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EXECUTIVE SUMMARY

INTRODUCTION

Irmigation scheduling is accepted as the process to decide when to irrigate crops and how
much water to apply and is assumed to play an important role in the general improvement
of water use efficiency on the farm. However, the adoption of objective imgation
scheduling worldwide is still on a limited scale. The dea that there is a single key to the
adoption of irrigation scheduling as a component of efficient water use on the farm is
simplistic. It implies that science has all the answers, and we as scientists just need 1o
convince the farmers of its value.

This project was introduced with the purpose of identifying social, cultural, economic and
technological factors, which inhibit the adoption of irrigation scheduling practices on the
farm. Understanding and gaining insight into some of the human factors that determine
individual irrigation farmers’ decisions to either adopt or reject the implementation of
imgation scheduling will help to plan and design effective propagation strategies for the
implementation of imigation scheduling amongst imgators. A large number of irrigation
scheduling methods and models are available in South Africa as discussed in Chapter 2.
They include various soil, atmospheric and plant monitoring technigues as well as a range
of scheduling methods based on soil-water balance and computer simulation models. To
appreciate the variety of imgation scheduling methods and models currently available to
farmers, advisors, consultants and extensionists it was necessary to categorize the
scheduling method according 1o their application.

Secondly, the adoption of imigation scheduling amongst commercial and small-scale
farmers was investigated with the purpose of identifying the possible human and socio-
economic factors that may influence the adoption thereof. This investigation was done on
macro (scheme) level as well as micro (on-farm) level. Important human and socio-
economic factors were identified that influence the adoption of irmgation scheduling
practices. An overview of the service currently rendered by imigation consultants is
provided and the important information and leaming sources that imgators generally use
were investigated.

PROJECT OBJECTIVES

Five objectives were set out in the original proposal.

1. Investigate and describe the variety, range and scope of models and methods of
irmgation scheduling in South Africa.

2. Investigate, analyse and describe the levels of application by a cross section of
subsistence and commercial farmers, institutions and advisors of a selection of
imgation scheduling models and methods.

3. Investigate, analyse and describe the reasons from a cross section of subsistence
and commercial farmers, institutions and adwvisors, for using the different irigation
scheduling methods and models.

4. Investigate, analyse and describe why imgators discontinue with the implementation
of imgation scheduling.

5. Make recommendations concemning the propagation and institutionalising of the
proper sustained implementation of irrigation scheduling methods and models.




METHODOLOGY

The overall approach for meeting the objectives is summanzed in Figure 1.

Step 1

There are a vast number of irngation scheduling methods and models available to help the
farmer with decisions regarding when the crops require water and how much irrigation
needs to be applied. These include the vanous soil, plant and atmosphenc monitoring
techniques as well as a range of scheduling methods based on soil-water balance and
simulation models. Step 7 was to identify the irmigation scheduling methods and models
that are available for the South Afncan irmgation farmer, and to categorize these methods
and computer models according to their possible use. Imgation farmers in their irmgation
management decisions often use intuition. which was acknowledged in the framework
used for categorization.

Step 2

A quantitative assessment was conducted on a national basis amongst 332 irrigation
schemes, which provides an overview of the implementation and cistnbution of irmgation
scheduling methods, and models amongst commercial and small-scale farmers on a
scheme level (macro level) in the nine provinces of South Africa. It served to identify the
different institutions and agencies that provide support to farmers with the implementation
of irmigation scheduling (Step 2).

Step 3

Objectives three to five of the project focused on the intervening variables that operate as
direct determinants of adoption or rejection of irmgation scheduling practices. Perceptions,
attitudes and needs of irmgation professionals (consultants, advisors, industry expers and
imgation specialists) and imgators regarded as opinion leaders in their respective areas,
formed the basis for the 70 semi-structured interviews that were conducted (Step 3). Each
of these interviews were recorded on tape and transcnbed afterwards

Step ¢4

By combining the findings of the macro-level study and the insights gained from the semi-
structured interviews conducted with key individuals in the irigation fraternity, a more
focused approach was followed in the identification of human factors and constraints that
impact on the adoption of imgation scheduling practices of commercial and small-scale
farmers. The quantitative survey amongst a random sample of 134 commercial farmers
from eight different provinces (Northwest, Eastern Cape. KwaZulu Natal, Westem Cape.
Limpopo, Northern Cape. Free State and Mpumalanga) represented the micro level of the
study (Step 4). Step 4 also comprised the investigation and description of the irrigation
practices and scheduling methods used by small-scale farmers as well as their
perceptions and possible reasons (human, social, and economic) for adopting or rejecting
the use of irrigation scheduling methods. Interviewing key informants on several of the
small-scale irrigation schemes formed the second phase of this investigation. Four small-
scale imgation projects were selected for more detall investigations and assessments, to
illustrate the different approaches followed in the training and development of small-scale
irrigation farmers in the use of irrigation scheduling practices.

Step 5

The data, insights and findings gainec from the different interviews and surveys amongst
commercial and small-scale irrigation farmers were incorporated in the conclusions and
recommendations (Step 5)




STEP 1
Identify irrigation scheduling methods and models
available for the South African irrigator

|

STEP 2 ' STEP 3
Quantitative assessment of the Semi-structured interviews with
implementation and distribution of irrigation consultants and
irrigation scheduling methods I extensionists rendering an irrigation
(macro level) 1 scheduling service

S—

STEP 4
Quantitative survey to determine the human factors that
influence adoption of irrigation practises on farm
(micro level)

STEP 5

Conclusions and recommendations

Figure 1 A framework to illustrate the overall approach for meeting the objectives of this
study. Steps 2 and 3 were carried out concurrently with feration between the project
team, farmers and respondents from the irrigation industry

RESULTS

The report comprises seven chapters. Chapter 1 describes the rationale behind the
introduction of irrigation scheduling to the farmer, as one of the elements of efficient water
use on the farm. The three main focus areas of the project, namely the identification and
classification of irrigation scheduling methods and models commonly used in South Africa,
national survey of the implementation and distribution of irngation scheduling methods and
models on an irrigation scheme level, and the micro level assessment of the human
factors and constraints that influence the adoption or rejection of irrigation scheduling are
discussed in Chapter 2, 3, 4, and 5. Chapter 6 deals with the different approaches which
farmers follow 1o solve problems and the different information sources that farmers use to

learn about irrigation practices.
The timing and depth criteria used in irrigation scheduling can be established by using

several approaches to scheduling based on soil water measurements, use of soil water
balance estimates, atmospheric measurements and plant stress indicators in combination




with simple rules, observations or very sophisticated models. The varous imgation
scheduling methods and approaches available in South Africa were classified according 10
a framework based on the mode of operation and the possible users of the specific
method or technique (Chapter 2). Irmgation scheduling techniques and methods were
classified into the following categories: intuion, atmospheric based quantification of
evapotranspiration (ET), soil water measurement. plant based monitoring and integrated
soil waler balance approach which includes pre-programmed irrigation methods as well as
real time scheduling approaches. Some of these methods and technigues were found to
be “transferable” to farmers, while others will only be considered as research tools.

The survey amongst 332 irrigation schemes (which included 51 small-scale imgation

schemes) showed that 18% of the farmers are applying objective scheduling practices,

while the majonty of irmigators rely on the use of intuition or subjective irngation scheduling

(Chapter 3). Subjective imgation scheduling is based on instinct, knowledge, experience

and confidence gained over many years of farming. The great variation in imgation figures

reported (0-100%) suggests that farmers perceived imgation scheduling as either one of

the following approaches

» The implementation of scientific or objective scheduling methods like soil water
measurement sensors and the use of crop evapotranspiration (ET) data to determine
when, and how much to irigate

» A combination of both scientific or objective scheduling methods and intuition or
subjective irrigation scheduling methods

» The use of intuition or subjective scheduling methods.

The findings of the survey reveal several important relationships regarding the

implementation of irrigation scheduling:

» The irmigation method used on the farm determines tha choice of imgation scheduling
methods implemented by the farmers. Positive interrelationships were found
between the use of mechanized imgation systems (centre pivots), drip. micro and the
implementation of objective scheduling, while slightly negative relationship exist
between flood irrigation and the implementation of objective scheduling methods

~# The technology level of the farming operation. size of the farming operation and the
type of crops producecd on the farm determine the choice of imgation scheduling
methods selected. Corporate farming concerns and farms with high value crops were
more likely to adopt and invest in sophisticated irrigation scheduling methods

» Although computer usage on the farm is currently common, the use of computer
scheduhng models are sull imited to the high technology level farms and need
efficient support form imgation advisors and consultants.

» The applcation of a flat rate tanff for the use of imgation water on the majority of
irigation schemes do not provide the necessary financial incentives to farmers to
adopt very sophisticated imgation scheduling methods

» Imgation scheduling at farm level depends on the regular and effective supply of
water. The majonty of farmers (75%) expenence an effective on-demand system,
while 25% indicated that they could hardly apply crop-based scheduling methods
because of a fixed proportional delivering system or the use of surface irngation
methods on the farm. A significant negative correlation was found between the
implementation of objective imgation scheculing and the flexibility in terms of water
delivery and irrigation management options, implying that this inhibits the practice of
precise irmgation scheduling.

» In spite of general expectations that farmers with bigger allocations are more
reluctant to use objective irmgation scheduling methods, no significant relationship
was found




The acceptability of the implementation of irmigation scheduling on-farm was evaluated
through a quantitative survey conducted among 134 commercial irrigation farmers
(Chapter 4). It is evident from the study that socio-economic factors ke the age of the
farmer, experience of irmigation, and the level of education play an important role in the
general willingness of a farmer to trial and perhaps on a later stage adopts or rejects
imigation scheduling methods. Farmers with relatively more experience in immigation
management tend to be more willing to rely on their own expernence, knowledge,
observations and intuition than on the use of objective scheduling methods.

Farmers generally perceived the efficient use of irrigation water on the farm as being the
maijor reason for the adoption of imigation scheduling practices on the farm, and not just
the conservation of imgation water per se. Perceived indicators of efficient use of irmigation
water on the farm include the improvement of the quality of high value crops, increasing of
production yields, decreasing of energy (diesel and electricity) operational costs and
improvement of the management efficiency of nitrogen and other nutrients. Accuracy,
reliability, ease of implementation and affordability are some of the important technological
charactenistics of scheduling methods and devices that were identified by the farmers.

As farmers advance through a leaming process of evaluation, trialing and experimenting
with specific imigation scheduling methods, some will change practices and discontinue
some imgation methods, while others will change the implementation of imgation
scheduling methods from the one to the other. 57% of the respondents changed their
irrigation scheduling methods since they started scheduling, while 12% of the respondents
indicated the discontinuance of objective irrigation scheduling.

Significant differences in the general awareness of computer models exist between
irigators that belong to the objective irrigation-scheduling group and those from the
subjective irmgation-scheduling group. Twenty nine percent of respondents that belong to
the group of objective scheduling were aware of computer models, while only 5% of the
respondents involved in subjective scheduling could name an irmigation scheduling model,
Respondents who do not use computer-scheduling models either perceive it as being too
difficult to apply on the farm (37%) or are not practically adapted for their specific
circumstances (35%). Twenty five percent of the respondents indicated the lack of the
necessary computer skills, which prevent them from the use of this technology on farm.

Although the majority (64%) of respondents indicated the regular evaluation of distribution
uniformity of irrigation systems on the farm, many farmers are still reluctant to allocate the
necessary time for this management activity. Farmers in general are positive towards the
implementation of volumetric charges, however the practical implementation of such an
approach raised concems.

The majonty of small-scale farmers do not perceive irmigation scheduling as an important
production constraint (Chapter 5). They are preoccupied with the persisting barriers to
progress, which include lack of credit, infrastructure, and access 10 markets, land tenure,
vandalism and theft and extension support. Many of the extensionists involved in the
survey admitted that they lack the necessary knowledge and skills in imgation
management, and are consequently not in a position to render an effective service to
farmers.

Extensiorusts and imgation professionals often referred to the “dependency syndrome”
that the majority of small-scale irrgators are suffering from. In an effort to break away

v




from this syndrome, farmers need to take the responsibility for and ownership of their own
development. This can only be done through proper institutionalization and establishment
of farmer representative bodies, such as, the Farmer Support Units found in Taung,
commadity groups in Tshiombo and the block committees operating on the Bethliehem
apple project. Farmers need to perceive the support from advisors and extensionists as
being of temporary nature, and to develop the necessary urgency and motivation to be
capacitated and empowered through the regular interaction and dialogue between farmers
and extensionists

Irrigation farmers access a variety of sources of information and belong to various
information networks (Chapter 6). This study reiterated the fact that farmers do not
operate in isolation but rather in a social and business situation in which the individual's
position is progressively influenced as a result of others. Different information sources
were identified which irmgation farmers access and that fit the different farming styles as
well as the lifecycle-stage of the farmer:

» Some farmers indicated that they seek information and advice mainly from local
experts like the local co-operative extensionists, fellow farmers or water insttutions
like the imgation board, and do not regularly make use of “outside information™.

» The more progressive farmers and relatively bigger farm businesses were more likely
to use irmgation consultants ancd experts of industnes for advice and their perceptions
35% of the respondents use consultants as a major source of information regarding
imgation scheduling. Members of this group also base their information on “opinion
leaders” in the farming community

» The third group is more outwardly focused and consult widely whenever information
is needed. Furthermore, this group is likely to be participating already in other
learning activities hke training, study groups, and external networking.

The study reveals that commercial irrigation farmers rely mainly on information from the
local co-operative, private consultants, industry experts and fellow farmers, while the
majority of the small-scale irmigators depend more on information from the departmental
extensionists. A significant relationship exists between the number of information sources
used and the implementation of the type of irrigation scheduling methods which, implies
that farmers involved in the use of objective scheduling methods are more willing and
prepared to seek additional information sources outside the imigation area than the
farmers involved in subjective scheduling methods.

The irngation farmers identified desirable attnbutes of extensionists, consultants and
advisors that play a crucial roke in the uptake of information about new irrigation. Some of
the attnbutes which were identified include the following: their credibility, integrity, technical
competence, vision and focus of the farmer within the bigger picture furthermore aspects
such as the understanding of the context of the farmer and his specific farming style,
effective communication with the farmer, skills and knowledge to effectively interpret
irmigation data into a format that is understandable 1o the farmer to be significant

CONCLUSION AND RECOMMENDATIONS

This project helped to quantify the scale of implementation of imgation scheduling
amongst commercial and small-scale farmers. Based on the data, it is clear that
perceptions, attitudes and bebefs influence the adoption behaviour of farmers regarding
the use of irigation scheduling methods and techniques.
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One of the most valuable insights derived from this project was the identification of the
vast difference in perception regarding irmigation scheduling and what it involves. Some of
the farmers perceive imigation scheduling as a means of finding solutions to their
problems, and will therefore make use of the most scientific and sophisticated methods
that are available, while the maijority of irngation farmers are more interested in the use of
irigation scheduling to identify “troubles or problems™ (trouble shooting) expenenced with
imigation. These farmers are therefore not always interested in absolute accuracy and
sophisticated equipment, because no relative advantages could be perceived from the use
of it. Therefore, it is inevitable that farmers will differ in ther selection of the most
appropnate scheduling method and technique, as their needs will be based on the relative
technology level of operation required on the farm.
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CHAPTER ONE: Irrigation scheduling as part
of Water Use Efficiency

INTRODUCTION

Imigation is essential for food production to overcome deficiencies in rainfall and to
stabilize agricultural production especially in the semi-and and and areas. Worldwide
irrgation is practised on about 263 million ha (1996) with about 49% of the world's
irrigation in China, India and the United States. Agriculture in southern Africa is a very
important activity in terms of economic development but is also identified as one of the
major water users in the region. Here in South Africa the total area under imigation for
commercial and subsistence agriculture is 1290 132 ha with a potential expansion of
283 350ha, given the available water resources. Imgated agriculture in southem Africa
plays a disproportionately important role because it is generally two or three times more
productive than rain-fed agriculture, and because irrigation also uses roughly 70% of the
region's water demand as indicated in Table 1.1,

Table 1.1 Irngated land and water demand for SADC countries (2004)

Country | 'Sizeof | “Area TArea T Wateruse || "% of

i country | arable irrigated (million total water
‘ (km’) land land as % of | m’/annum) demand
t ' (km’) arable land  (1995)
[Angola | 1246700 | 24834 |3 D I T A
| Botswana 585370 | 5853 03 147
| Lesotho 30355 | 3339 09 160 59
Malaw 94080 | 31987 09 | 1820 | 70
Maurtis 1 18% 906 18 460 Not

ava'able

Mozambigue | 764 090 | 31 363 38 173000 a3
Narratxa 825418 | 8254 07 1248 3
[South Afnca | 1219912 | 121991 | 104 12764 |54 |
(Swandand | 17203 | 1882 1354 = | 331 | 65
| Tanzana 886037 | 26581 |56 10 450 85
|Zomba | 740724 | 51850 |09 L‘ﬁw 72
[ Zmbabwe | 386670 | 32480 |36 4080 " 80
Average 28452 | 7.0 | 3049 |70

"Heyns, 1995 DWAE, Namba
© www woridat'as com, 2002
‘Rothert. 2000

WATER USE EFFICIENCY AND THE IMPLEMENTATION OF IRRIGATION
SCHEDULING

The efficiency of water use in agnculture is relatively low, with poor management and
inadequate designs being the main causes of high water losses resulting in low yields,
reduced irmigated areas and environmental problems. Fruhling (1996) indicated that only
45% of water abstracted from surface and groundwater sources is believed to reach the
crop root zone. Approximalely 35% of irrigation system losses return to the river systems
by overland flow and seepage but this return water is normally nutrient ennched and
poliuted with herbicides, pesticides and other poliutants that affect water quality of rivers
and streams. Irrigation methods, imigation scheduling, soil preparation, crop selection and
evaporation all have a significant impact on the efficient usage of water (ARC, 1999).

1




Water use efficiency (WUE) is a generic label for any performance indicators used to
describe the relationship between water (input) and agricultural product (output) on a
scheme, farm and field level. Agronomy and engineering are the predominate means for
enhancing WUE. WUE usually encompasses indices like crop water use and immigation
water use (Barret Purcell & Associates, 1999). Efficiency i1s a term that creates a mental
picture of a system in which we can twist dials, tweak components, and ultimately
influence the efficiency of the system. Unfortunately, the agncultural irrigation system we
deal with is much more complex than a factory analogue.

The main pathways for enhancing WUE in imgated agriculture is to increase the output per
unit water (engineering and agronomic management aspects), reduce losses of water to
unusable sinks and reduce water degradation (environmental aspects). To improve water
use efficiency, a co-ordinated approach at different levels of the irrigation system is
required: starting at the bulk water source system, followed by the bulk water conveyance
system up to the farm and field level. Any definition of water use efficiency will depend to
a large degree on the outicok of the person producing the definition. Those managing the
supply of bulk water tend to see efficiency simply in terms of losses in the delivery system,
or the gross amount of water consumed by each of the customers as compared to some
average or ideal figure. Imgators are more interested in how much product. or perhaps
how much profit, they can produce with a given amount of water. Finally, those involved in
resource management are more interested in reducing wastage of the resource, especially
where such wastage has negative off-site impacts on the environment. All these factors
are important in the larger picture: no one definition of efficiency is completely appropriate.

This stucdy focused on the imgation performance on-farm, and there are wide ranges of
practices, which may potentially improve on-farm water use efficiencies:

2 On farm water storage and distribution’ storage and distribution of on-farm water
may represant a considerable component within the whole farm water management
system in areas where secured water supply is a problem. Storage failures are
commonly attnbuted to inadequate site investigation, poor construction and
seepage losses.

a2 Performance of in-field application system: the ability of the system to apply water
uniformly and efficiently to the imgated area is @ major factor influencing agronomic
and economic viability of the production system.

3 Agronomic aspects of water use efficiency: the main objective with imgation
management is to supply a desired amount of water to the crop at a specific time
Effective irigation management requires some knowledge about how much
(imgation volume) and when to apply (the imigation schedule), also referred to as
irngation scheduling. Adequate prediction by the farmer or imgation manager of the
imgation volume and schedule requires having some knowledge of water
availability within the crop root zone and the rate of crop water use.

Imgation scheduling has been defined as planning and decision making activity that the
farm manager or operator of an irrigated farm is involved in before and during most of the
growing season for each crop that is grown (Jensen, 1981). The purpose of irrigation
scheduling is to inform the farmer about when to apply waler and how much water to apply
to obtain a desired objective (Hill, 1991). This can be based on soil, plant and atmosphenc
measurements and is commonly known as scientfic imgation scheduling (SIS) (Lieb et al.
2002). Although the acceptance of SIS has grown world wide (Fereres, 1996), the main
aim of SIS was found to be solving of specific problems, while the successful
dissemination and adoption of imgation scheduling depends on producers’ needs and
percephons on the farm (Howell, 1996).




The application of irmigation scheduling must be seen as one of several activities of the
total water management on the farm to ensure the efficient use of water. The interest
shown in improving the water use efficiency in South Africa is increasing, mainly due to
phasing out of subsidies on agricultural inputs, changing policies on the ownership of land
and water resources as well as increased public awareness of soil and water ecological
issues. Implementation of imigation scheduling technologies could play a big role in
improving water use efficiency on a farm level and reducing the production cost
(Annandale ef al., 2002). Efficient water use can only be realized when the commodity
price of the crop produced is higher than the full cost of water and its application.

The objective of imigation scheduling normally involves maximising profit or crop
productivity and may involve taking advantage of irrigation opportunities, minimising deep
percolation and leaching, or soil and salinity management. Imrigation scheduling can
reduce water use only by reducing runoff from either irmigation or rainfall, by decreasing
percolation of water beneath the roct zone in excess of any required leaching for salinity
management, by reducing soil water evaporation after an imigation, or by controlling soil
water depletion in a manner that reduces ET during known non-sensitive crop growth
stages (Howell, 1996). However, in some case irrigation scheduling may lead to the
increase of water use, while concurrently increasing crop yielkd.

Irrigation scheduling requires a good workable knowledge of the crops’ water requirements
and of the different soils’ water characteristics that determine when to imigate, while the
adequacy of the irigation system determines the accuracy of how much water to apply.
The skill and experience of the farmer will determine the effectiveness of the application of
the irrigation scheduling at field level.

The implementation of imgation scheduling technologies was not always very successful
and Shearer and Vomocil (1981) indicated that behavioural patterns and attitudes of
farmers, as well as the need for continuous technical support of the farmers, who dedicate
time to other higher priority activities, are some of the major constraints that prevent
farmers from applying irmigation scheduling. An important issue is also that the irrigation
scheduling method is mainly judged in economic terms. On the other hand, Shannon et al.
(1996) carried out a participatory leaming program amongst cane growers in the Burdekin
(Australia). The growers were encouraged to collect crop growth and water use data,
which helped in understanding processes and problems and improved their credibility of
the result.

Very often, the complexity of computerized systems is an obstacle to the implementation.
De Jager & Kennedy (1996) indicated that three levels of technology (high, intermediate
and minimum) could be adopted for dissemination of irrigation scheduling advice.
Koegelenberg & Lategan (1996) also recommended checking the soil water balance
program (Donkerhoek data) with field measurements of soil water in the Westemn Cape
(South Africa).

Jensen (1981) summarized the Proceedings of the American Society of Agricultural
Engineers Irrigation Scheduling Conference (Chicago, lllinois, 1981). He indicated that the
challenges are o develop complete and reliable technologies to be applied to farmers'
requirements as well as training of extension personnel. The research needs for the
implementation of imgation scheduling technologies were indicated by ltier ef al. (1996),
who summarized a number of papers delivered at the ICID/FAO Workshop on Irrigation
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Scheduling (Rome. Italy. 1995). ltier ef a/. (1996) also indicated needs for technology
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ranster onentedg wargcs simplicity of methods anc training of farmers and extensionists

Despite the apparent importance of imgation scheduling and the large amount of research

resources devoted to i, the adopton of objective imgation methods and models by
farmers have been well below expectations This study reveals that adoption of ;14
innovation ke the pract cing f objective imigation scheduling is a dynamic process of
cecsion-making where the impact of keaming by doing parsonal perceplions 1S




CHAPTER TWO: Classification of irrigation
scheduling methods and
models used in South Africa

INTRODUCTION

Every imigator practises some form of imrigation scheduling. The basis for irrigation
scheduling and the level of sophistication vary enormously. It ranges from irmgation based
on the experience of the farmers (intuition) and application of simple rules, till the practice
of techniques based on computer models and sophisticated instruments that can assess
soil, water and atmospheric parameters.

Various strategies for scheduling may be adopted depending on the crop response to
water stress, the water holding properties of the soil, the availability of imigation water, and
the limitations of the irrgation application system. Basic scheduling methods normally
involve either soil-water budgeting or the monitoring of a single component of the soil-
plant-atmosphere continuum. Most irrigation scheduling methods imply that the soil water
balance needs to be quantified. To be able to do that, the soil-plant-atmosphere continuum
needs to be taken into account as quantitatively as possible. The following section alludes
to various imgation scheduling approaches that attempt to integrate a quantitative
description and the classification of the spectrum of soil-atmosphere-plant imrigation
scheduling methods and techniques most commonly used by immigators, researchers and
extensionists in South Africa.

The following irrigation scheduling approaches (Figure 2.1) are often used by imgators of,
which some will be transferable to farmers while others will be considered as research
tools.

1. Intuition or subjective scheduling methods

2. Atmospheric based quantification of evapotranspiration (ET)

2.1 Measurement of ET

2.2 Estimation of ET

3 Soil water measurement:

31 Soil water potential

3.2 Soil water content

33 Wetting Front Detector

4 Plant based monitoring

41 Visual observation of plant appearance

42 Trunk and branch diameter measurement

43 Leaf water potential (LWP)

4.4 Sap flow

45 Canopy measurements (temperature and radiation)
46 Phytomonitoring

47 Remote sensing methods

S Integrated soil water balance methods:

51 Pre programmed irmgation scheduling methods
5.2 Real-time irrigation scheduling methods

6 Imgation control or automation
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DESCRIPTION OF IRRIGATION SCHEDULING MODELS AND METHODS
USED BY IRRIGATORS '

1. INTUITION OR SUBJECTIVE IRRIGATION SCHEDULING

Description |
It varies from where a crop is watered whenever the farmer or his “irrigation manager” fancies it. to |
imgation scheduling managed by “the seat of the pants™. Imigation applied when one’'s neighbour
imgates

Intution is developed over years of expenence plus a basic knowledge level and regular close
observation of plant, scil and cimate charactenstics. The producer has enough experience with a
specific crop 1o determine what the irigation need is. how much and when to imgate There are
two types of intuition that farmers apply: the one decision-making criteria is developed by irrigation
farmers as a result of years of past experience and intimate contact with the crop, soil. and climate
and is mostly applicable to one set of farming circumstances (therefore based on knowledge
ganed through experience) while the other type of intuttion is based on traditional practices used
by their father or other role players on the farm (more of a recipe)

_Mode of operation Intustion !
Advantages: |
This type of irnigation scheduling management s thought 1o be remarkably accurate, but no |
evdence was found or documented about testing for accuracy
Shortcomings:

Inexperienced farmers lack the necessary skills and knowledge to observe and inerpret findings |

_into a "workable" recipe for a specific farm_
Users:

| Farmers (small-scale and commercial)

|

l

2. ATMOSPHERIC BASED QUANTIFICATION OF EVAPOTRANSPIRATION

Irrigation scheduling based on estimating evapotranspiration is used workdwide and
microcomputer capability has vastly improved this technology. This approach follows a
meteorologically imposed evapotranspirational demand as it varies over time, and the
imgation requirements are determined accordingly. This technique requires the use of
either an empirical or physically based relationship between ET and any number of
meteorological variables.

Irngation scheduling using these techniques requires both the estimation of the
evapolranspiration and the incorporation of this information in some form of soil-water
balance model to predict the interval of watering (Burman et al., 1983). When running a
water balance, one obtains ET either through measurements or from estimates. The ability
to quantify evaporation from the bare soil and to partition evapotranspiration from soil
covered with vegetation into its two components — evaporation (from soil) and transpiration
(from plants), is critical o imgation scheduling.

The drawbacks of this scheduling technique include the development of appropriate crop
coefficients suited for different areas and crop types, and the unavaiability of computing
facilities to small-scale farmers.




2.1 Measurements of evapotranspiration

A. Direct method

2.1.1  Lysimetric methods

B Indirect methods

2.1.2 Micrometeorological methods
Bowen-ratio

Eddy correlation

(I &

A. Direct method

2.1.1 Lysimetric methods

Description

Direct measurement of ET for time periods when no rain or irrigation occurs is only possible with

a weighing lysimeter A weighing lysimeter measures the mass of the scll waler (along with the

soll and plant mass). hence any temporal changes in mass are atinbuted o water uptake and

transpiration by plants or evaporation from the soil (or plant) surface. Most weighing lysimeters

range from 05 to 2.0 m deep and the surface area they cover is in the order of 0.1 to 10 m

| Because of their large mass they are generally weighed i sifu. Two methods for measuning
evaporation of water from small bare areas of soill are: the evaporimeter tray and the
mucrolysimeter. Vahdity of any lysimetric method of determining evaporation hinges on whether
the evaporation from the isolated body of soil is essentally the same as from a comparable non-
isclated boay A number of factors can cause conditions in a lysimeter 1o deviate from reality

a Imposition of a water table at the bottom of the lysimeter

a Cuttings of roots by the lysimeter walls

3 Disturdance of the soil inside the lysimeter during construction, and conduction of heat by
the lateral walls

Mode of operation

Advantages:

3  The microlysimeters are very accurate to within 0 § mm cumulative evaporation for at least
one 10 two days. depending on the initial soil wetness. Microlysimeters can be used at 3
large number of locations where the cost of the larger lysimeter is sometimes prohibitve

a The two methods mentioned. namely the evaporimeter tray or atmometer tray and the
microlysimeter have the advantage that they could be used for measurement in situations

___for which the spatial resclution of traditional lysimeters is too large

Shortcomings:

J It 1s an expensive method

a2 Time consuming.

. | Weghing Iysimetnic method

— - S -

Users:
Mainly used by researchers to determine real time ET. and for imgation scheduling purposes




B. Indirect methods
2.1.2 Micrometeorological methods:
o Eddy correlation

Description

2 The eddy correlation and the Bowen-ratio are some of the micrometeorological |
measurements used for ET measurements near the land surface (ie a few meters noove
the plant canopy) 1o determine the fluxes of energy, momentum, or trace gases. The
techniques allow total evaporation 10 be measured by placing most of the sensors in the ]
atmosphere and are more “portable” than buried sensors (viz. lysimeters)

|2 The eddy correlation measurements are based on the correlation between turbulent motions
of the air. and the abundance of constituents being transported by turbulent motions (e.g.
heat or water vapour) (Campbell & Norman. 1988). The average vertical wind speed above
a fiat land surface is considered to be 2ero, because the ground surface is neither a source
nor sink for air, therefore. for heat 1o move from the surface Ino the atmosphere, the upward
motions of turbulence must be warmer than the downward motions. Similarly, for water
vapour to underge turbulent transport from the land surface up into the atmosphere upward
air motions must be more humid than the downward motions. The correlation between
fluctuations in vertical wind speed and humidity is positive during evaporation, and during
frost or dew the correlation is negative. The eddy correlation method uses high frequency (~
10 Hz) measurements of vertical wind speed, temperature, and humidity to compute the
correlation between vertical air motions and the constituent of interest. The flux is then

computed directly from this correlation (Shuttleworth, 1863)

Mode of operation Measutemem of eddwes

- Advantages:

2 The most direct measurement of sensible and latent heat fluxes is possible with
micrometeorological methods (Shuttleworth, 1983)

2 No assumptions are made about the land surface properties such as aerodynamic
roughness or zero-plane displacement. and no corrections for atmospheric stabisty are

‘ necessary. This is especially advantageous in sparse heterogenecus vegetation canopies
and the widely varying stabiiity condtions that exist in semi-and environments

2 The off-shelf eady correlation systems are available (Campbell Scientific, Optical Scientific, |
Hukseflux Thermal sensors. Exopower)

LShonconﬂngs

2 Instrumentation is relatively expensive and fragile i
Users:
_Mainly used by researchers 10 determine real time ET. and for calculations of a water budget.

2 Bowen-ratio energy-balance

Description

The Bowen ratio technique requires measurements of air temperature and water vapour pressure

mmnmwwm:(mratodbyadslmofam1 m) above the canopy (typically at 0.5

mism.bovempy)uwnlasml iradance and soil heat flux density measurements

More recently, Campbell scientific has been marketing a Bowen-ratio-CO2 system for total

| evaporation, sensible heat and carbon dioxide measurement
, Mode of operation " Measurement of fluxes

-

Advantages:
2 The Bowen-ratio can run unattended for a week or more whereas the eddy correlation
requires aimost daily attention (Savage ef al . 1998)




Shortcomings:

3 Instrumentation is relatively expensive and fragile

2 Instrumentation needs 10 be extremely accurate and well mantained in order to accurately
estmate fluxes

Users:

Researchers to determine real tme ET mainly use this method

- -

2.2 Estimation of evapotranspiration

2.2.1 Meteorogical methods
2.2.2 Evaporation pans
a2 Class A pan
2 Scheepers and Vaalharts pan
2221 Pegboard method
2222 Green Book method
2.2.3 FAO Penman-Monteith procedure
2.2.4 Remote sensing methocds

2.2.1 Meteorological methods (Adcon, MCS, Campbell Scientific and Davis
automatic weather stations)

Description |
The use of meteorological data for irngation management purposes implies that chmate vanables
| like incomang or net radiation. air temperature, relative humidity and wind speed are taken above |
a bare soil surface or above or within a crop and are interpreted to give estimates of evaporaton |
The concept of atmosphenc evaporation could be used as indirect indicator of when and how
| much to imgate. Meteorciogical data are commonly used in sodl water balance computer |
| programs and models like SWB. PRWIN. Irncheck, Donkerhoekdata, Canesim. etc |
' Mode of operation - __Meteorclogical measurements ]
Advantages: ~
3 Automated weather stations could be installed on the farm, and data collected and ET
calculated for a specific site in a relatively short time
|9 Weather station networks provide weather statistics that can be used by media outlets like
the radio, cell phone Short Message Service (SMS), and fax format (visually), which can
reach a broad network of users of weather data for irmgation scheduling. Data from the
automatic weather station are processed into a user-friendly format useable by irngators
Previous week's weather data and disease indexes could be retrieved through the use of
] the phone or a fax by providing the digial code of the nearest automatic weather station |
These cata are then used to calculate the gress irmigation demand for a specific crop
Shortcomings:
2 Weather data are normally obtained from a weather station situated far from the specific
j site. and topography is an important factor that determines the applicabilty of informaton. |
Representative meteorological stations are needed and are cntical for high guality
information
= Weather instruments need 1o be maintaned properly because erroneous data are difficult to
detect. even with gocd cata screening
| 3 Crop factors are often gained from crops planted in other areas and ‘rom other varieties
Users:
= Researchers. extensionists. consultants and farmers
3  The service is avadabie to crop producers in the Free State. Northern Cape and Western
Cape (Paarl. Worcester, Robertson) Insttutions like the University of the Free State, |
Agncultural Cooperatives, Department of Agriculture of the Free State and the SA Sugar
research Institute are rendering these services to commercial farmers in their respectve
areas

|




2.2.2 Evaporation pans

Crop ET is estimated using evaporation pans and crop coefficients, which relate crop ET
1o the evaporation measured in the pan (Pruitt, 1996, Doorenbos & Pruitt, 1977). While the
standard Class A-evaporationpan is most widely used in South Africa other pan
oonﬂguratnons like the Scheepers and Vaalharts pan have been successfully used for

management in the past (Myburgh, 2002). Only a few farmers in the Northem
Cape still use the Vaalharts pan for the measurement of evaporation.

1. Class A pan
Description

This is one of the most widely tried and tested empirical methods used for the last 60-70 years in
South Africa This method assumes that over a given penod. evapotranspiration (ET) s directly
proportional to pan evaporation (Eo)

—~——— —— eea——

The following formula is used to determine the daily water depletion of the crop:
ET=Eoxf
‘ ET = daily water depletion in mm of evapotranspiration of the crop
Eo = daily A pan evaporation
{ = constant of proportionality known as the crop factor

A cumulative record is kept of the daily water consumption and when the estimated water
| depletion equals the readily available water (RAW) in the root zone of the crop, the water
depleted since the last irrigation must be replaced A range of environmental factors like wind, soil
heat flux, vegetative cover around the pan, painting and maintenance conations and use of
screens influence the dally evaporation of water from the pan Therefore, proper exposure and
| calibration is needed in these respects. The importance of exposure has been shown by Pruitt
and Angus (1861) who found that readings from two evaporation pans, one sited in a large grass

field and the other in an ungrassed area.differed by 30%

_Mode of operation Pan evaporation measurement

Advantages

a Best method for people that don't urigate frequently- in other words they will irmigate once a
week/every ten days (low frequency) and then calculate how much they need

2  Very good and simple method, however, the pan s not the same as the plant- so there will
always be an error within certain bounds. Hence, pan coefficients are befter suited to longer

| pernods
‘ Shoncomings

'3 The relevant crop factor for a specific crop 1s also determined by spacing, age. imgaton
frequency and method, and other factors. The RAW (readily available water) in the root
zone of the specific crop can therefore differ considerably depending on external factors.

a This measure relates to a specific microclimatic condition and may differ considerably for
other locations. One should be careful when extrapolating data, for instance to terrain forms
or microclimates that might differ substantially from the site of the evaperation pan.

2 The crop factor may not be sufficiently accurate for critical crop stages (e g. flowering)

2 Requires daily attention by the user and some maintenance

2 Requires calibration according to local conditions and is excessively sensitive to very high
values of evaporative demand.

Users:

Farmers, researchers, extensionists, swrmgation consultants Very popular amongst commercial

farmers and consultants in the Breede River water management area

"




2. Scheepers and Vaalharts pan
Description
Widely used as on-farm evaporation pan for making evaporation measurements A farmer himsel!
could manufacture this evaperation pan by using a stancard 200 | oil barrel. This evaporation pan
5 not made from stainiess steel or special low carbon steel as in the case of the commercially
availlable evaporation pans. This pan is 250 mm deep and 570 mm in diameter with the
| measuring scale prepared from Perspex
Mode of operation
Advantages:
2 The measurning rule could be adapted for drfferent crop factors, thus excluding the
calculations needed when using the Class A pan
3 Less expensive than the commercial evaporation pans (Class A Pan)
Shortcomings:
- The lowest crop factor that could be taken into account is 0.5 as the pan is too shallow to
_______accommodate lower crop factors
Users:
Commercial farmers._advisors and researchers.

B _ Pan evaporation measurement -

2.2.21 Pegboard method

Description
This type of scheduling monitors the accumulation of evaporation until predetermined levels
indicating the need for irigation. The operation of the pegboard entails using coloured pegs
The information on the pegboard relates 10
Canopy: the degree of cancpy ground cover during the interval in between irmgations (0-full)
Days calendar date At month end calendar peg returns to the beginning of the month
TAM: total available water (mm)
FAM freely available water (no yield reduction due 1o water stress) where the soil water is
equal 1o TAM x 80%
Stancing time of sprinkler
Net mm per standing time
a2 Total accumulated irmgation per crop (George. 1888)

(S S S &

(S

The amount of freely avaiable moisture expressed in terms of evapotranspiration 1s known as the

evaporation gefice as represented by the peg in the column of holes under each field A second

peg represents the accumulating dally evaporation amcunt This peg will reach the defict or

inchcator peg in the number of days it will take to deplete the available moisture ancg gives a clear

indication of when 1o irngate As thus method 1S worked in terms of evapotranspiration, the amount

of imgation and rainfall will have to be divided by the relevant crop factor and the resultant figure
_will dictate the downward movementofthepeg. - 1
Mode of operation _Accumulation of evaporation

Advantages: A

2 Ease of operation and cbvious clarity

a Minimum record 1o be kept on paper or with any other aid (computer)

2  This method of scheduling suits any irmgation system

32 Can easily be reflected on a spreadsheet

Shortcomings:

3 Norecord is kept

Users:

Sugarcane farmers (smali-scale and commercial farmers) in KwaZulu Natal and Mpumalanga

12




2222 Green Book method

Description
For many years the Green Book (Green, 1985 adb) was accepted as the South African standard
for the estimation of irrigation requirements of crops for planning and design purposes. The pan
evaporation method is used in this method of estimating crop water requirements
| The method comprises of the following stages
|32 Anoptimum value must be decided upon for the maximum amount of water loss (depletion),
| which may be permtted from a rcot zone before imgation becomes necessary This
establishes how much to irrigate on a particular soil with a particular irrigation system
2  The daily rate of water loss (evapotranspiration) s calculated from actual weather records,
, taking into account the crop type and stage of development
'3 Staning from field capacity, the daily level of soll waler depletion is calculated by
accumulating daily evapotranspiration losses. Recorded daily ranfall is used throughout to
adjust the soil water depletion level \When this depletion reaches the permissible maximum
value, application of appropriate irrigation amount becomes necessary.
|2 Calculations are carried out continuously through the entire growing season of a crop and
repeated for a couple of years. This statistical summary of the irmigation history of the crop is
then used as basis for estimation of future irigation requirements.

This method implies that, over a grven penod, evapotranspiration (ET) is in direct relation with pan
| evaporation (Eo).
ET = ke x Eo
Where kc = crop factor. Reviewed kc vailves empincally related to pan evaporation and growth
peniods for crops grown in South Africa were developed

_Mode of operation Evaporation and crop factors
[ Advantages:
2  Relatively easy to use and low cost
3 The evaporation data was obtaned from theee dfferent sources namely the Weather
Bureau, Department of Water Affairs and Forestry and the National Department of
| Agriculture. The exposure of pans was therefore mostly in accordance with standards lad
‘ down for weather station networks and therefore farly free of effects of local obstructions.

_——

Shortcomings:

|2 The lack of knowledge during the stage of development of these manuals did not permit
‘ crop factors used in the manuals to be adusted for the different climatic zones and growing
i seasons. Once decided upon, the crop factors were used unchanged in all production areas
; over all the growing seasons

 Users:
LU_»O by some farmers involved in pasture production and advisors in the field




2.2.3 FAO Penman-Monteith procedure

Description
A large number of more or less empirical methods have been developed over the last 50 years
woridwide to estimate evapotranspiration from different climatic variables. Relaticnships were
often subject to ngorous local calibrations and proved not 1o be globally valid Testing mo‘
accuracy of methods under each new set of conditions is laborious. time-consuming and costly,
and yet evapotranspiration data is frequently needed at a short notice for irmgation scheduling To
meet this need, guidelines for predicting crop water requirements were published in the FAQ
Imgation and Drainage Paper No 58 (Doorenbos & Prutt, 1877) Since the 1980's, the preferred I
terminology used is reference ET. rather than potential ET (Burman ef all 1983) This standard
ETo method eliminates some of the shortcomings identified with the other methods like the Green
Book and the Class A Pan It recommended the use of hypothetical short grass reference
| evaporation in association with the four-stage approach for the development of crop factors (viz
initial stage, crop development stage, mid season stage and late season stage) '

The FAQ method of reference evapotranspiration (ETref) is linked 1o any given crop by way of a
| standard crop factor (kc) for any given penod during the growing seascn as described by
| Harmington & Heerman (1981)
ET = kc x ETref

ET = daly water depietion in mm of evapotranspiration of the crop

ETref = reference evapotranspiration (mm)

kc = crop factor

ke =(kch x kS) + ke

kch = the basal crop coefficent ie cormesponaing 1o a crop grown under ne water |

shonage

ks = a sod water avadabity factor (0-1. also called stress coeffickent)

ke = the sol water evaporation coefficient

|

The modfied Penman-Monteth method is considered t0 offer satisfactory results with the
minimum error in relaton to the living grass reference crop The relatively accurate and consistent
performance of the Penman-Monteith approach in both and and humid climate conditions
confirmed the recommendation by the FAO for the acceptance of this method as the sole |
standard method. It is @ method with 3 strong likelihood of correctly predicting ETo in a wide
range of locations and climates. anc has made provision for apphcation in imited cata situations
(Docrebos & Prut 1577)
Mode of operation

Estimation of evapotranspiration

Advantages:
3 The crop factors cater for regional variations and vaneties, management practices and
imgation methods In contrast to the crop factors used with the A pan. reference
evapotranspiration and kc can be adusted consstently and with confidence 10
accommodate differences in chmate zone and farming practice ‘
3 It is a method with strong hikelihood of correctly predicting ETo in a wide range of locations
and climates and has provision for application in limited data situations. The reference
(ETref) figures used changed from the A-pan crop factors to a medified range based on the
universally accepted FAO procedure For real time irngation scheduling systems, ETref for
| the forthcoming days can be dwectly estmated from meteorological service forecasts ‘
Shortcomings: 1
3 In situations where large saturaton deficits and high temperatures exist. this method did not
work satisfactonly and should be used together with field cbservations
3 ET models are typically one-dimensional and do not take the two-dmensional nature of |
| imgation and rainfall spatial vanability into account |
Users:
Researchers_extensionists consultants and ‘armers with the support of professionals

- - — — e e ——
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2.2.4 Remote sensing methods

Description

In, remote sensing methods. evaporation are evaluated (usually In conunction with

meteorological methods) by determining certain radiative cor reflective properties of the soil and

crop as viewed from a great distance This is a relatively new tool for irmigation scheduling, but
unfortunately this tool is not well known to water resource managers and irrigation engineers |

(Bastiaansen & Bos. 1868). Two aspects could be covered with this method: ‘

2 Description of irrigation performance at a multitude of scales and

2  Estmation of the parameters of the soil-vegetation-atmosphere continuum, such as soil |
water, crop evapotranspiration and crop biomass production

This method provides an opportunity to study the crop growing at scales ranging from indivicual

fields 1o scheme level The mult-spectral satellte images can be used for the appraisal of |

irrigation management information. Information such as land use surface patterns. crop mapping.
wentification of irmgated areas and other crop related parameters might be surveyed and
monitored extensively in space and time by means of sateliite images. Evapotranspiration can be |
retneved directly without the use of crop coefficients. This evades the need 1o use standardised

kc values such as provided by Doorenbos & Pruitt (1877).

Mode of operation | Processing of remote imagery

Advantages: |

2  Remote sensing provides opponunities 10 retneve new performance indicators such as: |
depleted fraction of soill water, crop water deficit, relative evapotranspration, relative soil
wetness and biomass yield on a scheme level ‘

2 This is @ major benefit for large imgation schemes and river basins in circumstances where |
the hydro-informatics infrastructure and database management is absent.

2 This method provides a combination of indicators that enhances the diagnostic |
opportunities. especially when the entire flow path from the reservoir up 1o the root zone can |
be quantified It provides a more comprehensive description of the total system as |
compared to classical inagicators describing water delivery and service levels (Malano & van
Hofwegen, 1988)

2 It s mainly used 1o support decision-making in irrigation water management of large
distncts. This information, together with historical data. constitutes the input set for the
simulation of soil water flow, from which the actual crop water requirements can be |
determined |

Shortcomings: |

2 Remotely sensed information goes not explain the causes. it only measures net effects of
land surface processes

2 Hgh-resolution images are dekvered more than a month after acquisition and at a relatively |
high cost per scene Low-resolution images can be cbtained daily. but the resolution is 1.1
km*. This is however too coarse for direct interpretations at plot scale for a single crop |
Conversion equations are needed 10 overcome this problem, but it comes at the cost of |
accuracy

2 The practical implementation requires a large effort and the whole procedure is heavily
reliant on computer skills. The acqusition of a large volume of data input is rather complex
and requires the support of professionals

Users:

_Imgation engineers, scheme managers (e g WUA Orange Riet) and irngation consultants '

3. SOIL WATER MEASUREMENT

Soil water measurements provide an indication of water extraction and availability within
the crop root zone and can be used to directly schedule imgation events. This is also an
accurate way of obtaining information on both how much imgation water to apply and
when 1o apply it.
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Soil water status can be measured directly or estimated indirectly using varnous
paramelers. There are three ways of measuring availability of soil water for plant growth
3 Measunng how strong the water is retained through measurement of soill water
potential.
a Measunng the soil water content.
a Measuring the depth of the wetting front after irrigation

Soil water potential, in simple words, is the energy required to remove a finite increment
of water from the soil. Soil water content does not tell one how 'happy’ the plant is, but
suction (soil water potential) indicates the water availability to the plant. Some devices are
set into the soil permanently while others are portable and could be moved around from
point to point to take readings of soil water potential

Soil water availability is usually expressed as a fraction of available water. This fraction
is given by the ratio of available water content over available water capacity, which is
defined as the difference between field capacity and wilting point. The available water 1o
the plant is a fraction of the soil water content. Whatever the method used to determine
this measurement, one has always to deal with the problem of spatial vanability. Generally
speaking the more accurate devices are also more expensive and usually portable
Accuracy of measurement of soil water content can be expressed in absolute and relative
terms

2 Absolute accuracy refers to the ability of the device to produce readings of the

actual moisture content of the soil.
2 Relative accuracy is the ability to reflect changes in soil water content accurately

Wetting front detection: As infiltration from imgation and rainfall occurs, a wetting front
develops. This wetting front is the transition zone between the dry and wet soil. The
wetting front detector (Full Stop) is a device that indicates the advance of the wetting fronl.

