crop water needs. At the beginning of the research, Kafue
smallholder drip farmers did not have at their disposal a formal and practical way to determine
crop water needs. The DPC is able to fill this gap. The DPC is also applicable as an extension
tool in the hands of field officers to provide irrigation advice to farmers
Smallholder farmers lack important knowledge about crop growth stages. Lack of this
knowledge leads to a less efficient use or poor application of the DPC. This presents a
knowledge gap that must be closed by the DPC to make the DPC more practical and convenient
to the smallholder farmers.
While the DPC proved to be a relatively readable tool which can be understood by smallholder
farmers. It was noted that higher level of education (above the basic level of education in
Zambia) as well as involvement in other forms of capacity building like active participation in
farmers groups improves the level of comprehension for new agricultural technologies among
farmers.
When applied correctly the Drip planner chart has the capacity to improve water use and
reduce irrigation labour for smallholder farmers. However as highlighted in other researches
significant improvement in crop yield with the DPC can only be achieved when appropriate
irrigation scheduling is combined with other important agricultural practices like use
recommended varieties, correct planting dates, improvement of soil nutrients conditions etc.
Generally men (husbands) were involved in using the DPC than the women. Out of the
interviewed households, 80 % had men only working with the DPC, while in the remainder
both the husband and the wife worked on the DPC. Shows gender differentiation. It may be
important to purposefully target both men and women instead of targeting a household for
irrigation scheduling to be appreciated by both men and women and to remove gender
differentiation in irrigation technology.
6.2 Recommendations
A number of useful recommendations were provided by the farmers and other stakeholders
for the future DPC, to make the DPC more convenient to its users.
DPC must be take into account the locally available tank sizes and common plot areas so that
farmers can make more direct calculation when using the DPC.
The DPC must provide farmers with adequate, practical information about the crop growth
stages for the different crops to be grown as this knowledge is lacking among the farmers. This
can be done by using icons and approximates length of growth periods in days or in weeks.
A Drip Planner Chart must be developed for each crop unlike the current scenario where single
DPC caters for more crops. In this way adequate information about each crop can be supplied
on each chart.
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The DPC technology should cover more crops like cucumber, egg plant and water melon as the
farmers have interest in also growing these crops under drip irrigation.
A computer based version of the DPC to be used as an extension tool by agriculture field
officers and suppliers of the drip technologies was proposed in the stakeholder workshop held
at the end of the research period

In the field some salient factors were observed that may negatively impact on effective
irrigation scheduling among the farmers. These factors have been highlighted before and will
now be given as the researcher’s recommendation to IDE.
Seventy percent of the farmers contracted for this research did not own drip systems and
were not previous users of the drip technology. This shows that use of drip irrigation in Kafue is
still low. Thus while effort is made to promote appropriate irrigation scheduling in drip
irrigation, It is important that research into the issue of adoption of drip irrigation be
conducted so that more farmers can use this technology.
Poor functioning drip irrigation equipment have negative effect on effective drip irrigation
scheduling. It is important that IDE invests improving the structures for the maintenance of
drip equipment among the farmers.
The current design of the drip system marketed by IDE does not meet the requirements of
some of the important crops that are grown by the farmers (According to the farmers). A
reflexive approach and research aimed at understanding the needs of the farmers in drip
irrigation technologies will be important in finding practical solutions that can improve
adoption of drip irrigation.
An approach which mainstreams gender is advocated for the promotion of sustainable
irrigation scheduling programs within the household is important. Such an approach recognizes
that men’s and women’s lives, experiences and issues are different and tries to use appropriate
methods to encourage participation in technology. It may be important to purposefully target
both men and women instead of targeting households in general for irrigation scheduling to be
appreciated by both men and women and to remove gender bias within irrigation technology.
This may lead to a more sustainable irrigation scheduling program within the households.
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Appendix 1: Questionnaire 1
Project: Evaluation of water management in Small holder irrigation scheduling.
Farmer’s name...........................................................................................................................
Area..............................................................................................................................................
Introduction
Which type of irrigation do you use………………………………………………………………………………………..
Which crops do you grow under irrigation?
Under drip………………………………………………………………………………………………………………………………
Other………………………………………………………………………………………………………………………………………
What is the size of the area that you have under irrigation?
Under drip………………………………………………………………………………………………………………………………
Other………………………………………………………………………………………………………………………………………
Drip Irrigation
For how long have you been using drip?………………………………………………………………………Years
How did you acquire your drip system? ................................................................................
What is the size of your drip system?
Area covered...................................................................................................................m2
Tank size………………………………………………………………………………………………………………………….m3
What type of pump do you use? ……………………………………………………………………………………………
If treadle pump:
How long does it take you to fill up your tank with water? ……………………………………………………
Who normally uses operates the treadle pump…………………………………………………………………….
If motorized pump:
How long does it take you to fill up your tank with water? …………………………………………………..