The four main methods of soil water measurement which currently dominate irrigation
management are

a2 Measurement of soil water potential (with tensiometers)

a Electncal resistance/capacitance

a Gravimetric sampling

2 Neutron scattering (Hardie, 1985)

3.1 Soil water potential (suction)

Soil water potential is measured through the use of.
a2 Tensiometers

Porous matrix sensors

Heat dissipation sensors

Thermocouple psychrometry

(&

(S &
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3.1.1 Tensiometers (Irrometer / Jetfill / Adcon's electrotensiometer / Delta T)

" Description ]
lTemaometenopemebydloumgtheWImmcmmmubmm.rdeteme

| pressure indicator through a permeable ceramic cup placed in contact with the soil. Retention of

water by soil and its relationshp to the soil waler free energy level has become know as “the

potential concept of soll-water.” The standard tensiometer is used 10 measure real time soil matnc

| potential down to - 80 kPa Standard tensiometers are available in standard lengths of 15¢cm, 30

' cm, 45 cm, 60 cm and 90 cm. The new model "LT" irometer introduced in 1995 is ultimate in

| sensitivity at the very wet end of the soil water range (below 20 kPa). It was designed to operate

| in very low water holding capacity soils like coarse sand and planting mixtures used in the

container nursery industry - where soil water needs to be maintained in the 5-15 kPa range

Jetfill tensiometer has basically the same components as a standard tensiometer, but is equipped
'mormrawareﬂmd\omm At a push of the button the Jetfill mechanism instantly
| iInjects water from the reservowr into the body of the tensiometer and removes accumulated air

Electronic tensiometers are portable pressure sensors for measurement of the soil water tension,

measured through a lensiometer tube placed in the soil The measuring dewice can be moved

from tensiometer tube to tensiometer tube allowing an unimited number of measurements over a

short penod of ime The measuring range s from 0-1000hPa with a very high accuracy. This

device is becoming popular amongst irrigators because they are relatively cheap and data can be
logged However. they need correction for temperature and exhibt some problems under water
| logging conditions (Lorentz, 2003)

Mode of operation | Tension measurement

Advantages:

a The same site is used all season and readings can be compared

2 Not affected by osmotic potential of soil solution (the amount of salts dissolved in the soil
* walter), as salts can move into and out of the ceramic cup unhindered
'3 Very simple instrument 1o use but attention should be paid 1o proper preparation before
1 installation, proper installation. proper servicng of tensiometers and storage if removed from

the soil after use

2 Relatively affordable and easily obtainable

Shortcomings: |
| 2 It gives point measurements and representative sdes or stations should be identified before
‘ installation in the field. Information is localised and is site specific and therefore many

observations are needed for accurate charactensation of a field
2 High labour requirement if not automatically logged. High degree of maintenance required
Regular service needed after installation — each tensiometer should be inspected for air
‘ accumulation often
|2 Usually only operate between saturation and about -70kPa. They are thus not much use for
measurements in the dry end of the spectrum. Air bubbles may enter at this point (termed
the air entry potential)
2 To prevent regular refill of tensiometers that have sucked air, most farmers are tempted 1o
keep all tensiometer readings at low suctions, often resulting in over irmgation
The relatively long response time (particularly at suctions above 30kPa) makes them less
‘ suitable as a portable measurement device (Mullens ef al, 1986).
|2 Temperature-sensitive
-] Needs a retention curve to convert measured data into volumetric water content
Users:
Farmers._consultants. researchers and extensionists

U

3.1.2 Porous matrix sensors

The principle of operation is that electrical resistance (electrodes embedded in porous
matrix) is proportional to its water content. For each type of soil there is a relationship
between suction and the soil water content. Electric resistance of a soil volume depends
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not only upon its water content, but also upon its composition, lexture and soluble-salt
concentration. Electrical resistance sensors do not directly measure soil matnc potential,
and therefore empincal calibration s required.

A vanety of porous materials have been used to construct electrical resistance sensors:
gypsum ( 1958), fibreglass (1949). nylon (1949) and granular matrix

_(a) Gypsum block

Description

Gypsum blocks slowly dissolve providing a saturated solution of Ca and SO« ions in the perous

matrix. They are less sensitive to salts than nylon and fibreglass as the saturated solution buffers

the effect of changes in the sor salinty on measured electncal resistance Thus type of sensor is

suited to vanous irigation applications where only “full” and “refill” points are required For more

exact work. gypsum blocks tend not to have the range, sensitivity or reaction time requsred  Upon

grying. tight contact between the block and surroundng soil may be lost ,

Mode of operation Electnical resistance measurement

Advantages:

=] They are easser to implement than standard tensiometers and very convenient to use

a Inexpensive. allowing many replicates. accurate and can be left in the field a.nomabcaﬂy
monitor continuously

_3  Mutiple depths are possidble with many sensors

Shoﬂcomings

D High labour f not logged. The sensors need o be read quite often 10 get good data

2 Disintegration appears over time due 10 the dissolution of gypsum blocks. changng the pore
geometry and altering the calibration. This makes the measurement of matric potential
unreliable The disintegration is dependant on the pH of the soil water It needs replacement
after 2-3 seasons

) It neecs correction in relation to soil temperature as temperature affects the electncal
resistance reading

2 Soil profile is disturbed during installation

= Because of the pore size of the material used In most electncal resistance blocks, |
particularly those made of gypsum. the water content and thus electrical resistance of the
plocks does not change dramatically at suctions less than 50 kPa Resistance blocks are
therefore not reliable for use in sandy soils

3 All such types of blocks are subjecied to hysteress (less resistance n wetting up than
drying out at set water tension). The range is usually only up as far as 100 kPa tension. The
sensitivity in the dry range s usually very flat (a large change in aryness reflects small
changes in measured resistance) |

Users:

Farmers. researchers, extensionists

by

— — ——————

(b) Nylon and fibre glass sensors
Description

The fibregiass and nylon sensors are longer lasting, but the electrical resistance output includes |
both matnc andcsmoticeffects =~~~ R .
Mode of operation - Electrical resistance measurement =~ |
Advantages:

Longer lasting than ' gy psum blocks
Shortcomings: ‘
Individual osmotic effects and field calibration of fibreglass units are recommended due to the
high vaniability in calibration of individual sensors.
Users:

Farmers, researchers extensionists

—
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() _Granular matrix sensors (Watermark / Aquaprobe)
Description

This sensor is made of fine sand material held in place by a synthetic porous membrane. The |
membrane prevents penetration of fine soil material, which could change the physical properties
of the block. The sensor provides a cescrption estimate of soil water potential in the range
between 0 and 200 kPa

It i1s an electrical resistance-type sensor It is read by a hand-held meter, which converts the |
electric resistance reading 10 a calibrated reading of kPa of soll water suction It operates under |
the same electrical resistance principle as gypsum blocks and contains a wafer of gypsum |
mbedded in the granular matrix. The gypsum wafer slowly dissolves. 10 buffer the effect of salinity |
of the soil solution on electrical resistance between electrodes. The particle size of the granular

| filang material and its density determine the pore size distribution in granular matrix sensors and
| thewr response characteristics . |
' Mode of operation

lod - - Electnical resistance measurement |
Advantages: i
It is similar to gypsum blocks, cheap and it can monitor multiple depths
Little maintenance is required
It is very popular due to the simplicity of management-simple 10 use and suitable for logging.
i is relatively cheap compared 10 other soil water sensors
Problems inherent to gypsum blocks are overcome because most of the granular matrix
sensors are supported in a metal or plastic screen
a Manual measurement of matric potential with a hand held meter would certainly be a
|____Cheaper option than the installation of a data logging system
Shortcomings:
2 Itis hard to establish water use patierns unless daily readings are taken
3 It s temperature sensitive block temperature should be measured in order 10 compensale
for the effect that the soil temperature has on the electrical resistance reading 1o obtain a
relable estmate of soil water potential  Differences in temperature cause large vanations in
} the soil matric potential values.
= It provides point measurements at specfic sites - therefore many representative
observations are needed to properly characterize a field. It is not very suitable for localised
Imgation because f gives point measurements
2 It is susceptible to inaccuracies caused by soil disturbance during instaliation. It needs
individual calibration (calibration dependent) - time consuming Regular calibration and |
manual reading are often required, although readings could also be logged with a computer. |
3 Retrieval of these instruments is difficult in clay soils -
' Users:
| Farmers, researchers, and extensionists

vuouuwu

3.1.3 Heat dissipation sensors (Campbell Scientific 229/BCP Electronics)

Description

The temperature in a porous block is measured before and after a small heat pulse is apphed to 1

The amount of heat flow from the pulse-heated point is mostly proportional to the amount of water

contained within a porous material This means a wet material will heat up slower than a dry one

The rise In temperature is measured with an accurate thermocoupie in the sensor tip and

| calibrated against the soil water potential -

Mode of operation _| Thermal conductwity 1

Advantages: ‘

o An advantage of this sensor is that it returns nformation on both soil water and the
temperature of the soil at the probe site

2 Accurate and continuous monitoring

2 WHh heat dissipaton sensors thermal conductivity IS measured rather than electrical
conductivity as with gypsum blocks. and hence the salinity of the water has no major effect |
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"2 It estmates matnc potential over a wide SOl water range, but the optmal range of
measurement is from 0 to 100 kPa

Shortcomings:
a2 Fairly large power requirements if measurements are taken frequently Computer logger and
extensive cabling is required
3 The sensitivity of the heat pulse sensor in sandy and sandy loam soils are considered to be
good. while the sensitivity in heavier clays s less than that for lighter soils
3 Tedicus calbration is needed 0 ensure accuracy
Users:
_Researchers

3.1.4 Thermocouple psychrometer
Description
It infers the water potential of the iquid phase of a sol sample from measurements within the
vapouwr phase in equilibrium with it. The major difficulty n making this measurements stems from
the fact that the relative humidity in the soil gas phase changes only slightly - practically all
| measurements be in the narrow relative humidity range between 0 99 -1 0

The first development of an instrument 1o measure relative humidity in equilibrium with a plant or
soil sample was that of Spanner (1851) and since then major developments tock place
concerning improvement of accuracy and reliability of measurement Modern psychrometers
consist of a miniature thermocouple punction, placed within a8 sampie chamber that can be cooled
to condense water on it (Peltier effect) The junction is connected to a voltmeter to estimate its
temperature depression as the water evapcrates. Neuman & Thurtell (1672) introduced an
mproved technigue that measures the dew point rather than the wel=bulb temperature
| depression 1o estimate relatve humidity which has certain advantages.
_Mode of operation ) Measurements of humidity
Advantages:
- It measures the 10tal water potental rather than water content
] Cahbration of sensors and sensor readings are independent of soil type and soil particle

—

L. S2e s
Shortcomings:
0 It 15 caldrated empincally. with solutions of known water potential connected to the

psychrometer chamber

9 It 1s temperature sensitive because it measures relative humidity of the ar in equilibrium
with the sample. Any difference in temperature between the sampie and the chamber air will
introduce a systematic error, unless the difference i1s measured and corrected

2 It does not provide gocd afferentiation at the wet end of the soll water potential scale
where cntical yngaton decisions must be made for many crops and it i1s not as easy 1o log

remotely
23 Expensive B [ R .
Users:

Mainly researchers use this method

3.2 Soil water content

Accurate assessment of soil water deficits and imgation efficiencies are possible using
volumetnc soil water measurements. Soil water measurements are useful for verifying ET
models and for the starting or stopping of irrigation, but are not very useful in forecasting
the need of imgation. Soil water measurements are necessary for feedback information on
the irmgation scheduling practice based on ET




There are direct and indirect methods to measure soil water content, as yet no universally
recognised standard method of measurement exist.

a Direct method: water is removed from a sample by evaporation. This includes
gravimetry with oven drying.

o Indirect methods: certain physical properties of the soil vary with water content and
indirect methods are those that measure the property of the soil that is affected by
soil water content. These methods include hand feel method by the use of soil
auger and spade, nuclear techniques (the use of the neutron probe) and di-electric
conductivity measurement (capacitance sensors, frequency domain reflectometry
and time domain reflectometry techniques).

A. Direct methods of soil water measurement

3.2.1 Gravimetric method

Description
' Soil samples are collected at different depths within the roct zone with a soil auger and volumetnc
soil water content (dry and wet mass) is calculated in the laboratory
W= Yust mass - Ory mass

Dry mass

(W= Fanmerc weiness)

| Through this formula the ratio of the mass of water to the mass of the dry soil is obtained.
| Mode of operation . Measurement of mass

Advantages:

2  One of the most accurate methods to determine soil water because it is the only direct
method of measuring soil water content. It serves to calibrate other sod water measurement
tfechniques

Shortcomings:

Q2 More than one sample (replication) is needed for accuracy

2  The sampling method is destructive.

2 It s labonous and time consuming, since a perod of 24 hours is usually considered
necessary for complete oven drying at 105°C

2 Water content values for stony and gravely soils. both on a mass and volume basis, can be

' grossly misleading because of the coarse fraction

Users:

| Researchers. mostly to calibrate equipment used for indirect measurements.

B. Indirect methods of soil water measurement

3.2.2 Measurement of soil water through observation and “feel method"” by use of
soil auger / shovel or spade

Description ]
As the name implies, the “hand-feel method” involves estimating soil water by feeling the soil. Sod
samples are collected at different depths with the help of a soil auger or spade and then the water
content is estimated by observation and hand-feel. Soil is squeezed between the thumb and index
finger and the operators expenence will indicate the relative amount of water in the soil. To help
inexpenenced imgators in this regard. guidelines for determining sod water by feel are available. |
Mode of operation o Feeling soil wetness
Advantages:

a2 Inexpensive. |
3 An easy and simple method used where expenence is needed for accuracy. |




2  Soil classes are identified through observation. and the soil water content is determined with
the help of standard tables
Shortcomings:
3 The major drawback with thus method s that estimation of soil water content is subjective
and is not the exact amount of soil water
2 Cannot compare sites to previous results or other stes
a The reliability of this method is usually poor unless the operator is very experienced With
repetition and experience it is possible 1o be accurate within 10-15%
a It does not give any lead-time for imgation
2 Not able 1o supply continuous results It is hard to establish water use patterns uniess daily
| ____samples are taken
Users:
It is the most widely adopted technigque by commercial and small-scale irmgators, researchers and
_extensionists

—e — - - — — ———

3.2.3 Neutron thermalisation (Neutron probe (CPN 503, Waterman, Troxler))

Description
The neutron probe was first developed in the 1950's and s still regarded as the most accurate
instrument for measuring soil water. The volumetric water content is determined through the use
of scattering and slowing down of neutrons by the hydrogen nucle: of water molecules The
detector counts the number of slow neutrons. A calibration curve is needed 10 establish the
relationship between the volumetnc water content and the counts of slow neutrons Data s
collected at regular intervals and downloaded intc specialist software that enables both graphical
_and tabular analysis . ! ’ T S O .
Mode of operation Neutron scattenng and measurement of siow
neutrons

Advantages:
2 It s relatively easy 1o use rehable and accurate Soil water measurements can be made at
different depths in the soil profile
a2 It is non-destructive and measurements can be performed without disturbing the soil
3 This allows one to follow the water content changes with time through taking measurements
at the same locations and depths
2 Unlike the capacitance and TDR probes. the neutron probe has a larger and therefore more
representative sphere of measurement
=] It is practically ingependent of temperature and pressure
|2 It i1s portable and i is used 10 measure sod water at many sites
Shortcomings:
a Initial costs are relatively high, aithough it can be used at several locations in one field and
for several fields once access tubes are installed and conveniently distributed in the field
- The main limitaticns relate to safety rules which have to be followed 1o operate. transport
and store the radioactive probe It requires an operating licence because it contains
radioactive matenal
3 Calibration s celicate, tme and labour consuming Using the neutron probe with a single
calibration equation for all soils provides only limited accuracy
a2 Background hydrogen molecules, bulk densty and other chemical components may
influence the measuring results
3 A low degree of spatial resolution is found Information is localised and site specific. It needs
______many observations for accurate characterisaton of a field
Users:
More suited for use by a group of farmers because of the cost of the instrument, estates, irngation
_consultants, researchers and exiensionists




3.2.4 Di-electric sensors:
a Capacitance sensors (Enviroscan, Diviner 2000, C-probe, Silora, Troxler
Sentry, Gopher, Aquaterr)
o FDR (Frequency Domain Reflectometry)
2 TDR (Time Domain Reflectometry) (Spectrum’s TDR 300, Aquafiex)

Di-electric sensors (Capacitance, FDR and TDR sensors)

Description

All of the sensors within this group use an oscillator to generate an AC (alternating current) field
| which is applied to the soil in order to detect changes in soil dielectric properties linked to
| variations in soil water content The charactenstics of this propagation depend on the soil water
content through the dielectric properties of the soil

? Capacitance sensors consist essentially of a pair of electrodes (ether an array of paraliel spikes
or circular metal nngs). which form a capacitor with the soil acting as the dielectric medium. The
capacitor works with the oscillator to form a tuned circuit. and changes in soil water content are |
detected by changes in the operating frequency The capacitance technique determines the |
| dielectric permittivity of a medium by measuring the charge time of a capacitor, which uses this |
medium as a dielectric medium

These sensors (for example the Sentek) operate from within access tubes and are not in contact |
with the soil This alows muliple sensors to be lowered into an access tube and take |
measurements at all depths

Frequency Domain sensors use a swept frequency The resonant frequency (at which the
amplitude is greates!) is a measurement of the soil water content, and the ampiitude is a measure
of soll electrical conductivity. Like capacitance sensors, their measurement is a single frequency,
but the exact frequency depends on the soil water content

TDR probes also use an oscillator o generate an AC signal but the sodl water content is |
measured from the ampitude of the standing wave, which is formed when the reflected AC signal |
interacts with the generated AC signal They operate at a single fixed frequency TDR depends on |
discontinuities in the medium of transmission. Combined with knowledge of the propagation |
velocities of waves in the medium being use, these discontinuities can be located by observing
the change in energy levels at fixed points in the medium Energy that does not become
dissipated returns to its source. The probe tips of a TDR appliance present a discontinudy in the
wave propagation path of the energy initiated at the signal source
Mode of operation Di-electne measurement
Adunugos
The abity to capture real time vanation in soil dynamics and most sensors can be
connected 1o conventional data loggers. Continuous monitoring and automation of irmgation |
systems are possible when installed semi-permanently
2  Non-radicactive
2  No specfic knowleage of analysing waveforms is required. Most of these sensors operate at |
lower frequencies (100 MHz or less) and can therefore detect “bound” water in fine particle |
s0ils




Shortcomings:

a2 Only apphicable to the site being measured with heterogenecus soil it becomes very difficult
to extrapolate from one site to sites not measured Regular calibration is needed

-] Expensive equipment 18 required and complex electronics. which 1s most of the ime beyond
the range of equipment affordable by farmers

2 Adequate software 18 Included but skilled operator in set-up and interpretation 1§ needed

3 Readings are heavily influenced by scil water content and air gaps in the soil volume
nearest the electrodes. With the access tube models, it is extremely cntical to have good
sensor tube-soil contact for reliable estimation of soil water content. It is difficult to use in

cracking clay soils

| Users:
| More suited for use by a group of farmers because of the cost of the instrument, researchers,
extensionists and consultants

3.3  Wetting Front Detector (WFD)

Description

The detector works on the principle of flow line convergence. krigation or rainwater moving
downwards through the soil is concentrated when the water molecules enter the wide end of the
funnel The soil in the funnel becomes wetter as the funnel narrows and the funnel shape has
been gesigned sc that the soil at its base reaches saturation when the wetting front outside is at a
similar depth Once saturation has occurred, free water flows through a filter into a small reservoir
and activates a fioat (Strzaker ef al 2000, Strzaker 2003). The wetting front detector was
developed ane patented by CSIRO Land and Water, Australia in 1987

The wetting front detector can be used to schedule imgation. because the time it takes for water

to reach a certain cepth depends on the initial water content of the particular soil (Philip, 1968). If

the soil is dry before imgation. the wetting front moves slowly because the water must fill the soil

pores on its way down. Therefore a lot of water is needed before the detector will respond. If the

soil 1s quite wet before imgation. then the wetting front will move quickly through the soil. This is

because the scil pores are already mostly filled with water so there is little space for additional

water 1o be stored Thus a short wngaton will cause the detector to respona The float in the

detector is activated when free water is produced at the base of the funnel. Water is withdrawn

from the funnel by capillary action after the wetting front cissipates Depending on the version

used, capillary action can be used t0 “reset” the detector automatically. or water can be removed

_via a synnge The water sample can be used for routine salt and fertilizer monitonng

Mode of operation _Measurement of wetting front

Advantages:

3 It 15 robust. accurate and visble even when the ‘armer is absent and the in‘ormation s
stored until the farmer chooses to reset the device

3 A small sample of soil water can be retained for nutrient monitoring

3 It is simple, easy to understand and to apply by the farmer. The information that farmers get
from the detectors is easy 0 understand- either the wetting front has or has not reached the
desired gepth

a The WFD concept acknowledges the existing knowledge of irmgators and every irrigation
becomes an expenment from which the farmer can learn The mechanical version IS
acapted for the circumstances and needs of the small-scale farmer

2 Excellent learning tcol for farmers and users to beccme acquainted with irigation
scheduling principles

- WFD can alsc be usad to evaluate the i/mmed.ate past irrigation events

3 This device ofers a rcbust method to combine the WFD with estimates of transpiration from
reference crop evaperation and crop factors




Shortcomings:
2 It is labour intensive 1o install
2  Sensitivity problems were experienced under imgation systems like centre pivol and furrow |
on
2 Buried depth is crucial
Users:
_Farmers (commercial and small-scale). researchers, extensionists and consultants

4. PLANT BASED MONITORING

Instead of measuring the sol waler content, a number of plant indicators can be used to
determine whether immigation is needed. These indices include the observation of the
general plant appearance, changes in diameter or trunks or branches, leaf water potential,
sap flow, canopy temperature and radiation.

Plant water status has remained one of the most difficult parameters to measure (Howell,
1996). Direct measures of plant water status are useful as a measure of plant water stress
and can be used to schedule imigation events. However, the use of this scheduling method
15 more appropriate for researchers and environmental physiologists rather than for the
practical application of irrigation scheduling by farmers, although a few high valued fruit
growers in the Western and south-western Cape are using these methods with the
necessary support.

While a range of techniques has been used in research applications, plant stress sensors
are not widely adopted by commercial farmers in South Africa. One reason may be that
measurements of plant water status often do not provide sufficient lead time to schedule
irngation while avoiding crop water deficits affecting yield and often they don't respond fast
enough to provide adequate information on when to terminate imigation applications. The
other possible reason is that the available methods of plant monitoring require
sophisticated devices and the support of professional people.

The following plant monitoring methods will be discussed:
4.1 Visual observation of plant appearance
4.2 Trunk or branch diameter measurements
4.3 Leaf water potential (LWP)
4 4 Sap flow
4.5 Canopy measurements
4.6 Phytomonitoring
4.7 Remote sensing methods

4.1 Visual observation of plant appearance

Description

The visual observation of general plant appearance includes observation of possible retardation in
folar growth or frut development that usually depends on a visual expression of soil water stress.
It is likely that, when external symptoms of soil water stress are evident, the crop may already be
permanently set back. Knowing what plants lock kke at the intial stages of soil water stress can
| be usedto indicate imgationneed
Mode of operation | Visual cbservation

Advantages:
2 Regular mondoring and visual observation. logether with weather information and
understanding of soil water holding capacity. can make irrigation scheduling successful

l
k
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Shortcomings:

3 if expenence is lacking, the symptoms of plants under stress will be discovered too late and
possible economic losses will occur

3 Irrigation scheduling by plant stress observation can result in less water application than
required

2 Farmers with a large area of multiple irmgation systems find simple visual observations of
plant symptoms insufficient and time consuming. and must usually rely on more complex |

{ _and sophisticated methods |

Users:

The visual observation of plant stress symptoms and lea’ extenson (viz sugarcane) is 8 common

technique used by experienced farmers. extensionists and researchers

4.2 Trunk or branch diameter measurements

Description

A sensor (dendrometer) is a sensitive dial gauge attached to the trunk or branch of a tree for ‘
measuring small changes in diameter as water status of the plant changes during the day. This
sensor helps 10 determine the need for and the amount of imigation from the change in diameter, |
which occurs over a certain time period

_Mode of operation i " Measurement of diameter ) ]
Advantages:
a It is fairly easy to instal and must be connected to a logging system

‘Shortcomings: - ' - i

3  The main problem encountered seems 10 be that the same responses are sometimes |
obtained with both excess and shortage of water. Small dumal changes are cbserved in the |
case of high water stress condtions (as a result of stomatal closure). For mild water stress
conditions. diumal changes depend on speces and vaneties ‘

3 This procedure does not detect water stress as rapidly as the leaf water potential method. |
but provides a more ntegrated measurement of conations being expernenced by the entire
tree

Users:

Mainly used by researchers. but also by a few progressive commercial frut growers and

_horticulturalists in the Western and south-Western Cape

e

4.3 Leaf water potential (LWP)

— —— e - ——— —— ey

Description

Imigation timang techniques that ensure attanment of the upper boundary values of water-yeld
relahonships are important and leaf water potential measurement s one of these methods LWP |
is @ criterion for irrigation timing A miniature sensor attached to the leaf is used to measure the |
reduction in leaf thickness and thus turgor pressure, as water stress of the plant increases The
main interest in this method lies in the possibifty to link values of pre-dawn leaf water potential to |
relative evapotranspiration. To operate effectively, the method requires careful selection of a fully
exposed leaf. which accurately represents the average response for the entire plant throughout

the day

Mode of operation Measurement of plant recuctons in leaf
L - S thickness and turgor pressure. ]
Advantages: 1

2 It is clamed that such a system is capable of reacting. almost immediately. 10 the onset of
plant water siress. theredy preventing stomatal closure

—




' Shortcomings: j'
'@ Limitations. such as the sampling needs, are presented by this technique These are |
relatively difficult for farmers to apply

2  Measurements must be taken before dawn to avoid meteorological effects.
Q  Measurements on many representative fields are required
Users:
Researchers and a few commercial fruit and wine producers in the Western Cape with the help of
consultants

44 Sap flow

Description
It measures how rapidly a pulse of heat is transported by the sap flow up the trunk Relative ET
values are obtained by measuring sap flow along the trunk and comparing trees under waler
shortage 10 well irigated trees using both steady heat flux or heat pulse technology Two
techniques are avallable:
2 Sap flux denstty technique: kmited by the need to determine the cross-sectional
area of the water conducting tissue
2 Mass flux technique
Both techniques require tree sampling and lead 1o necrosis of the trunk- this is why it is necessary
to change sampling site frequently
Mode of operation | Sap flow measurements
Advantages:
9 Direct measurements of plant water status can be used in conjunction with ET models to
provide feedback data on crop water defics
Shortcomings:
o  Problems such as sampling range of instruments needed for a complete crop season
(differing stem sizes) or sensor movement from plant to plant, besides the physical problems
__of instrumentation. make sap flow gauges manly useful for research
- Users:
’ Researchers, progressive commercial fruit growers and wine producers in the Western Cape with
| the help of consultants

4.5 Canopy measurements (Temperature and radiation)

Description |
Since the 1980's a new technology was developed to remotely sense crop or plant lemperature
(Jackson ef al, 1981). Surface temperature measurements are performed by infrared radiometers,
and infrared gun, and used 1o determine the degree of water stress. Measurements are based on
the principle that objects emit radiation in proportion to their surface temperature. When the surface
of the leaf is warmer than the arr, evaporation s reduced Change in leaf temperature is closely
related to the avalabilty of water. which indicates critical soill-water content when stress becomes |
detnmental 10 crop growth. 1

' Remote sensing of a plant canopy includes both reflected and emitted rackation. Remote sensing

| methods evaluate evaporation (in conjunction with meteorciogical metheds) by determining certain

' reflective properties of the soll or crop, as viewed from a great distance. The spread of
techniques has encouraged use of input data from remote sensing with the support of GIS for
manipulating large data sets. Spectral radiation as seen by reflected wavebands does follow the

leaf area of the crop and under full cover. the changes in crop canopies caused by leaf rolling can

| be depicted with the vegetative index. Information is used 10 support decision-making in water
- management of large districts that involves correct schematisation of the areas of interest and of
| water transport processes in each parn of the system By means of appropriate interpretation, digital

_images can be used to produce multi-temporal maps of crop requirements over large areas
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_Mode of operation _ Measurement of plant and canopy temperature
Advantages:

3  Rapd assessment of large areas s possible

a A portable device that is relatively easy to use and could easi'y be moved from one site to

another
|9 Itis stable in a wide range of ambeent temperatures B -
Shortcomings:

2 The problems experienced are that the index threshold values need 1o be adjusted to each l
crop. The index does not work accurately when lttle rainfall occurs during the dry cycle ‘

2 Although the measurement of temperature IS accurate, the transiation of this measurement
into plant water status requires additional information such as the net solar radiation. air |
temperature, humidity, etc. To be able to do this, calibration for a specific crop and site is
required uniess a theoretical model is used

2 It can only be used if weather conditions are not rapidly changing (wind and radiation) and |
only for fully developed crops (in order to avoid soil surface temperature influence on
measurements)

2 Accurate measurement of crop temperature is not useful on its own without supplementary
environmental data rendering the technigue difficult to apply using satellites (Howell 1686)

Users:
Relatively expensive and seems to be limited to advisors and researchers

4.6 Phytomonitoring

Description ]
It was developed in Israel as 3 tool for direct monitoring of actual growth of plants and the |
environment. It is aimed at improvement of the controllable crop factors, as part of the worldwide
change o precision agnculture [t incorporates plant-sensing techmigues, sampling rules
measurements protocols, data interpretation and crop-specific application techniques This serves
as an interpreter between the plant and grower It is a specialized real ime information system for
horticulture and crop production. The purpose is 10 derive new crop-related informaton for
supporting decision-making and imgation control. The phytomonitonng system combines
2 A data acquisition system based on a number of specifically designed sensors (up to 64

differant sensors that can be allocated around a central unt) Remote sensors that can be

selected with their own data loggers are

A Plant sensor stem diameter. trunk diameter. leaf temperature. sap flow rate. and a
variety of dendrometers and fruit growth sensors for different plant types
8 Environmental sensors: solar radiation. air temperature anc humidity

a Data processing software is used to display measured data in terms of plant physiclogy

(Kopmyt et al., 2001)
Phytomonitoring is about more than just smigation scheduling. It is by definition a management
information system for crop production. This information system helps to monitor soi
charactenstics, weather patterns (ar temperature humidity) and provides measurement of leaf
temperature. sap fiow relative rate. stem micro-vanations and fruit growth. It can identify plant
physiological disorders at early stages of ther development as well as disclose the crop
physiological response to any environmental changes in a short time (Ton & Nilov, 1986). It helps
the grower to moniter climate, irngation and fertigation regimes and treatments in a tnal-and-error
approach

Three functions of phytomonitoring as a management information system are

3 Standard reporting: the system can generate 3 cusiomzed set of measured values and thew
genvatives. used in danly control practice

= Exception reporting (watch-cog): the system enables clear detection of unexpected disorders
in plants, anc this function s basea on a vanety of phytomonitoring indicators of plant
physiological disorder
Decision-support system: it enables the monitoring of climate and irrigation regsmes though a
trial-and error approach (Ton ef al 2001)




Mode of operation T Management information system making use of piant
sensing techniques

Advantages:

2 The system is tallored to specific growers and is simple to operate and maintain

3 It can be installed by using simple building blocks: remote sensors. data connector and
communication channels Three options of communication channeis are avadable direct cable
or GSM celiular modem or web server

2 It can be configured for each grower's demands by making use of the trial-and-error regime
Graphic software presents the information in clear and easy 10 use way 10 the user

2 It helps to disclose hardly detectable, accumulated physiological disorders. Only a few
examples are necessary for effective monitoring of plants

2 Itis a convenient tool for comparative examination of different treatments and materials.

2 Rtallows continuous monitoring of physiclogical parameters of the plants

2 Extremely high sensitivity and shor response time of phytomonitoring channels eliminate the
risk of crop damage
Very short time is required for delivering information on plant status to user

=
Shortcomings:

2 Itis rather expensive

2 It needs extensive technical support with the start up of the system.

Users:
Greenhouses, vineyards and progressive fruit growers in the Western and south-Western Cape

4.7 Remote sensing methods

Remote sensing can also be used for plant based monitoring 1o estimate crop biomass
and study crop growing on scales ranging from individual field to scheme level (See 2.2.6
Remote sensing).

5. INTEGRATED SOIL WATER BALANCE METHODS

Irrigation scheduling by the integrated soil water balance approach is based upon using
either soil water balance models andlor crop growth models to calculate
evapotranspiration. The soil water balance approach is analogous with the use of the
checkbook method where daily withdrawals are subtracted from the checkbook balance
and deposits are added. This method requires tedious calculations f done by hand.
Irrigation scheduling approaches based on soil water balance calculations imply that
irrigation should start when a threshold value of water content in the soil is reached. To
facilitate its use, several computer programs and models are available that could assist the
irmigation consultant and farmer with decision-making. Many of the computer programs and
models allow the user to choose the method of ET calculation. The data required are
weather, crop and soil and management information. The crop growth models often
calculate soil water evaporation (E) and crop transpiration (T) separately (Ritchie, 1972)
for daily periods using leaf area index (LAI) to partition ET into the T and E components,

Two approaches of inlegrated soil water balance imgation scheduling, namely pre-
programmed imgation scheduling and real time irngation scheduling. With a pre-
programmed irrigation scheduling approach, the decision on how much to irigate and
when to irrigate is determined in advance and a few corrections usually dependent on
rainfall are made duning the season. A real time irrigation scheduling approach is where
the decisions on when and how much to irigate is based on actual daily conditions,
usually the soil water content or atmospheric demand. In real time irrigation scheduling,
the ETref for the forthcoming days is sometimes directly estimated from meteorological
services or forecasts.




Models can either be physically based or empirical mathematical equations. Models can
be used either for strategic planning or tactical purposes. Strategically one may wish to
indicate what area to irigate, which crops to plant, and how to distribute the available
water supply dunng the season (water delivery), for evaluation of imgation strategies, and
support 1o regional agro-metecrological information. irmgation scheduling models can also
be used for tactical decisions regarding when and how much irrigation to apply

5.1  Pre-programmed irrigation scheduling methods

The following irrigation scheduling methods and models are applied by irrigators for pre-
programmed imgation scheduling:
a2 Seasonal calendar for irngation (fixed or flexible)
a2 Checkbook scheduling with the help of computer programs like the GWK
program
2 Models like BEWAB, CROPWAT, SAPWAT, SWB and VINET 1.1. These models
are suited for estimating crop water requirements and for planning irrigation
strategies. A calendar of expected irrigation dates can be provded through the use
of these models

5.1.1 Seasonal calendar

Description
Imgation strategies make use of long-term histoncal data for full season urigation scheduling
programmes The intention with calendars is to promote easy and reacy adophon of improved
water management practices by farmers by presenting simple, non-technical scheduling
guidelines It is the intention 10 prepare a schedule of anthiopated weekly requirements Calendars
are deve'oped using dally soil water balance Crop yield models 10 express most appropriate dates
of wrigation Therefore, following @ soil water budget based on weather data and/or pan
evaporation does this. The selected value for the fixed net application depth depends on the soll
type. crop type. imgation method and local smigation practices at farmers fields

Once developed the calendcars require little updating and input by technical perscnnel, but the
farmer needs to keep record of the water applied (must ensure water applications are on
schedule) Rain is usually treated as if it was an imgation event

Withen this pre-programmed irmigation scheduling approach. smigators often use two strategies
(i) Fixed imgation schedule: where farmers use the pre-programmed irrigation schedule
without any seasonal adjustments for pertinent reasons like the lack of flexibiity in terms of
irmgation systems or delivery of bulk water
(v) Semufixed or flexible imgation schedule where Imgators use a pre-programmed Ingation
schedule with in-season adjustments made as needad

_Mode of operation Compilation of schedule using histonc weather data

Advantages:

2 Calendars are usually developed for several planting dates, varieties. soil types and initial
water contents

=) This is a simple approach of assisting farmers in their decison-making process

= It is ideal for small-scale farmers and commercial farmers without high value crops. and is
also applicable 1o relatively low ranfall areas

3 Usually. this scheduling package is developed for flood or sprinkler irrigation where the
imgation cycle vanes from one to two weekly apphcations

- The availabinty of estimates of rrigation water usage during the season on a weekly basis
enables the farmer to ecit the original programme. These estmates are usually based on
automatic weather data anc crop coefficients




Shortcomings: ‘l
2  The biggest problem is to account for rainfall in calendars based on long-term data This |
makes calculations very uncertain. To solve this problem, one can edther assume average
_____ranfall or no rainfall_or utilize probable rainfall during the crop-growing season
Users:
| Farmers, extensionists. and consultants

—— ——— - —— —

5.1.2 Checkbook method

Description
Checkbook imigation scheduling enables irrigation farmers to estimate a field's daily soil water |
balance (in terms of sod water deficit). which can be used 10 plan the next imgation The |
checkbook method is a record-keeping model, which accounts for all water inputs and outputs. |
This method requires the imigator to monitor .
The growth stage of the crop l
Maximum daily temperature |
Relative humidity |
Rainfall or irngation applied 1o the field [
Select the daily ET estimation from the crop water use table
Calculate the new soil water deficit

[SIN SR Sl Shy Shy &)

Usually, estimates of water use have been developed for average climatic conditions for a i
particular area based on expected crop growth stage and environmental conditions. Soil water
can be measured or estimated in a vanety of ways including the low cost “feel” method 1o more
accurate, expensive neutron probe units. This helps 10 provide an accurate starting point as well |
as makes provision for corrections or adjustments to the soil water deficit throughout the season. |
This water balance worksheet is operated ke a “checkbook” - the irngation manager maintains a |
rainfall and irrigation record and mathematically determines a net water balance. To decide when
to start wrigating. farm managers should compare the latest soll water deficit in relationship to |
selected imgation water management strategies for a crop, the crop's projected water needs, and
the weather forecast. The arigation management strategy will depend either on factors bke crop
development (critical growth period) or the irrigation system’s normal net apphication amount

_Mode of operation | Calcutation of soil water balance ]
Advantages:
2 It is relatively easy 10 operate

2 If, for any reason, the soil water balance sheet is interrupted and a period elapses, the
balance sheet can be restarted anytime by the irrigator whenever soil water instruments
have been installed or irmgation s anticipated

a Several fields can be scheduled in a very short period of time depending on the number of
crops and field locations

2 If properly maintained and occasionally verified by scil water measurements the checkbook

can be highly successful
a It is handy for daily record keeping of crop water use, sod water deficits along with dates,
| crop stage, rainfall and imgation. -
Shortcomings:

a Effectiveness of checkbook depends on the accuracy and regularity of the in-field
observations and measurements by the irngator

a  Since the crop water use is influenced by more climatic factors than considered in this
method. regular field visits and observations are necessary 10 determine the existing soil
water deficit in the field and comparnsons to the soil water balance sheet prediction

2 To set-up and operate an effective soll water accounting system like this, several field
characteristics and soil-water-plant factors need to be understood and quantified by the
_imgator.

Users:

Cooperative extensionists (viz. GWK program). consultants and farmers

N
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GWK program :
WK L

Cwnirwaland

; Developed
"M

Haar™y

wWes Cooperalive)

Principles of the model

J The GWK cormyder p ram 15 a typecal checkbook scheduling method where the fanmier
recoives nfomabon once week on the currend ovsl of the soil waley comlent of 1he
profile, and then based on checks and balances,. decxies whether he should step up or

reduce the anigabon apphcabhons dunng the subseqguent woek

J  Appi checkbook hedulng noples throwgh the use of a smple, user-inendly
spreadsheot computer program based on ETrel and crop fackors. Thes soflware
programme Ihat was developed in 195, uses data from sod water sensors (maenly from
NEUEron prod g calcuiatles the crop waler use

Jd This software creates a spreadsheel-hke working file ke each held hat rellects 1he
dilferent soul types and depth, avalable waler hoiding capacty . crop type and emergences
date 1 s axpected of Tarmers 10 monilor randall and imgabon amounts on a dailly bas
while the relalve Dusmadty,. mavomum and minemum daly lemperatres, and § Trel s
codlectet  from  represen wilomabc waather slabons. Famers can  use s
meteorologecal data esiber from aulomabc wealher stations stuated on ther LBaems o
from wealhear stabons in 1he specihic area

Jd The soltware garer ales a3 wale ) el graph (depth and me graph) far each feild 1o
any date. wihvch 1s prinded 10 1ake 10 1he Teid or 15 Tiled wilt her seasonal s alhon on
perdormance and nput records

Jd The program jesaned 10 run n Lotus bt s also avalabde in Merosolt Exced Farmars
can ether recomwve inlormabon omaded 1o them or st recave the ponted indormabon

prepared by GWK irmgabion expert’'s hand debvered or 1ax 1o them

) Advanlage.

e Quack n xl ol servalion by the Lame the current rale of depletior o
procgran ") porwies Len hservatar dogical data of 1he sile .
waler conan! monrdonng 1o decxde on 1he ame A waler 10 be appiex

. The larmex 1akes ownershp of immgation scheduling decsions based on the
idormaton (depth-bme graph) provded

Jd  Shovtcomvg

. It weils A yusthicated ol water instrume ke newdtron probo. Diviner
Ermvviroscan 10 monitor the of sol water ntent stalus

- An Jabion consultant or eaxpart needs 1o IMeneet the data
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513 ATP Bennle, U Pre-programmed scheculing model for a speciiic range of cops in the relatively dry | U On farm imgation scheduling
BEWAB MJ Coelzee, areas of RSA (<600mm/annum) and irngation planning at
(Besproelingswater | R van Antwerpen, | U Scheduling s done by applyng predetermined amounts al prescribed times or intervals. farm leval,
Bestuursprogram) | LOvRensburg & | O The pre-schedulng imgation water management program IS based on sol waler | O Planners, developers,
R du T Burger budgeting ponoples and used under ow ranfall conditions (< 600 mm/annum), deep consultants, irngation board
(UOVS) 1968 sods with plant avadable water capacity (PAWC) higher than 800 mm, for calculations of water need

J Mantenance of ralatively full profile from early season 10 provide for the peak demand and planning of irrigation
periods of ET during med season Is an important prinople. stirategies,

0 BEWAR providas options for proffe waler stalus at planting - edther 100%, 50% and 0% | O Agplicadle for mechanised
of PAWC The upper lmit of PAWC s estimated from the silt plus clay content and the (sprinkler and Bood rrigation
lower bmit 1S estanaled through simuabion of the rool water uplake O The program can also be

O Wrtlen in Twrbo Pascal and GW Bassc. Waler balance model used for calculation of used 10 design water
waler use apphcation requirements of

O Inputs needed 1o run programme. type of crop, length of growing season, largel yieks, Irmgation systems

depth of soll, sit plus clay coment for 200 mm depth intervals, rain slorage capacity.
Estimatng crop water requirements. an outpul Is produced in terms of the number of
days after planting and pre-scheduled water application programme for the different
ophons
Advantages:
# Userdnandly program and logical 1o implemaent.
» A caendar of axpected imgation dates is provided.
Shartcomings:
#  Inital support with the introducton and sel up of the program is needed

9 This program makes
provision for wheal, maze,
wu I w l‘”‘ ”’u“‘
peas and polaloes.

0 Users In semi-and regions
Ike Sandvel, Vaalharts,
Ramah, Kalkfontein, vd
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CROPWAT

| (Crop Water
' Requirements)

Developed
Smith , 1992

| Principles of the model

|
d

[

accepled as imamational standara
Calculmions of crop waler requiremeants and IMgalon requirameants ane camed out with
npuls of chmatic and crop cata Standand crop data are inchudad n tha progeam and the
chimatic daa for 144 countnes can be oblainad thvough the CLIMWAT database
Funharmore, the development of kngation schedules and evaluation of ran led and
rigation prachces are based on a daly sol-waler balance using vanous oplons for
waler supply and ngation management condiions Scheme waler supply 1s calculated
ACCOMING 10 18 Cropping pattesn proveded
Procedures lor calkcutation of the crop waler requireameants and imgabon reguiraments are
basexd on methodologes présentad in FAD Imgation and Dvanage Papers No 24 “Crop
walor requirements” and No 33 “Yield response 10 wales
The new version of CROPWAT, CROPWAT version 7, conlaing a complotely new
version in Pascal, and can be run in the MS-Windows environments
CROPWAT ncludes a revised method for estimatng relerance crop evapotranspwration,
adoptng the approach of Penman-Monteith as recommended by the FAD Expent
Consultaton heldd in May 1990 in Rome Further detads on the mathodology are provsdod
n the Irngation and Dranage Paper No 56 "Crop Evapotranspiration”
Main fanchions
« To calcukate

¢ Relerence evapolranspiration

o Crop waler requiremants
« Todevelop

Irngation schedules under vanous management condibons
Schome water supply

« Toevaluale

o Rawn fed producton and drought effects

o EMcency of imgation practices

|

— S N — :  Application —
| 4 An FAO computer program for erigation planning and management (FAD 46) that Is | 0 Used for estimation of
|

mgabon requiremeants by
WNGALON planners, designers
and agronomists
CROPWAT is meant as a
prachical 100l 10 haelp agro-
malearologesis, apronomists
BN INGANoN anjaneas 10
» Cavry oul standard
calculations for
VapOl ansparabon and
crop waler use studies
» Dosign and manage
ungabon schames
it allows the devalopment of
recommancabions o
Improved Fngabon praclices,
he planming of mgation
sChodules under varying
waldr supply Conosions. and
e assossmaent of production
under ramn fod condions or
defica wrigation (Smath,
1992)
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51.5 SAPWAT Crosby & Crosby, | QO 115 & compuler program that enables the planner, waler manager and designer 10 | Users:
(South African 1999 develop reakstic eskmates that reflect the complex factors thal determine crop water | O DWAF encourage designers,
Procedure For requrements. Thes planning and management aid is supported by an extensive South planners, farmers and
Estimating Van Heerden, Alncan chmate and crop database scheme managers of WUAs
Irrigation Water Crosby & Crosby, | O The methodology employed 1 based on amosphenc demand ulilising the Penman- and srigation schemes to
K« 2001 Montodh calcutatod evapolranspiration. The advantage of the FAD procedure is that use it as a planning ald
equirements) crop factors can be developed 1o cater for regonal varations, different varities. | SAPWAT is usod by
management practices and imgabon methods imgation schameo managors
Q  The purpose of SAPWAT is 1o sabsly the needs for a user-friendly aki 1o halp wih the 10 make certan inpats for
planning and scheme management, and Is therefore seen as a component ol the the development of & waler
decsion suppon system. management plan by the
O More sulled for estimatng crop waler requirements and for planning kngation WUA

ccC

-

strategres than for actual irngation schedulng although some irngalors are using it for
actual erigation scheduling
SAPWAT takes the user through @ process from the selecton of up 10 six weather
stations out of 350, which are shown on & map, comparative evaporation graphs, crop
factors for a selected crop and a screan that shows the water requirements for that
specific crop, effective ranfal and imgaton requireament. Several options are provided.
enabling the user 10 rephcale a specific situabon. These include choice of growing
periods, planting dates, gecgraphic regons, basic IMQaron management opsons, and
changeable efficency levels.

SAPWAT conforms 1o the prncples embodsed in FAO 24,

Advantages’

» Users. as Iney gain experence, can conribule 10 improving and up-dating the
databases and develop new techreques for approaching local and speciaksed
siluations.

» Awebsite has recently been created 1o promole a two-way communicabon between
the SAPWAT authors and the diverse users of the program, as well as between the
users themselves and the irmgation sclanbists, in order 10 develop speciic appicable
Instruction sheels, which could also be updated penodicaly (Crosby, 2004).

» A calendar of expecied irrgation dates s provided.

Shartcomings:
» Inital professional support with the introduction and set up of the program Is

Q9 Some commarcial farmers
also use it for irrigation
scheduling.

a5
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516 VINET1.1
. (Estimating
Vineyard
Evaporation for
| Ierigation System
' Design and
- Scheduling)

Developed

PA Myburgh and
C Beukes

(ARC Infruitec
Nialvoorti) )
1999

Principles of the model

u

u

u

.

Thes i1s a waler consumption predcion moded that 1akes inlo accoun! the unique qualties
and vanabon betwean cifferent vinayarcs

Ths computer program makas use of an empincal model 10 simulate e water use of |
plants (ET) ‘
Tradivonal imgation schedubng practicas of lanmearns in vineyards usually only take one of |
two crop lactors logather wih the ETo indo account, and ignore Iné vanalion belween
vinoyards in torms of leaf layer trellis systems, cullivar charactenstics, plant densily, and
chmatic factors. The program takas into consideration condaions thal have an influence
ON Wansperabion and evaporabon {
The het pulse velooaly lechnique was calibraled for measunng sap llow over shorn
penods ol ume in grapovang trunks. A caltwation curve of sap flux agans! lme was
daevelopod

A L Cor LA 2000 Pt Canopy Analyser (PCA) was calrated 10 measure kal area
index (LA n selecled vineyards, Loaf arca development was measwed n eght
VINOYaras varying in cullvars, vine spacng, and trellising system in five grape growing
regrons of Limpopo, Western Cape and Northern Cape. Seasonal loaf ivea development
could be prodctod by means of & third order polynomiad oquation-using day of season as
the mdopondont vanable Based on these prodictions, polontal growth awvoes wore
doveloped for the respoctive summer and wintor raindall rogions

Transpiration and surface evaporahon models are combined with this madel 10 sorve as
bass for tho prediction of evapolranspraton The Boeston & Stroosnijder evaporation
modol was avaluated and adagtaions ware necessary 1o account for canopy shading |
offocts viz. honzontal canopias vs vertcal canoples
Parameters Me vine spacing, sod type, trelising system, leaf area. ETo and a conslam
factor that represents evaporabon losses from oefferent sail lypes were used as inpul
parameters in tes model i
Advarimpes i
«  This moodel takes nto considaration dftecant vinayard sites and condiions

« Thé program 1S userdnandy and logcal 1o implemaent

Shartcomings

« Int@l support by wngation spocialists with the introduction and set up of the

program s neaded

36

| Application

W Commaercial wane and 1able
grape growers. consultants,
angineers ano small-scale
table grape larmers

J Areas

¢« Summer ranfal regon

[
w
o
o
'e)

Northern Cape

Lmpopo

Mpumalanga

Northwes! Province

Gauteng

Northermn Cape
Exstoonsiol

» Wier rainfall region

a9

Waostom Cape



5.2 Real time irrigation scheduling approach

In the context of this discussion, real time irrigation scheduling comprises of three main elements:
i) Soll water content as determined through regular measurement of the soil water status

if)
iif)

The use and avallabllity of weather data and
A decision support system which relies on field soil water content, weather forecast and crop cultural praclises lo select the most

appropriate course of action in the scheduling of crops.

5.2
Irricheck (BBP17)

[Models |

| Developed

~ | Principles of the modal

‘AJ vd Westhuizen
& T Daldorf 1994

J Management program with the aim of real- tne imgabion scheduling

o This is the fina product of a program Initkally called: BBP17 (Beste
Besproeangs Prakiyke). This program stated as BBP 3 and was upgraded
through feedback from farmers and fiekd axpenence

O It uses weather, soll, crop and management dala to simulale dally walor
balance and daily real lime krigation scheduling.

Q Crop laclors are used o simulale growth and development of crops

Q0 Crop coefficient together with grass reference dally evapolranspiration is used
10 calculate the waler requirements of a plant. The crop coefficent can change
according 10 local conditions.

o Evapolranspiration Is calculated by laking Into account the crop coefficient
and weather data.

2 Sod water balance Is used 1o simulale the available soll water.

2 Sod water balance can be crosschecked with the use of soll waler
measwement devices (neviron probe and gravimetric measurement of soil
water).

2 Both Ihe original BBP17 and Irmichock are used in the field.

J Shortcomings:

#  Support wilh tha introduction and sel up of the program s needed.

2 Advantages:

» This program is used by commercial farmers and is relalively user
Triendy.

»  This program is very much a bottom-up inliative, where farmers and
their expenences in the held were ncluded in the development of the

RO,

Application

0 Apphcable 1o defferent regions in RSA -
commarcial farmers, consultants.

0 Areas used: Limpopo, Mpumalanga
Northwes!, Gauteng, Vanderkloof,
Pelrusburg and KwaZulu Natal,

Q Imgation consultants in the Limpopo,
Mpumalanga and Northwaest Provinces
use Ihe BBP 17 version

O Ths program makes provision for,

»

Agronomic crops: maize, popcorn,
sugarcane, sweelcom, wheat,
1obacco, coton, potatoes,
groundnuts, soybeans, dry beans.
Pastures lucerne, rye grass
Vegelables Wke: lomatoes, onlons,
groen pepper, garlic, cabbage,
pumplons, sweel melons, carrols,
beetrool, peas,

Cirus and table grapes.,
Subtropical crops: bananas,
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Models
5.2.2
PUTU

Developed
De Jager,

Van Zyl, Kelbe &
Sinpess, 1987

De Jager,
Singes &
Kennedy, 2001

J

J

)
}
|
|

_| Principles of the model

PUTU is a crop growth madel that altempls to arrive al a specific ywld

usang waler use prechchions lor spechc condibons

The PUTU model was crealed for maize o 1973, with the inibal

devetopment described by de Jager and King (1974) and de Jager (1979)

A version lor wheat (PUTU 6) followed in 1981 as descnibed by de Jager,

Botha and van Vuuren (1941)

PUTU 6 was modfied for arigation schedusng and re-named PUTU 9

(1984/85). Whie PUTU 9 usdzes most of the funchons of PUTU 6 il

computes hourdy ime steps. B became subsequeantly apparent that daily

lime steps are more adequale and necessary for sngabon scheduling. So,
the daily wngakon version PUTU 9 86 was developed in 1987 and funher
devaloped 10 PUTIRRI as a genaraksed apphcation model.

This s a semulabon model for schedubng wrigalion of wheat and maze on

individual tarms using wealher dala received lrom an aulomabc weather

station. Il calculMes the daly values of Em (maxdimum jotal avaporshon
from a specihic crop sudace in & gven growth stage) and ETred (reference
avaporabion) fom the hourdy dsta oblsned from an automatic wealhee

station (0e Jager, 19492)

Hourly valses of crop tolal evaporation (Em) are calkculaled from the

woalher caa, while dady values of Em are found by iMegrating these over

the daylight pesiod

This model provides acowrale simulations of waler use and the onsel ol

Crop waler stress

Farmers recalvo the following information

» Indscation of the danger of the onsal of watar stress

The dady waler use over the past seven cays

The percolation of water out of the root zone

The expected timng of Ine next kngalion

The current plant available waler in the root zone and assessment of

the managess perdormance

Shovicomwigs.

»  The program is not that user-friendly, and therefore only a fow farmers
can use the program withoul support rendered by Irigation
protessionals

Advantagos

» Graphical presentations offer a simple way of commumcating
irdormation to managers

» I is oxpocted that operaors of the weathor service should regulary
visd the clents, and apart from mesting the noeds of the manager, this
acts as a valuable source of nformabion 10 the wealhwr sService
OPEralor

T Y YN
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Application -
J Commercial farmers all over the counlry

and in cenain Alncan countries like
Tanzana, Swazdand and Lesotho
Thes senvice comprsed of aovisons in
Bloamiontesn an! Pistarmantzburg who
talephonically and /or with compulers
ok 10 vanous chents in South Africa
And Some countnes n Alnca
Acapiad 1o the lollowing crops
pasiures, malze, soybaans, whes,
peas, (ry beans, polaloes, runner
beans, sugarcane, barlay. cotion and
vegelables
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523
Probe for
Windows
(PRWIN)

Trevor Finch,

Research
Services,

New Englanag,
Australia, 1998

| Principles of the model . [
O Computer program that uses data from sol waler sensors and schedules
imgaton and the management of crops. The data on soil water content are
denved lrom measurameants by neutron probes and other nstruments like the
Diwviner 2000 ang Enviroscan at different depths down the soll profie. The
program uses direct soll water measwaments instead of aimospheric climate
data or crop parameters 10 simulate plant growth
2 The preckction of irigation reguirement 1S based on the soil water
measurement of a specific locality and the rate of soll water depletion and
histonic dala on the depletion of soil water, Schedules are calculated using
three different values of Crop waler uso:
» Calculated from the soil waler status
» Calculated from ETo,
» Calculated from crop factors or models or historical data
O This program oulpuls vanous reports thal constitute the basis for a waler
audit:

» Gains repont. printed at the end of the season. it shows the tolal amount
of water delivered 1o each site by ranvirngation, together with effectve
amount retained in 1he soil profile

»  Site hustory report: 1 shows each irmgation and rainfall in the season

»  Season summary reporl: lime graph showng the rool zone water
conlent, the aclual crop waler use, and a “standard™ crop waler use
Curve #s a companson, lotal delivered and effcient rmgabon and rainfall
together with yiek! efficiency per mm of water,

»  Schedulng report. # lays oul the scheduled wngabon lor each sile
together with total farm waler requirements on a day-by-day basis for the
next two weeks

» Imgatbon request report: simpliied oulput desgned 1o help valve
operalors or lor exporl @s a comma delimited lext 10 automatic control
systems (Molorola).

» Calculste waler use reporl it shows the amounl of water used by the
plant dunng the season - calouated by adding the daly water use each
day

Q Advantages

» Ths program does nol simulale crop growth and therelore doesnt
distinguish between crops - applicable 1o all types of crops.,

» N provdes indormation for planning of irmgation schedubng

Q  Shortcomings.

» I needs inlensive soil waler measurements bocause of spatial vanabity

F  Iniial suppont by irnmgation specialists with the introduction and set up of
the program is needed

Application

O Users are urigation consultants,

8]

commercial farmers and researchers,
It is used for imgaton schedulng
purposes, based on intensive soll
measurements. The soll water
measuraments are used for real bme
rmgaton scheduling

It 1$ widely applied throughout the
country.
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Donkerhoek Data
Irrigation
Scheduling
Program

Doveloped _

Donkernoek dma
Pty Lt

Twrve du Preez &
D Mercxes

(DFM Sollware
Solutxns )

(1991)

Principles of the model ) o o

4 It uses real me weather dala in the predichon of oaly Irngation
rocuiraments

| @ The program offers mnformation on Schedudng irmgaton, automated control,

' feriliser management and logging of fruit or plant growth

0 The wngaton scheduling program offecod 1s driven by

-

Crop factors logether with Class A pan evaporation figures used o
simulate the crop water newed (and the prospects are very good thist
Penman-Monteth igures coukd be used in fulure)

The user neacs 10 antar on a dally basts hguwes on evapolranspiralion
ranlall and wngabon lor 1he préevious 24 hows. With thes indormation, the
program calculatas the sol water stislus of sach locality and makes the
NeCassary rnganon scheduling recommendation

U Tivough sod measurement, the actual sod waler conlents are compared 10
estimales. I the calculaled hgures ddier from the actual readings. the model
G Dis corrocbed

g  Advantages

-~

The program offars the option of full Krigation automation ¥ required
where the fgures are then aulomatcally ransierred 10 the control
software that wil control the pumps and tlocks

The program does have the funchion 1o calculaste the wngabon
recommendations for a complele season of only & pan of it, based
on hustonca data

Apan from eflectve wngahon scheduling, an eficent communicahon
program between the program operalor and the irngators 1S offered
wilh his program

s user Inendly - although dady record keeping of E0 5 nooded

it provsdes automatic controd of wngation systems, taking system
capacity milo account

It s adaplable 10 he use of Panman-Montailh evaporation figures
dta om a melesological weather station are available

The recommendations on ngation schedulng ae aulomabcally

ransierred 10 the control softlware thal conlrols the bDlocks and !

pumps. The inputs of the larmer are therefore meemal

O Shortoormugs

»~

Indial suppon by ngason specialists with the mtroduchon and set w
of the program s needed

Application

J  Commercia larmers, consultants in the |
Westorn Cape and Orange River

J Crops. Wine and lable grapoes
geciouous i (hke pears, apples,
plums), Cilrus, Sugarcans




Principles of the model -

R s a mechanistic daily lime slep, genenc crop real time, and irgation-

N is based on the imgroved crop version of the New Sol Waler Balance
(NEWSWE) model of Campbell & Diaz, 1988

Models Developed

525 Annandale, U

SWB Benadé, scheduling model,
(Soil Water w- Steyn | O

Balance) 1699 Sautoy &

C

SWB gives a detaded descripton ol the soil-plant-atmosphere continuum,
making use ol waather, sod and crop managemeant data

SWBE Is & peneric crop growth model, where paramelers specilic for each
cop have 10 be determned using weather, soi and crop growih data
analysis. Each field 10 be imgated is set up in the mode!' and all users need
10 00 Is 10 enter the weather data

The SWE model calculates the FAD Penman-Montesth grass reference
avapotranspiration.

This model has a very well designed waler uptake procedure that estimales
crop water as a process that can be limited by water supply or atmosphenc
demand.

SWE simulates crop growth in two ways.

-~
”~

Crop growth model
FAO model The FAO model is commonly used where specdic crop
parameters are not available

The SWB modael is wrtten n Delphi 4. A Windows version of the SW8 moodel
Is avallable

Extensive use s made of dalabase graphics, with the soll water balance
presented at the end of a simulation

Advantages.

-~

-

-

-

»~

»

It can be used for crop growth and water consumption under saline
conditions

Long-lerm water and sall balance simulaions with generaled weather
data can be run (suitable for planning purposes)

Ske-spocific irmigation calendars can be genorated for usors unable to
schodule irigations real-bmae

The mechanslic approach o estimaling crop waler has advantages
over the use of more empancal meathods

It 15 possibde 10 updale the layer water contenl and/or canopy cover al
any stage during the season, shoud the simutasion be oul of ine
Several helds can be simulated simultanesously

0 Shortcomwgs

L

Professionals are needed 10 intialy sel up Ihe program and 1o assist in
the interpretabion of Ine results.

Application

O Users are imgation consultants,
commercal farmers and researchers in
the RSA

0 Defict irrigation siralegies where waler
supply is hmitexd can be accurately
described

41




Models

526

Probe schedule
{Neutron probe)
Add schedule
(Dvaner)
Waterman
(Neutron probe)

Daeveloped

J la Roux
Bokkeveld
Besproeing BK,
1996

Principles of the model

-

-

These are soflware programs used 10 calculale the theorebcal Soll waler
balance and the schedule for the next ¥ngations n a prantable repon Lakny
pravahng weather, randall and irmgation iInlo account
Ths mtegrales the ponciples of cimate-driven waler balance ssmulalion
sccouning aclua sod waler measurements by the neutron probe (program
can handie any sol waler sonsor) and dwect sod waler probang through the
Probe Scheduling Program
The soil water snformation & used 10 corredt the soll waler balance of the
Simulaton and 1o reling the simulabon model
For each held or localily, a speciine database s set up ke the specilic crop
and wealher dala set Thes 18 cross-valklaled by direct measurement ol soil
waler
The necessary management and soll parametars are also entered n the
program 1o run the semulabion
Readings of actual soil water content by & neutron grobe (or any other soil
waler sensor) provide sol waler informabon measurod every week or

fortnugie 10 correct the sof waler balance of the simulation and 10 rehine the ‘

senutaion of the crop modol

The ETo 1s caculmoed with data from the stomatic weather station and the

Panman - Montesth formula

The relevant idormation 1s gsplayed in full colowr graphics, 10 give a farmor

an instant overview of the irngation status of his fielos

Advantages

»« The synihesis of calcdaton ard measurement enables farmers 1o
determane Ine aclual sod water absorpion of the plants and the efficacy
of rain and irngation

# 1115 atime effective and quick way of montonng of sol water content
and adjustimant of imgation schaduhng 1S possible

» Dala could be collected by farmer or ¥ngabon manages and sent via
Internet 10 e ingabon expent for inernprotation

Shodconwigs

»  The help and support of imgation experts 1s needed especially dunng
the indial stages 10 help with the mernetation of dala ang any
adpustimenis 1o the mixlel

42

Application

Jd Ay genanc crop of which crop faclors
are avallable can be entered

J It s user Inendly and easy 1o use by
ungalors

U Commercial fwmers, consullanls are
needed for the inlial stages

4 Western Cape commercial frud growers
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CANESIM &
CANEGRO
(South Africa)
APSIM
(International)

record system, which provides growers with summarnies of therr hiekd records

of averages of ywekls, and sucrose contenl across sod lypes, varielias and

harvast age, among other factors

4 The largest efort in CANEGRO was 10 develop the capability to simulate
waler stress Up to 1991 the soll water balance and rool water use based on
algonthms of the CERES-Malze mooel was used Subsequently, the

Panman-Montedh avaporation mathod is used.

U The SQR-CANESIM model 15 @ PC software program that fits in within the

DOSAT system

U Advantages.

» This 15 a simple computer program thal utdses weather dala 1o calculale
crop waler use and generates irmgabion advice and yleld informaton for
sugarcane crops. The model used is a robust evaporabion model capable
of coping wih a relalively wede range of conditions.

»  This model predicts the stalk and sucrose ykelds of the sugarcane crop.

Q  Shovtcomings:

» Ower prediction of the stalk blomass yield (over estimation of yiekis).

» Not appicable to all the cullivars since more paramelers are needed,
The baggest need IS 10 determine CANEGRO parameters for local
cullivars

# It s not a userdnendly program and it 15 perceived 10 be hgh
technoiogy, which will need the support of ¥ngation specialists with the
mitsal st up and inlerpretation of results, Currently officials from SASRI
are working on possibilities 1o address this concern of farmers

. Daveloped Principles of the model Application
Inman-Bamber U The CANEGRO model was developed in response 10 queshons put to | U Since 1997 with the adaptation for the
(1990) sclentists by growers and millers of the SA Sugar Industry Ths model Decision Suppon System for
simulates on a dally basis the mass of the leaves, stalks, rools, leal area, Agrotechnology Transfer (DSSAT), this

SA Sugar rool density and Wier population of sugarcane. i simulales processes like soll model is also used lor many other sugar
Association & walor movement, crop waler use, radiation interception, photosynihesis and growing reglons workd- wide.
Universdy Nalal dry matter portioning. It requires dally weather data and management inpul »  Soulh Afrca
(1990) factors »  Thailland

U SQR-CANESIM is a computer program 1o support general agronomic »  Australia
DSSAT format management. This program was developed from IRRICANE (French » Swaziland
(1997) program) and a Windows version is avallable Precursor 1o CANEGRO, 7  Mauritius
(Univ SQOR-CANESIM was developed around the CERES-Maze waler balance, | Users:
Wagendngen, which ulilised a simple radiation based evaporation model » CANEGRO: researchers from
Kiker & Inman- U The CANEGRO simufation model helps to predict optimum harvest age for SASRI, which forms an imegral pan
Bamber) sugarcana Al the same time, this model offers the development of a lieks of the agronomic research

programmaea wilth sugarcane
production

» SQR-CANESIM Commercial and
smal-scale sugarcane growers with
the help of the sugar Industry's
extension personnel Recently an
Irngation scheduling senvice was
intiated for small-scale growers
where CANESIM s used o provide
the grower with real-time
information via a SMS on when 1o
Slarn, stop O CoNNNLE 10 Irigate.
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5.3 Irrigation Control or Automation

“Description
Automated cantrol of irigation requires the use of sail. plant or atmosphenc sensors to determine
the need for irmigaticn (Younger &f 8/ 1581. Phene ef &/ 1330: Singh et al. 1885) and then either
a logic-type controller cr @ computer to control the imgaton sequence. The automated controller
may need to use vanous control modules to property manage the imgation system. These control
modules measure pressure and/or flow or cther parameters at selected points and control pumps
filters. chemical injectors, etc. It is important for the controllers to have a safety shut down mode

Either pre-programmed or real-time irrigation schedules could be used for the determination of the
| imgation schedules programmed in the controller

Mode of operation Automation through soil-plant-atmosphera ‘

measurements |
Advantages: 1
a Most control systems are designed for unattended operation with periodic operator |

intervention '
|a irrigation management automation can reduce peak electric icads Since in many areas
__power costs are the main costs for imgation. it reprasents one way 10 impact costs directly
Shortcomings:
3 Imgation control systems that use either soil or plant water sensors, in general. are affected
by senscr location and field placement

Users:

_Farmers and sngation consuitants

CONCLUSION

The timing and application depth cntena for wngation scheduling can be established using
several approaches based on soil water measurements, use of integrated soil water
balance estimates and plant stress indicators in combination with simple rules,
observations or very sophisticated models. Some of these methods as indicated in this
report were found to be “transferable ~ to farmers while others will only be considered as
research tools, or “sophisticated gadgets™. These methods can range from very subjective
as In intuhion, 1o very objective measurements, where technical assistance s usually
required.

Some farmers are not prepared to deal with real time scheduling and therefore use simple
imgation scheduling methocs like an imgation calendar or a “pegboard” to help them with
decision-making. Others, however, will opt for more sophisticated and high technology
methods, as they are willing to perform field measurements




Models De Principles of the model Application
513 ATP Bennie, Q Pre-programmed scheduling model for @ speciic range of crops in the relatively dry | O On farm ngation scheduling
BEWAB MJ Coelzee, areas of RSA (<800mm/anmum). and wrigaton planning at
(Besproelingswater R van Antwerpen, | O Scheduling s done by applying predelermined amounts al prescribed imes or intervals. farm lavel.
Bestuursprogram) | LDvRensburg & | O The pre-schaduling imgation water management program s based on sol waler | O Planners, developers,
R du T Burger budgeting prnoples and used under low ramfall condibons (< 600 mm/annum), deep consultants, irngation board
(UOVS) 1988 sois wih plant avasable water capacity (PAWC) hugher than 800 mm, for calculations of water need

O Mantenance of relatively full profile from early season 10 provide for the peak demand and planning of irngation
penods of ET dunng med season Is an important princple. stralegies.,

O BEWAB provides options for profile water status at planting — either 100%, 50% and 0% | O Applicable for mechanised
of PAWC. The upper limit of PAWC is estimated from the siit plus clay coment and the (sprinkler and flood irngaton
lower imit is estimated through simulation of the root water uplake u The program can also be

O Wntten in Turbo Pascal and GW Basic. Water balance model used for calculation of used 10 design water
waler use apphcation raquerements of

Q Inputs neaded to run programme: type of crop, length of growsng season, target yield,
depth of sod, i plus clay content for 200 mm depth intervals, rain slorage capacity.

0 Estimating crop water requirements: an oulpul s produced In terms of the number of
days after planting and pre-scheduled water application programme for the different
ophons.

Q0  Advantagos.

» Userfriendly program and logical 10 implement.
» A calendar of axpected ngation dates is provided.

Q Shortcomings:

#  Initial support with the introduction and set up of the program Is needed

imgabion systems.

O This program makes
provision for wheal, maize,
peas and polaloes.

Q Users In semi-and regions
e Sandvel, Vaalhans,
Ramah, Kakfontein, vd
Kiool, Scholtzburg,
Petrusburg, Modderrivier,
Northwest areas like Bots,
Koedoeskop.,
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CROPWAT
(Crop Water
Requirements)

Principles of the model ) S

Jd An FAD computer program for irngation planning and management (FAO 46) that s
accopted as miemanonal standard

U Calculabons of crop waler requeements and KNgation requrements are carmed out with
nputs of chmanc and crop data Standard crop data are included in the program and the
camatic data for 144 countnes can be obtained through the CLIMWAT daabase

U Futhérmore, the development of ingation schedules and evaluation of rain fed and
HNGAoN prachices are based on a daly sol-waler Dalance usSINg vanous oplions Ke
waler supply and rogation management condions. Scheme water supply s calculated
HOCOMNG 10 the Croppenyg patlam provided

O FProcedures fov calculabon of the crop waler requeements and sngalion requiromaents a o
based on methosokgies presented in FAO Irmgation and Drainagoe Papers No 24 “Crop
waler requeremeants” and No 33 “Yld response 1o waler”

U The new version of CROPWAT, CROPWAT version 7, contains a completely new |
|

vearsion in Pascal, ang can be run in the MS-Windows environments

1 O CROPWAT includes a revised method for estanaling reference crop evapolranspiralon
adoping the approach of Penman-Montedh as recommended by the FAD Expert |
Corsultation held in May 1990 i Rome. Further delails on the methodoksxgy are provided |

0 the irgabon and Drsanage Papor No 56 “Crop Evapolranspicaton”
O Man funchions
» o calculale
v Reference evapolranspirshon
v Crop wasler requirernents
To develop
bngabon schedules under vinious managemaent condelions
v Scheme waler supply
1o evaluse
y  Ran fed produchon and drougiht eects
EMcency ol ungabon ractices

34

Application
O Usad lor estmation of

HNGALNON requiremeants by

ENGAhon planmne's, Gesigrers

ANd Agronomists
CROPWAT s meant as a
practical ool 1o help agro-

MACONOIOGISIS, agrononusts

and ngabon engineers 1o

» Carry out slandisd
calculabons for
QVapolranspirabon and
Crop waler use shuhes

» Dosxn and manage
Imgation schames

It allows the development of

recommendashons lor

mproved irmgahion prachces,

the plannuyg of kngaton
schadules wndder varying

waler supply condhibions, and
1he assassmant of production
wunder ran lod condilions o

dehicit irngation (Smith,
1992)
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‘Models Developed
5.1.5 SAPWAT Crosby & Crosby,

(South African 1999

Procedure For

Estimating :':"‘ “‘:"""-

Irrigation Water | Siosty & Crosby.

Requirements)

2 Its a compuler program that enables the planner, waler manager and desgner 10
develop realistic estimales thal reflect the complex factors that determing crop waler
requrements. This planning and managoement aid s supponted by an extensive South
Alrican chimate and crop daabase.

Q  The methodology employed s based on atmosphenc demand wiilising the Panman-
Monteith calculated evapotranspiration. The advantage of the FAD procedure is that
crop factors can be developed o caler for regonal vanations, different vaneties,
management prachices and irngation methods.

Q The purpose of SAPWAT s 10 satisfy the needs for a user-friendly aid 10 help with the
planning and scheme management, and s therefore seen as a component of the
decision suppor system.

O More suited for estimating crop waler requeements and for planning irngation
strategies than for actual irngation scheduling athough some Irngators are using it for
actual ingation schedulng

O SAPWAT takes the user through a process from the selection of up 10 six weather
stations out of 350, which are shown on a map, comparative evaporabon graphs, crop
factors for a selected crop and a screen that shows the waler requirements for that
spachc crop, eflectve rainfall and sngation requrement. Several oplions are provided,
anabling the user to replicate a specfic stuation. These nclude choice of growing
penods, planiing dates, geograpic regions, basic erigalion management options, and
changeable irmgation efficiency levels.

SAPWAT conforms 10 the panciples embodied in FAO 24

Advantages

»~ Users, as they gain expaience, can coniribute 1o improving and up-dating the
databasas and develop new lechniques for approaching local and specialised
stuabons,

+» A wsbsile has recently been crealed lo promole a lwo-way communication between
the SAPWAT authors and the diverse users of the program, as well as between the
users thamselves and the imgabon scienlists, In order (o develop specific applicable
nstruction sheets, which could also be updated penodically (Crosby, 2004)

« A calendar of expected irmgation dates 1s provided.

Q  Shortcomings.

» Intial professional support with the introduction and set up of the program IS
necded.

co

Application
Users
O DWAF encourage designers,

plannors, farmers and
scheme managers of WUAs
and wrigabon schemes 1o
use il as a planning aid
SAPWAT s used by
rigation scheme managers
10 make certan inputs for
the development of a waler
management plan by the
WUA

Some commercial farmers
also use it for

scheduing
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516 VINET 11
(Estimating
Vineyard
Evaporation for
| Irrigation System
' Design and
Scheduling)

Daveloped
PA Myburgh and
C Boukes

(ARC Infruitec
Niatvoortyy )
1999

| Principles of the model

u

J

o

|
-

Ths Is a waler consumplion predscion moded that 1akes into account he unique quaklies
and vanabon betwoon different vineyaros

Ths computer program makes use of an empincal model 10 simulve the water use of

planis (ET)
Traditional sngation schedulng practices of farmers in vineyards usualy only lake one of

Iwo crop factors together with the ETo inlo account, and ignore the variation between |
vineyards in terms of leal layer brelhs syslems, cullvar charactenshics, plant densily, and |

chimabic factors. The grogram Lakes ino consderation condibons thal have an influence
ON ranspi ahion and evaporahon

The heal pulseé velocity techmque was calibrated for measunng sap flow over short
penods of ume n grapevine trunks A calibration curve of sap flux against time was
developed

A LI Cor LAI 2000 Plant Canopy Analyser (PCA) was cahibrated o measure leal area
index (LAl n selocled vineyards Lea area development was measured in eight
wWayards varying in cultivars, vine spacing, ano wellisng system n five grape growing
regions of Limpopo, Western Cape and Northern Cape. Seasonal leaf arca development
could bo prodicted by means of a third order polynomial @qualion-using day of Season as
he independent vanable. Based on these predichons, potential growih Ccurves were
developed lor the respectve summers and winter ranfall regions

Transpirabon and surface evaporabon models are combaned with this moded 10 serve as
Dases lor the prsdection of evapolianspirabion The Boesten & Stroosmijder avaporation
model was avaluated and adaptations ware necessary 10 account for canopy shading
effects viz. honzontal canopies vs. vartical canoplas
Parametors like vine spacng, soll type. trallising system, ey area, ETo and a constant
facion that regeesents evaporation losses from diferent soll types wore used as input
parametans in this model
Advantages

« Ths model takes nto consideration different vineyard sies and cordaions

« The program s user-fnendly and logical 1o implemeant

Shaxtcamings

« Il suppont by amngabon speciassls with the inlroduchon and set up of tha

program is needed.

18]

| Application

U Commercial wine and lable

grape growers, consuilants,
engineers and small-scae
lable grape larmers

< Aeas

»  Summer rasndall region:
o Northem Cape
o Limpopo
v Mpumalanga
v Northwest Province
v Gauteng
v Noaheen Cape
Ekstoonskud
»  Winter ranfall rogon
o Westem Capo




5.2 Real time irrigation scheduling approach
In the context of this discussion, real time irmgation scheduling comprises of three main elements:
i) Soll waler content as determined through regular measurement of the soll water status
i) The use and availability of weather data and
i) A decision support system which relies on field soll water content, weather forecast and crop cullural practises to select the mosl

appropriate course of action in the scheduling of crops.

— —————— - - —

Models Developed Principles of the model
521 Al vd Westhuizen | U Managameant program with the am of real- time krigation scheduling. Applicable 1o dilferent regions In RSA -
ST Daldort 1994 | O Thes s the fmal product of @ program indially called: BBP17 (Beste commercial farmears, consultants

Irricheck (BBP17)

Besprowings Praklyke). Thes program started as BBP 3 and was upgraded
theough feedback from farmers and field experence.
O It uses weather, soll, crop and management dala 10 simulale Caly waler
balance and dady real me imgabion schedulng
U Crop faciors are used 10 simulate growth and development of crops
U Crop coefficient logether with grass reference dally evapotranspeabon s used
10 calculate the water requrements of a plant. The crop coefficient can change
according to local conditions.
U Evapotranspiration Is calculaled by taking o account the crop coeffickent
and weather dala.
O Soil water batance 5 used 10 simulate the avalable soi walter
0 Soil watler balance can be crosschecked with the use of sol waler
measurement devices (neulron probe and gravimelric measuremant of sod
waler).
Q Both the ongmal BBP17 and Irmicheck are used in the feld
O Shovtcomngs:
7 Support with the imtroduction and set up of the program is needed.
3 Advavitages:
» This program 15 used by commercial farmers and s relatively user
friendly.
» This program Is very much a bollom-up initiative, where farmers and
thes experiances In the fiekd were included In the development of the

program

Irrigation consuitants in the unoooo
Mpumalanga and Northwest Provinces
use the BEP 17 version

This program mekes provision for:

7 AQIONOMIC Crops: maize, popoom,
sugarcane, sweeatcorn, wheat,
tobacco, cotton, polatoes,
groundnuts, soybeans, dry beans

» Pastwes: luceme, rye grass

» Vegetables hke tlomaloes, onions,
green pepper, garic, cabbage,
pumpkins, sweel melons, Canmols,
beetroot, peas,

»  Citrus and table grapes

»  Sublropecal crops: bananas,
avocado, mangoes, lea and collee.
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| Developed
| D Jangen
| Vin 2yl Kelbe &
Suwjels 1987

De Jager
Singols &
Konnaedy, 2001

| Principles of the model

e
|

4

PUTU 15 a crop growth model that attempls to armve at a specific yield

using water use predictions for specific condiions

The PUTU mooel was created for maze »n 1973, with the inlhal

developmen! desonbed by de Jager and King (1974) and de Jager (1979)

A varsion for wheat (PUTU 6) followed in 1981 as descnbexd by de Jager,

Botha and van Vuwen (1981)

PUTU 6 was modibed for imgation schecung and re-named PUTU 9

(1984/85) Whree PUTU 9 utdzes most of the funcsons of PUTU 6

computes hourly me sleps. | became subsequently apparent that daily

Ime sleps are more adequale and necessary for ungabon schedubng So,

the daly sngabon version PUTU 9 86 was developed in 1987 and funher

doveloped 10 PUTIRRI as a generahsed) appication model

This s a simulabon model o schedung engation of wheat and mawze on

indendual larms using wealher dala recaved from an aulomalic weaather

stahon. N calculates the daly valwes of Em (maxmum Wolal evaporation

from a specdic crop suiace in & gven growth stage) and ETrel (relerence

avaporation) from the hourly data oblained Fom an automatc weather

station (0e Jager, 1942)

Hourly values of crop 1olal evaporation (Em) are calculated from the

wealher daa, while dady values of Em are found by inlegrating these over

he daylght panod

This model provides acourate simulations of water use and the onsel of

Crop wiMlor siross

Farmers receive the following informabon

« Inscanon of the danger of the onset of waler slress

The dady waler use over the past seven days

The percolation of waler out of the root zone

The expecied timeng of the next krigation

The current plant avadable waler in the oot zone and assessment of

the managess paerformance

Shortconmwigs

»  The program is not that user-friendty, and therefore only a few famwes
can use the program withoul support rendered by  wrigation
professionats

Advantages

» Graphical presentabons offer & simple way of communicalng
idormahon o managers

» It is expected that operators of the weather service should regulanty
visd the clionts, and apart from meoting the needs of the manager, ths
acts as a valuable sourco of nformation to the wealher service
Operator

T Y YN

| Application

J Commercial farmars all over the country
and in cenain Afncan countnes like
Tanzama Swazdand and Lesotho

g Ths service compnsed of advisons in
Bloemfonten and Pstermarnitzbueg who
talephonically and for with computers
MK 10 vanous chents in South Alrica
Al some counnes i Alnca

J  Adapted lor the following crops
pasiures, maze, soybeans, wheal,
peas, dry baans, polaloes, nunnear
beans, sugarcans, barey, cotlon and
veyelables

1

1
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Models Developed
523 Travor Finch,
Probe for Research
Windows Services,

New England,
(PRMN) Australia, 1998

QO Compuler program thal uses data from sod water sensors and schedules
imgabon and the management of crops. The data on soll waler conlent are
denved from measurements by neutron probes and other INstruments kke the
Diviner 2000 and Enviroscan al different depths down the sol profile. The
program uses dwect soil water measureaments instead of Mmosphenc chmalte
data or crop paramelers 1o simulate plant growth

g The predction of irmgation requirement s based on the soil waler
measurament of a specihic locality and the rate of soil waler depletion and
histone dala on he depletion of sol waler. Schedules are caloufated using
theee diferent values of crop waler use

» Calculated from the soil wasler stalus
» Calculated from ETo
» Calcdated from crop factors or models or histoncal dala.

Q This program oulpuls various reports that constiule the basis for a water
auon.

» Gains report. printed al the end of the season, it shows the tolal amount
of water delivered 10 each she by ralnvimgation, logether with effactive
amount retained in the soll profile

» Sde history repornt: it shows aach imigation and rainfall in the season,

» Season summary report: bme graph showing the root zone water
contanl, the aclual crop water use, and a “standard” crop waler use
curve as a comparnison, lotal deliverad and afficient irmgation and rainfal
1ogether with yleld afficiency per mm of water

» Scheduling report: i lays out the scheduled irmgation for each site
togethor with total farm water requirements on a day-by-day basis for the
naxt two weeks

» migation request report: simplified output desgned 1o help valve
operators or for export as a comma delimited text 10 automatic control
systems (Motoroda).

» Calculate waler use report. it shows the amount of waler used by the
plant during the season - calculated by acding the daily water use each
day

0 Advantages
» Thes program does not simutate crop growtn and therefore coesn

distingussh between crops - applicable o all types of crops

# N provwdes information for planning of irngaton schedukng

9  Shovtcamings:

# Il needs mensive sod water measurements because of spatial vanabilty

#  Inital support by imgabion specalists with the introduction and set up of
the program 15 needed

Application

9 Users are imgabon consullants,
commercial larmers and researchers

9 s used for emigation schedung
purposes, based on mlensive soil
measuremeaents  The sol water
measuremeants are used for real lime
rrigation

9 s widely applied throughout the
country
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I? Models

1524
Donkerhoek Data
Irrigation
Scheduling
Program

Developed

Donkernoek data
Py Lo,

Twerwe Ou Preez &
D Marcker

(DFM Sofhware
SOlubons )

{10%1)

Principles of the model

g R

el time weather dasta 0 the edichion ol daly engabon

requremants

Jd  Tne program oflers indormaton on schaduling rngation, asomated conrol,
fendser management and logoing of frud or plant growth

Jd  Tho imgahion scheduling program offécred s driven by

”

Crop factors 1ogether with Class A pan evaporation hgures used 1o
simulate the crop walor nood (and the prospects awe very good that
Panman-Monteth figares could be used n fulure)

The user neods 10 antar on & daly basis hgures on evapolranspiration
ranfall and wngabon for the provious 24 howrs. With ths indormation, the
program calculates the soll water status of each locality and makes the
NECassay iIrnganon schadulng recommeandation

l
|

O Theough sod measurement, the actual sod waler conlents are compared 1o !
estimales If the calculsted hgures dfer from the aciua readings. the model
can be cormecied

Q  Advantages

-

The program ofers the option of full kngation avtomation if required
where the hgures are then automancally wansiemed 10 the control
software Ihat will control the pumps and Dlocks

The program does have the funchon 10 calculate the imgation
recommendabons for a complole season of only a pant of i1, based
on hustoncal dala

Apan rom eflective imgabion scheduling, an alhcant communication |
program belween the program operator and the irngalors s olfered

wilh thes program

0 s user Inendly - although daily record keepang of E0 18 neaded

N provides avtomabe control of rngabion systems, laking system
Capacily ho acoount

It 15 adaptable 10 the use of Penman-Monteth evaporabon figwes if
dala from a meleorcdogical waather stalion are avaldable

I'he recommendations on wngabon scheduling are automalically

wansfermed 10 the control software thal controls the bDlocks and |

pumps. The inputs of the larmer are therelore minemal

Jd  Shorfcomwngs

-

Inhial support by imganon specalsts with the miroduchon and set up
of the program S nesded

40
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A

Commurcial Fsrmars, consaitants in the
Western Cape and Ovanga River
Crops Wine and table grapeas
decduous fruil (ke pears, apples
Plums), Cillrus, Sugarcane




Models Developed Principles of the model Application
525 Annandale, J It s a mechansiic dally bme step, genenc crop real time, and engation- | O Users are irmgation consultants,
sSwB Banadé, scheduling model commercial farmers and researchears in
(Soil Water Jovanowvic, Steyn | O It s based on the improved crop version of the New Soil Waler Balance the RSA,
Balance) & Du Sautoy (NEWSWE) model of Campbell & Diaz, 1968 0 Defcil wngabon sirategies where water
1999 O SWH gives a delalled descnipbon of the sol-plant-atmosphera conbnuum, supply is Mmated can be accurately
making use of weather, soil and crop management dala. described.

1S

B

SWH s a genenc crop growth model, where parameters specific for each

crop have 10 be delermined using weather, soll and crop growth dala

analysis Each hek! 10 be ¥ngaled 1s sl up in the model and all users need

10 do s to anter the weather dala.

The SWH model calculates the FAO Penman-Monleith grass reference

evapolranspiration

This model has a very wed designed waler uplake procedure thal estimales

crop waler as a process thatl can be kmiled by water supply or almospheric

cemand

SWB simulates crop growth in two ways

» Crop growth madel

» FAO mocel The FAD model is commonly used where specific crop
growth parameters are not avalable

The SWB model is written In Delphi 4. A Wincows version of the SWB model

15 avaiable

Extensive use is made of database graphics, with the soil water balanco

prosented o the end of a simulation.

Advantages:

# It can be used for crop growth and waler consumption under saline
condtions.

» Long-term water and salt balance simulations wiith generated weather
data can be run (sultable for planning purposes).

» Sie-specific srigation calendars can be genersted for users unable 1o
schedule Irrigations real-time.

» The mechanslic approach 10 estimatng crop waler has advaniages
over the use of more empincal methods

# Itis possible o update the layer walar content andVor canopy cover al
any stage dunng the season. should the simulation be oul of ine.

»  Severa helds can be simulated simultaneously.

Shortcovmwnigs

»  Prolessionals are needed 10 indially set up the program and 10 assist in
the interprelation of the resulls.
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Probe schedule
(Neutron probe)
" Add schedule
(Dywner)
Waterman
| (Neutron probe)

Doveloped
J o Roux,
Bokkevold
Bosproaiing BK,
1996

Principles of the model

S

4

These are soflware programs used 1o calculale the theoreucal sod waltes
Dalance and the schedule lor the naxt 1ngabons i & pontable reporn Laking
provaling weathes, rainfall and wngation inlo account
This integrates the ponciples of cimale-driven waler balance simulation
accounting actual sod waler measuremeants by the neutron probe (program
can handie any soil water Sansor) and direct soul wales probing throwgh the
Probe Scheduling Progeam
The sol watar indormalion s used 10 comect the soll waler balance of the
sivukanon and 10 rahing the Smatabon mooe
For each held or localily, a specihic database s set up for the specilic crop
and weather dala set This s cross-valdated by direct measursment of sodl
wales
The necessary management and soll paramelers are also emered iIn the
Program 1o run the samulation
Roadings of actual soil water content by a noutron pwobe (or any othor soil
waler sensor) provde soll water informabon measured every week of
fortrght 10 correct the sod waler balance of the simulation and 10 refine the
samulation of the crop model
The ETo 1S calculaled with data from the auvlomalic weather stahon and the
Penman-Montedh fonmula

I'ne relavant informabon 15 displayad m full colour graphecs, 10 give a farmer
an instant overvew of the wrigation status of hes fields
Advantages
» The synihess of calkculaion and measwement énables larmers 10

Aotermmane the aciudl SOl waler absorplion of the plants and the eificacy

of raun and imgation

s IS aume eflective and queck way of morionng of soll waler content
and adpusiment of krigation scheduling 1S possible

» Dala could bo collocted by farmer or IMgaton manager and sent via
Internél 10 the rngabon expean for interpretation

Shordcovmings

# The nelp and support of irngation experts s neaded aspacially dunng
the Intial stages 10 halp with the Intarpretation of dala and any
adpusiments 1o the model

42

“Appiication

Jd

8]

Any genanc crop of which crop lackos
are avalabla can be endare)

s user Iriendly and aasy 10 use by
Irrasors

Commercial farmers, consullants are
needed 1or the Indial slages |
Westarn Cape commaercial frul growers |
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Models
527
CANESIM &
CANEGRO
(South Africa)
APSIM
(International)

Developed
Inman- Bamber

(1990)

SA Sugar
Association &
University Natal
(1990)

DSSAT format
(1997)

(Univ

w o
Kiker & Inman-
Bamber)

Principles of themodel . . )
O The CANEGRO model was developed in response 10 questions put 10

soenlists by growers and millers of the SA Sugar Indusiry. This model
simulates on a dady basis the mass of the leaves, stalks, rools, lal area,
root density and biler population of sugarcane. It smulales processes ke soll
waler movement, crop waler use, radiation inercepltion, pholosynihesis and
dry mattor portioning. I requires daily weather dala and management input
factors

SQR-CANESIM s a compuler program 10 support general agronomic

management. This program was developed from IRRICANE (French

program) and a Windows version is avallable Precursor 1o CANEGRO,

SOR-CANESIM was developed around the CERES-Maze waler balance,

which Wtihsed a simple radsabion based evaporabion mode!

The CANEGRO simulabon model helps to predict optimuam harvest age for

sugarcane. Al the same ime, this model offers the development of a fiek!

record system, which provides growers with summarnes of thewr liekd records
of averages of ylelds, and sucrose content across sod lypes, varieties and
harvest age, among other factors

The largest efort iIn CANEGRO was 10 develop the capabliity 1o simulate

walér stress. Up (o 1991 the soil water balance and root waler use based on

agorithms of the CERES-Maize model was used, Subseguently, the

Penman-Monteith evaporation method s used,

The SQR-CANESIM model is a PC software program that fits in within the

DODSAT system

Advantages.

»  This 1s a simple computer program that ubthses weather dala 1o calculate
crop water use and genorates imgation advice and yleld information for
sugarcane crops. The model used is a robust evaporation model capable
of coping with a relatively wide range of conddtions.

»  This model predicts the stalk and sucrose ylelds of the sugarcane crop.

Shovtcomings

»  Ower prediction of the stalk blomass yleld (over estimation of ylelds)

# Not applicable to all the cullivars since more paramelers are needed.
The biggest need IS to determane CANEGRO parameters for local
cuMlivars

It 15 not a userdrendly program and it Is perceived to be high
technology, which will need the suppont of krigation specialists with the
nitial set up and Interpratation of results. Currently officials from SASRI
are working on possibidias (o address this concemn of farmers

s & & i R

A

Users:

- vl! - - -—d

Q Since 1997, with the adaptation for the
Decsion Support System for
Agrotechnology Transfer (DSSAT), this
model is also used for many other sugar
growing regions world- wide

South Alnca
Thailand
Australia
Swaz
Mauribus

CANEGRO. researchers from
SASRI, which forms an integral part
of the agronomic research
programme wilh sugarcane
production.

SQR-CANESM: Commercial and
small-scale sugarcane growers with
the help of the sugar industry's
extenson personnel. Recantly an
irngation scheduiing service was
intiatod for small-scale growers
where CANESIM is used 1o provide
the grower with real-lime
indormation via a SMS on when 10
start, stop or conlinue 1o irrgate.
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5.3 Irrigation Control or Automation

Description

Automated control of imgation requires the use of sod. plant or atmosphenc senscrs o determine ’
the need for imgation (Younger ef al. 1581 Phene ef al 1990; Singh ef al. 1395) and then either |
a logic-type controller or a computer to control the imgaton saquence. The automatad controiler
may need to use vanous control modules to properly manage the imgation system. These control
modules measure pressure and/or flow or other parameters at selected points and control pumps,
filtars. chemical injectors, etc, Itis important for the controllers to have a safety shut down mode |
| |
| Either pra-programmed or real-time imigation schedules could be used for the determination of the

imgation schedules programmed in the contreller

Mode of operation Automanon through scil-plant-atmosphere

' measurements

Advantages:

’3 Most control systems are designed for unattenced operation with pencaic operator |
intervention {

|9 Imgation management automation can reduce peak electric lcads Since in many areas |

1 er costs are the main costs for irmigation it represents one way to impact costs directly

| Shortcomings: ]

'3 Imgation control systems that use either scil or plant water sensors, in general, are affected |
by senscr location and fiald placement

| Users: N T
| Farmers and imagation consuftants

CONCLUSION

The timing and application depth critena for imigation scheduling can be establshed using
several approaches based con scil water measurements, use of integrated soil water
balance estimates and plant stress indicators in combination with simple rules,
observations or very sophisticated models. Some of these methods as indicated in this
report were found to be “transferable * to farmers while others will only be considered as
research tools, or "sophisticated gacgets”. These methods can range from very subjective
as in intuition, to very objective measurements, where technical assistance is usually
requirad.

Some farmers are not prepared to deal with real time schedubng and therafore use simple
imgation scheduling methods like an irngation calendar or a “pegboard” to help them with
decision-making. Others, however, will opt for more sophisticated and high technology
methods. as they are willing 1o perform field measurements




CHAPTER THREE: Implementation of
irrigation scheduling
methods

INTRODUCTION

Despite the importance of irrigation scheduling and the large amount of research
resources devoted to it, the adoption of irmigation scheduling techniques by farmers has
been below expectations. This gap between science and practice of irrigation scheduling
has traditionally been seen as the failure of adoption that should be addressed by
extension (Stirzaker ef al., 2004). This view is based on the assumption that the cause of
the problem is the lack of awareness of solutions by the target audience, but it ignores the
possibility that research and extension programs have been based on the worldviews of
the problem solvers, rather than those of their clients (Blacket, 1996).

Irmigation scheduling was introduced to farmers thirty years ago according to Shearer &
Vomocil (1981) and Fereres (1996). These efforts have been efficient in conserving
water/energy (Shearer ef al., 1981; Dockter, 1996; and Alam, 1996), improving crop yield
and quality (Silva & Marouiselli, 1996; Tacker et al. 1996), and reducing non-point pollution
(Boesch et al., 1981; Klock ef al., 1996 and Nguyen ef al., 1996). However, worldwide the
adoption of more objective imigation scheduling methods (also referred to as SIS or
scientific imgation scheduling by Leib et al., (2001)) has been below expectations.

Shearer et al. (1981) reported that most of the successful scientific irrigation scheduling
programs in Oregon are disbanded once programs are no longer offered free of charge
Koeglenberg & Lategan (1996) believe that only consultants have the technical expertise
necessary to implement imgation scheduling correctly, while ltier (1996) contends that
scheduling methods and techniques must be simplified to match time constraints, training
level, and income potential of producers.

Behavioural patterns and attitudes of people, as well as the need for continuous technical
support to the farmers, who generally dedicate time to other higher-priority activities, are
the major obstacles according to Shearer et al. (1981) in the implementation of imigation
scheduling. According to Howell (1996) there has been kttle change in the theory and
methodology of imgation over the last 25 years, however the changes in information
technology need to update irrigation scheduling methods, which changed drastically over
the last few years.

Chapter Three of this report presents the results of a guantitative assessment of the
application and distribution of irrigation scheduling methods and models in the nine
provinces amongst imgation farmers. It also gives an overview of perception of imgation
consultants and extensionists involved in rendering irrigation-scheduling services to
farmers. This provided the research team with an overview of the application and
distribution of different irmgation practices and methods of scheduling applied amongst
commercial and small-scale farmers on a scheme level (macro level). It also reflects the
different institutions and agencies that provide support to farmers with the application of
irnigation scheduling.