Approximately how many times can you fill the tanks n do you get after filling one (1) full tank
of fuel in your motorized pump? ……………………………………………………………………………….....

What is the fuel tank size on your motorized pump?.................................................................
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Would you allow us to test you pump later during the project to verify this information?
………………………………………………………………………………………………………………………………………………
What advice to you have on how much water do you apply to your crop per day under
drip?.................................................................................................................................................
.............................................................................................................................................
Do you change the amount of water that you apply to your crop as it grows? Allow to explain.
……………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………………..
What indicators do you use to know if you have applied enough water on your crop?
………………………………………………………………………………………………
Do you think you have been applying enough or less water on your crop with your current
method of irrigation? …………………………………………………………………………………………………………
What
problems
do
you
have
with
your
drip
system?
If
any.
……………………………………………………………………………………………………………………………………………………
…………………………………………………………………………………………………………………………………………
Flood Irrigation
Why do you use flood irrigation? ………………………………………………………………………………………….
General
In this area do you think you have enough water throughout the year? Describe
……………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………………….
Do you think it is important to save water? ………………………………………………………......................
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Appendix 2: Questionnaire 2
Project: Evaluation of water management in Small holder irrigation scheduling.
Farmer’s name...........................................................................................................................
Area..............................................................................................................................................

Do you think the teaching you got about the DPC was adequate enough to understand the
operation of the DPC? If not which area do you not understand
……………………………………………………………………………………………………………………………………………………
…………………………………………………………………………………………………………………………

What benefits do you think you will derive from using the DPC?
……………………………………………………………………………………………………………………………………………………
……………………………………………………………………………………………………………………………………………………
………………………………………………………………

What are the challenges that you are finding during the irrigation of your crop?
……………………………………………………………………………………………………………………………………………………
………………………………

Are you happy with the amount of water that you are applying to your crops using the DPC?
……………………………………………………………………………………………………………………………………………………
………………………………
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Appendix 3: Questionnaire 3
Project: Evaluation of water management in Small holder irrigation scheduling.
Farmer’s name...........................................................................................................................
Area............................................................................................................................................
Did you always use the DPC all the time to calculate the irrigation water for your crops?
……………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………………….

Did you find it easy to use the DPC in calculating the water?
……………………………………………………………………………………………………………………………………………………
……………………………………………………………………………………………………………………………………….

Did you always agree with the DPC, i.e. agree with the amount of water that the DPC advised
you
to
apply?
……………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………………..

What
improvement
would
you
want
to
see
on
the
future
DPC?
……………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………………….

Would
you
continue
to
use
the
DPC
after
this
project?
……………………………………………………………………………………………………………………………………………………
…………………………………………………………………………………………………………………………………………..
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Appendix 4: Codes for farmers’ names
Code

Farmer’s name

A1

Chulu Godfrey

A2

Hamwene Timothy

A3

Kalenga Royd

A4

Makoloni George

A5

Mulimba Violet

A6

Mutemba

A7

Godwin Mulilo

A8

Mwankomesha

A9

Francis Mweemba

A10

Mwiinga Dereck
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