Apart from a few studies that have referred to the relative low adoption of imigation
scheduling methods by farmers (Annandale ef al., 1996) and human factors that determine
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the adoption of computer imgation scheduling models (Botha et al.. 2000). this is the first
comprehensive study to determine the implementation and distribution of irngation
scheduling methods in South Africa

PROFILE OF THE RESPONDENTS, DATA COLLECTION AND ANALYSIS

Chapter Three refers 1o the findings derived from a national survey that was conducted in
the nine provinces amongst approximately 332 irmgation boards and government schemes
in operation. Surveys and interviews were the main tools for gathering information and
assessing the implementation of irigation scheduling amongst imigation farmers

The respondents involved in this part of the survey were irmgation scheme representatives
or spokesmen providing information regarding the respective irrigation schemes. The
number of respondents, therefore, corresponds with the number of the irrigation schemes
(imgation board and government schemes). Thirty eight percent of the respondents had
access 1o records and responded by providing actual figures on the situation within the
imgation schemes, which will be referrec to as “recorded figures or data™. The rest (72%)
of the respondents gave estimates based on consensus figures after consultation with
other executive members of the specific imgation scheme or the opinion irrigators in the
area (“reported figures”). This is therefore a fairly true reflection of the conditions on the
dfferent schemes. For the imgation scheme boards with relatively small numbers of
participants, the task of collecting the actual figures was comparatively easy.

An address list obtained from the Department of Water Affairs and Forestry (DWAF) was
intially used to identify the 332 existing irigation board and govemment imgation
schemes, However, the address list was found to be outdated and alternative ways were
subsequently exploited. Methods used for collecting data included telephonic interviews,
face-to-face interviews and questionnaires (with instruction letters) faxed or e-mailed to
clients. While telephonic interviews proved to be very effective, responses 1o the latter two
(faxed or e-mailed questionnaires) were initially disappointing, presumably because of the
effort involved and the reluctance among respondents to release information.

The key issue guiding this part of the investigaton was essentially to obtain a broad
picture of the application and distribution of irmgation and scheduling methods in the nine
provinces amongst commercial and small-scale farmers. A structured questionnaire was
compiled which consisted of four parts:

a  The first part dealt with information on the number of imgation farmers and area of
imgation practised in the scheme, the imgation methods aPplied. the implementation
of irrigation scheduling by farmers, irrigation allocation (m“/ha/annum), and imgation
tanff applicable.

2 The second part was concermned which the major crops grown in the imigation area
(an estimation of the proportions of each crop) and the type of farm business
concerns (either a one-man concem or a company or an estate farming concem)
found in the spacific scheme,

2 The third part of the guestionnaire was aimed at an appraisal of the irmgation
scheduling methods generally used in the specific imgation scheme as well as the
support systems or information sources that farmers in general use to make decisions
specifically in terms of water management and irrigation scheduling.

3 The fourth part referred to the perceptions and attitudes of imgation consultants
regarding imrigation scheduling, with specific reference to important attributes
regarding competency, training and expenence.




Ultimately a relatively high response (74%) was obtained in the survey due to special
efforts made by the project team to contact respondents again where necessary. The co-
operation from DWAF officials, imigation board officials, extensionists, and imgation
advisors also assisted in the collection of information especially in the provinces of Kwa-
Zulu Natal, Western Cape, Mpumalanga, Northwest and Limpopo. Two hundred and forty
six usable surveys were returned from the commercial farming sector with the distribution
frequency as indicated in Table 3.1,

Table 3.1 The response rate of imgation schemes in the different provinces (N=332)

————

p—

Limp | NW | GP  MP  KZN  EC _WC  NC | FS | Total
No of irrigation 25 | 3 7[43[33'32 109 | 32 15 | 332
scheme boards ! | [ —
Returned 20 33 ] 6 34 25 4 67 32 15 246
Questionnaires | - | ,| . ‘
% Response 80 | 91 | 86 | 79 | 76 | 44 | 62 | 100 | 100 74

Lmp=Lmpopo, NW= Northwest: GP» Gauteng: MP- Mpumalangs, KZN= Kwalulu Natal,
ECEastern Cape. WC»Wastern Cape. NC= Northermn Cape. FS= Free Staete provinces

Fifty-one small-scale imgation schemes, 40 imgation scheme boards and 11 community
food gardens were included in the survey. The data regarding small-scale farmers was
collected by personal interviews, as well as from discussions held with local extension
officers and advisors involved with the support of these farmers.

The total population of registered irrigation board schemes, government schemes and
Water User Associations were considered, to ensure accuracy and reflectivity of the
current irrigation situation. The analysis of the data involved the use of statistical package
for social scence (SPSS version 10). Before analysis, data was put into a computer
readable format, which involved coding, editing, data cleansing. Where necessary
modifications were made regarding the collapse or creation of new vanables.
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IRRIGATION AREA AND NUMBER OF IRRIGATION FARMERS

The 297 surveys retumed (246 surveys from commercial imigation schemes and 51 from
small-scale irmigation schemes), represent 759 019 ha (59%) of the present 1 290 132 ha
currently irrigated in South Africa, and they relate to perceived opinions of 15 789 (60%) of
the commercial irrigators and 18 639 of the small-scale farmers as recorded by MMSA
(1999).

Table 3.2 Total area reported for the survey under irmigation and the number of rngators per

province (N=2%7)

Province Area under Irrigation Number of irrigation farmers
— B - (ha) .. accounted per province (n)
GP 1586 100
FS - 44 925 ‘ 1710 |
ke — 7443 8 B
L ] 70196 | 1081
' NC B ) 155 193 ) 2894 |
EC - 44 049 929
wC 116 2N _ 3833
“Ump - 49 779 T —1107 |
NW o 83 241 3 349
“Small-scale 105 347 1 18639
Total I 759 019 34528

LUmp=L/mpopo. NW= Nomhwes' GF= Gauweng MP= Mpumaanga K2N= Kwalulu Nata
EC=Fazter Cape WC=Westem Cape NC= Northemn Cape: F5= Free State prownces

TYPES OF IRRIGATION SCHEMES

South Africa has four general types of imgation schemes that are hinked 1o the different
economic development phases expenenced in the country (FAQ, 2000)

]

Private imgation schemes (approximately 450 000 ha). Private schemes exist where
the water source can be pnvately owned and owners extract water directly from
weirs, boreholes, and farm dams. The farmer carmes all costs and the registering of
these water sources are currently in process
Irnigation board schemes (approximately 400 000 ha). The statute under the earlier
water legislation established imgation boards. They are autonomous, democratically
run institutions elected by participating imigation farmers from within their own ranks
They are empowered to provide their own infrastructure and levy fees to cover full
costs. Histoncally they had access to subsidy in respect of capital works and also
state loans. This facility is no longer available (Pretonus, 2003). Under the National
Water Act (No. 36 of 1998), all irngation boards will be converted to WUAs
Government (state) schemes: 350 000 ha where the infrastructure was provided by
the state. Management and maintenance of the distribution system is a state function
and farmer involvement is limited to the participation on advisory committees. Water
charges are levied for operation and are charged to farmers. Membership of these
schemes will also be transferred to WUAS in due course.
Small scale schemes: 100 000 ha distributed among small-scale farmers and include:
o  Bureaucratically managec schemes fully administered by the state or an agency
of the state.
o Jointly managed schemes, where the irmgation development agency and some
by project participants perform some functions.,
o Community schemes, usually small in size. operated by walter users themselves
. State or corporaton financed schemes, such as sugar cane, where farmers are
selected and infrastructure is provided to field edge.
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o Large estate schemes state or privately financed, managed by agents producing
high value cash crops.

Following budgetary reprioritization and maintenance that was withdrawn, many small-
scale schemes collapsed or are in a poor physical state (Maritz, 2004). The operating
costs are charged to farmers at a subsidized rate.

In the survey three types of irrigation schemes were included namely government irrigation
schemes, imgation board schemes and the newly established WUAs as summarized in
Table 3.3.

Table 3.3 Frequency distribution according to the types of irrigation schemes included in the
survey (2003) (N=297)

"~ Typeofscheme = n = ~ Percent(%) |
Irngation board schemes 214 72
Governmen! scheme 48 | 16
WUA 35 12
Total 297 100

In 1998 (National Water Act 36, 1998) the establishment of WUAs was started and some
of the irngation board schemes and government schemes have already been transformed
into WUAs. At a Water User Association (WUA) level, the commitment and sustained
involvement is a function of the services or benefits derived from being part of the
association.

The transformation of the irrgation boards into Water User Associations (WUA) has
progressed very slowly, and during 2003, when this part of the study was completed only
23 WUAs had been established (Karar, 2003). The relatively high number of WUAs
reflected in the survey is misleading because of duplication in the nomination, and
therefore the reflection of 35 instead of 23 WUAs indicated by Karar (2003). As in the case
of the Orange Riet Water Users Association, the imigation schemes of Scholtzburg,
Modderrivier, Rietriver, and Orange Riet River are calculated as four different WUAs for
statistical reasons while they are incorporated into one WUA.

IMPLEMENTATION OF IRRIGATION SCHEDULING BY IRRIGATION
FARMERS

Respondent were requested to indicate the implementation of irmigation scheduling as per
respective imgation scheme with the necessary precautions taken to avoid social
desirability of the question and the possible answers. According to the survey results the
mean percentage farmers implementing imigation scheduling is 33 on the different
irigation schemes while the median is 18 percent. This indicates a huge variation in
imigation scheduling figures as reported by respondents for the different provinces (Figure
3.1).

49




/T
65 64

: %

28 N 33

30! |

17
20 10
) a
0 4 B Z

¥ 2

& & §

Provinces

Irrigation scheduling (%)

NW

- -
W =

K
Limp

Sma - scale

Figure 3.1 The perceived percentage implementation of inigation schedulng as indicated per
province (N=297)

The highest implementation of irmgation scheduling was reported for KwaZulu Natal (65%)
and the Eastern Cape (64%). which also reflects the difference in perception about the
implementation of intuition. This however, is not a true reflection of the implementation of
objective imgation scheduling for these provinces as 68 percent of the respondents of
KwaZulu Natal and 57percent the respondents in the Eastern Cape, also perceive intuition
as a form of irrgation scheduling method practiced by imgators and consequently these
figures are inflated. Intuition did not feature to the same extent in other provinces

The relatively low imigation figure reported for the small-scale farmers (10%) is due the fact
that only eight parcent of the respondents included in the survey were small-scale farmers
The figure reported for the implementation of irmgation scheduling by small-scale imgators
therefore represents mainly the perceptions of officials and extensionists responsible for
providing support in these imigation areas. It does not include the use of subjective
scheduling methods as an altemative scheduling method and only reflects the
implementation of objective scheduling methods. This finding illustrates the differential
perceptions regarding the definition of imigation scheduling and attached perceptions by
farmers and advisors or extensionists

The reported figures of imgation scheduling reflected in Figure 3.1 clearly indicate three
distinguishable groups of respondents’ perception regarcing the implementation of
migation scheduling

a  For some of the respondent’s irrigation scheduling is perceived as the use of intuition
or subjactive imgation scheduling and was therefore appropriately included in the
figures reported on the implementation of irrigation scheduling. This group therefore
recorced relative high figures of imgation scheduling application on the different
schemes (up to 100%)

2 Some respondents however regard irigation scheduling mainly as the
implementation of objective scheduling methods like soil water content measurement,
use of crop evapotranspiration figures (long term and real tme) and computer models
instead of intuition. This group of respondents therefore recorded implementation
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figures of imigation scheduling that reflects solely the use of objective imgation

scheduling methods on a scheme level. These recorded figures were therefore

relatively lower because of the differential perception that exists. The median figure of

18% reported for the implementation of irmgation scheduling is therefore accepted as

a more accurate reflection of the application of objective scheduling by farmers.

2 The third group of respondents uses a combination of both scientific or objective
scheduling methods and intuition or subjective imgation scheduling methods.
Although this group acknowledges the role of intuition in irrigation management
decisions, they perceive intuition-based decisions alone as not adequate o ensure
efficient irigation management and therefore also make use of objective immgation

scheduling methods to help them with decision-making.

A highly significant relationship was found between the reported implementation of
imigation scheduling and the perception of respondents regarding the use of intuition (r=
0.985, p<0.01). This implies that the higher the reported percentage of imgation
scheduling is the more intuition is regarded as a form of scheduling.

DIFFERENCE IN PERCEPTION REGARDING THE IMPLEMENTATION OF
IRRIGATION SCHEDULING

The imgation scheduling methods commonly used by imigators as reflected in the survey

were clustered into six groups:

2 Use of long term ET figures like the use of evaporation pans (Class A pan), pegboard
and the Green Book.

2 The use of real time ET calculations as collected by automatic weather stations and
distributed by fax modem or Short Message System (SMS).

= Plant monitoring like sap flow, leaf water potential, and phytomonitoring.

2 Measurement of soil water content and potential with soil moisture sensors: use of
tensiometers, neutron probes, capacitance measurements (Diviner, Enviroscan, elc),
and dielectnc conductivity (gypsum blocks).

2 The use of computer models, both based on scil water balance and mechanistic
models.

2 Feel and appearance method: where the tile probe, soil auger or spade is used to
determine the status of the soil water content. This method also helps farmers to
reveal where the soil water is located.

Figure 3.2 summarizes the percentage implementation of different irrigation scheduling
methods as perceived by (a) recorded figures (38 percent of the irrigation schemes) and
(b) as reported by representative respondents but supported by consensus opinion of a
smaller reference group. These figures indicated that the reported and recorded figures do
not differ substantially on the implementation of the different scheduling methods. The
reported implementation figures of objective scheduling methods vary between 2% and
18%. as indicated in Figure 3.2. The recorded percentage varies slightly more
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Figure 3.2 Implementaton of different imgaton scheduling methods by irngation farmers
according to figures recorded and figures reperted by representative respondents
from the different irngation schemes (N=287)

The majonity of respondents (80%) reflect the use of intuition as an imgation scheduling
method, while the reported implementation figures of objective imigation scheduling
methods vary between 2% and 18% as indicated in Figure 3.2. The recorded percentages
vary slightly more. Only a few commercial fruit and wine grape growers in the Westemn
Cape indicate the use of plant measurements (2%) like the measurement of leaf water
potential, sap flow and phytomonitoning.

The use of intuition as an immigation scheduling method by irmigation farmers entails the
ncorporation of a fixed or semi-fixed imgation calendars based on expernence, knowledge,
observation and feeling. According to the Webster New International Dictionary of the
English Language. intuition is a looking upon, a seeing either with the physical eye or with
the “eye of the mind™. This knowledge used for decision making is usually obtained without
recourse to interference of reasoning, and is often referred to as innate or instinctive
knowledge, insight, familianty. a quick or ready insight or apprehension (Rowan, 1986)

According to the imigation scheduling figures reported it was clear that different
perceptions exist regarding the definition “irrigation scheduling”. Perception, according to
Atkinson et al., (1985), is the process by which human beings organize, integrate and
recognize patterns of stmuli. But perception is not merely a passive reception and
automatic interpretation of stimuli. but rather an active process in which the incoming data
are selectively related to the existing cognitive structure. “Perception refers to the world of
immediate experience - the world as seen, heard, felt. smelled and tastec” (Morgan &
King, 1966)
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IRRIGATION SCHEDULING GROUPS

Based on the response by respondents on the implementation figure of imgation
scheduling by irmigation farmers and because of the large vanation in the perceptions of
imigation scheduling that exist, respondents were divided into five groups of reported
imigation scheduling implementation as indicated in Figure 3.3.

Scheduling group 1: 0-20% reported implementation of imgation scheduling
Scheduling group 2: 21-40% reported implementation of imgation scheduling
Scheduling group 3: 41-60% reported implementation of imgation scheduling
Scheduling group 4: 61-80% reported implementation of irmgation scheduling
Scheduling group 5: 81-100% reported implementation of irmigation scheduling

Percentage respondents

0-20 2140 4160 £1.80 81-100
Percelved percentage irrigation scheduling

Figure 3.3  Percentage distribution of irrigation groups (schemes) according to the repored
percentage implementation of irrigation scheduling (N=287)

The majority of respondents (57%) reported the implementation of irmigation scheduling to
be between 0-20 percent. Twenty percent of the respondents perceived the
implementation of irrigation scheduling on the irmigation scheme level between 80-100
percent. The reasons for this huge variation in opinion regarding the implementation of
irrigation scheduling on an irrigation scheme level is because of the perception amongst
many respondents that intuition is a form of scheduling.

The degree to which intuition is perceived 1o be part of scheduling is further investigated
and Figure 3.4 reveals the percentage of respondents who use intuition and those who
use objective scheduling methods which include vanous soil monitoring methods, plant
monitoring methods, integrated soil water balance estimations and use of crop
evapotranspiration figures to determine when, and how much to imigate within each
category of reported percentage scheduling.
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Figure 3.4 Distnibution of respondents according 10 their perceplion regarding Intution as an
irmigation scheduling method as per irmgation scheduling group (N=287)

The fact that the percentage of respondents who regard intuition as part of imgation
scheduling increases dramatically (4% to 88%) with the increased percentage of reported
irmgation scheduling, clearty shows that vanation in reported imgation scheduling figures
can be largely attributed to the vanation in the imgators’ perception of irngation scheduling
According to Louw & Duvel (1993), the intervening variables (mostly defined as covert)
that appear to be immediate and a direct precursor of decision-making of imgation
scheduling behaviour, are needs, perceptions and knowledge

These findings are important, especially for imgation consultants and the extensionists
regarding the planning and implementation of appropriate communication strategies to
promote awareness and adoption of the practising of cbjective imgation scheduling
amongst farmers. Farmers from the group where intuition is perceived as the main practice
of imgation scheduling have different felt needs to be addressed in terms of information
required for imgation management decisions, than farmers from the group where objective
irrigation scheduling is regularly used in decision making. The characteristics of the five
different irfigation-scheduling groups will clearly be different and therefore needs to be
taken into account by imgation advisors and extensionists in future support strategies




INTERRELATIONSHIP BETWEEN IRRIGATION SCHEDULING METHODS
AND THE IMPLEMENTATION OF IRRIGATION SCHEDULING

Figure 3.5 shows the correlation between the different irrigation scheduling methods with
the implementation of irrigation scheduling by irrigators.
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Figure 3.5 Application of different imigation scheduling methods by scheduling groups 1-5
(N=165)

Scheduling group 1: 0-20% reported implementation of irmgation scheduling
Scheduling group 2° 21-40% reported implementation of irmigation scheduling
Scheduling group 3: 41-60% reported implementation of irmgation scheduling
Scheduling group 4° 61-80% reported implementation of irmgation scheduling
Scheculing group 5: 81-100% reported implementation of irrigation scheduling

This figure illustrates that farmers that fall within the bracket of 0-40% irrigation scheduling
applied (scheduling groups 1-2), are more prepared to rely on the use of objective
irmgation scheduling methods viz. soil measurement and the use of computer models or
programs to schedule imgation on the farm than the use of intuition. The use of intuition
was found to be less than 15% amongst these imgators. Figure 3.5 also indicated that as
the respondents reported relatively higher figures of implementation of irigation
scheduling, the contribution of intuition also clearly increased (scheduling groups 3-5).
These findings also illustrate the differential perception regarding the implementation of
“irrigation scheduling”

COMPUTER MODELS AND THE INTERRELATIONSHIP WITH
IRRIGATION SCHEDULING

Computer usage for farm management decisions becomes more popular, as there is a
growing need amongst farmers for intensive physical and financial planning of farming
operations where information is used in terms of everyday management decisions.
However the use of computer models amongst irrigation farmers is still limited and the
majority of irrigators that reported engagement in models also referred to the help and
support provided by consultants and extensionists in this regard. Figure 3.2 indicated that




sixteen percent of the imigation schemes referred to the use of computer irrigation
scheduling models by farmers

As indicated in Chapter 2, a model like SAPWAT was developed with the main aim to help
with strategic decisions on a scheme level while models like SWB, Imcheck, PRWIN, elc
are real time irngation scheduling models. These models were developed to help the
farmer with better-informed decisions in water management. The real time imrigation
scheduling models and programmes are based on actual daily conditions, usually soil
water content and atmospheric demand, and therefore needs regular measurements and
monitoring of the soil-water-atmosphere conditions prevailing. Figure 3.6 illustrates the
implementation of the different imgation models as repornted by the respondents.
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Figure 3.6 The implementation cf irngation scheduling modeis by farmers (N=297)

PRWIN was found to be popular amongst the irmgators, as 18% of the respondents either
referred to the use of this programme by an irrigator within the irrigation scheme or were
using it themselves. The reported figure on the use of Probe Sched (8%). also includes the
implementation of computer programs Add Sched that consultants and farmers generally
use together with soil measurement devices like the Diviner and Waterman Sched
generally used together with neutron probes supphied by Geoquip.

As discussed in Chapter Two, numerous irrigation models and computer programs have
been developed and are available to farmers. consultants and researchers. These mocels
are based on integrated soil water balance principles, with various degrees of
sophistication, including mechanistic approaches to crop growth. However, from the
responses received from respondents it s clear that these models and programmes are
without the necessary support of extensionists and imgation consultants, found to be too
complex or difficult to be used by the majority of farmers. These results in imgaton
scheduling models and programmes being predominately advisor-driven rather than
farmer-driven, and therefore the distribution largely appear 1o be advisor specific and thus
geographically bounded. This tendency is evident in Table 3.4, where the use of a
computer programme like PRWIN was reported in eight of the nine provinces.




Table 3.4 Distribution of rigation models amongst the nine provinces as indicated by
respondents (N=297)

__Models |  Provinces A
BEWAS Free State, Northern Cape, Northwest
Imcheck Free State, KwaZuu Natal, Mpumalanga, Northern Cape, Limpopo,
Northwes!
SAPWAT Free State, KwaZulu Natal, Mpumalanga, Northem Cape, Eastemn Cape,
Northwest . |
SWB KwaZuu Natal. Mpumalanga. Limpopo |
PRWIN Free State, KwaZuu Natal, Mpumalanga, Northem Cape, Eastern Cape, |
Waestern Cape. Limpopo. Northwest
CANESIM KwaZuh Natal, Mpumalanga
| Probesched Mpumaianga, Northern Cape, Eastern Cape, Weslern Cape 1
Donkerhoek Waestern Cape |
OWK | Northem Cape N
| Vinet Western Cape. Northern Cape, Small-scale

INTERRELATIONSHIP BETWEEN IRRIGATION TARIFFS AND
IRRIGATION SCHEDULING METHODS

The National Water Act (1998, No 36) determines that any person that is registered in

terms of a regulation or holding a license o use water, must pay all imposed charges.

Since 1996/97 new water tariffs were imposed on commercial imgation farmers and on

govemment schemes. The implementation of the new water tanff structure apphes within a

three-tiered structure:

2 The first tier is determined by the pricing of bulk raw water supply, and relates to
water supphed by DWAF.

a  The second tier relates to water supplied by water boards and imgation boards.

2 The third tier deals with water supplied and managed by local authorities.

Farmers on the imigation schemes are responsible for two different charges that are
included in the current water tanff:

o Water resource management charge

The resource management charge relates o the expenditure of activities that are
required to regulate, manage and maintain the waler resources or calchments in a
specific water management area. Initially the water resource management will continue
to be the task of DWAF, however within the new act the intention is to delegate or
assign significant water resource management functions to the Catchment
Management Agencies (CMAs) that are established or in the process of being
established. This charge relates 1o all water utilized within the water management area,
and is therefore charged to all water users.

a Water resource development and use of waterworks (O&M) charge

This cost includes the related costs of investigation, planning, design and construction
of water schemes, which constitutes the capital cost of irrigation projects. In order to
recover fully the water resource development costs, the capital component of the unit
cost of walter is determined by a depreciation charge and a return on assets charge.
This charge is only levied on the users of specific government schemes or system, and
is based on the costs associated with that particular scheme (Van der Merwe, 2004).

The water tariffs as indicated in Table 3.5 reflect the water resource management charges
levied for users of imigation board schemes and WUAs as per province, while the tarff
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applicable to imigators on government imigation schemes include the water resource
development as well as the operation and maintenance (O&M) charge. On a current
imigation scheme like Pongola, for instance, the tanff that irmgators are paying also
recovers a portion of the capital investment of the newly built Bivane or Parisdam and
amounts to approximately 16¢c/m” for irrigation water or R1 285 per (registered) imgated
hectare per annum. The dam was funded through a three-way partnership between
Pongola sugarcane growers, lllovo Sugar Limited and DWAF

Table 3.5 The distribution of respondents according 10 the wrigation tanfis reported as per
province (N=297)

Total number
Province Irrigation tariffs (R/ha/annum) respondents
0.250 251520 5211043 1044.39%00
Gauteng 5 0 0 0 5
Free Siate - 2 7 0 15
KwaZulu Natal 19 3 1 2 25
Mpumalanga 19 12 3 0 34
Northen Cape 8 12 10 2 12
Easten Cape 6 3 1 2 13
Western Cape as 12 9 10 o
Limpopo 11 7 2 0 20
Northweast .
18 S 1) 0 33
Small-scae i
. (:‘ Y ') . a6
NO figure -
reponec
Total 146 74 52 17 257

The small-scale irrigation farmers are supported through the inclusion into a concessionary
period during which the full cost of water is not levied. In this survey the majority of small-
scale farmers on govermnment schemes indicated that they are only responsible for the
maintenance and operation costs (electrnicity costs) of imigation on the scheme

Figure 3.7 compares the different types of irrigation schemes regarding the irrigation tariffs
reported for the respective imgation schemes
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Figure 3.7  Frequency distribution of the irmgation tariffs applicable for the different irrigation
schemes included in the survey (N= 297)

Figure 3.7 indicates that 48% of imigators on government schemes and 51% irrigators
respectively on irrigation board schemes are paying water tariffs of R250 per hectare per
annum or less for their irrigation water allocation. The mean tariff for irmgation water that
irrigation farmers pay is R397.97 per hectare per annum, with the highest tariff R3 900 per
hectare per annum, lrrigation water taniffs are a flat rate based on the sum of the individual
volumetric allocations field edge, adapted for assurance of supply to represent long-term
average annual use, plus average annual distribution losses on communal infrastructure
(Van der Marwe, 2001).

Caswell & Ziberman (1985) and Caswell & Zilberman (1990) argue that higher water
tariffs would induce the adoption of water saving technologies like objective irigation
scheduling. Table 3.6 shows the correlations that were found between the implementation
of imgation scheduling methods and the applicable water tariffs for irrigation schemes.

Table 3.6 Relationship between the implementation of wrigation scheduling methods and
irmgation tantfs (N=297)

[ imgation schedulingmethods | R 1 —
| Plant measurement 1.0 <005
Real tme ET 0.3 <0.05
| Long term ET o . __ 0203 05 |
| Computer imgation scheduling models 0085 1 2005
Soil moisture measurement 0.063 | >0.05
Feel method I -0.227 | <0.05
| Intution 0177 [ <0.01

et - — e —

Table 3.6 indicates that significant negative correlations exist between the perceived
application of intuition as well as the feel method and the applicable irrigation water tariff
for imigators. This implies that there is a tendency that irrigators are more prepared to use
intuition and the hand-feel imigation scheduling method rather than objective irmgation
scheduling when tariffs are relatively low. Except for significant correlations that exist
between objective imigation scheduling methods lkike the application of real time ET
methods (r=0.331; p<0.05) and the use of plant monitoring (r=1.0; p<0.05), no statistical
significant correlation could be found between the adoption of the other mentioned




objective irmigation scheduling methods like soil water measurement, use of computer
models or the use of long term ET figures and water tariffs.

From this study it is clear that other factors are outweighing the water tanff factor. Some of
these factors are crop diversification potential in a specific area of cultivation and the risk
and flexibilty involved in water delivery (ie. the irmgators guarantee of receiving his
entitied water allotment). These factors have to be taken into account when analyzing the
potential effects that a given pricing policy may have on the adoption of water saving or on
incentives o engage in water use management strategies like irnigation scheduling.

Technical endowments in the different schemes have a decisive nfluence on the capacity
that different pricing schemes have to induce in the reduction of water consumption. The
relatively older imrigation schemes have a substantial margin for improving their technical
conditions and therefore for attaining large water saving levels. The more modem irrigation
schemes have already been endowed with more effective imgation systems and for this
reason there response to price signals by more efficient water use strategies is perhaps
smaller.

INTERACTION BETWEEN FLEXIBILITY OF DECISION-MAKING AND
IRRIGATION SCHEDULING

Imgation scheduling at farm level results in a delivery schedule, 1.e. a real ime decision as
to when and how long and at which flow rate to imgate, expressed in absolute values. This
however, depends on the regular and effective supply of water.

Three approaches 1o the management of imigation water conveyance syslems are
generally found

2 “Continuous flow" approach
In this system the manager aims to maintain the supply in the system so that any
user can abstract water at any time. In a canal and river system, this usually means
that the scheme manager has to monitor the flow depth at strategic points. and adjust
the in-flow to the system accordingly. According to Knoetze (2003). the scheme
manager needs to be experienced and know the system and relevant farming
practices on the scheme well in order to operate a scheme in this way.

a The “request” approach

The objective of this type of management system is to supply the amount of water
that is requested by the users in advance. This system is often found on the
government and the majority of irrigation board schemes. Farmers request the water
they will need, specifying the time of the week they will be abstracting and the period
of time needed. The scheme manager then uses this information for planning the
walter releases into a system and how it will be adjusted to meet the constraints of the
system (van Strijp, 2002)

=1 Imgation turn approach
This system is usually followed where a conveyance system has insufficient capacity
for an "on demand™ approach to be followed. In this approach. each user is allowed 1o
abstract water al certain times within a8 schedule applicable (e.g. every 7 days or
fortrught). The flexibility of irmgators’ decision making on the application rate and
intervals of imigation within this system is very limited. For these farmers the




advantages of on-farm storage facilities could be enormous, in providing additional
flexibility in terms of irrigation management (Eksteen, 2002).

The majority of farmers (75%) experience effective bulk water delivering system and field
irrigation methods conducive for the implementation of appropriate irrigation scheduling
methods. Twenty five percent of the farmers perceived that they could hardly implement
crop-based scheduling methods due to fixed proportional bulk water delivering system, or
the application of surface imigation or the lack of canal capacity, especially during peak
penods in the production season. Delivering irrigation water with a high degree of flexibility
and reliability depends not only on the technical means but also requires:

a  Decentralization of decisions and responsibilities of the delivering system (e.g. main

canal level and secondary canal levels).
2 The institution of seasonal or yearly water allocations (Burt, 1996, Knoetze, 2003).

Irngation scheduling based on soil water balance requires that farmers take an appropriate
amount of water from the irmigation water supply system at the proper time. However
where fixed tums of bulk water delivery are experienced, the technique usually results in
excessive water depths being applied when the water is available, and water stress
penods often occur during the gaps between successive water applications when these
gaps are 100 large as in the case reported by some of the small-scale farmers.

Long canals where water takes a considerable time to travel the length of the canal and
spillage as well as lack of canal capacity, especially during peak periods of the growing
season, are very common occurrences and could be problematic to many farmers for the
practising of sophisticated, objective irrigation scheduling methods.

Reliability as recalled by Burt (1996) is a prerequisite for the implementation of efficient
irmgation scheduling. Whatever the delivering schedule applicable, either dictated by a
water institution or as an agreement between neighbours, either rigid or flexible, it is
imperative that water is supphed in conformity with the expectations of the user. Reliability
of water was found to be sufficient in the majority of cases where interviews were held, but
some farmers complained about not receiving what was due to them, especially farmers at
the end of a canal delivery system. Reliability was also found 1o be an essential condition
for the establishment of trust and confidence between water management institutions and
the irngators. Figure 3.8 indicates the difference in flexibility of water delivery expenienced
by farmers in the five different irmigation-scheduling groups.
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Figure 3.8 The relationship between perceived flexibilty of bulk water delivery and
the implementation of irmgation scheduling (N=287

The relationship between flexibilty of bulkk water delivery and the implementation of
objective imgation scheduling is significantly negative (r=-0.316, p<0.01) mplying that
increased flexibility is associated with a higher reported implementaton of objective
mgation scheduling. This also means that higher levels of fixed tum water delivery are

associated with lower levels of reported implementation of

objective imgabon scheduling

Respondents in the Northermn Cape (Lower Orange and Upper Orange water management
areas) indicated the lowest flexibility (25%) in terms of freedom or flexibikty to imgate. The
majority of respondents in this province uses surface imgation and indicated that crop-
based imgation scheduling is very difficult to implement due the management of delivery
or due to the practicing of surface imgaton methods This imgaton technique s
performance is still considered to be low, anc the irmgation efficiency must be evaluated in
terms of uniformity of water application and losses and also in terms of the ease of

2780

scheduling and timing imgations (Eksteen, 2002)




According to Terblanche (2003) the adoption of laser leveling by farmers lead to a
significant improvement in accuracy of distribution uniformity. It facilitates irmigation
scheduling and reduces waler wastage and leads to increased yields. The majority of
farmers in the Lower Orange River scheme have adopted this practice, and laser planning
is done on all new imgation development. However, the older fields still under surface
irmgation are facing variability in terms of time, space of infiltration and farmers in general
experience problems in controlling the field intake and discharges that influence their
irmgation efficiency. Farmers often experience surface runoff water due to delays in the
cutting of the supply that result in water damming up at the lower end of the bed, and often
over-flows.

IRRIGATION ALLOCATION AND THE INTERRELATIONSHIP WITH
IRRIGATION SCHEDULING

There are generally two approaches involved with paying for the use of irrigation water

followed by farmers:

o Pay the full allocation of imgation water, regardiess of the actual amount of water
used. Water is usually requested on a weekly basis, which is then monitored and
compared with the allocation.

a Pay only for the volume of water (m’) they are likely to use based on the areas
planted under a specific crop. The allocation is then based on the specific water crop
requirements in that area (See Box1:0range Riet WUA area).

Box 3.1: Orange Riet Water Users Association
“The Orange Rwt WUA has conducted a survey fo defermine the fotal area under
imgation as wed the maor crops grown withn the WUA distric!. The ares wunder

Farmers are paying a minimum flat tanff for 85% of the predetermined allocation as based
on crop requirements and historical data. The rest (15%) of the allocation can either be
wwhmmwm(mam)uww:mawmw

more efficiently on the farm and also prowde some flexibily n terms of thew waler
management”

According to Pretorius (2003), the differentiated tariff system applied by the Department of
Water Affairs and Forestry (DWAF) until 1998 encouraged farmers to use water efficiently.
This system included a minimum fixed tariff for 75% of the allocation, while the rest of the
allocation was based on volumetric supply against a differentiated tariff. He is of the
opinion that this tariff system provides farmers with financial incentives to use water more
efficiently. However, he also agrees that this did not prevent farmers at the beginning of
the conveyance systems to take more than was allocated unless effective measurements
were introduced for individual abstractions.




Photo 3.2 Main irrigation canal system used for water distribution at Riet River wrigation
scheme

Ninety-four percent of the respondents indicate the licensing of specific allocation of
irrigation water while the rast, mainly private irrigators, make use of boreholes and weirs
The mean irrigation allocation applicable for the nine provinces is 8 336 m™ /ha/annum,
with the Lower Orange River scheme receiving the highest allocation of 15 000 m’
/ha’annum because of higher evaporation figures. The majority of imigation farmers (57%)
received an allocation for irrigation between 6 201-11 000 m"/ha/annum (Figure 3.9)
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Figure 3.9 Distribution of respondents regarding irngation water allocation in South Africa
(N=287)

The general expectation that farmers with bigger allocations are more reluctant to
implement precise imgation scheduling was supported. The findings are shown in Table
3.7 and reveal that a significant correlation exists between the use of intuiion as well as
the feel method and higher allocations of irmgation water. However, it needs to be
emphasized that many of the respondents with bigger imigation water aliocations aiso
made use of surface irngation or received water on fixed tums, viz. farmers from the Lower
Orange and are not in a position to apply precise imgation scheduling methods




Table 3.7 Relationship between the implementation of irigaton schedulng methods and
imgation water allocations based on the actual figures collected (N=297)

___lrrigation schedulingmethods ¢ i P
Real ime ET ] -0.229 I 0.297
Long term ET -0.063 0.725
_Computer irmgation schedusng mocess <0 009 0.931
_Soil mosiure measurement <0114 0415 |
_ Feel method ‘ 0 477 ) ~ 0.045 ‘
_intuftion _ | 0242 o004 ]

Table 3.7 indicates that no significant correlations exist between the application of
objective irrigation scheduling methods and the allocation of relative smaller volumes of
imgation water.

INTERRELATIONSHIP BETWEEN TYPE OF FARMING OWNERSHIP AND
THE IMPLEMENTATION OF IRRIGATION SCHEDULING

Respondents were asked to give an indication of the occurrence of different types of
farming concems in their irrigation schemes. The major types of farm business enterprises
are.
a2 One-man concermn: where the individual farmer, usually the owner, s responsible
for all the management activities on the farm.
a Corporate concern: the latter is usually of a much bigger scale with the irrigation
management usually assigned to a specific person(s) or consultant (s) and not part
of the owner's day-to-day management decisions.

This distinction between the two types of farming operations was important for the
research team because it was hypothesized that the more sophisticated and objective
imigation scheduling methods are the more likely it to be used by the big corporate or
estate concermns, while the one-man concerns tend to use the more subjective irrigation
methods. Table 3.8 provides an overview of the distribution of respondents according to
the percentage occurrence of corporate farming concerns in the different irngation areas.

Table 3.8 Distribution of respondents according 1o occurrence of corporate concerns (N=297)

% Respondents |
64

% Corporate concern | Number of respondents (n)
‘ 190

0% ‘

_05-10%
11-20%
a0 =1
41-60% 1
61-100%

MissIng

Toal

—— — -

100

The percentage of corporate farming concems is relatively small and in 64 percent of the
cases, respondents reported none at all. The survey indicates that the majority of farmers
are still involved in one-man or family enterprises. It can be argued that although farming is
increasingly seen as a business, the importance of the farm family's social fabric is too
often neglected when trying to introduce change. Vanclay (2003) argues that farming is a
social activity and made the following statement. "‘Farmers do not make conscious
decisions about most issues - they do what is consistent with their social situation”, This is
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an important finding to be taken into consideration by research and extension or advisory
services before farmers are introduced to new innovations and expected lo change
practices

Table 3.9 illustrates the distribution of the application of different imgation scheduling
methods as it occurs between the two types of farming concerns generally found amongst
irngation farmers

Table 3.9 Distribution of respondents according 10 the types of farming operations and the
implementation of imgation scheduling methods (N=2%1)

“imgation scheduling Corporate concem One man concemn " Yotal
_methods N (n=101) (n=190) = (N} _
- — s | (n) | Y% | {n) ] % | (N}
Plarnt maasuremeant 3 100 0 0 3
"Real ET - 24 & 18 a3 | a2
Tongrem €T 16 [ s 6 | 8% | 32
_Computer models | 59 |60 | 39 | 0 98
Fesl method 29 | 53 26 47 55
“Sol water measurement 74 51 72 ) 146
Intation 101 35 88 )

The findings illustrate a tendency that objective scheduling methods are more often use by
irrigators involved in corporate or estate concemns (Table 3.9). No significant correlations
were found, except for the fact that a significant negative correlation (r=-0.499; p< 0.01)
exist between the application of intuition as an irmgation scheduling method within
corporate concems, meaning that the latter group of imigators were in general more
prepared to make use of objective imigation scheduling with the necessary support of the
imgation extensionists and consultants.

RELATIONSHIP BETWEEN THE CROPS SELECTED UNDER
IRRIGATION AND IMPLEMENTATION OF IRRIGATION SCHEDULING

The assumption is that objective imgation scheduling practices becomes more important
under conditions where water intensive and high valued crops are produced. Thase crops
are usually very sensitive to penods of subnormal irmgation, which will influence the
production of high quality premium produce. With imgated pastures on the other hand the
expectation is that farmers are more inclined to use fixed or semi-fixed imgation
scheduling programs. The following figures (Figure 3.10 - 3.11) provide an overview of the
crops grown under irmigation as reported by respondents on the different irmgation scheme




Cash crop types
The most important cash crop types curmrently grown under irrigation and based on the
area planted are shown in Figure 3.10

Percentage (%)
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Cash crop types

Figure 3.10 Percentage irngation schemes on which various cash crops are produced (N=297)

Maize, vegetables and wheat are the most important cash crops planted under irmgation
Crops like paprika, sugar beans; barley, peas and rnice are grown on less than 2% of the
respondents.

Intensive horticultural crops
The most popular horticultural crops grown under irrigation are indicated in Figure 3.11,
which reflects the estimated percentage areas.
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Figure 3.11 Percentage imgation schemes on which the different intensive horticulture crops are
grown (N=297)

Table grapes, wine grapes and citrus are popular intensive horticultural crops planted
under imgation, followed by deciduous and subtropical fruit. Other intensive crop types like
strawbemes, almonds, olives, tea and coffee were also mentioned, but are found on less
than one percent of the irmigation scheme.
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Pastures

Forty-five percent of the respondents indicated that irngated pastures are grown on their
schemes, with luceme being the most important pasture (grown by 32% of the
respondents). Other types of pastures produced under irrigation were also mentioned like
ryegrass. kikuyu, and festival

Table 3.10 indicates the number and percentage of irmgation schemes on which the
different crop types and combination of crop types are grown. Cash crop types alone or in
combination with intensive, high value crop types are planted on the majority of irngation
schemes

Table 3.10 Frequency of the number and percentage of urigation schemes uncer drferent
crops and combanation of crop (N=2€7)

“Crop types n__ | I ST
Intensive crops | 47 i 15 !

|Cashcops 86 — 1

| Pastures o 8 S - l

| Intensive + Cash crops 86 - | el 1

| Intensive crops + pasture 21 r )

| Pasture + cash crops 38 12 |

| P ash crops B J. ,

| Intensive + cash crops+ pasture 15 5 ]

Total 297 l 100 |
MEONIVe CrOp = Mgh value iIMGAtoON Mentve Crop ypes: Cash crop ypes [Re maze. whHedt. Cofon, Sugar cane
00 Pastume = koome AAuyu Nyegrass ok

A positive comrelation (r=0.271; p<0.01) exists between the crop type selected by the
farmer and the percentage objective irrigation scheduling that farmers apply. According to
thase findings farmers involved in the growing of relatively intensive horticultural crops hike
citrus, table grapes. sublropical fruit, wine grapes, elc are more inclined to schedule
imgation precisely with the support of sophisticated irmgation scheduling methods like
neutron probes, computer models, etc.

Table 311 indicates the application of the different imigation scheduling methods as
reported for the different crops and combination of crops grown

Table 3.11 Distridution of respondents according to the types of crops and irmgation scheduling
methods (N=297)

Irngation scheduling Intensive or high “Cash crop types | Pastures
method value crop types

) “ n) % %
| Plant measurement 3 2 0 0 ..l J

Rea ET 15 R 3 2 2 | @
‘Longtem ET 1. 6 | 3 18 1 2 | 4
| Computer modets [ 33 | 1 1 13 1 9 3 6 |
| Feed method e 8 6 K 5 10 |
| Sod water measurement 45 26 27 19 10 | 21 |
Cintabon 59 33 8 ' & 2 | 8B
[Total _ 175|100 140 | 100 | & 100

A significant correlation (r=-0 581. p<0.01) exists between the implementation of subjective
irmgation scheduling and the production of cash crops like wheat. maize, cotton, and sugar
cane. This can be attributed to the possibility that a relatively high percentage of cash crop
types reported by respondents are grown under sprinkler imgation systems. The
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interrelationship between the on-farm imrigation system used and the implementation of
irrigation scheduling is important and will be discussed in more detail with the next section.

The adoption of precise or objective irrigation scheduling methods was reported to be
relatively lower amongst cash crop farmers as indicated in Table 3.11. The majority of
these irmigation farmers have the perception that they have a very good workable
knowledge of the crop water requirements of most of the cash crop grown on the farm.
The additional time and effort required for precise imigation scheduling was not perceived
to be cost effective for many of these farmers. Many of the respondents indicated that their
subjective beliefs about the imgation scheduling approach followed are based on either
information generated from own expernence and frialing or scheduling programs provided
by “credible information sources”.

RELATIONSHIP BETWEEN ON-FARM IRRIGATION SYSTEMS AND
IRRIGATION SCHEDULING

The irrigation systems used on the farm are critical as they determine how much water
can be applied to the crop. Imigation scheduling defines “when” to imgate and “how
much”, but does not take into account the actual performance of the irmgation systems
selected by the farmer for his specific conditions.

The selection of appropriate irrigation methods and assessment of economic benefits are
important aspects of imgation management. The method selected should be capable of
applying water efficiently and uniformly. The choice of irmigation methods usually depends
on many factors including capital and the operation costs, water use efficiency, labour
requirements, ease of management and local soil and field topography.

Sprinkler irmgation is often considered to be comparatively efficient for surface irmgation
because it enables better control of water apphcation. However, this control is dependent
upon the quality level in irrigation system design and on the selection of equipment, but
also requires that farmers develop appropriate skills and knowledge to manage their
irrigation system (Stimie, 2003). Figure 3.12 indicates that the majority of imgation farmers
(53%) are using quick coupling or hand move sprinkler irrigation systems.
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Figure 3.12 Percentage distribution of respondents according to the implementation of dfferent

mgahon methods | N=287)

The classification of imgation systems used in Figure 3.12 is based on a categornization
developed by the ARC (1997). Figure 3.12 illustrates that centre pivots, quick coupling
sprinkler anc mecro/cnp imgation systems currently enjoy relative high acceptance by
farmers and that little change tcok place since the Agrnmarket survey (1999). There s
however a tendency that farmers generally are prepared to use more micro/drip and
mechanized imgation systems on the farm, and are scaling down on the use of fiood and
sprinkier irngation

A)

Fiood or surface irmgation

Surface irrigation (predominantly border, short furrow and basin imgation) is stll a
dominant method of water application to pasture and a wide range of field crops
Especially the short furrow is very popular amongst the small- scale farmers and used
in the Lower Orange irrigation scheme for growing of grapes and luceme. The
majorty of farmers are making use of traditional systems where the water control is
camed out manually, according to the abilty of the imgator. Many farmers
(commercial and small-scale) indicated that it is very difficult to control “how much”

water to apply




Photo 3.3 Short furrow imgation often used by commercial farmers in the Northern Cape and
small-scale farmers (Courtesy of Stimee, 2003)

B) Mechanized irrigation systems can be classified according 1o whether they are
siationary, move penodically or move continuously

o Stationary irngation systems include both permanent or semi permanent systems

like floppy immgation systems. Set systems imigate in fixed position (semi-

parmaneént) and because there are no limitations to the duration of the set time,

they can be ulilized 1o apply small volumes of water at frequent intervals, which 18

usually not possible for the moveable systems because of operational constraints.

Photo 3.4 Floppy irrigation systems are often used in sugarcane fields within the Inkomat
water management area

n




2 Continuous move or mobile imgation syslems include centre pivols. linear move
and traveling gun

Photo 3.5 A linear wngation system in operation on the Riet River irrigation scheme (2003

a Portable imgation systems include dragline; semi-dragline, quick coupling, rotary
boom and side roll systems. These systems in general are not sutable for
applying very small volumes of water because of limitations in the system's
capacity

Photo 3.6 Luceme production under a side roll imigation system in the SandVet irigation
schame




Photo 3.7 Sprinkler, quick coupling irrigation system used for wheat production in the Riet
River imgation scheme

a Micro-irmigation systems typically apply to several systems operating at low
pressure inclucing drip, trickle, miniature distributors, bubblers and tapes. They
are characterized by the localized application of irrigation water using low flow and
high frequency applications, either to the surface of the ground or underground
(subsurface).

Photo 3.8 Table grape production under drip irngation in Mpumalanga

C) Interrelationship between irmigation method use on-farm and irngation scheduling
method selected
o Figure 3.13 illustrates the differences regarding the use of irrigation methods
between the different irrigation scheduling groups. Positive correlations were
found between the implementation of objective imgation scheduling methods and
the uses of centre pivots (r=0.230, p<0.05). drip/micro irrigation (r=0.194, p<0.05),
while negative correlations were found between the uses of sprinkler irrigation
systems (r=-0.206, p<0.01), side-roll imgation systems (r=-0.774, p<0.05),
dragline and semi-draghine (r=-1.0, p<0.05).
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Figure 3.13 Freguency cf distribution of the use of aifferent irmigation methods as relevant for the
five imgation-scheduling groups (N=287)

Many of the current centre pivots used by farmers are multipurpose machines where
fertilizers are applied with the water (fertigation) and attachments for the application of
pesticides and herbicides prevail. Farmers usually apply large applications of imgation with
extended intervals (14 days) with flood and hand move sprinkler imgation. The assumption
is that the determining factor is the depth of the soil and the water holding capacity of the
soil. Although these factors still remain important with the use of short cycle systems like
dnp, micro and centre pivot, the previously assumption has become impossible. The cost
of pumping large quantities of imgation water has become increasingly important for the
farmer and therefore irrigation strategies were developed that favour irigating dunng of-
peak hours (Ruraflex or green hours), which can have a significant impact on the farm
profit. This however necessitales more precise irigation scheduling with the help of
objective scheduling methods

THE ROLE AND GENERAL PERCEPTIONS OF IRRIGATION
CONSULTANTS

The complexity of irrigation technology. especially the use of real ime imgation scheduling
methods, makes it difficult for many farmers to apply this technology on a day-by-day
basis. It often necessitates refinement and the mplementation of relative sophisticated
imgation technology has generally been through support rendered in this regard by
industrial representatives, private imgation consultants and extensionists from agricultural
cooperatives

In an environment seeking to improve client focus (farmer focus), it is easy to place less
emphasis on the other partner in the development of imgation farming, the imrigation
consultant or irrigation extension practitioner. The selection and evaluation of an irrigation
consultant often poses a challenge for many farmers. Presented here are some of the
general perceptions and attitudes of imgation consultants and important facts conceming
their training, competencies and experience that deserve consideration

Approximately 70 semi-structured interviews were conducted with key individuals and
opinion leaders within the imgation-farming sector. This specific format of interview was
chosen, as respondents are more willing to respond to an open-encded semi-structured




dialogue in a relaxed way rather than to a formal structured questionnaire. Each of these
interviews was recorded on tape and transcribed afterwards. Potential respondents were
identified from a number of sources. To be considered for this survey, respondents needed
1o be currently working as a consultant or advisor involved in the rendering of irrigation
scheduling support services.

Geographical distribution

The geographical distribution of respondents in this survey (Figure 3.14) indicated a higher
concentration of consultants operating in the relatively more intensive, high value cropping
areas of the Westem Cape (22%). Northern Cape (14%) and Mpumalanga (14%).
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Figure 3.14 Distribution of irmgation consultants as per province (N=37)

Technical qualifications

The key factors contributing most significantly 1o the competence of consultants are their
knowledge and level of training, whether formal or non-formal. The formal qualifications of
the consultants ranged considerably as indicated in Table 3.12, and all but one respondent
have received tertiary qualifications.

Table 3.12 Technical qualification of imgation consultants and extensionists (N=37)

Education level Number of % Respondents |
respondents (
(n) ]
Technical diploma (Non-agncullure ) | 16 43 ]
| Agnc. degree | 14 38
“Agrc_Dipioma R S I
| Post matnic qualification (Non-agnculture) - 3 8 |
Grade 12 t 1
Total 7 | 37 100

A

The majority of consultants (51%) have a non-agricultural post-matric qualification
(technical or engineering). This means that the majority of consultants are technically
qualified, but does not place them in an agricultural professional category. Appropriate




agncultural knowledge is often perceived as a precondition for effective imgation
scheduling support

Experience

The experience of the imgaton consultants varies considerably, with 19% of the
consultants having been involved in imgation management for more than sixteen years. 60
percent of the consultants are rendenng a consultancy service for less than ten years.
Since the mid 90's, many new imrrigation consultancies were initiated

Table 3.13  Expenence level of respondents in imgation management (N=37)

Experience in irrigation Number of respondents % Respondents
. scheduling (years) _ o
05 A B 0 B 27
_6—‘0 2 -~ . 32 1
11-15 8 . 22
16+ - B 7 19 -
_Total E 37 100

Experience in imgation management is usually associated with the acquisition of
confidence and skills in observing, listening and analysing a specific situation required to
offer appropriate help and support to farmers with imgation scheduling. One of the more
expenenced respondents noted the following in this regard: “If took me nearly ten years 1o
understand what irnigation farmers really need and expect to enable them to make sound
water management decisions. This was due to the fact that in the past | always wanted to
tell farmers what to do and even tried to withhold certain information from them to ensure
them depending on my consultancy service. Subsequently | have realised that the more
one can stimulate farmers 1o think and act on the imgation information provided. the bigger
the demand for the specialised services from irngation consultants become.”

All of the irrigation consultants indicated their competency in the use of computers and the
ability to use appropnate software.

Irrigation consultation services fee

The fee of any consulting service is highly dependent on the level and types of services
available. Many consulting services (32%) not only provide irrigation scheduling services
to farmers, but also are also responsible for recommendations regarding fertilisers, insect
control, financial management and general irmigation management (operating pressure,
uniformity of deliverance. etc). Forty eight percent of the respondents indicated a
consulting tariff charged per point of measurement, payable at the end of the production
season

According to irngation consultants the demand or need for imgaton scheduling services
follows a seasonal pattern and is definitely more prominent when farmers experience
relative low rainfall years (drought). Farmers who in the past have discontinued the
services of professional imgation consultants for whatever reason, are more prepared to
employ them and spend additional resources for more clanty on the exact status of the soil
moisture level duning periods of relative low rainfall.

Profile of the potential clientele
Consultants and extensionists seldom have contact with all potential chents, but usually
reach out to or are approached by specific types of clients depending their perceived




credibility and acceptability. The attributes and characteristics of the clientele that usually
engage in irngation scheduling consultancy have been examined (Table 3.14).

Table 3.14  Characteristics and atinbutes of chentele served by irrigation consultants and

exiensionists (N=37)

| Attributes and charactenistics of farmers Number of | Percentage of
| ___ B | respondents (n) respondents (%)
| 1. Business onented peopie O 12 33
T 2 Professional people that slaned farming 1 | 3N
' 3 Farmers involved with intensive, high valued 10 28
| Crops |

4 Farmers from all calegones viz. age. education, 8 [ 2
|__emenence. sze of farming operation, ¢ic |

5_Younger farmers . 4 11
| 6_Corporative or estale faming concems 3 | 8

33 percent respondents indicated that their clientele usually consist of the relative more
business-orniented farmers, while twenty-two percent of the consultants and extensionists
indicated that they have no specific clientele group that make use of their irrigation
scheduling service. Business-oriented people are in general more self-reinforcing and will
often seek and participate in further learming opportunities. It is clear from Table 3.14 that
the majority of clients (64%) involved in the use of irrigation scheduling services offered by
consultants, belong to a group of more business-oriented farmers, and/or professionals
from vanous occupations outside agnculture that are starting with irrigation farming and/or
are involved in the production of high valued, intensive crops.

The finding also illustrate that a relative low percentage of corporative or estate farming
concems do make use of an irrigation consultant. This could be due to the fact that many
of the corporate farming concemns often appoint their own imgation expert to address this
need.

Ideal number of clients
Interviewees were asked to indicate the current number of clients they are servicing and
these findings are reflected in Figure 3.15,

0-30 31.80 61-90 91-120 >120
Number of clients

Figure 3.16 Distribution of respondents according to the number of clients served (N=35)

The majority of consultants (68%) have a clientele group of 60 farmers or less (Figure
3.15). Although all of the consultants have indicated that a certain threshold number of
measunng points or tubes are necessary to offer a cost effective service, the consultants
that service a bigger numbers of farmers also admitted that they could not consult and visit
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farmers as regularly as needed. The consultants involved in servicing the larger number of
farmers often use “runners” or other staff to measure and supply the data to them, which
are then analysed by the consultant himself.

Profile of service delivery by irrigation consultants

Important for effective delivering of imgation scheduling services is the regularity that the
soil water content status is monitored and the relative time span between collecting data
and the provision of recommendation for decision-making by the farmer

Fifty four percent of the consultants interviewed have indicated that they measure soil
water content every week, and then analyse the data and submit recommendations to
farmers within 24 hours after taking the measurement. This group of consultants also
indicated that they usually consult farmers every fortnight at which stage field visits and
observations often form part of the consultation. Thirty one percent of respondents
however, indicate that they also measure weekly, but consult and make recommendations
on the same day that the soil water measurements are recorded

Irigation consultants involved with irrigation scheduling of permanent, high valued
horticultural crops like deciduous fruit, table grapes, etc. indicate regular measurements of
the soil water content on a weekly basis during the peak growing season, but will often
scale down to even once a month dunng the winter penods or dormant season. The
minority of consultants (16%) still measure every second week, with analyses and
recommendations provided within 24 hours after measurement.

Requirements of an effective irrigation scheduling consultancy

The imgation consultants identified key attributes and competencies imperative for the
rendening of effective imigation scheduling consultant services. This ranges from personal
attributes like interpersonal communication skills to technical knowledge, expertise and
ethnical competence and is indicated in Table 3.15

Table 3.15  Ethnical competencies and personal attributes percewved by respondents necessary
for delivery of a successful irmgation consultancy (N=37)

Attributes and characteristics for effective irrigation Numberof %
_..consultancy e respondents _ Respondents
1 The sofware seeciad Dy consultants, must bé aopropnate 9 52

accurate and relative easy 1o understand by both the

consutant and the farmers — — — -
2. Consultants should have appropnale educabon, knowledge 16 &2

skills and work expenence 10 ensure credibity and the abilty

10 interpret the measured data I S |
3. Show commitment. persisience and focus On achieving the 10 26
objectves as set together with farmers

4. Be serice onented ant open minded. observanl anc 7 19
versalile n the recommencalions 0 accommodate the
v O#ferent situabons of farmers and farming systems ! !
5. Consultants mus!t Show Q0OC commumicaton skils and be 6 16
able 1o isten anc imerface effectively with farmers ) 1 ]
6. Consutants should show good common sense and be 6 16
reglistic in the approach they apDly and comene it with gooc
_____time management - e N )
7. Apply soung sale lechnigues In approaching new clentele 6 16
__farmers neec 10 buy nto this new innovaton W - -
& Despay gooc computer skils 5 1




Fifty two percent of the respondents perceive the use of a correct and appropriate software
program as a very important requisite for the deliverance of effective imgation scheduling
services. Many of the consultants referred to the use of inappropriate software programs in
the past that have cost them dearly in terms of chents that were unsatisfied with their
services and consequently terminated the service.

Forty two percent of the respondents identified the importance of appropriate technical
qualifications and experience as prerequisites for an effective irrigation consultancy
service. The credibility of the person providing the service was identified 1o be very
important in terms of the adoption of imigation scheduling services. Credibility is often
regarded as a combination of trust, competence and integrity usually developed over time
between a client and a consultant. Many of the consultants referred to the fact that they
took over from another consultant because of certain personality clashes between the
farmer and the specific consultant or due 1o the lack of the necessary skills and experience
to interpret data correctly. Consultants identified attributes like service onentation, good
personal communication skills, adequate computer skills, commitment and the general
application of common sense to be important for any to successfully engagement with
irrigation farmers and managers.

Sixteen percent of the respondents were of the opinion that it is important to apply some of
the basic skills and techniques that salesmen and representatives often use, 10 enable
irrigation farmers to “buy into * the use of imigation scheduling on the farm.

Perceived reasons offered by consultants as to why farmers are not making use of
irrigation scheduling

Respondents were asked to provide possible reasons why some farmers are not
interested in the use of imgation scheduling services and objective irmigation scheduling
per se. The following perceptions of consultants in this regard are reflected in Table 3.16.




Table 3.16 Reasons as perceived by consultants why farmers do not engage in the use of
objective irrigation scheduling (N=37)

* Reasons for farmers not scheduling as perceived by ~ Numberof % Respondents
=i - ____consultants — ______respondents
1. Consulants lack the necessary skils 10 imepret 18 49

measured data ino some information that could be use
for decision making by the farmer

2. Not al farmers are aware of the potential benefts of 16 43
|___imgation schaduling :

3. Cost of water relatively low compared 10 other production 14 38

DUl costs. and therefore S a relative low prionity 10

| farmers
| 4. Farmers perceive Imsation scheduling in geneal as n 30
| comphcated and afficult
{ 5. No financal incentive axists for the farmer because of 10 27
| flat tani siructure of water
| 6 Lack of flexcbility (imgaton system or water deswvenng) 10 27
{ prevents farmers from applying imgation scheduling
| 7. Amitude of farmers negative towards the use of imgaton 8 22
{ scheduling | |
| 8. Farmers confused because of divergent | 8 22 |

recommencalions and messages receved form /mgabon
Jovisors and consuliants

9. Farmers do not appreciaie the fact 10 be prescnbed and 8 2
[ 1ok whiat 10 do on the farm by an “outsder” | B
| 10. Farmers are hesitant to enter into imgabon schecuing 8 22

due 10 bad expenences In the past with especially
devices like tensiometers ) . :
11.Cash crop growers in general do not use real time | 7 19
mgation scheduling but are rather prepared 10 use |
general guidelnes and imganon calendars

v

|
|
|
|
| -

Forty nine percent of consultants expressed their concern about the fact that many of the
consultants operating in the irrigation fratemity lack the ability to interpret the data
measured for purposes of decision-making. Information like the soil water content of a
specific field only becomes an economic valuable commodity in the context of decision-
making once the raw data is interpreted.

Forty-three percent of the respondents are of the opinion that some farmers are still not
aware of the potential benefits of the use of imgation scheduling apart from conserving
water,

Promoting irrigation scheduling

Interviewees were asked what aspects they perceive to be important to be included in a
pessible communication strategy 10 raise awareness amongst farmers and motivate them
to become interested to implement objective imgation scheduling on the farm, The
following aspects were identified (Table 3.17).




Table 3.17  Aspects and essential elements regarding irrigation scheduling used by irigation
consultants to persuade farmers (N=37)

Aspects and potential benefits regarding irrigation Number of % Respondents
scheduling respondents (n)
1. Imgation scheduling must not be offerec as saving of waler 24
but rather as the improvement of water use efficency on
farm
2 liustrate the possdie saving of electncity and energy costs 18 48
| 3. _Improvement of procuction yields and net proft 12 32
4. User fnendly and easy 10 understand irngation scheduing 12 32
L _program or software - il . ]
'5. Possible saving and controling of fentiiisers — prevent 9 24 ‘
|____leaching of fertilsers ]
‘6. Manipulaton or management of the ralio between oxygen | 8 2
___and water in the root zone - | ]
[T lmpfmmmdmddops 7 19
8 Fnancial mcentive for a farmer who implements irngaton 6 16
| scheduling like for instance differentiated water tariffs '
| 9. Saving on maintenance of moveable iTigaton systems 5 [T
| (centre pivot)
10. Imgation scheduling should sorve as prerecuisite for the 5 "
. access 10 production credits at cooperatives |
| 11. Prevention of salinization | 2 5 |

Table 3.17 shows that the majority of respondents (64%) are of the opinion that the

incentive for adopting irrigation scheduling should not only be the potential conservation of

water, but rather the more efficient use of water on the farm. The findings from these semi-

structured interviews indicate that the possible reasons why producers adopt the use of

more sophisticated wrigation scheduling methods are usually combinations of the

following:

a To ensure a high quality of crop

a To save energy especially where water has to be pumped a considerable height or
distance,

2 Toincrease yields

o To improve profits through saving of especially nitrogen.

o To conserve water and to reduce pollution (saline conditions).

32 percent of the consultants regard the need for a user-friendly and understandable
irrigation-scheduling program as an important necessity for irmgation farmers to be willing
to “buy into the implementation of an alternative irmigation scheduling approach.”

The general feeling amongst many of the interviewees (22%) is that a code of conduct
should be should be developed, especially with regard to intellectual property and
information management. Thirty three percent also indicate that a form of accreditation
might be useful to guarantee the quality and standards of work of irrigation consultants and
advisors operating in irrigation management.

CONCLUSION

The survey shows clearly that differential perception exists regarding the definition of
“irrigation scheduling” by farmers and its application on the farm. Some farmers perceive
imigation scheduling solely as the implementation of objective imigation scheduling
methods, also referred to as scientific irrigation scheduling (SIS). However the majority of
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farmers in this study perceive irrigation scheduling also to include the use of intuition and
experience together with objective imigation scheduling when making decisions regarding
how much and when to apply irrigation water. This differential perception was clearly
ilustrated in the reported figures regarding the implementation of irrigation scheduling on
an irmgation scheme lavel. A strong negative relationship (r=-0.531, p<0.01) was found to
exist between the use of intuition as an imgation scheduling method and the irrigation
scheduling figures reported by respondents.

Although a large number of irmigation scheduling tools and methods have been developed
and used in South Africa, the implementation of objective irrigation scheduling methods
are below expectation. Only 18% of the respondents confirmed the use of objective
irigation scheduling methods and thereby “schedule”™ according to the strict definition
offered by scientists. For the majority, scheduling is about the use of intuition, obsarvation,
experience and the monitoring of management decisions to ensure efficient imgation
management.

The implementation of irrigation scheduling models, especially real time models, has
proved to be restncted. User-fnendly and understandable models like BEWAB, which can
be used for the development of irrigation calencars, seem to be more easily adopted. The
use of computer models as an imigation scheduling method amongst farmers is restricted
to 16% of the imigation schemes, mainly where private consultants or advisors support
their implementation.

A negative interrelationship between bulk water delivery and the application of objective
irmgation scheduling exist. The general problems expenanced by irmgators are confined to
the relative poor state of canals due the age of many of the irrigation schemes and also
the lack of canal capacity during peak production periods. This hampers the
implementation and practising of more precise and objective scheduling methods.

The irrigation method used on the farm determines the choice of imigation scheduling
methods to be implemented by the farmer. Generally the use of a centre pivot and
drip/micro are associated with the use of objective irrigation scheduling. The technology
level of the farm, size of the farming operation and the type of crops produced on the farm
determine the selection of scheduling methods. Corporate farming concems and farms
with high value imgated crops are more likely to adopt and invest in sophisticatec
scheduling methods. Evidence indicates that those farmers with bigger imigation water
allocations tend to make more use of intuition and are more reluctant to implement precise
irmgation scheduling.

Information collected from irmigation consultants reveals the following:
3 Only 46 percent of the irrigation consultants and extensionists rendering a
consultancy service to farmers received official agricultural training and technical
qualifications.

2 Imigation consultants in general perceived the competency in the use of computer
programs and appropriate software to collect and analyse data from soil water
measurements as being of utmost importance. However the computer must be
seen as a tool that can aid a properly trained irrigation consultant but will not make
computer operators experts in imgation management.

a3 32 percent of the irigation consultants prefer to offer a package of services to
clients instead of only monitoring irrigation management.

a3 Farmers who are relatively more business-oriented form the major clientele group of
irrigation consultants. The ideal size of a chentele group is perceived as being not
more than 60 farmers per irrigation consultant. Although a certain threshold number
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of clients are needed to be able 1o offer a cost-effective service, personal attention
is perceived as very important for providing efficient consultancy services.

o Appropriate, accurate and understandable software programs for both farmers and
consultants are perceived by the majority of imgation consultants as being a
prerequisite for the rendenng of efficient imgation scheduling services

2 Many imgation consultants are of the opinion that farmers often lose interest to
continue with the implementation of objective irmigation scheduling on farm because
they lose trust in the technology. This is often because of inadequate skills of some
of the consultants to effectively interpret data for use by farmers’ in making daily
management decisions

2 Some imgation consultants have a need for a code of ethics while others also
expressed an urgent need for some form of accreditation




CHAPTER FOUR: Perceptions, attitudes and
behaviour of irrigation
farmers

INTRODUCTION

Irngation farming encompasses a group of interrelated activities occurring in an economic,
cultural and social context and hence farming activities are influenced by values and social
norms as well as by economic, financial and technical imperatives. Adoption of new
irrigation scheduling practices is a dynamic process that is potentially determined by
varous factors, including farmers’ perceptions of the relative advantages and
disadvantages of new technologies vis-a-vis that of existing technologies, and the efforts
made by extension and change agents to disseminate these technologies. Other factors,
which influence adoption, are resource endowments, socio-economic status, demographic
characteristics, and access to institutional services (extension. input supply. markets, etc)
Griliches (1957) and Mansfield (1961), who conducted contemporaneous empirical studies
of adoption rates of a number of industrsal innovations, concluded that economic variables
were the major determinants of technological change or adoption of innovations.

Commercial farmers showed reasonable awareness of irrigation technologies that could
help them irmigate more accurately, but were less sure how these technologies would
translate into profitability on ther farms (Feather & Amacher 1994). The small-scale
farmers interviewed in this study, did not even mention irrigation scheduling as one of the
major production constraints, but were preoccupied by persistent barriers to progress
which included factors such as lack of credit, infrastructure, access to land, access to
markets and extension support

From a farmer's perspective, the implementation of an innovation involves (1) some form
of immediate investment with long term expected retumns, (2) trade offs between current
yield and future yields, (3) trade offs between yield and its production costs, (4) trade offs
between yield and its related nsk.  All decisions to adopt or reject an innovation and the
subsequent behaviour or practice change, rest with the indindual or the farmer.
Continuous learning and complex responses 1o stimuli that rarely produce observable
constancy, characterize human behaviour. This is because most human behaviour occurs
in environments where humans interact and respond - by actively changing environment
instead of simply reacting to it. We are part of a world that we seek to understand, and our
imperfect understanding plays an active role in the shaping of events in which we
participate.

Behaviour in its simplest form can be regarded as a movement brought about by forces
resulting from a system being in tension (Duvel, 1990). The above implies that for any
adoption to occur, the farmer must experience a need or tension. In other words the
farmer must have a sense of dissatisfaction with the current method of irrigating and
beleve that it is within his or her capability to improve.

According to the model of Tolman (1967), behaviour is intentional (there is @ motive for a
specific action) and behaviour is guided by past experience and expectations concerning
the new technology. Tolman (1967) differentiates two sets of variables in his model,
namely independent variables (e g personal and environmental factors), dependent
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vanables (e g. behavioural change or adoption and consequences of adoption) while
Davel (1990) included needs, beliefs, perceptions and knowledge as intervening variables
to the model The extension worker cannot do much about the independent variables (the
way it is) nor can he directly change the way people behave. Therefore the focus should
be on the intervening vanables that are changeable and the direct precursors to successful
adopton

Table 4.1 The relationship between behaviour determining variables in agricultural
development (DUvel, 1931 as cited by Stevens, 2003)

__Human (psychologscal) Economic-Technical

Independent variables Intervening Dependent variables
varniables Behaviour Consequences of
L behaviour
| Personal ang environmental factors Neecs Agoption of Eficency Yeeld and
| (age. education. expenence. €Ic) practces Profit (saving of
} Perception water)
| o o _ Knowleage I A

Non-adoption of any innovation or practice can be traced back to two basic causes. the
individual is either incapable or unwilling to adopt. A farmer may be incapable of adopting
the technology either because it is too complex or too expensive

Willingness to adopt depends on the farmer's perception of the technology in relation to
their current needs and knowledge. The farmer must expenence a “needs tension” before
he/she will set himherself the goal of using an irrigation scheduling device. A need
incompatibility occurs when the farmer decides that the new technology does not fit his’her
aspirations, goals or problems (Duvel. 1990)

Chapter four deals with the human factors and constraints that impact on adoption of
imigation scheduling practices. The aim of this part of the project was 1o determine the
perceptions of farmers on the selection and use of irrigation scheduling tools. The
quantitative survey amongst a random sample of 134 farmers from eight of the provinces
(Northwest, Free State, Northern Cape. Eastern Cape. KwaZulu Natal, Western Cape,
Limpopo and Mpumalanga) formed the micro level of study

RESEARCH METHODOLOGY

The following outhines the methodology used to investigate and describe the reasons from
a cross section of subsistence and commercial farmers for using the different irngation
scheduling methods and models and to investigate anc describe why irrigators discontinue
the implementation of irrigation scheduling.

Instead of selecting only one specific research area for the detailed micro level on-farm
survey, preference was given to the inclusion of various irngation areas from the eight
provinces as indicated in the outcome of the national survey. This was done to ensure the
inclusion of sufficient variation regarding irrigation scheduling methods as well as the
perceptions of respondents in different stages of the innovation-decision process
Irmgation systems form an integral part of the different farming systems and therefore
effective irngation scheduling s, in addition to the technical capacity of the system and
agricultural requirements of the crop. determined by a set of cultural, social and
institutional conditions. To try and accommodate these differences in institutional and
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social cultures, irrigation schemes from eight different water management areas and
provinces were included. Respondents were selected on the basis of.

o Availability: respondents who resided in the area or who could be reached for
interviews

a  Experience in irngation farming: new irrigation farmers as well as farmers with many
years of experience were included to capture the differences in perceptions that
prevail.

2 Irrigation scheduling: farmers were included that was either still involved in irrigation
scheduling or have discontinued scheduling practices

a  Ownership: interviews were conducted with farm owners or irrigation managers who
are responsible for decision-making concerning irrigation management.

The following areas within the water management areas of South Africa were identified
and selected after discussions with Steering Committee members and opinion leaders in
irngation:

3 Sundays River and the Gamtoos Valley irngation schemes

These irigation schemes form part of the Fish 1o Tsitsikama water management area,
which is situated in the southeastern part of South Africa. within the Eastern Cape
Province (Figure 4.1). This area is characterized by natural poor quality of water, which
drains from the inland areas. The Fish and Sunday Rivers are of natural high salintty, and
large quantities of good quality water are transferred from the Orange River (Upper
Orange water management area) 1o blend with local resources (DWAF, 2004)

The Sundays River and Gamtoos Valley are well known for their choice of citrus, and
vegetables. Afier consuRtation with the chief executive officer from the local citrus
cooperative, twenty-three farmers in the Kirkwood, Hankey. Patensie and Boskop area
were randomly selected from a kst of cooperative members as respondents for this survey

—

Figure 4.1  Base map of the Fish to Tsitsikama water management area (DWAF . 2004)




a  Northern Cape: Rietnver/vd Kioof/Rust/Lower Orange River Imgation Schemes
(Boegoeberg. Keimoes, Malanshoek)

These irrigation schemes belong to the Upper and Lower Orange water management
areas. The Upper Orange water management area hies 1o the centre of South Africa and
extends over the southern Free State and parts of the Eastern and Northern Cape
provinces while the Lower Orange water management area largely corresponds with that
of the Northern Cape Province. The latter is situated in the western extremity of South
Africa and borders on Botswana, Namibia and the Atlantic Ocean (Figure 4.2)

Figure 4.2 Location map of the Upper Orange water management area (DWAF, 2004)

The Riet River Imgation Scheme (Figure 43) was selected after discussions with
members of Griekwaland Wes Agricultural Cooperative and various opinion leaders in the
Free State and Northern Cape. There was a general consensus that this area represents
one of the largest areas of land under irngation scheduling. It was also an excellent
opportunity to monitor the changes that took place since the previous survey done by
Botha, Steyn & Stevens (1999/2000) in this area where factors that influence the
acceptance of irmgation scheduling models were researched. 37 farmers from Riet River
Van der Kloof and Lower Orange River irrigaton schemes were interviewed

After consultation with the CEO at Orange Riet Water User Association (ORWUA) a
random sample of 17 respondents of this irmgation area was selected in terms of
availability, expenence, and application of irngation scheduling and relevancy of the typical
irngation farming systems at the irngation scheme. In the van der Kloof imgation scheme
a random sample of 10 respondents was selected from the list of clients serviced by a
private irrigation consultant in that area. after consultation with him_ In the Lower Orange
River irngation area, 10 farmers were randomly selected with the help of the local
extension officer and officials from the Department of Water Affairs at Upington
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Figure 4.3 Location map of the Orange Riet River calchment area (DWAF, 2003)

2  Mpumalanga: Nelspruit/Malelane and Onderberg

The study area is situated in the Inkomati water management area (Figure 4 4), which
borders on Mozambique and Swaziland and all rivers flow through Mozambique to the
Indian Ocean. The Komati, Lomati and Crocodile rivers service this water management
area. In this area most important economic activities centers on irrigation with related
industnes and commerce.

Onderberg area is well known for the production of citrus, subtropical fruit and sugar cane.
This forms an integral part of the Komati'Lomati River and Crocodile River catchments
areas. Seventeen farmers of this area were interviewed during December 2002 and
January 2003 Farming operations in this area are generally operated on a relatively high
skill-level and irmgation scheduling support services are mainly rendered by the sugar
industry, and citrus, mango, avocado and banana producer societies and private irrigation
consultants. Active study groups in the banana, mango, avocado and citrus industry play
a very important role in informing farmers of the important aspects of irrigation scheduling
in the production of qualty fruit. In general farmers are very much aware of objective
irrigation scheduling devices and possible models that are available. The consultants in
this area do enjoy a high credibility for the kind of service that they render. The seventeen
respondents included from this area were randomly selected with the help of officials from
SASRI, citrus cooperatives, Mpumalanga Department of Agriculture and Department of
Water Affairs and Forestry
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member of the research team. The random selection of the respondents was done with the
help of officials from the local cooperative of Underberg.

a Crocodile west water management area (Brits/Rustenburg area)

The Crocodile west and Marico water management areas borders on Botswana to the
northwest (Figure 4 6). The main rivers, the Crocodile and Manco give rise to the Limpopo
at their confluence. Extensive irmigation development occurs along the Crocodile River and
in the Bnts /Rustenburg area farmers produce mainly citrus, table grapes and deciduous
fruit as permanent crops. Cash crops like wheat and vegetables are produced during the
winter and soybeans. vegetables and maize during summer months. The local citrus and
grain cooperatives as well as the Northwest Department of Agriculture in Brits play a major
role regarding the irrigation management support services rendered to farmers. The
project team interviewed fourteen farmers from this area after consultation with officials
from the local citrus cooperative and from the Northwest Departiment of Agriculture.

Figure 4.6 Base map of the Crocodile and Marco water management area (DWAF, 2004)

a Middle Vaal water management area: Sand-Vet sub area

The Middle Vaal water management area is situated in the Free State and Nortwest
Provinces in the central part of South Africa. It covers the middle reaches of the Vaal
River, between the Upper Vaal and the Lower Vaal water management areas (Figure 4.7).
The Sand-Vet Imgation scheme is one of the three sub-areas of the Middle Vaal water
management area. |t consists of several different areas, served by a network of different
channels. Seven farmers, mainly involved with the growing of cereal crops i.e. maize,
wheat, soybeans, dry beans, on the Sand and Vet canals, was interviewed. These seven
farmers were randomly selected after consultation with the scheme manager at Sand-Vet
Irrigation scheme from a list of farmers involved in irrigation scheduling as well as those
who were not using irngation scheduling.
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Figure 4.7  Location map of the Middle Vaal water management area (DWAF, 2004)

2 Breede water management area

The Breede water management area is the southern most water management area in
South Afnca, and lies entirely in the Western Cape Province. The Breede River and its
main tributary is the Riviersonderend River as indicated in Figure 4 8 drain most of the
water management area. The economy of the region is mainly agricultural based, and
vineyards and fruit orchards are grown under irrigation
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Figure 4.8 Base mag of the Breede water management area (DWAF, 2004)

Ten randomly selected respondents from the Worcester, Monatgu. and Riwebeeck Wes
area were interviewed. These ten respondents were selected after discussions with the




scheme manager of the Breénver Irmgation Board. These irrigation farmers were involved
with the production of table grapes, wine grapes and deciduous fruit for export or canning

a Lewuvhu/Letaba water management area

The Levuvhu/Letaba water management area lies in the Limpopo Province. The Letaba
River flows into the Olifants River, which is a tributary 1o the Limpopo River (Figure 4.9)
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Figure 4.9 Base map of the Luvuvhu/Letadba water management area (DWAF, 2004)

Nine respondents were randomly selected, seven from the Letaba irrigation area and two
from the Settlers area. The two respondents from the Settlers area irrigate mainly from
boreholes (private irrigation) and do not belong to a traditional irngation board scheme or
government irngation scheme. The Levuvhu/Letaba water management area hes in the
Limpopo Province

DATA COLLECTION AND ANALYSIS

The field survey for this part of the study was conducted by means of structured and semi-
structured interview schedule where respondents were asked questions orally and
responses recorded by the researcher. This was done in a face-to-face encounter, but in
some cases respondents were also telephonically interviewed. Before the investigation
commenced the research procedures and questionnaire used in the study were discussed
with respective government officials. imgation scheme managers, members of the local
farmers’ association, private consultants and commodity institutions active in the different
areas.

Table 42 provides a summary of the distribution of location and respondents that
participated in the collection of information for this part of the study




Table 4.2 Distribution of respondents according to province and irrigation area (N=134)

Province Imgation area Number of
respondents
o ~__ selected I
Free State Sana'Vet Imgaton Scheme 7
KwaZulu Natal Underbergs Kokstad area 7
_Eastern Cape
Mpumalanga Oncerterg /Komat & Lomatinver kngation 17
L e Schemes
Norhem Cape Crange Ret River WUA/ va Kioo! imgahon 37

Scheme’ Rust Imganon Scheme/Lower
Orange Imgaton Scheme

"Eastern Cape Gamioos & Sundaysiiver Higabcn schemes 23 1
Western Cape Worcester. Hexnver & Riebeecx Kasteel ‘ 10

| ) l Imgation Schemes ‘ |
Limpcpo | Letaba & Settiers yngationarea 9 ‘

|_Northwest | Bts & Rustenburg-area - | 14

Total | 134

The main cbjectives of the questionnaire for irrigation farmers were

2 To assess the demographics of the respondent and present an overview of irrigation
practices

3 To assess the perception of the irrigation farmers regarding the practice of irrigation
scheduling in general and the relative advantages of economic retumns between old
and new imgation scheduling technology

= |dentify the specific irrigation scheduling methods used on farms as well the reasons
perceptions and attitudes of farmers

2 Determine the human and environmental factors, which influence the adoption or
discontinuation of irngation scheduling methods and models.

2 |dentify the learning and information sources that irnigation farmers normally use

Most of the guestions were open-ended which minimizes external influences and allows
the respondents to motivate their replies. The data analysis involved the use of Statistical
Package for Social Science (SPSS version 10). Before analysis, the data was captured on
a computer, which involved coding. data cleansing and editing. and finally modifications
and collapse of data into vanables. Frequency distributions, bivariate and univariate
analyses, correlation coefficients and qualtative analysis techniques were used

Chapter Three of this study reveals that only 18 percent of the irrigation farmers make use
of objective or more scientific irrigation tools like the use of soil water measurement and
computer models. while 80 percent rely on the use of intuition and local knowledge based
on personal, first-hand experience. The percentage of respondent regarding intuition as
part of irngation scheduling increases dramatically from 4 to 88% with the increased
percentages reported irngation scheduling. These findings imply that farmers differ in their
perception of what irmgation scheduling is and this will determine farmers’ willingness and
“need tension” regarding their adoption behaviour Farmers decisions to adopt new
irmgation schedulng methods in preference to the old technologies depends on complex
factors, of which farmers’ perceptions provide a key in Wdentifying and understanding the
role of possible factors operating as behaviour determinants in regard to irrigation
scheduling technology

The adopton of innovations in agriculture has been studied intensively since Grikiches
(1957) pioneering work on the adoption of hybrid corn in the USA Despite the numerous
studies, the results in this field have in general been disappointing. The missing link is
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usually the dynamic nature of adoption decisions involving changes in farmers’
perceptions and attitudes as information is progressively collected

SOCIO-ECONOMIC FACTORS ASSOCIATED WITH THE ADOPTION OF
IRRIGATION SCHEDULING

In this section factors (independent variables) that influence adoption decision through the
possible influence on the farmer's subjective perceptions, attitudes and uncertainty are
described

1. Age

It was hypothesized that younger farmers tend to be more inclined 1o adopt objective
irrigation scheduling to increase the overall water use efficiency on the farm. The relative
age of decision-makers is a key factor in determining the life cycle “disposition™ (Vanclay,
2003). The age distribution of the respondents is indicated in Figure 4.10

27 e N

Percentage
respondents (%)

20-30 3140 41.50 51.80 6170 >70
Age distribution of respondents

Figure 4.10 Distribution of respondents according to age (N=134)

Figure 4.10 indicates that 42% of the respondents are older than 50 years, which also
reflects a significant pool of first-hand irrigation management experience and knowledge
amongst the respondents. Thirty one percent of the respondents are younger than 40
years

The interrelationship between age and the irrigation method that irmigators use was tested
and is illustrated in Figure 411,
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Figure 4.11  Distribution of respondents according to age and the implementation of irmgation
scheduling (N=134)

The increase in age and experience suggests a reduction in the willingness to invest in
new practices like objective irigation scheduling (risk aversion) and an increase in the use
of intuition and a fixed program as a method of scheduling (Figure 4.11). However, this
relationship 1s non-significant linear correlation (r=0.058, p>0.05)

The adoption of objective scheduling is highest in the 30-50 year age group. A similar
tendency is found in the case of the adoption of computer models. although the application
of a knear test shows nc statistical significance. These findings suggest that age is
associated with a number of other factors. which, due to the effect of multi-co knearity
allow no simple conclusion regarding its effect However it was found that younger
farmers were more willing to use irrigation scheduling models because of their computer
literacy levels. and were more prepared to use computer programs for farm management
plans and budgets in which irrigation management is often reflected. This relationship was
found to be significant and is supported by the Pearson correlation coefficiant of (r= 0. 206
p <005

2. Education
The interrelationship between the education level of the respondents and the adoption of
objective irngation scheduling methods is presented in Figure 4. 12

Sixty-one percent of the respondents that implement objective irmgation scheduling had
obtained a post matnc and technical qualfication while 66% of respondents using
subjective irngation scheduling obtained a post matric and technical qualification
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Figure 412 Education levels and the adoption of objective scheduling methods by respondents
(N=134)

Mixed evidence regarding the relationship between farmers’ education levels and the
adoption of agricultural practices exists, Several studies Alene et al, 2000, Alene &
Hassan, (2003) found that education is positively related to adoption behaviour of farmers
The interrelationship between farmers’ formal education level and the adoption of objective
irrigation scheduling methods shows statistic significant relationships (X =4 768, df=5,
p<0.05) as farmers with post-matric qualfications generally were more prepared fo use
objective scheduling methods. Higher levels of education in general make ingators more
aware and wiling of the use of different information and learning sources in decision-
making

3. Property size and irrigation scheduling

Many farmers and irrigation consultants are of the opinion that property size (irrigation
area) is a major factor, which will influence the practice of irrigation scheduling. The
general assumption is that bigger farm sizes with corresponding bigger area to irrigate will
necessitate the use of more objective irrigation scheduling technologies. This assumption
was tested and the following interrelationship was found (Figure 4.13)
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Figure 4.13 Interrelationship between irrigation area and apphcation of irmgation scheduling
(N=134)




Figure 4.13 indicates that there is a slight tendency for the implementation of objective
imgation scheduling 10 increase with the increased irngation area and for the
implementation of subjective irrigation methods to decrease. but as the correlation
coefficient suggests (r=0.137 p>0.05) this is not statistically significant This suggests that
there are other factors involved in influencing the irrigation scheduling behaviour of
farmers like the general aversion of nsk by farmers

4. Experience and irrigation scheduling

A general assumption is that a positive association exists between farming experience and
the adoption behaviour of irrgation farmers. Expenence s considered to be an
accumulation of human capital, because with expenence farmers are building confidence
and knowledge over time. which in addition 10 the experience gained from other farmers
becomes a powerful factor in addressing the best irrigation management practice.
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Figure 4.14 Farming experience and imgation scheduling of respondents (N=134

From the findings in Figure 4.14 1t is evident that the respondents are not lacking
experience. These findings also illustrate that farmers with relatively more imgation
farming experience also were more prepared 1o rely rather on their expenence
observation and intuition instead of making use of objective irrigation scheduling. but no
statistical significant correlation could be found (X"=3.64.768 df=5; p=0.601)

Non-farming expenence

It 1s noteworthy that 61% of the respondents’ expenence was limited to that of farming
while the rest of the respondents have a wide range of experience. which includes
education, commerce. industry. business and the technical field. It does appear that
farmers who had expenenced other careers before farming were more open o innovation
and more likely to seek objective advice as part of the decision-making process, but no
statistical significant correlation could be found (r=0.018, p>0.05)

PERCEIVED ACCEPTABILITY OF IRRIGATION SCHEDULING

The classical five-stage adoption process (NSRC. 1955) assumes that adoption of new
practices is not an instantaneous act but rather a process that extends over a penod of
time and implies a sequence of phases The acceptability of a specific irmgaton
scheduling practice or the change from one irngation scheduling practice to another,
usually evolve over the following stages of adoption:




1. Awareness: where the individual is exposed 10 a new practice or innovation

2. Interest: the indiwdual becomes more interested in the new idea and seeks
additional information. This is where irrigation farmers select vanous information
and learning sources

3. Evaluation: the individual mentally applies innovation 10 his present and anticipated

future situation, and then decides whether to try it or not

Trial: making full use of the innovation within his or her current situation.

Adoption: individual decides to continue or reject the full use of the innovation,

Lol o

1.  Awareness of irrigation scheduling

In this context, “awareness” means not just awareness of the existing of an innovation, but
the awareness that it's potential of practical value to the farmer. According to Ghadim &
Pannell (1999), when a farmer reaches this point of awareness it serves as a trigger which
prompts the farmer to be willing to "open his ears and eyes” - and to begin noting and
collecting information about the specific innovation in order to decide whether to proceed
or not to the next step of adoption, namely trialing of the specific mnovation.

All but one of the farmers indicated that they had heard about irrigation scheduling before.
Respondents were asked to indicate the source that introduced them fto irrigation
scheduling. Twenty eight percent of the respondents indicated that the local agriculture
cooperatives (grain, citrus and cellars) played a major role in raising awareness about
irngation scheduling.

Table 4.3 Information sources used 10 raise farmer's awareness of imgation scheduling

(N=134)
Sources of introduction to irmgation scheduling Number of %
respondents

Cooperatives 37 28
Private consultants'acvsors 28 21
Felow farmers 27 20
Unversies 18 13
Government extensionst - 1 8 |
ARC Institutes ] 6 |
Representatives B 3

, Missing 1

| Total 134 100

From Table 4.3 it is evident that private irigation consultants and advisors from wine
cellars and commodity institutions like the sugar. citrus, subtropical fruit and deciduous
frut industries as well as fellow farmers play a significant role in raising awareness
amongst farmers. Many frut growers referred to the important role that research institutes
of the ARC have played in the past or are still playing in advecating irngation scheduling
amongst farmers

Perception about what irigation scheduling entails

Respondents were asked to define irrigation scheduling and the following were found:
o two respondents (2%) did not answer,

while 6 (4%) did not know,

11 ( 8%) were unsure ,

85 (64%) had an idea

and 30 (22%) knew what it was
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Farmers were in general aware of the terminclogy irrigation scheduling., but it was
apparent that 14% of the respondents were still unsure regarding an appropriate definition
of the concept. This emphasizes the important role that extensionsists and irgation
institutions have to play in the training and informing irngators in this regard

Perceived importance of irrigation scheduling
Figure 4 15 indicates the perception of respondents regarding the importance of irnigation
scheduling on the farm
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Figure 415 Respondents perception regarding the importance of imgaton scheduling and the
interrelationship with the application of different irmgation scheduling methods
(N=134)

Figure 4.15 reveals that nearly all respondents (93%) regarded irrigation scheduling as
important practhce on the farm, and this perception indicates a positive relationship with
objective irmgaton scheduling (X°=21.45 df=7. p=0003; Gamma=0.509: p<0.01). This
implies that farmers implementing objective wngation scheduling methods perceive
irmgation scheduling as relatively more important than farmers involved in subjective

irngation scheduling

Perceived importance of the application of irmgation scheduling by fellow farmers

Farmers were asked to rate the importance of the practising of irngation scheduling by
their fellow irmigation farmers in the area. Approximately 96% of the respondents regarded
the implementation of irrigation scheduling by fellow farmers to be important. Imgation
water 15 generally perceived as a common property, which necessitates stakehclders 10
focus on more than one system level Therefore. it is not enough for farmers that
sustainable water management principles are applied at the farm-level only, but it
necessitates that stakeholders at an wngation scheme lavel neaed to work collectively to
ensure effective water management

2. Interest
Reasons provided by farmers for their initial interest shown in the implementation of
irrigation scheduling revealed tremendous vanation (Table 4 4)




Table 4.4 Respondents’ perceived reasons for the implementation of irrigation scheduling
practices (N= 134)

Most important reasons  Objective | Subjective T Total |
for the application of scheduling scheduling L (N=134)
imgationscheduling | (n=16) | | (oes8) | | |
— - n % N_ | (% |
Optimum water use on the a7 ‘ 62 32 ‘ % | & 80
farm
Control of nutnent leactung | 3% 47 21 13 57 43
Improved quakty of Crops | 36 |47 19 33 55 41
Electncal costs 100 high | 16 21 1 19 27 20
 Profit maxemazation | 8 10 | 5 B 13 10
Appication of water 1 8 10 ] “ 7 12 &
according 10 crop water
requirements and mantan
a Il profile 1
Follow in the footsteps of 2 3 | 8 14 10 7
father
To meet export standarcs 7 9 | 0 0 7 5
(Eurepgap SO standards)
| “Can1 farm without it 2 3 4 7 ] 4
"Popular and sociaty 2 3 0 0 2 1
|_acceptable |

The majority of respondents (62%) maintain that the main purpose for the implementation
of objective irmgation scheduling was 1o ensure efficient use of water on the farm and in
the field according to the crop water requirements (Table 4.4). Forty seven percent
farmers involved with the production of high value/high input crops, perceived the
implementation of objective irrigation scheduling as a means of ensuring improved quality
of crop and the prevention of nutrient leaching. Nine percent of this category of irrigators
emphasized the importance of precise irngation scheduling practices to qualify in terms of
Eurepgap and I1SO standards that prevail as the minimum standards for good agricultural
practices of export horticultural products like frutt and certain commodities like tobacco and
citrus.

From the findings presented in Table 4.4 it is interesting that 14 percent of the respondents
using subjective scheduling methods indicated that they were following in their fathers'
footsteps in this regard. This illustrates the important role that indigenous knowledge
systems play in imgation management. It is imperative for irmgation extensionists and
advisors to recognize this knowledge system as it has often evolved from years of
experience and trial-and-error problem solving by imgators

3. Evaluation and trialing as prerequisites for the adoption of objective irrigation
scheduling

For irrigation farmers to adopt certan irrigation scheduling practlices requires an
understanding of their current situation, what improvements are possible, and how these
improvements will meet their needs. This implies that the adoption of irrigation scheduling
technology as a practice must be regarded as a mulli-stage decision process involving
information acquisition and learning-by-doing. The degree to which an innovation may be
expenmenied with on a hmied scale prior to full implementation s critical in the adoption
process (Rogers, 1983, Bembridge, 1991). Therefore, trial and evaluation of a new
irrigation scheduling practice can provide valuable information to the irrigator, which can
reduce uncertainty and promote skill development. Even financially and socially secure
farmers are unlikely to plunge blindly into a new practice, but prefer 1o imit their risk as
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much as possible by gathering information and extending knowledge in a cautious way. If
possible, they prefer a phased implementation of new irmgation scheduling practices
adjusting the scale either upwards towards full adoption, or downwards towards rejection
as they gain knowledge. experience and confidence in their perceptions about the
performance.

rsu 4.1: Technologies are not yet practices

LA chnqQue or @ lechinology /s @ way 10 pvoduce or organze. out of any contex! (invention). whereas
| a practice is techrigue borrowed by & Social and econormic context (innovation) (ENs. 1993)

Techriques can be formulated independent of farmers and relates 1o theoary Practices concemn the
ways »1 which farmers work and ave heawly influenced by the actual condihons i which techrical
operations are camed ouf. Prachces are assumed to be the resut of dwect intention. which n tum
depends on atyechves set by the farmer in a context of constrants and efectiveness Lastly farmng
prachces undeie the concep!s of @ speciic croppwig and hvesiock sysiem.

Researchers and extension agents mus! acknowledge that a0ophon IMphes acaptaton technologies
tc fit a specfic stuation Technologies are seidom adopled and implementad as such Farmears tend
fo adapt them 1o thewr needs. constranmts and mitatons they face Through such adaptaton an
Inovation (new fechmology) becomeas a practice It should afso be acknowledge tha! a prachce 1s
offen indigenous and vivolves a combination of expenence and local knowledge Agnculture has
evolved this way for milenniums, with iittie or no extemal yiervention whalsoever

The final decision to adopt or reject an innovation is largely determined by a farmer's self-
interest. Profitability of a practice is an important element of self-interest, but self-interest
also Includes the farmer's attitude 1o risk and conservation of the environment, as well as
his general perception of success and failure. A practice like the implementation of
objective irrigation scheduling was found to vary in terms of its relative profitabilty and
appropriateness depending on the particular farming system (locality. different technical
soil. and chmatic endowments and cropping system).

Linder (1987) highlighted the importance of the charactenstics of a specific technology in
the adoption of agricultural practices. Important attributes found to influence the rate of
adoption of objective irrigation scheduling technology by farmers are the relative
advantage, complexity, compatibility, trialibility and the observability

Irrigation farmers usually evaluate the new imgation scheduling devices and
recommended practices in terms of the relative complexity 1o use or apply them, the
relative risk involved and the investment characterisucs relative to traditional technology. In
Table 4.5 the perceived characteristics or attributes of the ideal irmgaton scheduling
technology are reflected in terms of

2 Risk characteristics: some technology has risk reducing effects in a high-risk
environment. where others have no effect on risk or even increase it

2 Initial caprtal costs: the initial capital costs to be spent before the device could be
implemented will determine adoption deciswons, especially in the case of resource
poor farmers
Relative profitability of technologies: farmers will be more willing to adopt irngation
technology that gives high returns on investment.
Relative management complexity: management complexity is defined as the number
of activities that have to be performed to adopt or use the new irmgation scheduling
device or technology




Table 4.5 Distribution of respondent's perception regardng the technological charactenstics of
irrigation scheduling devices and methods (N=134)

' Technology characteristics | Objective | Subjective = Number of | % ‘
scheduling | scheduling respondents Respondents
| (n=76) | (n=58) ™

1. Risk charactenistics of technology

Accuracy and rehiabilty of data 1 65 32 | a7 T 72 |
Timelness and speed of use of data | 2 12 44 33 |
2. Relative management complexty

Prachical implementaton withn ’ 54 28 82 ‘ 81 J
farming system
[ Robustness of cevce 7 2 G ] 7
| Sumple technology 27 2 K 1 37
| 3_Initial costs

Affordable (intal cost) | 38 | 28 &6 4%
_4_Profitabwity of technology

Cost effectiveness | 18 )| 5 20 )| 15

It is apparent that farmers' decisions o adopt or reject the use of a specific irrigation
scheduling technology are strongly determined by the accuracy and reliability of
information produced for decision-making (72%). This illustrates that irrigation farmers are
generally “risk averse” and therefore perceive quality information as an important
prerequisite for the adoption of appropriate irmgation technology.

Very close to the risk characteristics of irrigation scheduling technology. respondents rated
charactenstics regarding the adaptiveness or easiness of technology to interact with other
technology in the relevant farming system To benefit from the irmgation scheduling
technology, these technologies have 1o be adapted to the local conditions before finally
adopted by farmers. When a farmer needs to carry out many activities to implement a
certain ingation scheduling technology before it could be used for decision-making, it will
negatively influence the adoption of such a technology. In general farmers found it difficult
to implement computer models and some of the sophisticated soil water measurement
devices like tensiometers. 37% of the respondents expect appropriate irrigation
scheduling technology to be simple for implementation and easy 1o understand

The initial capital investment in a new irmigation technology was also perceived to influence
the adoption of a technology, especially in the case of resource poor smallholders. Forty
nine percent of the respondents perceive the initial fixed costs for the implementation of
irrigation scheduling as an important characteristic of irrigation scheduling technology
This initial capital cost for the implementation of irrigation scheduling generate an “option™
for some farmers to delay the implementation of such an investment as like in the case of
some of the more sophisticated scheduling methods. Farmers therefore have to decide
whether the longterm investment will pay off and if the necessary incentives are evitable to
adopt such a technology

Although the profitability of irrigation scheduling technologies were perhaps not rated as
high as expected by the farmers (15%), it 1s known from the lterature (Pannell & Glenn,
2000) on adoption studies, that this characteristic is usually a critical factor in farmers’
decision making. The value of on-farm trials and experimentation to obtain information for
the reduction in uncertainty about the profitability of irrigation scheduling technology is
important.
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4. Innovation characteristics that determine adoption or rejection of irrigation
scheduling

4.1 Perceived relative advantages

The relative advantage means the degree to which a new technology or practice is
perceived as better than the one it supersedes (Rogers, 1983). Relative advantage s
normally interpreted in terms of financial advantages to the farm business or as perceived
by the farmer. Agricultural practices that are beheved to be profitable are usually readily
adopted

Relative advantages regarding the specific imgation method and device selected

Farmers were asked why they have selected the specific irngation scheduling method
chosen. The perceptions of respondents for choosing the specific device or irrigation
scheduling method are reflected in Table 4.6

Table 46 Distribution of respondents according 1o the reasons provided for selecting specific
imgation scheauling method (N= 134)

Reasons for the selection of a specific irrigation Number of Percentage
scheduling method respondents respondents
i 1__U

Relative easy and prachcal 1o mplement | 105 8

. Rehabesty B o . | 83 N 85
Hgh accuracy - . | __67 | 50

|_Timely informanon provided for efficient decision makng 50 ] 37
Afiordable < I -
Coulc be usec in own time with relative QOOd resuits 15 11|
User mendly and easy 10 intarpret 10 R -
To much water apphed in the past o | 10 8

_ Popular amongst feliow farmers , | 3 . - T
No response 3 2

78 percent of the respondents emphaszed the importance of the relative easiness and
practicability of implementation of a scheduling method or tool. The second most
important reason mentioned by 65% of the respondents is the reliability of the scheduling
tool

Improvement of production efficiency

An impression of respondents’ perception regarding the improvement of production
efficiency subseguent to the implementation of irrigation scheduling was obtained. Fifty
nine percent of the respondents were in a position to indicate response in terms of
production efficiency subsequent to the introduction of objective irrigation scheduling on
the farm. Within this group of respondents. the majority (63%) indicated an improvement
in terms of production efficiency of between 0-10 percent (Figure 4 16). Respondents
who did not respond on the queston. were either too shortly involved with objective
irngation scheduling to have recorded any changes or perceived attnbuting changes in
production efficiency to the introduction of improved irngation systems (changing from
flood irngation to sprinkler or centre pivot irrigation)
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Figure 4.16 Perception of respondents regarding the improvement in production efficiency since
rigation scheduling (N=584)

The main aspects of preduction improvement perceived in the production of cash crops
(maze, wheat, cotton, sugar cane, etc.) are in order of importance: an increase in
production yield, saving on nitrogen input costs and saving on the relative operational cost
of irrigation. One of the farmers referred to an average improvement of 1ton/ha between
the fields scheduled versus those that were not scheduled. Many of the cash crop farmers
involved in the growing of maize and wheat in the Northern Cape indicated savings on the
annual irnigation requirements between 60-70 mm/a for the growing of maize (average
production yield = 12tha) and approximately 100 mm for wheat (average production yield
= 6tha). It was however found that farmers do not schedule all their fields due to relative
high consultancy fees perceived, but rather tend 1o schedule one or two fields that are
representative of the rest, and then use these measurements and recommendations for
irmgation management decisions

Fruit growers and producers of high value/high input crops perceived mainly the
improvement of quality and shelve life of the crop. increase of production yields, improved
efficency of the management of nutrients and irmgation in the orchards as main
advantages subsequent to the introduction of imigation scheduling on the farm. Opinion
leaders and advisors in the fruit industry often referred to the ineffective water
management practices of some of the fruit growers especially during spring when the
majority of growers are ether under or over irmigating. The most common mistake made
by many fruit growers was the tendency to over estimate spring water use by the crop and
apply 100 much water. Spring is a difficult time of the year to make irrigation management
decisions as it is complicated by varying weather conditions, relative low vine and fruit
water use and together with differences in soil types between the different production
fields, impacts on the soil readily available water (RAW). This usually leads to a position
where a farmer “runs out of irrigation water” (exhausting walter allocation). Careful spring
irrigation management is critical for the successful production of fruit and grapes (wine and
table)

Irrigation farmers and managers enter a leaming cycle as soon as they adopt the
application of objective irmgation scheduling. For many farmers the learning curve is
perhaps 100 steep, and they cannot learn and apply what is expected from the
recommended irrigation scheduling approach,. while others quickly benefit from the new
approach and adapt their management system accordingly. One such farmer is a
citrusftable grape grower in the Western Cape, who made use of tensiometers installed on
three different depths in the orchard. This farmer percewved an increase in average
production of approximately 10% and an improvement of quality of fruit between 10-15%
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since irrigation scheduling 8 years ago This is one of the exceptional cases where an
irigator was found to be very positive about the use of tensiometer and was still willing
and capable of using it for his daily imgation management decisions

Seven percent of respondents, parceived no change in production efficiency subsequent
to the adoption of the use of objective irrigation scheduling on-farm. These respondents
were either newly introduced 10 objective irrigation scheduling or were farmers involved in
the growing of pastures. Farmers involved in the growing of pastures generally make use
of a fixed or semi-fixed program. and only a few of them indicated the regular monitoring of
soil water or the use of evaporation pans to help them with decision-making

The imterrelationship between the perceved improvement of production efficiency and the
irngation method used on the farm was tested and 1s indicated in Figure 4.17,
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Figure 417 Respondents perception regarding the improvement of production efficiency and the
imgation method used on the farm (N=84)

It is clear from the findings in Figure 4 17 that it was mainly respondents irrigating with
centre pivots, traveling guns, dragline systems and micro or drip irrigation systems that
perceived improvements in production efficiency since the introduction of objective
irrigation scheduling on the farm. These imgaton systems belong to the group called
short cycle irrigation systems, which have greatly simplified irmgation management. These
systems however could easily lead to inefficient irigation. if a farmer does not take into
account factors like soil depth and water holding capacity of a specific field Therefore soil
as well as irngation system constraints are important factors to include in any irngation
management strategy to cope with peak water demands of a specific crop.

Irngation costs

Irmigation water application costs are related to the actual cost of water. interest on capital
equipment. energy (elecincity or diesel). labour and also opportunity costs. especially if
water i1s limited. Farmers were asked to indicate the operational cost of irrigation in
relation to the other cost items applicable to varous crops Seventy percent of the
respondents perceived the actual cost of irmgation water to be expensive. Table 47
provides an overview of the distribution of the operational cost of irmgation water as
perceived by the respondents involved in the production of cash crops (like maize, wheat
cofton. sugar cane. etc ) and intensive high value crops (like deciduous fruit, table grapes
wine grapes, citrus. subtropical frut, vegetable seed. elc ) respectively. A very positive
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finding was that the majority of farmers interviewed were either able to refer to thewr crop
budgets or directly responded to it.

Table 4.7 Distribution of perceived imigation operational costs applicable regarding the
production of cash and high value/high input crop types. (N=134)

Cash crops Intensive or high value crops

Percentage of total oon % Percentage of total n %

~ production cost/ha . | production cost’ha \ |
0-5% TL 3 3 1 0-5% 22 28
6-10% 29 31 1 610% 31 40
11-20% 2 34 1 11-20% 118 24
21-30% 1 20 1 31 121:30% 1 8 | & |
Total 93 | 100 Total 78 | 10

Irmgation water as an operational cost proportionate 1o the total production costs per
hectare of cash crops and high value/ high input crops like deciduous fruit, table grapes,
wine grapes, and sub tropical fruit were found to be relatively small, Sixty eight percent of
the respondents involved in the growing of high input crops reflected the operational cost
of irrigation between 0-10% of the 1otal production costs per hectare. However, 85% of the
cash crop farmers indicate the operational cost of irrigation 1o be between 11-30% of the
total production cost. These findings illustrate that the operational cost of irmgation for
producers of high value crops is relatively low proportionate to the other production cost,
although the major advantages by the implementation of precise irrigation scheduling will
be demonstrated in terms of the qualty of the crop produced and the quantity of nutrients
applied.

It was found in the study that the operational cost of irrigation could vary considerably
depending on whether a farmer was receiving water from a canal distribution system within
an irrigation scheme, or whether the farmer was pumping water directly from a river. 76
percent of the respondents indicated that they receive water from a canal delivering
system, while 15 % respondents pump water directly from a river. Ten percent of the
respondents use boreholes as an applicable water source. Farmers, who pump water
dwectly from a river or borehole, can expect to experience relatively higher electricity
operational costs than farmers receiving irrgation water from a canal delivering system
Table 4.8 reveals that farmers expenence different operational costs for irngation where
different water sources and irmgation systems were used. The unit operational cost of
irrigation as calculated in Table 4 8 reflects only the actual water cost. electricity and an
average labour costs of R275/ha as assumed for this exercise
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Table 4.8 Imgation water application costs as reported for the production of wheat with a
target yield of 6t/ha and a crop water requirement of 540 mm/ha using different
water sources and irmgation systems. Northwest Province (2003)

Source of Irmgation TanMof | Electricity Cost 'unit Total
irrigation water system irmgation cost irrigation irngation
water (R/'ha) water cost/season
(R/ha‘annum) (R/'mm) ha
| — . e , —l DY P i \Rha)
River Centre pivot 64 28 287 95 208 1123
(Low |
_ _pressure) | | | a | A
River Centre pivot 64 28 374 33 2.5 | 1356
|Hu’1
| . pressure) . , R ) -
Canal Centre pivot 700 287 85 220 1183
(Low
pressure)

Table 4 8 illustrates that a substantial difference (R243/ha) regarding the total irrigation
cost'season/ha exists between the uses of low versus high-pressure centre pivots due to
the difference in electricity consumption between these two imigation systems. These
findings emphasize the importance of the correct design and selection of irrigation systems
that are appropriate for specific farm situations (soil, climate, management capacity etc )
Also a clear difference is illustrated regarding the total operational costs for irrigation per
hectare per season where irnigation water 1s directly pumped from a river compared to
irrigation water received from an irngation scheme. This 1s mainly because of the higher
operational electricity costs

Although farmers are generally aware of the operational costs of irngation, they did not
rank it as the most important production cost.  An indication of irngators’ viewpoints in this
regard was obtained from their importance rank order of the production costs for the
production of cash crops like maize. wheat. etc. and high value, intensive crops like fruit
and wine grapes. These viewpoints are summarized in Table 4 9

Table 49 The perceived importance rank order of operational irrigation costs relative to the
other preduction cost factors in terms of cash and high value/high input crops

Production Cash crops | High valueigh input crops
factor (n=92) (n=T§)
- Weighted  Rankorder  Weighted Rank order
——— __Percentage ~ position _ Percentage position
Ferilzers 8& 7 1 264 2
| Seed 411 | 2 ' '
| Labour _ 382 3 [ &1a 1 N
Pest and weea 132 - & -
| control B
| Mechanzanon =8 4 - : —
| Marketing 8 - 28 3
[ Packagng I R | 52 5
Imgaton L 44 7 | 2 _6

Amongst the cash crop farmers the operational cost of imgation was ranked position
seven while producers of high value, intensive crops ranked it position six on average
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Locality differentials in relative advantage

It is often assumed that the perception of the relative advantage of an agricultural practice
like irngation scheduling. whether positive or negative, is of the same order or magnitude
amongst all clients irrespective of locality or community. This is unlikely to be the case
and was tested by asking farmers from different localies to indicate the perceived
improvement in production efficiency since their adoption of objective irrigation scheduling
practices. Figure 4.18 reveals how farmers from the various provinces and localities differ
in their respective perceptions regarding the relative improvement of production efficiency
subsequent to the implementation of objective irrigation scheduling on farm. Significant
differences exist between irrigators in the different provinces regarding the perceived
mprovement of production efficiency since the implementation of objective irmgation
scheduling on the farm (X*=21.71; df=7; p<0.05).
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Figure 418 Percentage distribution of respondents in different provinces according to their
perceived relative increase in production efficiency due to the mplementation of
objective irmgation scheduling methods (N=84)

It was found that seven percent of respondents in the Western Cape (mainly fruit and wine
grape growers) and six percent of the respondents involved in the production of mainly
maize and wheat in the Free State perceived substantial improvement in production
efficiency (between 11-20%) subsequent to the introduction of objective irrigation
scheduling

4.2 Risk and uncertainty

Triakng and evaluation of new irrigation scheduling technology helps a farmer 1o collect
some information regarding the possible advantages (improvement of production
efficiency, financial incentives) as well as to reduce uncertainty to allow for better decision-
making. Risk assessment is one of the important factors considered during the appraisal
or evaluation phase of an allernative practice recommended, as farmers tend to be
strongly “risk averse’. Given the fact that high uncertainty is a normal attribute of
innovations before they have been trialed on the farm, risk aversion was found 10 have a
negative influence on the adoption of sophisticated, objective scheduling methods
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Many of the farmers interviewed preferred a minimum risk (as indicated in Table 4.5) and
were in favour of a balance between the need for profit and security regarding a
comfortable life

4.3 Complexity

Sometimes recommended agncultural practices which appear simple may in fact imply
significant and complex changes to the farm production system. How difficult is the new
technology to understand and apply? How much additional learning 1s required? The
more difficult it is 1o understand or 1o implement the technelogy. the slower the adoption
process is likely to be. Complexity increases the risk of failure and it introduces increased
costs in gaining knowledge (Vanclay. 2003).

Scale of difficulty
Respondents were asked to indicate the relative easiness of the application of irngation
scheduling on a ten-point scale. The response to this question is illustrated in Table 4.10

Table 4.10 The perceptions of respondents related to the easiness of the implementation of
irmigation scheduling (N=134)

“Perception of the relative

easiness of implementation Number of respondents Total number

of irrigation scheduling { B o | of respondents
Objective scheduling Subjective (N=134) ‘

(n=76) scheduling

e — - D SRS

\ ___ 1 n_ | % oon 0% | N %

| Very easy - 9 | 12 S . 9 | w4 | 10 |

Easy B 1 53 0 | 27 46 | 8 | 60 |

“Difficul - D N A 2 35 38 ki

NQ response B B 4 7 < 3

Total 76 100 S8 100 134 100

Table 4 10 reveals that the majority of farmers (70%) perceived irmgation scheduling as
relatively easy to implement. while 27% perceived it 1o be difficult to implement. Although
the majonty of respondents (829%) perceived the implementation of objective irmgaton
scheduling methods on the farm to be relatively easy. no significant relationship could be
found between the implementation of objective irrigation scheduling and the perception of
easiness of irrigation scheduling (r= 0 046, P>0.05)

Knowledge level needed for the application of irngation scheduling

It is generally accepted that farmers or irrigation managers responsible for irrigation

scheduling should at least have a workable knowledge of the following aspects: plant-soil-

atmosphere continuum, operation and capacity of the irmgation system and essential

managenal skills necessary for the implementation of appropriate irrigation management

practices. The perception of respondents regarding the minimum required knowledge level

for the efficient implementation of irrigation scheduling was tested across the two

categornes, objective and subjective irrigation scheduling. Four different knowledge levels

were identified as items of a knowledge scale:

» Knowledge level 1: no special knowledge required for apphcation of irrigation
scheduling ("common sense”)

» Knowledge level 2: where one of the four elements (soil. plant. water and
management) for an effective knowledge basis was mentioned
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» Knowledge level 3: where at least three of the four elements of an effective
knowledge basis were mentioned

» Knowledge level 4: where all four elements of an appropnate knowledge level were
mentioned

Table 411  Respondents perception regarding the required level of knowledge needed for
effective irmgation scheduling (N=134)

I' Knowledge  Objective scheduling Subjective scheduling Total
level of i (n=76) (n=58) (N=134)
|irrigation |
scheduling | 1 L1 - ]
tﬁ Number of » Number of % Number of “~
respondents | Respondents  respondents  Respondents  respondents  Respondents
| Knowledge 6 8 I 8 ‘ 16 15 ' 1
evel 1 l a
Knowleage 4 45 , 33 57 | 67 50 |
wevel 2 | |
Knowleoge 26 34 L 16 27 | 42 } 3
| level 3
| Knowleoge 10 13 ; 0 0 10 B
evel 4 B ‘
w 76 100 | 58 | 100 134 100

The findings reflected in Table 4.11 reveal that farmers perceived different prerequisite
levels of knowledge to be successful in the implementation of irnigation scheduling. It is
noteworthy that the adopters of objective irngation scheduling methods regard the
knowledge demands to be significantly higher (X*=12 62, df=7, p=0.082; Gamma=0.288,
p=0.044) than those who practise subjective irrigation scheduling

4.4 Compatibility

Another critical aspect of the farmers’ perception is whether the technology is perceived to
be compatible with their farm and personal objectives? This refers to the extent to which a
new practice fits in with the existing knowledge and social practice. If a new dea fits in
easily into an existing system it will be adopted more quickly. There are usually two
systems according to Vanclay (2003) against which the compatibility will be judged: the
current system of farming and the scocial system embracing the farming community or
broader cultural beliefs and values. An apparent example of irmgation scheduling practices
not adopted was observed amongst farmers in the Upper Orange water management area
who have fixed water turns that occur according to a predetermined timetable of water
distribution in the canal

Respondents were asked to indicate some of the problems that they experience with the
implementation and adoption of current irrigation scheduling methods selected for the
farm. Table 4.12 provides an overview of the compatibility of the practising of irngation
scheduling by farmers
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Table 4.12 Perceived problems expenenced by respondents with the use of imgation
scheduling methods (N=134)

Problems ] Numberof | % Respondents
| - - S respondents -

No problem e 57
__Not sure adout the accuracy of measurement 33 28

|
|

.
.
o

NOt €23y 10 understand and apply on the farm
| Vanabdty in chmate anc sod types on the farm
| comphcate the efficent use and mterpretation of cata
|Veryexpensive | B
| Uncenanty - noveast to imganonschedusng |
|_Not enough ime avaiadble .
| Lack of fiexiddty (rmgation system management)
No support or help avalable from irngaton
|_Consurants S |
| New extensionist (personaity communcabon skills) | 1 | 1
|_Health nsk (1 & _neutron probe) ) 1 1

L
n|

I
l
!
{
|

|
‘

e inoloe

N P

The maprity of respondents (57%) indicated that they were satisfied with the current
irrigation scheduling methods and tools implemented on the farm and that it was
compatible with the current farming system. Twenty eight percent of the respondents
doubt the accuracy of measurement of the soil water content. This was a most common
perception amongst farmers who made use of irmngation consutants who were still new to a
specific ingation area and where credibility was still lacking. Many of this latter group of
farmers therefore implement “insurance irrigation™ by applying a little more irnigation water
than was recommended by consultants, to aveid any risk be taken

4.5 Observability

As farmers interact with technology. so their knowledge increases through experimentation
and trialing on the farm, This affects the overall perceptions of the attractiveness of the
innovation and also reduces the uncertainty about its potential benefits. The advantages
of using objective and more sophisticated irrigaton schedulng practices should be
observable. before farmers will adopt the new practice. Farmers were asked to rate the
perceived relative advantages of using imgation-scheduling methods on a ten-point scale
regarding the following production aspects

2 Conservation of water on the farm
Possible increase of production yelds
Improvement of the quality of the crops (fruit and grain)
Sawving of operational costs of electncity or alternative energy sources
Optimzation of nitrogen use and the prevention of nitrogen leaching
Maximization of profit on the farm
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Figure 4.19a Respondents percepbon regarding the Figure 4.19b Respondents perception regarding the
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| Figure 4.19¢ Respondents percepton regardng the Figure 4.191 Respondents perception regarding the
| efficent use of nitrogen since introduction of imgation increase of profit since introduction of smgation
scheduing (N=134) scheduling (N=134)

Farmers were asked to rate the importance of the relative advantages subsequent to the
introduction of irrigation scheduling and the findings are illustrated in Figures 4.19 (a-f) on
a len-point semantic scale. The expressed scale assessments of the benefits or
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advantages that farmers perceive with the implementation of irmigation scheduling indicate
that the optimization of profits on the farm, the optimum use of nitrogen to prevent nitrogen
leaching, improvement of production ywelds, energy operational cost saving, and the
ensuring of qualty crops were considered as the primary benefits. It was however obvious
those respondents involved in the production of high value crops with a defintte quality
component. perceived the latter as the predominant reason for the application of objective
scheduling methods

Although the conservation of water is perceived to be important to farmers, they do not
perceive the relative advantages of the implementation of irrigation scheduling as the
saving of water per se, but rather to ensure the wise use of irngation water on the farm
For most of the irrigators in South Africa irngation water is limited, and the water saved by
reducing imgation applications per hectare may be used to irngate additional land and
thereby possibly resulting in an increase in total net income. Many farmers indicated that
they were able to irrigate addtional land since they introduced objective irrigation
scheduling on the farm. Also the practices of double cropping found often amongst
irngation farmers were perceived as an observable advantage since the application of
irngation scheduling.

For many small-scale farmers. however as indicated in Appendix A the application of
irmgation scheduling necessitates the application of bigger volumes of irmigation water,
more regularly. This also involves the use of more resources in terms of labour and time.
Therefore the implementation of more precise irrigation scheduling methods are not
always perceived to be advantageous to many small-scale farmers. and many of them are
often guilty of under-watering their crops

It i1s important 1o refer to Figure 4.19d. where the perception of respondents on the
pessible saving of electricity or energy was tested as a consequence of improved irngation
scheduling. Eight percent of the respondents indicated the saving of electricity as not
important, due to the fact that they either use surface wrigation methods or the fact that
they are situated beneath the canal system for the delivering of irrigation water. and are
therefore using gravitational irrigation, 1.e. van der Kloof irrgation scheme

Electricity is usually charged at prices that vary for peak. standard and low demand
(Ruraflex) periods  The Ruraflex rates apply during the late hours of the night and over the
weekend so that some degree of automated control is usually desirable. The exploitation
of Rurafiex rates was found to be more explotted by the farmers invoived in the growing of
crops like wheat, maize, etc where electricity and water operational costs form a significant
percentage of the total production costs

The questionnare used in the survey also allowed respondents the opportunity to list and
rate additonal advantages as perceived with the apphcation of irrigation scheduling
Fourteen percent of the respondents indicated “peace of mind” since they are sure that the
right amount of irmgation water at the right time of the crop growth is applied with the
practicing of imgation scheduling.

Visibility of the wetting front

The irrigation-wetting front is often not visible for many of the irrigation farmers, unless
they use a soill auger or spade to monitor t. Therefore, many irrgation farmers base their
decisions on the observation of certain plant stress indicators or on the measurement of
soil water content. Respondents were asked to rate the importance of visibility regarding
the wetting front after irrigation for decision-making on a ten-point scale Figure 4 20
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indicates that 98% of the respondents perceived it to be imporntant for efficient irrigation
management.

20
&0
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Not mportant Important Very important
Importance of visibility of wetting front

Figure 420 Respondents perception regarding the importance of the visibility of the wetting front
after imigation. (N=134)

Farmers traditionally make use of a spade 1o monitor how deep the wetting front moved
since the last application of imgation. and many farmers indicated their return from the
implementation of sophisticated scheduling methods to the use of this simple but very
valuable wngation scheduling method. The development of an irrigation-scheduling device
like the wetting front detector by CSIRO, Australia will help farmers to overcome this
problem

ADOPTION AND/OR DISCONTINUING OF IRRIGATION SCHEDULING

Farmer's decision 10 adopt new agricultural technology depends on complex factors after
analyzing and trialing and is indeed a social process. Adoption according to Vanclay
(2003) 1s not only unthinking response to new information; rather it is a deliberate decision
by an individual farmer in response to a wide range of issues Adoption, however. not
always needs to follow the sequence of stages as indicated in this discussion, but 1 may
be that a farmer gathers additional information about a certain innovation after he has
already adopted the specific innovation. as confirmation for his decision.

Innovations can either be adopted or rejected, and most often like in the case of the
adoption of objective irrigation scheduling techniques. the implementation of this decision
requires considerable additional learning before it could be effectively implemented. In this
instance therefore we are not dealing with the adoption of one innovation only, but rather a
package of innovations offered to the farmer. This package usually includes the effective
management of the irrigation system and proper cultivation practices 10 name a few. Itis
important that innovations recommended must be adapled for the specific stuations in
which they will be used before farmers will adopt i,

Farmers were asked to rate the accuracy of their current irmgation scheduling on the farm,
using a ten-point semantic scale
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Table 4.13 Respondents’ perception of the accuracy of implementation of imgation scheduling

(N=134)
% ! Objective Subjective scheduling T Total
Accuracy Scheduling (n=58) (N=134)
irrigation (n=76)
_Scheduling = : | I o
L » n % . " %
20 0 ] 0 2 3 2 1
50 | 11 3 5 4 i
) 7 & 1 I 18 13 ]
70 | 28 A R | T - A %
80 26 34 15 2% a &k
%0 14 19 7 | 12 21 15
W | 0 0 | i 1 2 | 1 1
Total 76 100 58 100 134 100

According to Table 4.13. the majority respondents (66%) rate the accuracy of their
irmigation scheduling relatively high (between 70-80%). There is a clear tendency for
respondents implementing objective irrigation scheduling to be more convinced of the
accuracy of their method than was the case with those using subjective scheduling. For
example, 71 percent of the objective irngation scheduling group rated their accuracy of
irigation scheduling between 70-80%. while only 59% of the subjective scheduling group
provide the same assessment

Satisfaction with current level of irngation scheduling

Iin response to a question as to how satisfied respondents were with the current accuracy
of implementation of irrigation scheduling, it does appear as if the farmer group using
subjective methods is relatively more satisfied than farmers using objective irmgation
scheduling methods. According to Figure 4 21 thirty five percent of the group that use
objective irmgation scheduling methods, rate thewr satisfaction with the accuracy of their
irngation scheduling more than 70%. This percentage satisfaction is 52 percent in the
group of respondents using subjective methods

This 15 an important finding for the extensionists and irmigation consultants to take
cognizance of. as it ilustrates the difference of the “felt needs™ (needs that are perceived
by imgation farmers that will motivate them to act upon) between the two groups. namely
the objective and subjective irrigation-scheduling group
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Figure 4.21 Percentage distribution of respondents who perceived satisfacton regarding their
current accuracy of irrigation schedubng (N=134)




It is only because of an existing need that a person can have a goal or a goal appears to
be attractive (Duvel (19980). This should be incorporated into any communication sirategy
planned for irrigation farmers.

Changing and discontinuing of irrigation scheduling methods

As farmers go through the learning process of evaluation, tnakng and appraising whether a
specific imgation scheduling method is fit for the specific farming system and whether it
would help them to reach their personal goals, some are likely to adopt and others to reject
the scheduling method. 59 percent of the respondents indicate that their perceptions had
changed since they started with irrigation scheduling, while 57% of the respondents
indicated a change of irrigation scheduling practices over a period of time. The majority
(71%) of farmers, who changed their irmgation scheduling methods subsequent 1o the
introduction of it, belong to the group using objective irngation scheduling.

Figure 422 shows the time lapse since respondents started to implement irrigation-
scheduling practices and also indicate the change in implementation of objective and
subjective irngation scheduling approaches over different perods of time.

Percentage respondents (%)
coB888588388

D Ozyectve Schacuing Qyears ISyears 6 0years 11-15years 35 years
WSty creal®S Yime lapse since introduction of irrigation scheduling

Figure 4.22 Percentage distribution of respondents according to the time lapse since the
inception of irrigation scheduling (N=50)

It is clear from Figure 422 that farmers usually start with the use of more objective
scheduling methods but gradually change to rely more on the use of intuition than on
objective scheduling as more first-hand experience, confidence and experiential
knowledge is gained. Relatively more expenenced farmers often use objective scheduling
methods only to monitor their current irrigation management practices and to confirm that
current irrigation practices and decisions are satisfactory in terms of what the crop water
requirements demand. Consultants also reported that farmers often are more prepared to
make use of scheduling consultancy services due to the uncertainty and risk that prevail
during the start of a drought or when climatic conditions are subnormal. Many farmers
interviewed are of the opinion that the service of consultants and use of objective irrigation
scheduling is of utmost importance especially for a new farmer in irrigation or where
enterprises changed from rain fed to irngation. Respondents also appreciated the
important role of irrigation consultants and extensionists during the initial stages of
irrigation development on a farm
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The tendency reflected in Figure 4. 22 is that the respondents perceived approximately ten
years to be a definite turning point from the use of predominantly objective scheduling
methods to a situation where irngators will rely more on the use of subjective irrigation
scheduling. This is a general tendency that will differ from one situation to another and
from person-to-person depending on the lkeaming curve a farmer is wiling and able to
follow.

Respondents were asked to indicate reasons for changing irngation scheduling methods
either from a subjective approach to a more objective approach. or vice versa. The
findings are illustrated in Table 4.14

Table 4.14  Perceived reasons as identified from respondents for the need to change irmgation
scheduling practices (N=134)

Reasons perceived for changing irrigation scheduling % Respondents
Measurement 3nd/or predicions were not accurate (tensiometers anc ER)

Cenain Computer IMganon mode's)

Too much imgaton was recommenced with some computer | 3

programs as specfic stuatons and daily atmosphenc fluctuatons |
were not taken into account

| Time consuming i — 2 1
CaLaland operational cost of imgaton MvLOC hgh - . 19
»__-gwon scheauhng method 100 complicated for apphcaton on farm 15

Dvd not percewve any acvantages Irom prachiaing the specific irngation 1"

scheduhng method |

Method ad not prownde information about the wetting front after the | 1

NGaton apphicabon

Ganed enough expenence and knowedge

Size of property InCreased and necessitated change i

| Lost mterest i specific method and returned 1o “radeional method

C*rlm NGO Systems on the farm

" Too much of 3 health nsk assoGated with spechc method (neutron |
Lprobe)

-l
-

LR Y

S N S ——

According to Table 414 the majority of respondents (49%) changed practices because
they were unsatisfied with the accuracy of measurement of certan devices or with the
predictions provided by computer models. Several respondents referred to their rather
negative experiences with the use of tensiometers in the past. Apart from being site
specific it was clear that many farmers struggled to leam enough to gain confidence in the
use of tensiometers for making daily irngation management decisions. Some computer
models and programs were perceived to have ‘misled” farmers in the past with
recommendations not adapted to a specific farming system and for a specific area. Some
models underestimate evaporation grossly for warmer areas and crops like certain frunt
tree cultivars had higher water requirements than predicted by the model Often
recommendations on irrigation were made without taking into account a specific irrigation
systems’ capacity as well as the management capacity of farmers.

Twenty two percent of the respondents also emphasized that sophisticated irrigation
scheduling practices were very time consuming. If farmers are unable to perceive any
visible relative advantages (as been reflected in Figure 4 19 (a-f)) attached to the effort
and time put into this exercise, they are likely to opt for an alternative that is more
compatible with thewr personal needs. Farmers must perceive a need regarding certain
outputs, before they are likely to engage in spending more time and money on this
exercise




Discontinuing irngation scheduling
Discontinuance is a decision 10 reject irrigation scheduling after having previously adopted
it. Two types of discontinuance of irmgation scheduling were observed:

a2 The first type is where an irrigation scheduling method was rejected in order 10
adopt another method that supersedes the previous one.

2 The second type of discontinuance is the decision to reject irmgation scheduling
as a result of dissatisfaction with its performance (inappropriateness or the
farmer did not perceive any relative advantages attached to the specific
scheduling method)

Twelve percent of the respondents indicated their discontinuance of objective irrigation
scheduling because of the following reasons as indicated in Table 4.15.

Table 415 Perceived reasons regarded by respondents for the discontinuance of objective

irrigation scheduling (N=16)
“Reason for discontinuing of irmigation scheduling % Respondents
Gained enocugh expenence, confdence and expenental knowiedge 69
|_regarding irigation scheduling
Not practcal anough for implementation on farm 83
_Time consuming P | 50
|_No relatve advantages perceved . — .
Too expensive 10 continue N
Toc officult to apply 25
Need professiona support 10 be able 10 implement on the farm- not 19
valabe
Not accurate enough and too fragile dewice for practical implementation 13
Discontinued when consultancy came to a halt 12
ET ref figures available from WUA €

The majority of respondents discontinued the application of objective imgation scheduling
to follow a fixed program and/or intuition. 69 percent of the respondents indicated that
they had gained enough knowledge, confidence and first hand experience after a certain
period of time lapse to be able 1o continue without objective scheduling. 63 percent
respondents indicated that they found the practical implementation of objective irmgation
scheduling troublesome, while 50% indicated time as the major constraint to be able to
follow more objective scheduling practices. Thirty one percent of respondents stopped
with the irngation schedubng practices because the irrigation consultancy service was
perceived 1o be 100 expensive.

Six percent of the respondents indicated that they discontinued the use of objective
irrgation scheduling since the local WUA started with the regular provision of ET ref
figures to its clients. These figures are usually incorporated in the semi-fixed programs
and irrigation calendars which farmers are following

Pnivate consultants are in general expected for the simplifying of research information and
offering of the information in an effective and understandably way to the farmers. 19
percent of the respondents claimed that consultants were not available in certain areas.
Furthermore some advisors often lack the necessary capabilities (technical knowledge and
communication skills) and were unable 1o help farmers to interpret and adapt data for the
use In daily irrigation decisions.
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Adoption of irmgation scheduling models

Irmgation scheduling models can either be used for tactical or strategic purposes. In the
first instance. the question 1s. how large an area to wngate, which crop to plant, and how
to distribute the available water supply over or dunng the season (Huygen et al, 1995)?
For the majority of crop types this 15 a major problem farmers are encountering. and real
time scheduling is found to be even more important where farmers are scheduling high
valued crops like table grapes. deciduous fruit. subtropical fruit and cut flowers

Farmers however indicated that they have difficulty using models per se for real time
decision-making. and therefore the majonty of them need professional support to be able
to apply models on a farm-level. Farmers in general clearty indicated that the use of
irmgaton scheduling models are cependent upon capabdble and willing irmgation advisors
and extensionists to help and support the farmer with the apphcation of the mode! and
computer program as well as with the interpretation of the data to be used for irrigation
management decisions. Some models were perceived by some respondents to be easier
to understand and 1o apply than others

According to the findings 26% of the farmers use models to schedule irrigation. Nearly all
the farmers interviewed have access to a computer. However. significant differences in
the general awareness about models, which are available for irngation scheduling exist
between farmers involved with objective wngation scheduling and those involved in
subjective irngation scheduling. 29 percent of the respondents using objective irrigation
scheduling are aware of the relevant models for irngation scheduling. while only five
percent of the farmers involved in subjective scheduling could mention any model or
computer program used for irngation scheduling. The findings also illustrate the difference
in needs that exist between irmgators that use objective versus subjective irngation
scheduling methods

The following computer models and programs were found to be in use or known to
respondents as indicated in Table 4 16

Table 4.16  Awareness and use of computer models and programs for irmigation scheduling

(N= 34)
mgationModels 0|~ “%Respondents
PRVWIN »n
|Imcheck E B | -
[SAPWAT ‘" - 15
SW8 B 1 18 -
Dok erhoek 8
Probe Sched Ada Sched'Waterman Sched ) 8 .
| BEWAB - ] 2
(Vinet L I N S ]
([ Canesim - ~ —e -
_Total . - 100

PRWIN as indicated in Table 4.16 was predominantly used by 30% of the respondents
Fifteen percent of the respondents were aware of the SAPWAT model. This was probably
because of the implementation of the model on an irnigation scheme or WUA level in South
Africa to calculate the water requirements. Although SAPWAT was not developed as a
real time irngation-scheduling program, it was found that many farmers were interested in
the use of it for wngation scheduling purposes on the farm. The irrigation calendars
offered in the program. which are backed by the application of the model on the irrigation
scheme and WUAs, help farmers to build trust in the use thereof
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Perceptions regarding the effectiveness and accuracy of computer models and programs
for use in irrigation scheduling

Farmer's perception regarding the effectiveness and accuracy of models in terms of
irrigation scheduling were assessed (Figure 4.23)
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Figure 4.23 Distribution of the perception of respondents regarding the relative effectiveness of
imgation models (N =124)

The findings in Figure 4 23 illustrate that 47% respondents regarded the effectiveness of
models 1o be between 21-40 %. There was a clear tendency from the collected data for
higher assessments being made by farmers engaged in objective imgation scheduling.
Fifteen percent of the respondents perceive the use of models and compulter program as
being inappropriate for implementation on the farm. These respondents were generally of
the opinion that models and computer programs could only provide generic guidelnes to
the potential user. They are also of the opinion that models and programs are generally
not adapted for specific situations and conditions on the farm and needs to be attuned
according to the farming system, local situation and management capacity of the farmer
This group of respondents also indicated that they lacked the necessary trust and
confidence in irrigation consultants and extensionists for their interpretation of the data for
making daily irngation management decisions.

Reasons for general lack of aspiration o use computer models and programs

Farmers who are not using irgation models provided the following reasons why they
lacked any aspiration or need to introduce irrigation models on the farm. Table 4.17
reflects some of the perceptions of the respondents in this regard.




Table 417 Responcents reasons for the lack of aspiration 10 use computer models for
irngation scheduling on-farm (N=99)

Reason for the lack of aspiration to use models for irrigation = % Respondents

_scheduling _ - -
Toc difficult for the farmertouse — 37
_Not practical enough for application on a farm-level 35
Lack the necessary computer skills 25
Not aware of appropriate models 12
Time consuming - - 10
Not enough professional support avadable tc help with the 7

implementation on the farm )

No need - satisfy with current information sources 6

Unit of farming to small to implement models 3
3
2

-— ———— =

Too expensive for farmers
Lack of fiexibility (rngation system)

It is apparent from Table 4.17 that respondents who have no aspiration 1o use irmgation
schedulng models, either perceive them as being too difficult to use and to implement on
the farm (37%) or because it is not practically adapted to their specific farm circumstances
(35%). Twenty five percent of the respondents indicated their general lack of the
necessary computer skills to apply the recommended models. Many of the latter group of
respondents belongs to the age group of fifty one and clder and referred to the fact that
the computer models and programs available for irrigation scheduling are based on
estimates which are not always accurate to be used in decision-making on the farm. In
general amongst these farmers a perception was found that the time and financial cost
invelved in purchasing computers and to gain the necessary skills was not cost-effective
Also included in this group of farmers are those who favour more to work outside and this
group in general perceives office work and the use of computers as not “real farm work”
Perhaps this perceived split between “inside” and “outside” work explains why some
farmers are willing to integrate computers in their daily farm management and why others
only use computers for daily bookkeeping

Twelve percent of the respondents were unaware of appropriate computer programs and
models available for use in irngation scheduling. This finding emphasizes the need for
improved information channels of communication to effectively disseminate information
regarding irrigation management. The majonty of commercial irrigation farmers rely on
extensionists from agriculture cooperatives (or private companies currently), fellow farmers
and private consultants to inform them on new irrigation technology

PERFORMANCE OF IN-FIELD APPLICATION SYSTEMS

Managing irngation systems efficiently implies the application of water in the most efficient
way possible to prevent unnecessary losses and water wastage. |n order to achieve this,
the uniformity with which irmgation systems apply water will have to be high and the
distribution uniform (Reinders, 2003). lmigation systems with poor distribution uniformity
expenenced reduced yields due to water stress and/or water logging. Nutrients can be
leached out of the soil due to excess water being applied to overcome poor imgaton
uniformity. Poor maintenance of irngation systems in general will increase the operational
costs of irrigation and also influence the efficiency of fertilizer use

Often a farmer 1s unaware cof the performance capability of the irngation system on the
farm.  This can induce severe variance between the amount needed to apply as
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determined with the help of objective irrigation scheduling methods (sod water
measurement) and the actual amount of water applied. Farmers’ awareness and inclusion
of regular monitoring and evaluation of irrigation distribution uniformity and the application
rate on pressurized irrigation systems were tested. The results of the general perception
of respondents in this regard are shown in Table. 4 18.

Table 418 Percentage distnbution of respondents according to their frequency of testing for
distribution uniformity (N=122)

" Intervals between measuring distribution %
uniformity Respondents ;
(Cy) |
More frequently than ONCe per season - 20 1
| Once per season . % ,
| Once per year o ) M ol
Once per 3 years 3
| Once per 5 years 15 ‘
Not at a 18 |
Total | 100

Thirty eight percent of the respondents indicated that distribution uniformity is evaluated
only once a season, while 20 % of respondents, mainly those farmers using micro and drip
irrigation, indicated more regular frequency of evaluaton. Eighteen percent of the
respondents reporied no evaluation of distribution uniformity. It was obvious that although
farmers in general were aware of the need for regular evaluation and maintenance of their
irrigation systems, many failed to implement it. This was confirmed by a specific
respondent who had two centre pivots on the farm operating for the last 13 years without
the replacement of the sprinkler packages. This farmer also admitted that he had never
evaluated the application rate or distribution uniformity of the irrigation systems although
he was aware of the importance and advantages thereof

Reinders (2003) is of the opinion that regular monitoring of the functioning of sprinklers,
and the wear and tear on nozzles, which irrigation farmers often neglect, is one of the most
important irrigation management practices. Effective farm irrigation management requires
that an irrigation system is capable of applying water in sufficient quantities and with high
uniformity and minimum wastage to meet the crop's water requirements. Irngation
systems are more expensive if they are designed to provide a high degree of uniformity.
Thus, there is a tendency to sacrifice uniformity when systems are purchased on the basis
of competitive bids. The irrigation farmer should recognize that operational costs and
possible yield losses would be higher when a system does not apply water uniformly. A
lower initial cost system, which sacrifices uniformity of water application. may be false
economy according to Reinders (2003).

PERCEPTIONS ABOUT THE IMPLEMENTATION OF VOLUMETRIC
WATER TARIFFS

Water Demand Management (WDM) is an innovative strategy that was dentified to help
with the management of water resources in southern Africa. On the majority of schemes
the individual abstraction of irrigation water is not measured, and irmgators generally pay
water tariffs that are based on wrigated area, and not on actual water volumes used.
Consequently there is Iittle financial and social incentive for the implementation of water
demand management and it does not encourage the efficient use of water by irngators.
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It was generally found that farmers have a positive attitude towards the implementation of
volumetric water tariffs where a flow meter s installed to measure individual abstractions
(Figure 4.24) Many farmers however indicated that the necessary financial incentives for
the implementation of irngation scheduling and efficient use of water on the farm in general
lack with the current water allocation and flat tanff system in use by water organisations

Very positive

53
Postive

Negatrve

waler tariffs

Not at ab

Attitude towards volumetric

60

Perecentage respondents (%)

Figure 4.24 Attudes of respondents towards the application of volumetric water tariffs (N=134)

Although the majorty of farmers (85%) showed a relatively positive attitude towards the
apphcation of volumetnc water tariffs with the placement of a measurement device at each
individual abstraction point, 13% of the farmers indicated concemn about the accuracy and
the practical application of this approach. Unfortunately, the limited number of flow
measurement devices currently installed in the field 1s not percewved to be successful by
farmers. and therefore several questions regarding the practical implementation of the
concept were raised

CONCLUSION

Irrigation farmers and farmers in general have traditionally been able to achieve
productivity gains through the adoption of new technical products and processes
Increases in efficiency must however be pursued on a much wider front if productivity
growth and sound water management are to be achieved. The farming environment has
become more complex. In addition to the adoption of new irrigation technologies. irrigation
farmers must also pay attention 1o investment in human skills. the uptake analysis. and
use of information. the management of risk. the production, quality and marketing of their
products, the financial and personal management skills of their staff. and the institutional
organization and structuring of their industry. This involves complicated social. institutional
and economic decisions and requires a mind shift in some cases from farmers, but more
importantly they must be prepared to enter continucus, lifelong learning

The findings of this pant of the study reveal centain general perceptions and atttudes of
irngators regarding the application or discontinuing of irrigation scheduling

2 The increase in age and expernence of irngation farmers suggests a shift in reduction
of their general willingness to invest and practise objective irmgation scheduling




methods. although no statistical correlation could be found. It was clear however that
younger farmers are more willing to use computer models because of their higher
computer literacy levels and attitude towards the use of computers

The relationship between the sze of imigated area and the adoption of objective
irmgation schedulng reveals no significant correlation although a shght tendency was
found for the implementation of objective scheduling to increase with and increase in
the size of the irrigated area.

It was evident that farmers with relatively more experence are more willing to rely on
their own first-hand experience. knowledge. observations and intuibion than on using
objective scheduling methods. A minority of irrigation farmers were found that really
understand and schedule according to the strict definition as been developed by
science.

Fellow farmers, private irrigation consultants and extensionists from the local
cooperatives and cellars were perceived by respondents to play an important role in
the raising of awareness amongst farmers regarding the potential use of objective
irmigation scheduling

The majority of respondents (60%) perceived the efficient use of irrigation water on
the farm and not water saving per se, as the main reason for the implementation of
irmgation scheduling. The improvement of the quality of the crop and the effective
management of nutrients were also perceived as being important motivational
“drivers” for the implementation of objective irmgation scheduling

Farmers perceived predominantly the optimization of profits and the optimum use of
fertilzers (nitrogen) as important relative advantages since the introduction of
objective irmgation scheduling. The saving on energy costs, improvement of
production yields. and ensuring of quality crops were perceived as being secondary
benefits

Accuracy, reliabilty, easiness of implementation. affordability and initial capital costs
nvolved, are some of the important technology charactenstics of scheduling methods
and devices which were wdentified to influence the adoption of a specific irngation
scheduling method. The characteristics were analyzed with respect to relative risk,
investment, complexity and profitability of the new technology compared to the
traditional methods used on the farm.

The majority of respondents (98%) perceived information regarding the position of the
wetting front after the application of wnigation as important information for irngation
management decision-making. It was therefore found that many of the respondents
either use the shovel or soil auger or tile probe to monitor this aspect of irrigation
management on a regular basis.

59 percent of the respondents perceive a substantial improvement of production
efficency since the introduction of objective irnigation scheduling practices. Cash
crop growers and producers of high value/high input crops however indicate
differential perceptions in this regard

It is often assumed that the perceptions of the possible relative advantage of the
introduction of an agricultural practice like irngation scheduling are of the same order
irrespective of locality or community. This was not as farmers from different localities
perceived different improvement of substantial production efficiency subsequent 1o
the implementation of objective irrigation scheduling on the farm.

Farmers' response regarding the minimum required “knowledge level” for the efficient
implementation of irrigation scheduling revealed four different levels of knowledge.
Generally adopters of objective irrigation scheduling perceived their knowledge
demands 1o be significantly higher than those who practise subjective irrigation
scheduling.
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This study clearly illustrates that imgation farmers usually start off by using
proportionately more objective scheduling methods in an approach to gain
expenence ancd knowledge regarding irngation scheduling. However, as farmers
gradually gain more confidence. experience and knowledge in the application of
irngation scheduling they are prepared to make more use of intuition. Many of the
experienced farmers reveal that they often used objective scheduling methods only to
monitor their present wngation practices and if necessary to do the required attuning
to the scheduling program

Significant differences exist in the general awareness about computer models
between farmers belonging to the objective irngation scheduling group and farmers
from the subjective irrigation scheduling group. Some of the models that exist for
implementation of irmgation scheduling were perceived by some respondents to be
easier to apply than others. The majority of models available to irrigators however
need the support and guidance of a professional before it can be implemented
efficiently

Although the majority of respondents were aware of the necessity of regular
evaluation and maintenance of the irrigation systems to ensure uniform distribution
and application of irngation, only 64% of the respondents indicated their attendance
to it on a regular basis

84 percent farmers positively perceived the implementation of volumetric charges of
irngation water, but many raised their concerns about the practical impiementation of
such an approach. Currently a WRC project is registered which will evaluate the
efficiency of flow measurement devices available to farmers as well as the general
problems farmers expenence with the implementation of devices. This research will
dentify possible strategies for the future to overcome the hindrances in this regard




CHAPTER FIVE: Acceptability of irrigation
scheduling for small-scale
irrigation farmers

INTRODUCTION

Irrigation has long been seen as an option to improve and sustain rural liveihoods by
increasing crop production. Small-scale irrigation in South Africa according to Crosby ef al.
(2000) can be categorized in terms of their water supply as follows:

=] Commercial and small-scale farmers on irrigation schemes

2 Vegelable gardeners (served by communal water supply infrastructures)

2 Independent farmers, each with “privale” water supply

It is also important to distinguish between full-time and part-time farmers in order to
understand the irrigation technology requirements. Irrigated agriculture amongst the small-
scale farmers is invariably aimed at the generation of a cash income or at least to supply
some food for the household (food security). As far as can be ascertained form a survey
done by Backeberg et al (1996), there are 202 small-scale farmer irmigation schemes (SIS) in
South Africa comprising approximately 46 000 to 47 500 ha under irrigation and about 50 000
ha as food garden schemes and food plots. De Lange (2004) adapted these figures as
indicated in Table 5.1:

Table 5.1 Small-scale farming in South Africa (de Lange, 2004)

Homestead Rain fed fields | Irrigation flelds  Grazing and
gardens | livestock
'. N ‘ | watering
[Noof households | 2400000 | 1700000 | 56000 _ 1 700 000
Total area (ha) 200 000 2000000 | 100 000 12 000 000

Of these 202 small-scale irritation schemes, 79% are in the Eastern Cape, KwaZulu Natal and
the Limpopo Province. As a whole, such schemes account for 4% of the irrigated areas of SA
and from a rural and socio-economic point of view such schemes are of cardinal importance.

According to a World Bank study the performance of small-scale farmer irrigation systems
has generally been below expectations and eventually led to producing low economic and
financial returns (Serageldin, 1995). In Africa the performance has been disappointingly low
(FAO, 1995).

RESEARCH METHODOLOGY

The aim with this part of the study was 10 investigate and describe the irrigation practices and
imgation scheduling methods which small-scale farmers are using as well as their perceptions
and possible reasons (human, social and economic) why farmers have adopled or rejected
the use of irmgation scheduling methods. This study consists of two phases. During the first
phase a comprehensive literature study was done covering appraisals of the current situation
of imigation and scheduling, as well as the socio-economic and various technologies that
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influence small-scale imgation farming. The interviewing of various key-informants on several
of the small-scale irmgation schemes throughout the country comprised the second phase.
After consultation with the steering committee and several key informants, four small-scale
imgation schemes were selected for more intensive surveying namely:

2 Tshiombo in Limpopo Province.

2 Taung in the Northwest Province

= Nkomazi eas! (Walda, Boschfontein, Low's Creek, Figtree) in Mpumalanga

Province
2 Bethlehem Apple project in the Free State

Three food plot irrigation schemes were selected in the Limpopo Province to identify the
constraints and challenges that these imgators face in terms of the adoption of efficient water
management. (Appendix 1)

2 Arethusaneng, Driekop, Limpopo Province
2 Maroke, Driekop, Limpopo Province
2 Maputiesebope, Driekop, Limpopo Province

ADOPTION OF IRRIGATION SCHEDULING ON SMALL-SCALE IRRIGATION
SCHEMES

Sustainable agriculture and irrigation development is defined as “agriculture, which meets
today's livelihood needs without preventing the needs of neighbours or future generation from
being met” (Pretty, 1994). This definition implies a combination of ecological. economic, and
social dimensions. These different dimensions mean the development programs and policies
need to include many disciplines and different levels of intervention. This presents a
challenge for professionals trained in the more conventional reductionistic scientific paradigm
Farmer participation is important in the decision making in order for farmers to feel a sense of
ownership. A review of the literature done by Bembridge (1996) indicates that, with a few
exceptions, the economic success of small-scale farmer irigation schemes in South Africa
falls far short of the expectations of planners, politicians, development agencies and the
farmers themselves.

Existing small-scale farmer irrigation schemes in South Africa conform to one of five types

(Bembndge, 2000)

a Top-down bureaucratically managed smallholder schemes: fully administered by
government or an agency of government. The management commitiee carries out
practically all-farming operations on behalf of the wrigators. There is also no selection
of farmers on the basis of “farming potential” and the majonty of irngation conforms in
varying degrees to this category.

2 Jointly managed schemes in which some of the functions are performed by the imgation
development agency, while others are the function of the project participants. Such
schemes are usually aimed at eventually developing farmers to produce their own food
and a surplus for sale. Little selection of farmers on farming ability is ewident

= Community schemes which are usually small in size, operated and maintained by the
water users themselves. There are relatively few of these schemes

a2 State or corporation financed schemes. such as those under sugarcane production,
where the farmers are selected on entrepreneunal and farming ability, as well as on
their financial and other resources. Govemment provides infrastructure to field edge
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and farmers pay a subsidised waler charge and are responsible for their own decisions
and management.

a Lastly, there are a few large estate schemes, which are state or private sector financed,
often managed by agents at maximum use of resources through the production of high
return cash crops like tea, coffee, various fruit and vegetable crops. Although there are
some schemes where oulgrowers participate on a pilot scheme basis, there is generally
little farmer participation, except in the form of supervised labour.

The full range of imgation systems is often found on the small-scale irrigation schemes, viz.
flood, sprinkler, centre pivot, micro and drip irrigation (Crosby et al, 2000). Sprinkler irrigation
is used on approximately 5% of irmgated land throughout the world (FAO, 2001), and in South
Africa often found on relatively more modern irmgation schemes in South Africa, which have
recently been developed or revitalized. Flood irmgation is most widely used on the older
schemes and in community gardens. A flood immigation system that is indigenous to South
Africa comprises short furrows are very popular because of the easiness to manage and
maintain (Stimie, 2003). On the community food gardens many of the farmers are making
use of short furrow irrigation in their vegetable crop production.

i) Eastern Cape

According to Bembridge (2000) there are fifty small-scale irrigation schemes in the Eastern
Cape comprising 9 527 ha with 6 349 participants. Table 5.2 indicales the information as
collected by Bembridge (2000) as well as additional information collected by Eloff (2001) and
Williams (2004).

Table 5.2 Eastern Cape Irrigation Schemes (Bembridge, 2000; Eloff, 2001 and Williams, 2004)
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shortage of funding, has resulted in the deterioration of the physical structures, and in some
cases, theft and vandalism of the irrigation equipment.

In a short report on the current situation and activities of the irrigation schemes as provided by
Williams (2004), it was indicated that many of the schemes are only producing on a very
limited scale (Photo 5.1). The major reason submitted for this situation was the fact that
many farmers have to seek for their own credit sources and need lo prepare appropnate
business plans. The majorily of these farmers are not in a position to draw up a business
plan themselves and the necessary support in this regard is also lacking. The Kat River
Valley was one of the former Ciskei irrigation schemes that were transferred to newly settied
farmers. These citrus farmers are members of the Kat River Cooperative, which is
responsible for production inputs, and the marketing of the citrus. A full time extensionist is
employed by the cooperative to support these farmers with their day-to-day decisions on
management and production. These farmers at present use no objective scheduling,
although tensiometers were used in the past. Farmers are making use of a fixed irrigation
schedule provided by the local citrus cooperative, as it was found to be easier for farmers to
understand and implement.

Photo 5.1 Keiskammahoek irngation scheme (Courtesy of vd Stoep, 2004)

The majority of schemes (75%) in the Eastern Cape use either sprinkler systems or draglines.
Although this pressurized irrigation technology is highly efficient and most frequently used on
schemes in the Eastern Cape, the maintenance is often neglected. The consequences of
poor maintenance of irmigation equipment led to yield losses and increased pumping costs.
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Photo 5.2 Sprinkler irrigation system used al Keiskammahoek irrigation scheme
(Courtesy of vd Stoep. 2004)

According to Stewart Scott Inc. (1998), the irmgation systems are not used efficiently due to
under-designed pipelines. lack of know-how of extension officers and farmers, leaks in the
irmgation system and incorrect nozzle sizes and low pump efficiencies. This contributes to the
general inefficient water management practised by many of the small-scale farmers. The
majority of farmers irrigate according to a fixed schedule, operating in two equal shifts of ten
hours with the pipes being moved in the morning and once again during the afternoon. These
farmers do not measure the imgation appled. The departmental extension officers are
responsible for the delivery of technical support and help with the preparation of business
plans but in general are lacking the necessary competency and technical skills (Bembridge,
2000; Wiliams, 2004)

Farmers’ major problems experienced on the irrigation schemes in the Eastern Cape, as cited
by Bembridge (2000), and again confirmed by extension officers in the Eastern Cape during
2004, are indicated in Table 5.3

Table 5.3 Rank order of the major problems that farmers experience on the Eastern Cape
irmgation schemes (Bembridge, 2000, Vusani, 2004)

Scheme problems _
Poor maintenance of infrastructure and
L equpment
| Lack of farmer tramning
| Local and politcal confict
_High pumping costs
. Lack of credd )
Poor market oppontundies

Rank position

— - ——— S —

In the majority of schemes as indicated in Table 5.2, 54% of the farmers are pumping
irrigation water using mainly diesel as source of energy. According to Bembndge (2000) and




Williams (2004) many of the crop losses are experienced due to engine breakdowns. It is
evident from the rank order of problems, as experienced by farmers on the relative bigger
irrigation plots (>50ha), that irrigation costs in terms of the actual pumping costs, is ranked in
the fourth position. On the smaller units (less than 50 ha) pumping costs are not perceived to
be a major problem for farmers. Farmers are mostly occupied with aspects like political
conflict, theft and lack of access to appropriate credit.

ii)  Limpopo

Up-dated information on the status of the small-scale farmer irngation schemes (SSI) in the
Limpopo Province was obtained from the LPDA (Limpopo Province Department of
Agriculture). There are 171 irigation schemes identified in the Limpopo Province and these
schemes comprise a total of 51 091 heclares with 7 307 participating farmers.

114 schemes with a total irngable area of 18 629 ha are included in the Revitalising Program
that the Limpopo Province Department of Agriculture (LPDA) has embarked on. The main
objective with this program is the transfer of ownership of irrigation schemes and the
empowerment of farmers. This program commenced in 1998, and a total of 28 irrigation
schemes have since undergone the revitalization program or are in the process of
implementing the program. The program entails the rehabilitation of infrastruclure, the
construction of conservation works and the proper management of the infrastructure and
conservation works. Farmers were assisted in the establishment of appropnate institutional
structures for the sustainable management of the schemes. The establishment of farmer
groups and Water User Associations with their respective management committees enables
the farmers to operate as a legal entity and to apply for access to the DWAF grant for
additional infrastructure rehabilitation that may be necessary. However, it is expecled of
LPDA to take care of the follow-up support and mentorship after the formal intervention of
rehabilitation is completed. Extensionists should be properly trained to assist farmers in the
day-to-day irngation management issues. This support program will also entail the support of
farmers with training in sound irrigation scheduling principles.

Table 5.4 Frequency of crop types found on the SSI in the Limpopo (N=171)

Pre——m— —— S— —— e ———————————

Crop type Percentage irrigation
it S| I schemes —

Citrus 8 |
_Subtropical fruit - I 12

Cash crops | 72 1

Vegetables | 4
_Collee - ) N B 2

Grapes 05

Deciduous frut 1

Rice | 05

Total | 100

The following categories of small-scale irmigation methods are found on the 114 irrigation
schemes earmarked for revitalization:

2 Flood and furrow irrigation (mainly short furrow irrigation): 50%

a Centre pivot: 5%

a Sprinkler irngation: 45%
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On twelve of the imgation schemes (30 634 ha), commercial farming is exercised under a
government water scheme where farmers are directly responsible for the water tanff. The
waler regulation services (distribution and fee collection) on the 114 emerging small-scale
irmgation schemes are largely found to be in the hands of the Department of Agriculture
through the local extension agents. Fees are collected for the pumping of water on a plot
basis

Case study 1: Fixed irrigation table as a barrier to the practice of irrigation scheduling -
Tshiombo irrigation scheme

The first case study deals with a small-scale irrigation scheme Tshiombo Irrigation Scheme, in
the Limpopo Province. This scheme is reflecting a typical design that conforms to the
imgation scheme development mode! subscribed to by South African Government duning the
period 1930-1970. Physically, this model involved the establishment of a source of irmgation
waler, usually by means of stream diversion, and a water distribution system that consisted of
concrete canals. Typically farmers were allocated 1.5-2 morgens (1.3-1.7 ha) (Perret, 2001)

Background

The Tshiombo Irrigation Scheme is situated at the northern side of Thoyandou, 40 km from
Louws Tnichardt in the Limpopo Province (Figure 5.1). The scheme was designed in 1990 to
imigate 1100 ha from the Mutale River with water diverted into a canal from the river by
means of a weir. Nine hundred and thirty farmers are participating in this scheme, each of
them having an average plot size of 1.28 ha, subdivided into 5-6 seedbeds. Bulk water is
stored in 10 storage dams that are filled on a specific night during the week. These storage
dams are planned to play an important role to ensure the effective distribution of irrigation
water to the four imgation blocks of the irmgation scheme

Figure 5.1 Base map of Levuvhu/Mutale water management area to indicate the situation of
Tshiombo irrigation scheme near Thoyandou (DWAF, 2004)
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Hundred percent of the area is utilized and farmers use mainly short furrow irrigation to
imgate crops. Crop production is mainly for household purposes with surplus being sold to
hawkers of Thoyandou and to fresh produce markets in Pretoria and Johannesburg. A wide
range of crops have been grown on the scheme, including maize, cabbage, Swiss chard,
chilies, beans, sweel potatoes and vanous other vegetables. No electricity is available, as
farmers make use of gravitation irrigation from the nearby storage dams. According to the
local extension officer, the majority of the farmers participating on this scheme are women
(70%), while 80% of them are receiving a pension as an off-farm income. Farmers receive
the water free of charge, while they pay R1 per month per plot, irrespective of the size of the
plot.

Irngation methods and scheduling

Tshiombo Irrigation Scheme consists of four irrigation blocks. Farmers are generally
organized in block committees and most farmers interviewed are satisfied with the operation
of the block committees. The block committees are responsible for maintaining house rules
and conventions on a block level, and if a farmer fails to obey the house rules he/she is
reported 1o the water bailiff. If however, the waler bailifl fails to solve the problem, the
executive committee of the scheme will pursue the matter further.

The main canal that is used for the bulk water conveyance has 48 take-offs, which distribute
water through secondary canals to farmers. A specific timetable is followed on the scheme
for irmigation scheduling according to the filling of the seven storage dams:

Table 5.5 Timetable followed for irrigation on Tshiombo (Netangaheni, 2003)

____Day of the week | ~ Block Number

Monday | 22A384 o
Tuesday 1.1A,18.2.2A. 38 4

Wednesday =~ 1 1A B 22A3&84
Thursday 1,1A, 18,2, 2A. 38 4

Fnday 11.1A,1B,2,.2A. 384 4

| Saturday 11,1A,1B,2,2A. 38 4
| Sunday 1 1,1A,1B, 2. 2A 384

Interviews with farmers from blocks 1 and 2 revealed that they did not experience problems
with water supply, as they were nearest o the weir. However farmers from block 3 and 4
indicated some water shortages alt critical periods of the crop production, which had negative
effects on their management possibilities and potential income.

It is however the responsibility of farmers to maintain the supply furrows of the different
irrigation blocks. If a farmer is busy with the cleaning of his furrow from weeds on a particular
day when waler is received, his neighbour would be allowed to use water during the time.
This approach worked well as farmers were prepared to take up the responsibility for the
maintenance of supply furrows and to organize and schedule appropnate imgation distribution
for a specific block.

Farmers from block 1 and 2 used different irmgation schedules than those farmers from blocks
3 and 4. Farmers from block one (nearest 1o the weir) did not irrigate on Mondays, so that a
chance was provided for farmers in block 2, 3 and 4 to irrigate, more especially for the
farmers of blocks 3 and 4 where waler is stored in @ dam before imgation takes place.
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Farmers in block 1 and 2 usually irrigate from 6h00 till 12h00 and only two farmers could
imgate simultaneously. The first two farmers nearest to the canal are the first to imgate, and
then followed at 12h00 by the other two farmers. The following day the order of irrigation will
change, although this schedule of irrigation is not fixed. It depends on good neighbouring and
the specific growth stage of a crop.

During a period of water shortage, farmers from blocks 1 and 2 are expected to reduce the
time of irmgation in the moming from 6h00 till 10h00, to provide some opportunity for the rest
of the farmers. Farmers irrigating in blocks 3 and 4, usually make use of water that is stored
in storage dams. Farmers from these blocks irrigate daily, and depending on the volume of
waler stored, they are allowed o imgate either one seedbed (0.107ha) or two seedbeds per
irrigation cycle. Farmers imgate by filling a specific furrow before moving to the next, and no
objective monitoning of irngation application is used. Apart from following the fixed timetable
of bulk water delivery, farmers use only regular field inspection to monitor their irngation
efficiency. The extensionists also indicated that his knowledge level on irrigation scheduling
per se, and the use of methods like the “feel method™ and other more sophisticated devices
was inadequate to support farmers if and when required.

Extensionists were asked what they perceived as the major barners to optimal crop
production in Tshiombo, and the following production constraints were identified (Table 5.6).

Table 5.6 The importance rank orcer of perceived problems representing constraints in crop
production (Netangaheni, 2003)
Constraints N - - B Ranking
| Water shortage and vandalism (blocks 384) | 1 1
Flood 2000 damage 1o land. gulhes and dongas cause operational 2

problems with seedbed preparation |
Cattie roamung on the crop fields dunng wintertime, because of damaged

w

fences

Transport problems experienced with debvenng of produce to markets | 3
_(expensive) and inadequate marke! strategy | S o
__Lack of easily available credit l 5
| Establshed local cooperative not addressing the needs of farmers | 6

The major constraint perceived by the extensionists was the availability of water from Apnl till
July, especially for irngators from blocks 3 and 4. The lack of maintenance of canals and
vandalism causing severe problems in the distnbution of imgation water and therefore
influence the production of winter crops (cabbage). However, it was also admitted that some
of the secondary canals in blocks 3 and 4 were dirty, and over grown with weeds and
invaders




Photo 5. 3 Poor maintenance of secondary irrigation canals and excessive vegetative growth
on the canal banks at Tshiombo irmgation scheme (irrigation blocks 3 & 4) often
cause inefficient water distribution efficiency

I -

o

Photo 5.4 Vandalism of irrigation delivery structures hke a canal sluice gate al Tshiombo
irngation scheme prevent effective water distribution on the scheme (2003)

It was found that farmers in Tshiombo are well organized into eight commodity groups of
which, the Soil and Water Conservation and Soil Fertility Management groups are important
for this discussion. Farmers from these two groups meet twice per month to discuss crop
production aspecls like seedbed preparation, fertilization and selection of cultivars
Apparently, little time is spent on imigation management aspects, apart from discussions
about the operational execution of the scheduled timetable of delivery and the required
maintenance activities of the canals.




Lessons leamed

The imgaton community at Tshiombo has operational and institutional arrangements that
appear to work relatively well and have stood the test of time, and much can be learnt from
this. Institutions like block committees. commodity farmer groups. and the newly established
cooperative are important institutional “vehicles™ to be in place to ensure sustainable irmgation
water management. The institutions mentioned provide social nghts and obligations that
govern individuals and groups in a community. Crosby et al/ (2000) found that farmers’
success and acceptability of irgation schemes are closely related to the management
system of the scheme.

Individual imgation farmers on this scheme have very little opportunity to apply their own
adapted imigation scheduling methods based on farmer and specific crop needs, as the
availability of irmigation water is dictated by a fixed schedule (time-table) of bulk water
deliverance. Al present farmers tend to irrigate their fields in accordance with this fixed
irngation timetable. However, instances of transgression of the water-sharing rules by some
plot holders indicate that the current water—sharing timetable is inadequate at times. Some
farmers were clearly more successful than others and made better use of the available
irmgation water. These farmers optimized the use of available waler through the reduction of
evaporation from the soil surface through the use of mulching, and increased the infiltration
rates of soils by applying proper seedbed preparation (prevention of the formation of a plough
layer). The practices that should be adopted by all the farmers 10 optimize available water
include the regular maintenance of the secondary canals in the form of weed and invader
control to prevent infrastructure damage as experienced in blocks 3 and 4 of the scheme
(Photo 5.3).

Many farmers from Tshiombo perceived *more effective and sustainable irrigation
management” as synonymous with the need to change their current furrow irngation system
to either a drip or sprinkler irrigation system. According to Stimie (2003), farmers that use
short furrow irngation can also be very effective, if they understand and apply sound irrigation
management principles. However, many small-scale farmers, as well as extension officers.
are in general unaware of the correct implementation of short furrow irrigation like the correct
cut time of water input, shortening of the length of some furrows and the filling of alternative
furrows for betler wetting of the field

From the field visits it appears that many farmers apply full irmigation (meaning the filling of
furrows as a standard practice) on the whole plot, instead of idenlifying the more sensitive
crops like Swiss chard, etc. and then practise full irrigation only on these crops. A deficit
irmgation approach could be applied on the rest of the crops that are perhaps less sensitive.

Many of the farmers (especially from blocks 3 and 4) have indicated their dissatisfaction with
the water availability on the scheme during April to July of every year, when water shortages
are expenenced. Because the scheduling of delivering and availability of bulk water on
Tshiombo is based on the cooperation and collaboration of all the water users of the scheme,
it necessitates that all farmers should adhere and obey the rules and regulations of water
sharing as agreed upon. There are, however, some farmers, who are guilty of transgressions
of the irrigation timetable, and, together with a lack of commitment to regular maintenance of
secondary canals, are contnbuting to this problem.
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iii) Mpumalanga

Imgation development on schemes in the Mpumalanga has been based mainly on
establishing commercial farmers, most of who are involved in sugarcane, maize, lobacco,
vegetable and wheat production. The small-scale farmers of Mpumalanga are served with
extension and information by the Mpumalanga Department of Agriculture and where farmers
are involved in sugarcane production, SASRI extensionists support the extension division of
MPDA with “expert” knowledge on production aspects of sugarcane.

Table 5.7 Small-scale irngation schemes in Mpumalanga (2003)

Irngation scheme | Size Number Major crops | kmigation method " Suppon
(ha) of scheduling
| farmers | method
Heredord 189 3 Intuition Vegetables Flood | "MPDA
I b |tobaco N N—
i Elanascoom 80 50 Intustion and fiwed | Vegetables Sprnker ‘MPDA
schadule maze
Agnsiet | 88 1 Intution & fed | Vegatables Spninkies/centre prot | "MPDA
| schedue
| Kiipsprut 120 < Fixed schedule | Mage Sprinkigr ‘MPDA
Swatkoppees 157 § | Fioed schedule | Mae Sprinkier] centre pvot | *MPDA
Leautonten |4 1 | Fued schedule | Maize Sprinkier) centre pwot | *MPOA
' Litolo i 2 { Fied schedule | Deaduous | Spankiemicro | "MPDA |
| m N
Vegetables | ‘ ‘
Gouwsberg | 340 » Fied schadule Macze, | Flood | Farmer [y
‘ l vegetables | | "MPOA
Mapochsgronde 350 " Fixad schadule Maze, Centre pvot, spenider | Farmers
vegetadies |
,wm 833 82 ’Fmd schedule, | Sugarcane Sprinker, crp, Tloppy | "MPDA &
neuton  probe. | vegetables sysiems SASRI
aenrg front | maze
| detector
Butletspoort 229 32 | Neutron probe Dragine MPDA B
Weting front SASR
detector fed
| schedube
Low's Creek | 285 kKL Neutron probe, Sugarcane, Dragine,  sponkler, | MPDA & SASRI
* Weng font Inchs, arg
‘ | cetector. infuition | banana
L  |teoscnene | __
Mturtane | 40 21 Fued schedule | Sugarcane | Draghne sprnkle MPDA & SASRI
Mbuny C 1 154 17 Fuxed schedule Sugarcane Dragine spemikler MPDA & SASRI
| Magudu 4785 850 Neutron prote Sugarcans Dragine.  sponkle, | MPDA & SASRI
Irnganon Fixed schedule maze. cenre pwvol. flooe
Dev banana. lichi,
- | leather fern
Total 8108 1191 |

SASA™ South Atican Suger Experrmenty’ Staton MPDAs Moumalangs Department of Apncuture
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Case study 2: Partnership between industry and government for sustainable
agriculture development: Nkomazi Irrigation Project (Low's Creek, Walda, Figtree,
Boschfontein)

The second case study reveals the expenence of small-scale sugarcane growers in Nkomazi-
east that, are served by extension officers of the Mpumalanga Provincial Department of
Agriculture (MPDA) and extensionists of the sugar industry (TSB and SASRI) on irrigation
management and other production aspects

This partnership arrangement between the South African Sugar Association (SASA) and the
Provincial Departments of Agriculture of Mpumalanga and KwaZulu Natal was signed in 1984,
and since then a joint extension program is uncdertaken to service the smallholder sugarcane
growers. Extension officers were seconded to SASA, and support small-scale sugar growers
with technical information. SASRI extensionists are responsible for the appropriate training of
field staff, and for the expertise needed in this regard. Both parties are o gain from such an
agreement. The sugar industry needs sugarcane for their mills in Komatipoort and Malelane,
and TSB has allocated a quota of 4 500 ha to the Nkomazi small-scale farmers. Furthermore,
government is lacking expertise and resources lo service small-scale sugarcane growers
properly, and saw this as an opportunity o add value to their existing extension services in
these areas.

The development aclivities of Nkomazi Irrigation started in 1985 with the focus on the
production of crops like cotton, maize, vegetables, sisal. leather fern and some sugarcane
Large losses were suffered and farmers accumulated relatively large outstanding production
loans. Since 1990 when the Nkomazi Imgation Expansion Programme (NIEP) was
implemented, the development approach was revised with more focus on the production of
sugarcane. The purpose of the NIEP was to establish 19 irrigation projects to support more
than 950 small-scale farmers spread over approximately 7 000 hectares of land in the
Nkomazi region.

Since 1999, the MPDA offered an irmmgation scheduling service to smali-scale farmers free of
charge as part of the agreement with the sugar industry. This service was rendered to some
of the small-scale farmers of Walda, Buffelspoort and Low's Creek. Hundred and eight
farmers were involved in this irrigation scheduling service rendered by the Division of
Agnculture Engineening. Two staff members from this division, who were situated in the
Nkomazi area. were responsible for the weekly soil water measurements that were taken with
a neutron probe. The data was submitted on a daily basis to an agricultural engineer based
in Nelspruit, who was also responsible for the interpretation of the data and made appropriate
recommendations. These recommendations were prepared in consultation with extensionists
from SASRI and involved the penod of irngation that was needed to fulfill the crop water
requirements as determined for the next week. In general farmers perceived this service very
positively and the need was even expressed 0 extend the service to the rest of the growers
However, this service was discontinued during 2002, due to a lack of operational funds
expenienced by the Department of Agriculture. The majority of small-scale sugarcane
growers in the Nkomazi subsequently follow SASRI irrigation guidelines available in a fixed
irigation schedule without any objective monitoring of the soil water content.
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Figure 5.2 Base map of the Nkomazi irrigation scheme within the Inkomati water management

area (DWAF, 2004)

On the majority of irrigation schemes in Nkomazi “energy centres” or field offices have been
established. These “energy centres”™ are buildings on the irrigation site where general
administrative duties are taken care of like, for instance, the settlement of electricity bills,
record keeping and networking where needed. It also serves as a venue for the meeling of
farmer groups with the executive committee of the project and it is also used for appropriate

training offered by the local extensionists

Photo 5.5 Discussions between the local extension officer, the irrigation engineer and a local
farmer atl the Walda energy centre




Walda

The small-scale sugarcane farmers of Walda use mainly sprinkler and floppy irmgation
systems 1o irngate. Water availability is generally not a problem to these farmers. The
average plot size per farmer is 10 ha, which is divided into 12 blocks of 0.83ha each. Farmers
irmgated in blocks and follow a three 1o four hour irrigation cycle. The general
recommendation to farmers is not to exceed 16 mm application per imgation cycle, because
of the specific soil type that occurs. Sail types in the Nkomazi area vary quite extensively, but
according to Botha (2003), the maijority of soil types in this area have a definite plough layer
at 30 cm, that prevents the development of the root systems of sugarcane beyond that layer
and also impedes penetration of water after an irmgation application. The soils at Walda are
also relatively high in clay content (approximately 40%), and for that reason extensionists
recommend that farmers should not apply more than 16 mm per irngation cycle. However,
farmers usually start to irrigate at 6h00 in the morning till 18h00 when the water is shut, and
farmers leave for their homes in villages nearby. This practice often leads to over irrigation as
indicated in Photo 5.6

Photo 5.6 Small-scale sugarcane growers often use sprinkler irrigation. Inefficient irrigation
practises often leac 1o relative high percentage of run-off during irrigation (2003)

Low's Creek Imgation Scheme

This scheme is found in the Tikhontele village, Mpumalanga and it consists of 35 farmers with
the average plot size of 7 ha under sugarcane. A canal extracts water from the dam to the
field. Each farmer is responsible for pumping water from the canal to his specific plot. The
crops that are planted in Low's Creek Irmgation Scheme are incicated in Table 5.8




Table 5.8 Crops grown in the Low's Creek Irrigation Scheme.

Crops Area (ha) 1
Sugarcane 218

_Litchis & bananas 62
Roads, etc - =]
Total 282

Farmers use mainly sprinkler, floppy and dragline irrigation system on the sugarcane, while a
couple of farmers have changed to the use of drip irrigation. Only one farmer from Low's
Creek uses flood irrigation.

These growers generally follow a pre-scheduled program of daily irrigation as provided by
SASRI especially for the improvement of the sucrose content (quality) and irrigated daily.
They usually follow a 10-hour irrigation cycle with the overhead irrigation sprinklers and floppy
irngation system spaced at 14mx12m. For the dripper irrigation the sugarcane rows are 3m
apart with one line drip tape per row. Emitters are spaced 0.75m apart and have a flow rate
of 1.5l/h. Farmers usually follow a 2-hour irrigation cycle dunng hot summer penods and
decrease it to one hour of irrigation during overcast days.

Problems that are regularly encountered by these farmers are the lack of maintenance of
sprinklers, which end up in leaking sprinklers, and nutrients that are leached. All the farmers
are staying in villages adjacent to the projects and are therefore not prepared to irngate
during nighttime. Most of the irrigators are old and therefore some of the farmers hesitate to
accept information from the younger extension officers responsible for extension services in
the area. Some farmers at the top end of the scheme, furthest away from the water source
expenence water shortages due to lack of pressure because of the over pumping by farmers
al the bottom end of the scheme.

Figtree, Boschfontein (182)

Figtree and Boschfontein irrigation projects are two irrigation projects in the Magudu Irrigation
Development, situated next the Swaziland border. Farmers are responsible for their own
water allocation. The Komati River Irrigation Board controls the scheduling of irngation water
during times of water shortage. The actual water tariff applicable to small-scale farmers in the
Nkomazi area is R95/ha/annum.

Farmers irrigated in blocks and usually follow a 12-hour irrigation cycle. Each farmer irrigates
when it is his or her block’s turn fo imgate. They are allowed to use 11 sprinklers per field
(approximately 1.8 ha), but farmers do not always adhere to this and some of the farmers
were found lo use more sprinklers. It was also very commonly found that sprinkler lines are
extended beyond the designed length, and that irrigation cycles of 10-12 hours were found to
be changed lo longer night time irrigation cycles (14-hours) and shorter daytime urigation
cycles (6-hours). Farmers in general encountered problems to maintain the sprinklers
regularly, and leaking sprinklers, worn sprinkler nozzles, different sizes of sprinkler nozzles,
elc were observed during the field visit.

Farmers from Low's Creek, Figtree, Boschfontein and Walda projects were asked what they

regard as their biggest constraint that prevent them from success with their farming ventures?
Apart from the lack of appropriate credit and general problems which farmers mentioned,
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relative high electricity costs per month was perceived to be their biggest constraint, which
prevent them from making a profit from sugarcane production. Farmers on these irrigation
schemes do not receive individual electricity accounts, but the scheme as the legal entity is
accountable for electricity supply services. This decision however contributed 1o injudicious
use of electricity, for instance, the unnecessary starting and stopping of pumps when farmers
are shifting irngation pipelines in between irmgation cycles.

The following is an income statement of one of the relative successful sugarcane farmers at
Waida for the production season 2003/2004 as supplied by SASRI (Swart, 2004).

Table 5.9 A statement of income and expenses of a small-scale sugarcane grower at Walda for
the 2003/2004 season (SASRI, 2004)

" Farm size (ha) - T a2 |

HBQWOM o . | S

. Tons | — AR S
Tons/ha i | | 82

L RV% e A l B . T
Tons RV 4593

_Rvpnce B — 1420 —
Gross Income . _ 3 R S - . - . L A
Fat rate (14%) 5189 -

| Interest on retention ] = 7 Sl § - .

| Gross income 70 806 ]

| Costs — o Costsperha | o

JJmgationSelectncity | 1143 | 4800 .
Hand weeding —— 30 _4an
Weed control (chemicals ) 450 - 1890
Feriser 2 300 9 660

| Fertizer apphcation A 100 o 420
Infiedd imigation maintenance 50 210

_Gapping o 00 420 —

_Consumables 100 1 420

Total 4593 19 290

It is important to emphasize the proportional high operational costs of electricity and irmgation
water (24 8%) in comparison with other production costs of sugarcane. This particular farmer
however produced an average yield of 83 tons sugarcane per hectare, which is 8tha above
the break-even point for sugarcane production for this specific area (Swart, 2004). The
average production for many of the small-scale cane growers in the Nkomazi irrigation
scheme is approximately 80t/ha, which clearly indicates why the less successful farmers, in
general find it difficult to make a profit. These figures support the perception by many farmers
on the scheme that electricity costs (and irngation per se) are indeed a major input cost for
sugarcane production, especially when farmers are not sensitive to the efficient use of
irrigation water on the farm,

Other important constraints perceived by farmers within the Nkomaz area are:

2 Vandalism and theft of irrigation infrastructure like irmgation pipelines, sprinklers, and
other equipment during nighttime by members of the villages. According to the farmers,
villagers who were not fortunate to have received land are often responsible for this
This stolen imigation equipment is often found to be used in vegetable gardens in the

villages.
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A general lack of appropriate drainage systems was found in the majority of the fields,
and because of over-irrigation on many of the fields, access to the different blocks and
fields of sugarcane is often perceived o be a problem.

Lessons learmed

2

It was found that many farmers were over-irrigating and free water was often observed.
Although the soil types commonly found in the majority of the Nkomazi area dictate that
farmers should not apply more than 16 mm of irigation per irrigation cycle, many
farmers were found to still practise a 10-12 hours irrigation cycle, which, usually leads to
over-irrigation and huge run-off.

Many farmers still believe in following the traditional 14-day irrigation interval with an
irngation cycle of 12 hours per position. At an application rate of Smm/hour, and with
soils that in general have a limited water holding capacity, it was found that on many
farms the sugarcane crop was showing symploms of waler stress between irrigation
applications. According to Swart (2003), this may be one of the reasons for the relative
poor production yields that many small-scale farmers experienced.

Another problem, which exitensionists and advisors oftien expenence, is that many of the
farmers (owners) on these imigation projects are part time-farmers, who work in
Gauteng or elsewhere and therefore never attend the regular farmer meetings heid at
the energy centres. The workers on the fields of these farmers, also not regular attend
monthly meetings, and therefore are not well informed about important decisions taken.
The majority of farmers involved in the production of sugarcane were found to be
relatively old and many of them were receiving a pension. Some of the younger
exiension officers complained about the resistance showed by some of the elder
farmers regarding irrigation and production recommendations offered, due to fact that
their credibility was questioned.

Many of the extension officers rendering support to farmers lacked appropriate training
in irmigation management and therefore could not help farmers in this regard.

Apart from a number of farmers who were served by the MPDA in terms of weekly soil
water measurements with a neutron probe, the rest of the farmers follow general SASRI
guidelines on the production of sugarcane. Much over-irmgation was evident amongst
farmers due to the lack of appropriate knowledge about proper irrigation management
or because of the relative negative attitude of many farmers who still perceive irrigation
water as a nght and not a privilege. Farmers from this latter group are therefore not
prepared lo spend additional time, labour and capital to ensure more efficient water
management on the farm.

The average production yield for sugarcane by small-scale farmers in the Nkomazi
area, according to Botha & Swart (2003), varies between 65-70Vha. This was found to
be subslantially lower than the average production of 100-110Uha for commercial
growers in the same area. Some of the constraints that prevent optimal production by
small-scale growers are poor soil preparation, poor crop and irmgation management
skills (Swart, Khosi and Mtembu, 2003).

The eslablished energy centres offer excellent infrastructure for appropriate training
programs on-site to be offered to farmers. However, it appears that these facilities anc
resources are not optimally used to improve the irmgation efficiency of farmers.
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(iv) Western Cape

Small-scale farmer imgation in the Western Cape is confined 1o a few schemes. The figures
as presented in Table 510, are based on a survey completed in 58 small-scale farming
communities during 2002. The Department of Agriculture, Western Cape and LANOK
(Landbou Ontwikkeling Korporasie) are responsible for the rendering of extension and
support to small-scale farmers in the Western Cape. LANOK is mainly responsible for the
provision of production credit to farmers but also renders extension services and support
where applicable to farmers regarding certain commodities

Table 5.10 Small-scale irigation schemes in the Western Cape (Saaiman, 2003)

- . .
l | |
Sub region Noof | Number I No of ] Total | Amea = Major Crops | Irrigation
schemes | of food comm, | number under | |  method
plot farmers | farmers | irrigation | 9
holders (ha) i
Nortaest 6 e 8 310 58 | Corus.  woame, | Sprnkler
‘ | vegetaties furrow
| grapes
Swartad 14 415 7 ad | % | Vegetables Spenalar
‘ | fowers furrow
| decduous frue | mCro
Boland 12 575 2 ‘ s | 18 | Vegetabies Sprnkier
| @ | fowers l UrTOw
| | | decduous frut l ™0 |
Klen Karoo | 9 | 240 ‘ 2 ‘ roa a1 Fotatoes Sprnaler
‘ ; | ‘ el abies | furrow
| | decduous frue | ™0
Sousth Coast T 17 | 408 3 an 107 | Jage! e | Sprnwier
T | | |
Total ‘ 58 1945 0 | 1976 354 :

According o the survey done by the Department of Agriculture, 85 percent of the small-scale
farmers are involved in food plot production and eam less than R20 000 per annum. The
more commercial ornented small-scale farmers (eaming more than R20 000/annum) are
involved in the production of crops like flowers, lucermne, deciduous fruit, and grapes

The majorily of small-scale farmers does not make use of objective irmgation scheduling, but
rely on intuition or a fixed irngation schedule (Beukes, 2002). According to Beukes (2002),
the average small-scale fruit grower in the Western Cape lacks the basic knowledge
regarding soil preparation, cultivation of fruit and sound imigation management. Only a small
percentage of the new small-scale fruit growers are properly trained in irnigation management
and have the confidence to apply irmigation scheduling methods like the use of evaporation
pans, feel method and the soil auger to monitor irrigation applications. The majonty of small-
scale fruit growers however rely on themselves or their fellow farmers for irmgation scheduling
decisions

Du Plessis (2002) is of the opinion that small-scale farmers’ decisions regarding the irrigation
frequency and length of an irrigation cycle to follow are mainly determined by availability and
reliability of irfigation water. Since water availability and reliability are often lacking in some
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irrigation areas, many of the small-scale farmers are rather guilty of under-irrigation than over-
imgation.

(v) KwaZulu Natal

In KwaZulu Natal there are 18 irrigation schemes, comprsing of 6 923 ha and many
community gardens that are either already established or in the process of being established
(Table 5.11). The Makhatini scheme is the largest in the province and has an estimated
irigation potential of 12 000 ha from the Jozini Dam. During the time of the interviews
conducted with officials from ARC and Vunisa Cotton (2002), the irrigation farming activities at
Makhatini had been limited to 50 ha under irrigation. At that stage, only five farmers were
involved in the production of cotton and sugarcane under irrigation. According to Steyn
(2002), the biggest constraints that irrigation farmers on Makhatini face with crop production
are access to credit, and the fact that many of the farmers still struggle with debt accumulated
from previous production seasons. During the last couple of years, rain fed cotton production
out-produced irrigated cotton production, and therefore many farmers subsequently changed
fo rain fed cotton production. Vunisa Cotton supporis the farmers involved in cotton
production with access to credit, establishment of appropriate marketing opportunities and
supply of technical support on cotton production. No objective scheduling methods is
implemented by farmers who rely on a fixed schedule as provided by the industry.

Apart from the debts that farmers are struggling with, the extensionist from Vunisa Cotton at
Makhatini irrigation scheme observed the following constraints that prevent farmers from
optimal crop production:
2 Lack of adequate maintenance of their irmgation systems - many nozzles and sprinkler
packages were in a very poor condition, and need to be replaced.
2 Cultivation practices of farmers are in general not appropriate due to lack of production
knowledge and proper equipment.
2 Lack of financial capacity to take care of day-to-day problems like the repairs and
maintenance of machinery and irrigation equipment.
2 Skills and technical knowledge of departmental extensionist was inadequate.
2 Vandalism and theft

Apart from cotton and sugarcane produced on the Makhatini irrigation scheme, the other
irigation schemes mainly produce sugarcane for which a ready market exists. SASRI,
Tongaat, llovo, and Hullet sugar jointly deliver extension support in the production of
sugarcane together with KwaZulu Natal Department of Agriculture as part of the partnership
agreement, which was established in 1994. In KwaZulu Natal, two extension officers were
seconded to SASA, and another two operated on a 50:50 basis. These four extension
officers supervised the extension activities of forty technicians from the Department of
Agriculture. These extension officers and technicians provide technical assistance on the
production of sugarcane. No official scheduling service is rendered to small-scale farmers
who, in general, use fixed irrigation calendars as prepared by the sugar industry.
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Table 5.11 oma 3le imgal ames In Kwalu Jalal (21

Scheme Area Participants mgation method Major Crops Support
irrigated Agency
(ha
CF FPH Total
- » 4 - )
A 4 ..' A '
b - ¢ 27 h a
Total
6 923 5903




(vi) Northern Cape and Free State

In the Northern Cape and Free State, the irrigation schemes indicated in Table 5.12 are
confined to the few bigger irigation schemes. This information serves as a summary of
information collecled from private consultants, irrigation scheme managers, researchers and
exiensionists from the respective Departments of Agriculture.

Table 5.12 Small-scale irrigation schemes in Northern Cape and Free State (2003)

- Scheme | Area under Potential Number of | Major crops Imngation Suppon
| ' iigation | area for farmers | method
‘ (ha)
Riemvasmaak " 800 25 Grages | Spnkler "NCDA '
' vegetabties ‘ miro |
L. N e— 1 S maancn ! —
Jaconscal 801 | 17 Grages | Sponier *FSDA
| | vegetabies miro
c—— | wheat maze | imgaton | -
Kakonten #¥0 | ™ 0 Wheat mace. | Spnnkier FSDA |
‘ ' comion ‘
; ' ndngs |
Bethieher ‘ 110 ' 10 105 Apples *Muoloro | Adgn Tnst
"Edsteenshal | 620 | 620 " Wie yrapes | Flood & TaAC
‘ furrow Nietvoorty &
| | | *NCDA
Hedeng | 15| 8 Lucerne | Flood | "NCOA
communty - ESS EESSE—— i - i -
Agaran 7 [ Luceme Flood "NCDA
| Comm. trust | | wheal maze | sponkler
Dre Eenhed &0 l 3 Maze | Sponkler **NCDA
Boerdery ; 1
Mahau Trust | po) ‘ o Luceme | Floos | *NCOA
| Opperman | 240 | [T | Wheat mae | Sponkier FS0A
L Zepy 8 | 16 | Wine grapes | Flood "NCOA
“Total 2058 391

* NCDA = Northern Cape Department of Agricutture. FSDA= Free State Department of Agnculture

Apart from the extension and advisory services that the respective Departments of Agriculture
deliver, private consultants are also involved in the training of farmers in certain production
skills on table and wine grapes. However, there is no specific training program in place for
training of small-scale farmers regarding irngation management. Therefore, farmers usually
use fixed imgation schedules as provided by departmental extension officers and private
consultants. Both the consultants and extensionists working amongst these farmers identified
the need for the development of appropriate training programmes and efficient training of
farmers in basic irrigation management principles.

The “mentorship program” that has been adopted by the Department of Land Affairs, was also
initiated at schemes like Opperman. In this program, commercial farmers act as “mentors” to
the small-scale farmers to help them with the leamning of appropriate production and
management skills. This program has the potential of playing a very important role in the
future training of farmers regarding irrigation scheduling.
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Case study 3: Apple project in Bethlehem

This case study illustrates how small-scale apple growers with the intensive support of an
experienced “mentor” on a project basis have developed adapted irrigation scheduling
methods approprniate for their specific needs

Background

Apples are grown on a 110 ha farm, which is situated 10 km from Bethlehem on the road
(R26) towards Fouriesburg in the Free State. This agricultural development project was
started in 1999 as part of a RDP initiative. A partnership agreement was closed between 106
small-scale farmers who were interested in apple production, AFGRI (the local agricultural
cooperative), Development Bank of South Africa (DBSA) and the municipality of Bethlehem to
form a trust. The land was purchased from the municipality, and imgation water of very good
quality and at a special tanff is delivered by the municipality from the Gerald dam. The
availability of irrigation water provides farmers with the necessary flexibility to apply
scheduling methods that are the most appropriate for the crops grown on the farm.
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Figure 5.3 Location map of the AFGRI Bethlehem Apple project outside Bethlehem

An expenenced farmer, who had been farming for the past twenty years in the district, was
appointed as a mentor to help the farmers in the propagation of apples. One hundred and six
farmers were allowecd to participate in this project. Each participant received one-hectare land
where five different apple cultivars were planted. This strategic decision was taken to ensure
that all the farmers have the same opportunities to gain experience for the different marketing
and management requirements as applicable for the different cultivars. The 106 ha apple
orchard was divided in 8 different irrigation blocks, according to cifferent slopes, soil potential,
and topography of the farm to ensure more effective management. A block manager per
block was elected, and served on the executive commitiee as representative of a specific
block, which meels every week. During these weekly meetings, planning and operational
management for the next week are discussed as well as relevant training sessions for block
managers and farmers are conducted. The executive committee started off under the




chairmanship of the mentor, but as capacity was built, it was transferred 1o one of the block
managers (Mr. H Peko).

Photo 5.7 Pieter Fourie (mentor of the AFGRI Apple Project) and Hendrik Peko (charperson of
the management commitiee)

Each farmer is responsible for the capital investment of the establishment of one-heclare
apples. Due to the fact that little or no profit was shown in the development of the project for
the first couple of years, farmers were allowed to apply for “an operator's fee”. This fee was
calculated against the net production of his land. The mentor and farmers identified four
hectares for experimental purposes where certain irmigation technology and fertilizer trials
applicable on the farm are tested. This area also serves as a "demonstration unit” for training
purposes of farmers.

Imgation method and scheduling

With the initial establishment of the orchards, micro irrigation was installed on the first 56
hectares, but as from the second year of development, drip wrigation was installed on the
remaining area. Apple rows are 1.5 m apart with 2 lines of drip tape per row. Emitters are
spaced 0.75 m apart and have a low rate of 3l/h. In the micro irngation, there is one line per
row with the emitters spaced at 0.75m. Farmers, block managers and the mentor have
indicated their preference for the use of drip irrigation for the production of apples from a
management and maintenance point of view. Drip irmgation was perceived to lend itself o
allow for the practising of fertigation, and therefore, more precise fertilizer management as
needed for the five different cultivars.

These farmers use a fully automatic Motorola computer system, which controls the irrigation
on the 8 irmgation blocks. The irrigation management strategy selected for the farm is based
on the SAPWAT model for irmgation planning and the prediction of crop water requirements.
All the relevant climatic and weather data was collected until 2001 from an aulomatic weather
station installed on the farm. However, due to vandalism and the destruction of the station on
the farm by some farmers who were expelled from the project, the weather station at the
Small-Grain Institute (Bethlehem) is subsequently being used. This weather data was initially
used for the adaptation and attuning of the predictions made by SAPWAT regarding the crop
waler requirements.
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Photo 5.8 Apple orchards under drip rrigation in the AFGRI project for small-scale farmers
outside Bethlehem (2003)

The measurement of the soil water content is done through the use of lensiometers.
Relatively early in the development of the project it was realized by the mentor that figures
alone do not mean anything to a farmer, until “practical value® is added. The soil auger
together with the use of a tensiomeler added meaning and interpretation to tensiometer
readings in terms of “relative dryness and wetness™. Since the farmers and mentor on this
project expenenced many problems with unreliable tensiometer reacings, tensiometers were
replaced by the use of gypsum blocks. Gypsum blocks were found 1o be more appropriate
and easier 1o use by the farmers. The mentor is of the opinion that gypsum blocks also
provide more accurate readings. Farmers are convinced that the regular use of a soil auger
in monitoring the soil water status helped them to develop the irngation management strategy
currently followed.

Every week, 34 blocks are identified for the digging of soil pits for inspection and for
validation purposes of the reacings as per tensiometer or gypsum pad. This opportunity is
also used for the training of block managers and farmers of a particular block in the use of
different imrigation scheduling tools (e.g. feel method) and to illustrate general production
aspects in the orchard. This approach of continuous training and experiential leaming of
farmers, as well as the provision of ample feedback opportunities to the management system,
proved to be appropriale to ensure that the necessary acaplation of existing irrigation
technology like computer models (SAPWAT) and soil water measurement devices to the
specific conditions of a farm. According to Foune (2002). when SAPWAT was used for the
first time in this project, it was found lo over-predict the crop waler requirements during
certain growth stages. However, through intensive monitoring with soil augers and regular
observations by farmers it was successfully attuned.

Farmers are expected lo attend the training sessions regularly as arranged for a specific
block. Block managers also help the participating farmers with general dissemination of
information on irmgation management. Irrigation specialists from Stellenbosch also assist this
project with the evaluation of the applied irngation management on a two yearly basis.
Although this was recognized as perhaps an expensive exercise, both block managers as




well as the mentor are convinced that it is a cost-effective exercise in terms of the value
added to this project.

Lesson learned

a  The leamning based approach used on this farm relies on training of trainers (block
managers), and recognizes the importance of the farmers’ role in the dissemination of
information to other farmers. This strategy was found to be very successful. The
implementation of experiential learning by farmers and the opportunities provided for
feedback on their experiences to the executive commitiee, proved o be successful in
the building of irmigation management capacity amongst block managers and farmers.

2 This project illustrates the importance of the development of proper institutional
structures, where farmers take ownership and are trained in many aspects of irrigation
management and leadership.

a This project also demonstrated the route that has to be followed to develop an
appropriate scheduling method adapted for a specific farm. The important role to be
played by a mentor or extensionist in the support of new farmers (small-scale) on a
daily basis cannot be over emphasized. Without this important support, the application
of sustainable irngation management practices by small-scale farmers is very unlikely.

(vii) Gauteng

In Gauteng, apart from the many community gardens (approximately 1 200 ha) (Potgieter,
2002) that were established or still in the process o be established, Rust de Winter is the only
large irigation scheme utilized for commercial crop production. Since 1994, the problem of
land tenure status of farmers has not yet been resolved, and this is still regarded by farmers
as their biggest constraining factor. Limited time period tenure contracts are also restricting
people’s investment in the property they occupy and also limiting the level of land utilization.
These issues are inhibiting the normal development and functioning of the irrigation scheme
Irrigation scheduling as part of water management enjoys a very low prionty among farmers
taken into account the socio-political constraints that farmers are faced with according to
Botha et al, (2000). This situation is currently still experienced in this area.

Table 5.13 Small-scale irrigation schemes in Gauteng (2003)

Scheme Area under  Number  Irrigation | Crops Support 1
irrigation of method
. (ha) = farmers |
Rust de Winter 827 35 Centre | Maze, cotton, wheat | Gauteng Dept. of '
pivot, | Agric.
S . | | sprnklers | -
(viii) Northwest

In Northwest, the discussion is restricted lo the larger irrigation schemes that occur in the
province, namely Taung and Disaneng imgation schemes. Except for the Taung and
Disaneng irngation schemes, which are commercially onentated, most of the 20 schemes in
Northwest Province are based on vegetable growing both for food security and income
(Branken & de Kock, 2001). Apart from these two larger irrigation schemes, many community
gardens are to be found in the province where farmers produce vegetables by making use of
hosepipe, flood and dragline irigation methods.




Table 5.14 Small-scale irigation schemes in the Northwest Province (2003)

Scheme Area Number Irrigation method Crops Support
under of
irrigation  farmers
| b — — ~
Taung 3580 411 Centre pivol, Maize, cotton Northwest Dept. of
sprinklers wheat, groundnuts. | Agnc. Suidwes
barney Cooperative. SA
, . __| Malsters |
Disaneng 204 66 Sponkler Luceme. table Northwest Dept. of

grapes, deciduous Agnc
fruit. maize. wheat

Total 3784 | 477

The Northwest Department of Agriculture (DOA Northwest) is the main agent that supports
these food plot growers. According to Swanepoel (2004), farmers are trained in relevant
cultivation practices and a fixed schedule of irigation applies for the majonty of food plot
growers,

Case study 4: Partnership agreement between farmers and the private industry: Taung
irrigation scheme, Northwest

This scheme was established in the former Boputhatswana homeland, which now forms part
of the Northwest Province. It was started in 1939 with flood imgation on two "morgen” plots
and has always been known for water wastage and poor soil quality. Presently the scheme is
using centre pivots imigation systems that were introcduced when Agricor developed the
scheme in 1979

The scheme is approximately 3 580 ha in size and 411 farmers are participating in the
irrigation practices on the scheme. Each farmer has an average plot size of 7.5 ha. The
scheme receives water from the Vaal River via Bloemhofdam and 14 streams and an open
canal system is used from Vaalharts to Taung. The scheme has three balancing dams each
with varying water-holding capacity. Water is controlled and distributed through water bailiffs
Water is ordered on a weekly basis from the main source and farmers are currently paying a
yearly water tariff of R154/ha.
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Base map of the Taung irrigation scheme within the Lower Vaal water management
area (DWAF, 2004)

Figure 5.4

Three to four farmers usually share a cenitre pivot, and this implies that they must plant crops
that have the same crop water requirements. There are currently 73 centre pivols in
operation. A major problem found on the Taung Scheme is that the centre pivot irnigation
systems were designed for 16-12 ha, but as farmers became more successful in the past, the
irrigation systems were extended to the current 30 and 40 ha centre pivot irrigation syslems.
This however inevitably led to inefficient irrigation systems in terms of under-designed suction
heads (only 3 kPa), which resulted in inefficient application and distribution of irrigation.

Since the majority of the centre pivols are 20-22 years old, the maintenance costs
experienced by farmers are relatively high. Until 2000, the Department of Agriculture
Northwest (DOA Northwest) was responsible for structural breakages experienced on the
irngation systems, but this has subsequently been transferred 1o the account of the individual
farmers. Before 2000, farmers were only accountable for the maintenance of the systems in
terms of sprinkler packages, pumps, motors, and maintenance of pump house. A private
imgation company is currently contracted to help farmers with the maintenance of irrigation
systems, and farmers are informed to be aware of the costs in this regard (Erasmus, 2003).

A variety of crops are planted on Taung irrigation scheme, with the major crops being maize,
groundnuts, and cotton during the summer months and wheat and barley as winter crops.
Farmers on this imgation scheme use the private sector to help them with the financing of
their summer and winter crops. Suidwes Cooperative supported farmers with production loans
for the summer crops (maize and groundnuts) during the 2002 and 2003 summer crop
production seasons, while South African Malsters (SAM) provide support to 211 farmers with
the production of barley. The imgation scheduling methods that farmers follow in the
production of the different crops varies as indicated in Table 5.15.
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Table 5.15 Different irmgation-scheduling methods applied on Taung irrigation scheme

Crop _Irrigation scheduling method »
‘-S-.Jm'“ﬂ Crops: maze. grouncnuts, luceme Fixed imgabon schedule oy B

Wheat . BEWAB. fixed schedule . —_—

Barley BEWAB, neutron probe. GWK program, SWB

imgation calencars

Farmers use fixed irrigation schedules for the production of summer crops like maize,
groundnuts, while BEWAB and fixed irrigation schedules are used for the production of wheat.
It was found that the majority of maize farmers follow a 7-day irigation cycle

In the production of barley, farmers started off with the use of the BEWAB predictions for
scheduling as being practised with the production of wheat, since the industry as well the
ARC in Bethlehem could not provide adapted guidelines for irrigation of barley for the Taung
area. This program initially worked well until both SAM and the extension officer became
concerned about the over-irrigation that generally took place dunng the initial stages of the
production season, and the under-imgation during critical crop growth stages. Since 2003
the University of Pretoria has been involved in a research project to develop an imrigation-
scheduling program suitable for the production of barley but also adapted for the concitions of
the small-scale growers in Taung. The SWB model is used to generate site-specific irmgation
calendars, which can be used by the farmers for irngation of their crops

- —

Photo 5.9 Relatve old and often under-designec centre pivot irmgation systems used for crop
production at Taung imgation scheme. (2004)

Apart from the on-going research, an irngation consultant was also appointed since 2003 1o

measure the soil water content on a weekly basis with a neutron probe at the cost of the
farmers. The computer program, which the consultant is using, is the same as the one that
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Griekwaland Wes Cooperative uses. This service is compulsive to growers who are
participating under this production program. The information derived from these weekly
measurements, plus the data collected through research and the general observations made
by experts from the industry helped farmers and extensionists to attune the irrigation
scheduling program that is presently used.

Five Farmer Support Units (FSU) are in operation at Taung. A FSU usually comprises of 40-
80 farmers, who meets regularly to discuss important aspects of crop cultivation, which also
includes principles of irngation management. Since 2001, a full time extensionist was
appointed for the support of the farmers involved in barley production. This person enjoyed
specialist training in the production of barley before he was appointed lo support farmers
involved in this project

o _‘; N .;‘
cat‘y.“ " fo p ?
Photo 5.10 Regular training of farmers al Taung s scheduled with the local extensionists and
researchers in imgation management

Lesson leamed
2 MItis clear from this specific case study that the use of relative high irrigation technology
like centre pivols very often require the support of appropriate trained professionals to
ensure efficient use of this equipment. Without this intensive support and resources
available to fund this type of support required, small-scale farmers usually found it
difficult to complete the steep learning curve that is expecled in the production of high
value crops like the growing of barley
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a Cognizance should be taken of the original capacity and design of an irmigation system
before farmers are allowed to extend the imgation systems to satisfy the need of
additional farmers. This aspect was clearly illustrated at Taung where this decision
has caused tremendous practical problems that neither the farmers nor the
professionals could attend to. This inevitably leads to inefficient irngation practices that
could not be rectified by the implementation of irigation scheduling alone

CONCLUSION

Certain factors were identified that influence the performance of small-scale irrigators namely:
group cohesion, institutional support, efficiency anc structure of the management committees,
choice of crops. appropriateness of technical design of imgation systems and the general
commitment of irngation farmers. The following were some of the major conclusions and
recommendations reached by the project team:

2 Small-scale farmers should participate in all phases of the irmigation scheme. Farmers
should be treated as “owners™ rather than as “beneficianes” of a project. As a general
rule, an innovation is better adopted if the small-scale farmer themselves participate in
the setting up process. External management is not conducive to farmers’ taking
responsibility for their farming enterprises The farmers tend to neglect the
maintenance of equipment if they do nol see it as their responsibility.

2 It is also clear from the included case studies, that irngation schemes where farmers are
responsible for the management of the project. a tendency occurs that farmers embark
on high value crops like apples and barley, while the traditional government schemes
like Tshiombo, mainly concentrate on the production of cereal crops and vegetables
which are relative easy to market locally.

2 Consultants and extensionist without appropriate technical training and understanding
of the situation of smallholder irrigation development should rather not participate
unless they receive appropriate training beforehand. Ground level support for the
implementation of sustainable irmgation practices is imperative

a Sharing of imgation equipment like the centre pivots at Taung is only possible with good
cooperation between farmers. Farmers need lo be well organized, and be able to
manage and maintain their shared equipment

2 Sprinkler irrigation is attractive to many of the small-scale farmers - but it was also
found that it leads o excessive waler use like in the Nkomazi. Short-furrow is
extensively applied by the majonty of food gardens anc homestead gardens. Many of
the small-scale farmers are of the opinion that short furrow irrigation is inappropriate
and not efficient, for sustainable food production. There is however an increased
realization amongst scientists that one should rather support farmers with their current
irngation systems and try 1o improve the general irrigation management efficiency
through appropriate training and efficient dialogue between farmers, research and
extension. Scientist will gain a better understanding of the situation and explore with
the farmers what can be achieved on the farm.

=] Many small-scale farmers indicated thal they expenence a serious lack of competent
advisors and extensionisls with specialized training in irrigation. Appropriate training
material and courses for the big number of illiterate small-scale farmers lacks and
should be addressed by researchers, extensionist and rural developers




Clarification of land tenure arrangements of irrigation farmers could increase farmers’
incentive to invest in their land and irrigation systems.

It was observed that many of the small-scale irngators are at this point in time not ready
to be introduced to more sophisticated irngation scheduling practices. Many of them are
still preoccupied with barriers like infrastructural problems emanating from inappropriate
planning and design of irmigation systems, general lack of knowledge and skills of the
maintenance and management of their irngation systems. Therefore the development
of a site-specific irngation calendar as illustrated in the two case studies namely, Taung
and Bethlehem is probably the approach to be followed in the development of small-
scale irrigators.

It was found that farmers, who have been irngating for an extended period, have a
better understanding of irmgation and its limitations, and was generally more willing and
prepared for the trialing and evaluation of new irrigation lechnology like the
implementation of imgation scheduling. New farmers to irrigation development should
first be helped to become accustomed to the “new farming system” before they could be
introduced to irrigation scheduling principles. Many of the small-scale farmers often
lack the necessary knowledge and experience related to the basic principles of
cultivation and production of crops. Farmers need o understand the basic functioning
of a plant and the important dynamics between climate, soil and plant systems.

In Nkomazi the general absence of stakeholders and inappropriate paricipation by
farmers caused many problems regarding the role that extensionists and experts from
the sugar industry can play in the training of and support to farmers. The latter
especially refers to the many landowners found at Nkomazi who are staying in
Johannesburg and Pretoria, and who rely on their family to manage and imgate their
lands.

Extensionists and irrigation professionals referred to the “dependency syndrome™ that
the majority of small-scale irrigators are suffering from. In an effort to break with this
syndrome, farmers need lo take responsibility and ownership for their own
development. This can only be done through proper institutionalizing and establishing
of farmer representative bodies, like for instance the Farmer Support Units found in
Taung, commodity groups in Tshiombo and the block committees operating on the
Bethlehem project. Farmers need 1o perceive the support from advisors and
extensionists as temporarily, and to develop the necessary urgency and molivation o
be capacitated and empowered through the regular interaction between farmers and
extensionists. This study again confirmed that small-scale farmers do not operate in
isolation, but rather in a social and business relationship situation in which individual's
position is progressively influenced as a result of others.

Effective extension support by enthusiastic and committed extensionists is a
prerequisite for sustainable small-scale irmgation development. Small-scale farmers
need intensive extension support to overcome their relatively lower managerial
capacity. Small-scale farmers in general need extension support fo inform them about
new innovations and practices and assist them to become “aware” of the potential use
thereof.

The leaming based approach used in the projects as indicated in the case studies of
Bethlehem and Taung, requires extension officers and advisors to perform new roles.
lliteracy amongst many of the small-scale farmers poses specific training problems to
overcome. Experiential leaming can address this problem but require people with the
necessary skills and knowledge to help and support farmers. Extension officers should

158




be equipped with the necessary skills and knowledge to play an efficient facilitators’ role
in starting of a dialogue with farmers and to listen sympathetically to what farmers have
fo say

Irmigation management was found to be perceived by the majonty of small-scale
imgation farmers as “new technology™ and it is therefore imperative that appropriate
training curnculums and training manuals be developed to support extensionists and
advisors with the training of farmers. The innovation processes of new imgation
scheduling techniques with its three main components (creating a technique,
disseminate the idea and the adoption of it) form a whole. The three components
cannot therefore be allocated to different role players namely research who design the
technique, extension services 1o distnbute them and farmers to adopt them. Small-
scale farmers as illustrated in the case study at Bethlehem should be included in the
process of innovation and conditions should be created for them to participate




CHAPTER SIX: How farmers learn about
irrigation scheduling
practices

INTRODUCTION

Today, more than ever. a wide range of information sources on new innovative irrigation
practices is available to farmers. The science of irngation scheduling has a long. illustrious
pedigree and a large number of methods and models have been developed to determine
when crop requires water, and how much irrigation needs to be applied as indicated in
Chapter Two Studies however. have indicated that farmers do not make use of scientific
tools as expected. A national census in Australia during 1999 revealed that less than 15% of
the farmers used scientific-based tools, whereas over 90% relied heavily on local knowledge
(Stirzaker, 2003).

Information sharing and dissemination through agricultural extension has been inadequate in
the past because irrigation departments have not been effective extension units (Shearer,
1987). Furthermore, information left sitting idle in research centers because of inappropriate
information dissemination strategies (Maliton et.al. 1984). The obstacle has often been the
communication gap between researchers and extension personnel on the one hand and
farmers on the other. The contention is that the existing communication gap emanates not so
much from the language or cultural differences but rather from the methods employed for
dissemination of agricultural information.

Irrigation farmers access various sources of information and belong to various information
networks, which include both formal and informal information networks. The quality of
information networks between stakeholders (researcher, extensionist and farmers as part of
the agricultural knowledge triangle). and their means of accessing outside information are
important adoption factors. Farmers generally use three categones of information sources
namely: interpersonal sources, mass media and interactive electronic information systems
like computers, videos, etc. Rogers (1983) defined interpersonal communication as those
involving face-to-face exchange between individuals and mass media sources as those
enabling one or a few individuals to reach an audience of many The third category of
communication system, namely interactive electronic information systems also categorized as
‘machine assisted interpersonal communication”, was recognized since the early 1980
(Rogers, 1983). The need to determine how different irrigation farmers are learning and how
they perceive the present information sources at their disposal is imperative for the planning
and implementation of future communication strategies as well as to understand the process
of change.
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DECISION AND SUPPORT SYSTEMS TO IMPROVE THE IMPLEMENTATION
OF IRRIGATION SCHEDULING PRACTICES

The findings of this study reveal that individuals will approach problem solving and leaming in
different ways depending on what is effective for them. The process of introducing an
irmgation scheduling method into the farmers' psychological field or life space requires an
appropriate support and communication structure between researchers, irmgation system
managers, extensionists, consultants, advisors and farmers

To assist farmers with the decision making and implementation of irmigation scheduling. the
following support and information sources have been identified (Figure 6.1)

1 Pnvate imgation consultants

2. Cooperative extension officials

3. Representatives of seed, fertilizer and pharmaceutical companies

4 Fellow farmers or the farmer himself

5 Extension officers from the Department of Agnculture and officials from Department of
Water Affairs

6. Farmer study groups and growers' societies like the avocado, banana and table grape
grower s societies

7. Representatives and advisors from irngation companies

8. Commodity institutions or industry specialists like for instance Vinpro (KWV). Cape span

(citrus and deciduous fruit). SASRI (South African Sugar Research Institute). etc
9. Irngation board scheme or Water Users Association officials
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Figure 6.1 Distribution of respondents according to their use of various information and support
system regarding imgation scheduling (N=297)

Figure 6.1 shows that the majority of farmers (84%) depend on their fellow farmers
themselves or the study groups that they belong to. for support regarding irrigation
scheduling. Many farmers indicated that they regard their own farming expenence and
knowledge ("hands on expenence’) as more significant than the knowledge and information of
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industry “experts” and irngation consultants. They often have extensive knowledge of their
own farming situations through close observations of the changes on the farm over many
years. Local farm knowledge was regarded as an imperative addition to scientific “facts”
presented by the “experts” before the farmer can use advice for decision-making. This is an
important step underlying the process of technology adoption decisions.

Farmers also seek advice from fellow farmers, perceived as “opinion leaders” by their fellow
farmers. The respondents perceive these “opinion leaders”, usually experienced and relatively
progressive irmgation farmers as important sources of information and learning. Many young
farmers also referred 1o the potential “mentor role” that some of the experienced fellow
farmers play regarding irngation scheduling, decision-making and management This
acknowledgement of the value of “farmer knowledge and experience’” and the interaction
between farmers of a community, contribute to the building of social capital of a community
which plays an important role in the dissemination of information, learning outcomes and
interaction that takes place. The distance between “opinion leaders” and potential adopters as
well as the frequency of contact maintained between the different parties is likely to influence
the potential rate of adoption. The higher the frequency of contact between the opinion leader
and the potential adopters, the more likely it was found that the potential adopter will benefit
from the information, improve his/her skills and also reduce uncertainty about the new
technology

Respondents were asked to rate the importance of fellow farmers’ knowledge and opinions
for decision-making in irngation scheduling on a ten- point scale. The majority of respondents
(90%) regarded information shared and collected from fellow farmers to be very important,
and this information source (Figure 6 2) was awarded a mean rating of 7.2 on a semantic
scale.

5 g Very important
. 8
S E Important
3
5 Less important
5§
_g-e Not impornant
0 10 20 30 40 50 60
Percentage respondents (%)

Figure 6.2 Perception by respondents of fellow farmers as an important information source for
irmgation scheduling (N=134)

The services of private irmgation consultants and/or other professionals from the cooperatives
and industry operating in the area are often use in cases where farmers apply computer
models and/or highly sophisticated scheduling devices like the neutron probe. etc. Many
farmers identified the important roles that study groups and commodity institutions ke Cape




span, Vinpro, and SASRI play in the learning and support rendered to farmers with irngation
scheduling. A general tendency that occurs i1s that “new farmers” in irngation are more
prepared to rely on the support and advice of industrial experts and/or consultants than on
opinions shared by fellow farmers. The valuable input received from imgation consultants and
industrial experts was acknowledged especially during the initial phases of imgation farming
In this study, “industrial experts” refers to professionals that belong to a specific commodity or
industry i e. deciduous fruit. sugar, wine cellars or citrus

Farmers draw from a range of sources in their leaming about imgation management and
scheduling, and possible changes in irrigation management is likely to be influenced by a
number of information sources. Informal interaction and networking in study groups, farmer
groups and between farmers was found to be very important in farmer leaming. These
interactions usually provide farmers with an cpportunity to compare views on how information
could be applied to their own situations and to tests each other's opinions and attitudes before
making decisions. The differences in the use of the vanous information and leaming sources
by the five different irngation-scheduling groups are expressed in Table 6.1

Table 6.1 Distribution of respondents according to the use of different support and information
systems and percentage use of imgation (N=297)

| % Implementation of irrigation scheduling |
| 0-20% 21-40% 41-60% 61-80% 81-100%  Total
. - (n=165) (n=28) (n=30) (n=12)  (n=57) -
Information/support Y% Y% % % % %
_System . l | | :
Irngation company 06 B 17 0 B 3 |
" Stucy group 7 N - 47 | 25 @ 13 |
Farmers & fellow farmers 83 | 82 83 92 79 84
Cooperative extensionist 10 1 7 50 2 16
| Pnvate consultant/agvisor 2% | s 70 S8 = 32 | 35
Representatives (seed 5 0 8 “ -
fenilizers. agrochemical
_companies) o | | e | ) | o
Irmgation board VWUA S 4 T | 3 5 . 6
Department of Agriculture 31 18 23 0 12 24
exiensionists and DWAF
officals - | S| . i !
Industry extensionist 13 32 40 8 5 15

(Vinpro. Capespan
SASRI. ARC Nietvoordsy)

Private consultants and cooperative extensionists are the main sources of information used
by commercial irrigation farmers. Amongst the small-scale farmers, government or
departmental extension officers are the most frequently used scurces Of the 51 small-scale
farming projects involved in the survey a relatively small percentage (14%) referred to
alternative interactions, which included contact with pnvate industry experts. while the
majority of the small-scale irngation schemes depended upon support rendered by
governmental extension officers A significantly negative relationship was found between the
scheduling figure reported and the use of departmental extensionist (r=-0 254 p<0 05). This
imphes that the majonty of small-scale irmgation schemes included in the survey revealed a
very low percentage of scheduling implementation. The reason for this was that in the
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majority of cases, the reported figure of scheduling reflects the opinion of an official
responsible for extension or development of the particular scheme rather than that of the
small-scale farmers.

During the interviews, farmers identified the unavailability of appropriate technical support
from research institutions in certain commodities like subtropical frut and citrus as being
problematic. In these industries, farmers overcame the constraints through the establishment
of respective growers' societies and study groups viz avocado, banana, mango and citrus.
Some of these “interest specific groups” also appointed their own advisors to support farmers
with different production aspects. which also includes irmigation management and scheduling

In some irrigation areas where local cooperative and private consultants are not rendering
imgation scheduling services and support, farmers rely on the support and consultation from
representatives of fertilizer, agrochemical and seed companies. Farmers acknowledged the
fact that these representatives are not imgation “experts’. but they identified them as
important supportive role-players in irmgation management and excellent linkages with the
“outside world”. For many farmers this is their only lnk with what is happening on the
neighbouring farms. Usually a “recipe” or fixed irrigation calendar based on crop growth stage
and the number of days after sowing or planting is offered to farmers rather than an irrigation
calendar that takes the phenological stage of the crop into consideration.

Farmers approach problem solving and learning in different ways, according to the different

styles of farming (Vanclay, 2003) Some farmers prefer listening, others reading, others

observing while others learn by doing (expenential learning). Based on the different

information and learning sources that irmgation farmers have at their disposal (Figure 6.1),

farmers can be categorized into four different groups regarding the use of leamning sources

2 Localized information source: This group of farmers makes use of fellow farmers, study
groups, departmental extension officers, imigation board scheme officials, water user
association officials, local cooperative officials, local field days and representatives of
seed, representatives from agrochemical and fertilizer companies to acquire relevant
information.

2 Specialist or expert advice information source: This group of farmers’ uses private
irrigation consultants, specialists from the ARC, industry related expertise like SASRI,
Cape span, Vinpro, professionals from universities or tertiary institutions, and
representatives from irrigation companies in their learning process

2 Formal and informal training in irngation scheduling: Fifty eight percent of the irrigation
farmers interviewed indicated that they have attended formal or informal training in
imigation scheduling. Farmers differ in theirr preference either for formal or informal
training opportunities. The majority of imgation farmers interviewed prefer informal
sources of learning mainly because they are familiar with them, and they can choose
learning sources, which fits their specific needs and situation. For example, fellow
farmers and neighbours are often approached for background information and for
information on practical implementation of irmgation scheduling. This group of farmers
usually contacts consultants and advisors from commodity institutions for detailed
technical advice needed for decision-making

3  The use of the pninted media is an important source of informal learning: The most
important media source used by the majority of commercial farmers (72%) is either the
newsletter or information leaflet from the local cooperative or relevant commodity
institution like sugar, barley, or popular articles that occurs in the Farmers Weekly,
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Landbouweekblad or Nufarmer for the small-scale farmers. Printed media as a source
for increased awareness relating to a practice like imgation scheduling is often used and
acts as a stimulus for further discussion and debate between farmers

It is of the utmost importance that clear and concise information on the costs and benefits of
alternative irngation scheduling methods are available. During the interviews farmers
indicated imgation scheduling to be time consuming and costly “Effective information” is
usually generated much slower than generally assumed, and simply the “dumping” or
provision of technical information about irrigation scheduling to a farmer, might not be
appropriate. However not all farmers learn in the same manner as illustrated in Table 6.1
Farmers often differ in the learning sources they access for learning

Informal interaction with other irrigation farmers and social networks played a very important
role in farmer leaming. Such interactions provide opportunities for farmers to compare views
on how information could be implemented within their own situation and to test each other's
values and attitudes towards making changes based on the information. Knowledge gained
from other farmers is very valuable because it is local and comes from direct experience and
observation over time. Therefore, fellow farmers were cited as an important source of support
and information for both learning for change and continuous learning. It was found that family
members (i.e. father) often play an important role in decisions to be taken on the farm, which
also includes decisions regarding imgation scheduling

Understanding the cognitive styles of individual irrigation farmers or the individual groups of

irngators can assist the extensionist or advisor to focus on the most appropriate means of

offening the irngation-scheduling package to farmers. Based on the response of respondents

about the information or leaming sources they accessed regarding irmgation scheduling, four

learning pattern groups of farmers could be identified.

a  Farmers who do not rely on additional information regarding irmigation scheduling on the
farm

a3 Farmers that regularly use at least another learning source before decisions are taken
on irmgation scheduling.

2 Farmers that consult at least two additonal information sources regarding imgation
scheduling. before changing or making decisions regarding irmgation scheduling

a Farm businesses that use three or more additional learning sources before decisions are
taken regarding imgation scheduling

Figure 6.3 reflects the degree to which farmers use a multitude of sources in the application of
irngation scheduling
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Figure 6.3  Distribution of farmers according to their use of multitudes of learning sources (N=134)

It is clear from Figure 6 3 that the majority of farmers (90%) are making use of one or more
additional learning sources, while 10% indicated that they rely only upon themselves for
decision-making regarding the application of irrigation scheduling practices

A tendency was found that younger farmers are in general more willing to make use of
additional leaming sources, especially computer-assisted support and publications than
farmers aged 66 years and older (r=-0.17, p>005) It was also found that as the size of
imgation area increase farmers are generally more prepared to use additional leaming
sources (r=0.23, p<0.05). The level of education of farmers also played a role regarding
preparedness to their use of addtional leaming sources for decision-making regarding
irmgation management. Farmers with college and university training, in general were more
prepared to make use of additional learmning sources, while farmers with a matric qualification
often rely on their own expenence and knowledge gained over the years.

Figure 6.4 highlights the interrelationship between the number of learning sources used by
farmers and the implementation of objective and subjective imgation scheduling methods
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Figure 6.4 The frequency of learning sources regularly used by imgation farmers and the
interrelationship with the applicaton of irmgation scheduling (N=134)

A statistically significant correlation was found between the number of information sources
used and the implementation of the type of imgation scheduling methods
(X=8.90.df=2 p=0.012;, Gamma = 0445 p=0004). This imples that farmers. who apply
objective irngation scheduling methods. are more inclined to use more than one information
or learning source. Irrigators involved in the application of subjective scheduling methods are
more willing to rely on personal expenence and perhaps one additional source of information
usually within the boundanes of a specific irmigation area (‘localized knowledge®). These
findings also proves that it will be incorrect to believe that “science” does have automatic
credibility. and legitimacy, but rather that farmers create their own knowledge through external
information networks, tnaling and expenmentation. Farmers will only use scientific knowledge
when it i1s consistent with their own understanding

These findings also support the general expectation that the technology level of the farmers
and their approach to management determines their choice of the irngation scheduling
method selected and eventually the number of learning sources that need to be used
Farmers that make use of objective irngation scheduling methods are more willing to rely on
the support from professionals like irngation consultants and advisors invanably high
technology information sources and/or weather data for decision-making. Furthermore, these
farmers are more prepared to make contact with a multitude of learning sources as indicated
in Figure 6 4 However, farmers that are not involved in the production of high value/high input
crops will most probably use fixed pre-scheduled irngation programs based on experience or
supphed by some institution or fellow farmer with little or no objective monitoring of soil
moisture or soil water balance. Therefore, this category of farmers is often satisfied with
limited outside contact. and rather prefers to rely on local expert knowledge

From interviews held with farmers it is clear that different farmers require a greater or lesser
number of observations of success by other farmers, before they are prepared to test an
innovation or new technology like objective scheduling Factors like the availability of
information. the perception of the possible monetary value of the new technology and the fact




that farmers put different social status values on being seen as innovative, play an important
role in the adoption process

THE RELATIVE ROLE OF PRIVATE IRRIGATION CONSULTANTS AS A
SOURCE OF LEARNING

Thirty-five percent respondents identified experts of industries and private irngation
consultants to play an important role during the start-up of an irrigation enterprise and during
the initial learning stages The level of farm management and technology needed on the farm
dictated the need for expert imgation advice and the support needed from private irrigation
consultants. In cases of relatively higher levels of irngation and farmer management, the
advice of the consultant and experts were commonly perceived as complimentary or
additional to the farmers wviewpoint in decision-making regarding irmigation scheduling.
Farmers with a relatively low level of irmgation management on the other hand tend to rely
mainly on their own intuition and expernence as gained in the field. This tendency is supported
with findings from a study amongst some of the small-scale farmers where the wetting front
detector was introduced as an imgation-scheduling tool. These small-scale irrigation farmers
were depending on ‘outside” information for irmgation management due to the lack of
knowledge and experience existing amongst the local extension personnel (Stirzaker, ef al.,
2004)

The role and importance of irrigation consultants for decision-making was tested in the
survey, and Figure 65 summarzes these findings. Sixty two percent of the respondents
assessed the role of consultants to be very important for the implementation of objective

irrigation scheduling especially during the initial stage of irngation farming or when changing
to another enterprise.

Very important
Important

Less important

Not at all snportant

Importance of the role
of irrigation consultants

0 10 20 30 40 S0
Percentage respondents (%)

Figure 6.5 Percentage distributions of respondents according 10 ther assessment of the
importance of irrigation consultants as information source for imgation scheduling
(N=134)

To work successfully with imigation farmers, extensionists and advisors should respect the

skills and knowledge of farmers. They must be prepared to acknowledge the skill, knowledge
and expenence of farmers instead of expecting farmers only to be reactive. The credibility and
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competency of the extensionists and advisors as perceived by respondents are very
important for the successful application of a new irngation scheduling practice or method
Many farmers were only in a position to refer to a person, extensionists A or consultant Bs
programs. without even knowing what specific program the person was using and what the
program entails. The importance of trust and credibility of the person responsible for support
("jockey”) with imgation scheduling was emphasized more than once

The following attributes of an irrigation consultant and advisor are according to respondents
very important in the building of trust, credibility and the delivering of an effective irngation
scheduling service (Table 6 2)

Table 6.2 Respondents’ perception of the critical attributes expected of the imgation consultant
and/or advisor (N=134)

. Attributes of irrigation consultants i Number of %
respondents Respondents
| 1. Technical competence ) R S -. 4 |
2. Affordable support service | 54 40
| 3 Timely, focused and accurate information . 47 35
‘4 Integnty ooobnlnq_hustwoﬂhmoss and com"\nmont | 3 28 —
_ 5.__Preparedness to learn from each other 25 19
6 Practical recommendations and nsight into the . 24 18
context of apphcation ‘
7. Abidty 1o mterpret data as measuraed. and not only 18 13
{ acts as 3 “dop stick” oMering data — a awm
8 Avmlabdrly empathy and mnerpersonal sensuhvny itwity of 1 15 1
_consultant |

— — - - - —

The following attributes of advisors and extensionists as identified are cntical for the building

of trust and credibility between the two parties.

3 The first qualification farmers expect of imgation consultants s experience and
competency in the imigation area (42%). The consultant must have both educational and
practical knowledge of the irngation system operation and management. which includes
irngation scheduling. Farmers perceive this attnbute in general as an important basis for
the building of long-term relationships

a The advent of computer irmgation scheduling and the use of sophisticated scheduling
devices Iike neutron probes, etc that necessitates the use of appropnate computer
software, has resulted in some activity by consultants. However, computer experts
without proper expenence and training in imgation management and general agncultural
production are not in a position to help farmers with the interpretation of data measured
in the field. In conjunction with integnity, farmers perceived this as an important basis for
the building of trust

a Timely, focused information (35%). In general. there is an expectation that the
consultant/agvisor should be able to understand the bigger picture. An advisor
/consultant should be able to see what innovations or practices are on the honzon. keep
the farmer informed of these as they emerge and as they are appropriate to the farming
system of the farmers. and be sensitive to tming Many farmers acknowledged this
attnbute as the biggest advantage of imgation consuitant or extension services
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Integnty and credibility (28%): Advisors are expected to be unbiased. trustworthy,
maintain confidentiality, and be reliable. Integrity of a person was identified to be of
utmost importance for the building of a sound relationship.

9  Understanding the context (18%): It is important that the irrigation consultant /advisor
must be well informed about the latest developments of the specific industry with which
the farmer is involved. They have to make recommendations that are adapted to the
farming system and style of a specffic farmer. The consultant/advisor must also
understand the social norms and values as applicable for the specific farmer, and
recommend practices that are feasible in terms of the specific farmers’ economic, social
and environmental context.

a  Abiity to communicate effectively and interpret measured data (13%): Firstly one of the
constraints of many of the irmgation consultancy services rendered to farmers is the fact
that many of the consultants are not in a position to interpret the data they have
measured because of their formal training (either insufficient or inappropriate). Because
irngation scheduling is about providing information concerning a living, dynamic
ecosystem, knowledge and experence in agronomy, soil physics, cimate and the
interaction of these elements are required. In the second place, it is of utmost
importance that advisors and consultants understand and act on the knowledge they
have gained regarding the learning preferences of the farmer

2  Availability, empathy and interpersonal sensitivity (11%): T he ability and availability of
advisors to identify needs and problems of clients as well as to offer support to farmers
with appropriate information for decision-making are important characteristics of an
extensionist or advisor. The development of trust between the relevant parties through
showing empathy with the needs of the farmer is an essential element for adoption of
new practices

a  Preparedness to learn from each other (19%): Advisors should be able and prepared to
learn from each other and from the farmer as well. Advisors should be prepared to take
the responsibility for their recommendations, but also be prepared to listen, observe and
interpret what farmers are saying. Many farmers indicated that they perceived the role of
advisors, extensionists and consultants as being very negative. This is largely because
they are inclined to force the technology down upon farmers, without adopting a
participatory approach in this regard.

PERCEPTION OF THE POTENTIAL ROLE THAT WATER USER
ASSOCIATIONS COULD PLAY REGARDING THE PROMOTION OF
EFFICIENT WATER USE PRACTICES

There is little empirical evidence about the rate at which farmers become aware of new
practices and innovations. Once a farmer becomes aware of or shows interest in an
innovation or a new practice, he will collect all relevant information on that particular practice.
Education and training play an important role to raise awareness amongst farmers regarding
alternative practices and enabling them to adopt such practices

The WUAs should be organized to play an important role in the raising of general awareness
amongst the imigators for the possible benefits (relative advantages) as well as the risks
associated with the implementation of certain irmngation practices The perception of
respondents regarding the possible role that WUAs could play in this regard was tested on a
ten-point semantic scale (0= not important; 10= very important) and is illustrated in Figure 6.6.
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Figure 6.6 Percentage distribution of respondents according to their assessment of WUAs
potential role in the awareness promotion of ingation scheduling practices (N=137)

The majonty of respondents (80%) were of the opinion that the WUA could and should play a
more definite role in the adoption process of irngation scheduling and efficient water use on
the farm

CONCLUSION

In conclusion, it was found that farmers use different learning scurces that fit the different
farming styles as well as the specific stage of the Ifecycle of irmigation farmers. The stage of
the lifecycle of a farmer will influence his/her attitudes. perceptions and willingness to tnial with
new innovations

2 Some farmers indicated that they seek information and advice mainly from local experts
like the local cooperative extensionists fellow farmers. and water institutions like the
irngation board and do not regularly make use of “outside” information. Many farmers
indicated that they have learned about irrigation scheduling from expenence gained over
time. The local knowledge of farmers. which has been gained through experience, is an
important source of learming In addition to farmers leaming from their own experience
they also learn from the experience of other farmers. The majority of respondents (84%)
rely on the use of fellow farmers or their own expenence and knowledge in the
application of imgation scheduling

a  The more progressive farmers and bigger farm businesses are more likely to use the
irmgation consultants and experts of industries for advice. 35% of the respondents
indicated the use of consultants as their major source of information regarding irrigation
scheduling. Members of this group base their information on “opinion leaders” in the
farming community

a2  The third group is more of an outward focused group and consults widely whenever
information is needed. Furthermore. this group is likely to be already participating in
other learning activities like training, study groups, and external networking




A significant relationship exists between the number of information sources used and the
applhication of the type of irngation scheduling methods (X*=8.90. p<0.05). This implies that
farmers involved in the use of objective scheduling methods are more willing and prepared to
seek for additional information sources outside the irngation area than the farmers involved in
subjective scheduling methods. The farmers of the latter group are more prepared to seek
information from fellow farmers and local information sources. These findings also support the
general expectation that the technology level and approach to management by the farmer
determines the choice of imgation scheduling method selected and eventually the information
sources used

The irmgation farmers identified desirable attnbutes of extensionists, consultants and advisors
like credibility, integrity, technical competence and effective communication to mention a few
to play a crucial role in the uptake of information conceming new irrigation practices and
technology. The majority of respondents (80%) are of the opinion that institutions like the
WUA can play an important role in raising awareness amongst farmers for the application of
efficient irrigation management practices, as well as irngation scheduling




CHAPTER SEVEN: Conclusions and
Recommendations

Irrigation scheduling, which implies the provision of the required volume of irmigation water at
the nght time, is widely recognized by agncultural scientists as being a prerequisite for
efficient water management on the farm. Although a great variety of irigation scheduling
methods and models are available to the irmgation farmer in South Africa, only 18% appear to
irrigate according lo this fairly strict definition, using objective or scientific irrigation scheduling
methods. The majority of farmers regard the use of intuition, which is based on own
knowledge and experience as gained over many years in irrigation farming, to be adequate
for decision-making.

One interpretation of this low rate of adoption is that irrigation farmers generally have a
negative attitude towards objective irrigation scheduling methods, and consequently prefer
relatively superficial decision-making strategies. More likely reasons are that the information
provided lto irrigators through objective assessments does not meet their managenal
information needs, and therefore not all the imgators found the net benefit of the
implementation of objective scheduling very positive.

Objective imigation scheduling represents an attempt by scientist to intervene and improve the
irrigators’ management on the farm. However, what is not appreciated is that the successful
decision and accommodation of a singular innovation in the total management system is
much more complex than an isolated adoption (McCown, 2002). This gap of discrepancy
between what science has to offer as a solution and what farmers expect and need or what
they regard as appropriate represented the focus of this investigation. This study indicated
that the perceived inappropriateness is related to the risk and management complexity
associated with,

The following conclusions and recommendations based on the outcome of the study should
serve as general guidélines for the improved diffusion and implementation of irrigation
scheduling among irmigators.

CRITICAL FACTORS THAT INFLUENCE THE ADOPTION OF THE
IMPLEMENTATION OF IRRIGATION SCHEDULING

1. Differential perceptions regarding the concept of " irmgation scheduling”

As a concepl, “irngation scheduling™ encompasses more than the restrictive definition
recognized by agricultural scientists. Objective irrigation scheduling approaches represents a
means for agricullural scientists 1o provide farmers and advisors with information for decision-
making. The majority of irngators perceive irrigation scheduling to include the use of intuition,
experience and observation in following “a programme or time table for the application of
irrigation.” Irrigators thus tend to fall into one of the following categories:

2 Some farmers have indicated a very strong belief in the use of more objective
measuring of irrigation scheduling. Decisions are based on scientific indicators, and
there is a general belief that technology provides an answer to their problems. For
these farmers, objective measurement is ideal because data and measurements are
repeatable and generally fit the paradigm of “scientific thinking".
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3 However, the majority of farmers use subjective irmigation scheduling, which is mainly
based on intuition in adapting to fixed and semi-fixed imgation calendars. Little or no
measured data s available, and therefore the decision taken by the farmer is hardly
repeatable.

The general tendency among agricultural scientists is to regard only empincally knowledge or
based on “science” as being valid, and thereby often ignores knowledge based on farmer
experience and which is compatible with the specific needs and situation of the farmer. These
differences regarding the definition of irmgation scheduling was also evident within the
discussions of the advisory committee members. Some members were convinced that
imgation scheduling referred only to the implementation of objective imgation scheduling
methods, while others also perceived the use of intuition as an alternative irrigation
scheduling method, for which the concept. unless artificially delineated makes provision for

It is clear that farmers and agricultural scientists have different perceptions regarding the
definition of irngation scheduling and this goes a long way in explaining the often-
unsuccessful communication between scientists and farmers and the resulting low adoption
rate. It is important that cognizance is taken of these differences and that more effective
dialogue is pursued (between scientists and farmers) which is characterised by empathy and
a willingness to listen and to engage in co-leamning. Immgation strategies can only be efficient
when designers, irngation suppliers, and agronomists and farmers communicate effectively
and on a regular basis.

2 The effect of situational variation on decision making regarding irngation scheduling

Farming enterpnses involved in the production of high value crops are more prepared !0
make use of objective irmigation scheduling because of the large scope of perceive
improvement in crop quality. The current trends adopted within a high technology level farm
must keep up with the traceability of product, changes in fertilization strategies from feeding
the soil to feeding the plant, new soil management philosophies, integrated crop
management, use of softer pesticides and herbicides, the world of ISO standards and
Eurepgap and also produce to improve margins. The new paradigm in which high value crop
farmers are competing also made farmers more aware of precise imgation scheduling.

Precision scheduling provides more accurate information for tactical decision-making that
could help the farmer to minimize the risk. The decision of the farmer whether or not to use
precise irngation scheduling for tactical decisions, will depend on the position of the farmer on
an input-response curve. For many tactical decisions the response curve is steep and then
flat. When the farmer is still on the steep slope of the curve, the relative advantages will still
be visible and relatively big (large response to the introduction of irmigation scheduling on the
total irngation requirement for a specific crop). Furthermore it will be cost-effective to spend
acditional time and resources on fine-tuning the irrigation scheduling. However, when a
farmer is confronted with situations that are marginal and where risk and uncertainty prevail
because of the flatness of response. there may be less to be gained from implementing
precise accurate imgation scheduling with detailed simulation models. Farmers in general are
risk averse, and will therefore opt for insurance irmgation whenever possible

It is, therefore, imperative that agricultural scientists and extensionists should try to
understand the difference between the real nsk perceived by the farmer at farm level which
are addressed with intuition most of the time and the assumed risk by scientists in their
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modelling on a fieid level. Tactical decisions, which refer lo decisions taken everyday, are
difficult for the farmer to take because of the uncertainty of their outcome. Furthermore, the
farmer’s position on the response curve should also be established through effective dialogue
between the relevant stakeholders before recommendations regarding imgation scheduling
are offered. This dialogue referred to imply effective two-way communication and continued,
thoughtful exchange of ideas that matter most regarding irrigation management, and
scheduiing time.

3. Farmer's decision-making is limited by insufficient information

The irrigation farmer is in the first place a producer of crops. Therefore, according to Brookes
(1948), the crop farmer is concemed with the integration of all the factors that determine plant
growth and development, and it is the basic knowiedge of this integration that is deficient.
Rather than a shortage of information, many of the commercial farmers complain about
“information dazzle™ or information that cannot be readily integrated for use in decisions to be
taken regarding imgation management.

For this to happen, it is essential that accurate, reliable, timely and appropriate information is
developed, and effectively disseminated to extensionists, advisors and end users. However
small-scale farmers experienced the opposite where appropriate and specifically adapted
irrigation management information is often lacking. The majority of small-scale irngation
schemes are situated in extensive rural areas where modern communication technology like
telephones, Internet and regular contact with professionals and the printed media is mited.
This calls for creativity and special inputs in the development of appropriate training material
to support small-scale farmers and extensionists.

However, this study indicated that the general technical knowledge and competence level of
many of the men and women responsible for the support of the imigation farmer are
inadequate. It is likely that the educational system responsible for the training and preparing
of students to take up these roles in water management is limited or inadequate. This
shortcoming in training and competence of extensionists and advisors was confirmed by 49%
of the irigation consullants who referred to recommendations made by some of the
consultants, which are often not compatible with the farmers’ practical management needs. If
farmers are unable 1o perform uniformly and precisely, according to the irngation water
application recommended, they tend to follow a general tendency of applying rather an
excess of water over the whole field than too little water (“insurance irrigation”). The challenge
exists for extension and imrigation consultants to gain the necessary skills and competence,
not only to transfer general knowledge and information, but also to support farmers with the
identification and conceptualization of problems in irrigation management. Extension involves
more that just the transfer of information, but requires effective co-learning between the
relevant parties.

There is an urgent need for a study into the current status of training in irmigation management
offered at all the tertiary institutions in the country. The curriculum offered in irnigation
management at these tertiary institutions should be evaluated and shortcomings identified
and addressed where possible.

4. Cost of irngation scheduling
Irrigators perceive the implementation of objective irrigation scheduling methods as time
consuming (50%) and costly and not practical enough for implementation on the farm (65%).
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Therefore many irrigators do not perceive enough benefits for them to continue with the
implementation of this scheduling approach and tend to revert back to subjective imgation
scheduling methods. Farmers are likely to continue with traditional imgation scheduling
technology until new irrigation scheduling technology is developed, which provides directly
visible results or benefits with minimum cost or inputs time. The benefits of the
implementation of more sophisticated imgation scheduling methods tend to be more evident
to producers of high value and intensive crops. The improvement of crop quality and
efficiency of nitrogen and nutrient management are perceived by this group of farmers as
important motivational “driving forces™ for the implementation of objective scheduling.
However, for a large number of cash crop growers (maize, wheat, cotton, elc), the possible
financial advantages are not always evident and therefore these farmers generally are more
willing to follow a fixed or semi-fixed schedule for irrigation

There is a great need that the nsk that imgators are prepared o take with the use of
sophisticated irrigation scheduling methods should be discounted against the possible
benefits to gain from such implementation. Although this study identified certain trends. a
more detailed analysis of the role of nsk and uncertainty in the decision-making of imgators is
needed.

Seven percent of the respondents perceived absolutely no change in production efficiency
since the introduction of imigation scheduling on the farm. These include the number of
irrigators that were newly introduced to the use of objective scheduling methods and farmers
involve in the production of pastures that raised certain concermns regarding the
implementation of objective irmgation scheduling methods. Pasture farmers are concerned
about the fact that there is a general lack of simple, practical way of keeping track with the soil
water content changes that are taking place in the shallow root zone of pastures. Therefore,
for many of the pasture producers in the country it makes sense to follow a fixed or semi-fixed
irngation schedule in combination with the use of intuition. Although the use of conventional
methods like the soil auger and shovel are still commonly use by these farmers, an urgent
need exists to investigate the possible adaptation of real time imgation scheduling models
into irngation calendars for pasture production. The possible use of a soil probe and the
wetting front detector should also be further investigated and demonstrated to farmers

5. Wrong packaging of imigation scheduling?

In the past the benefits of possible water saving was perhaps overemphasized, while other
relative benefits like saving on electricity operational costs, improvement of nitrogen and
nutrient management, improvement of quality of crop and the increase in production yields
were often neglected or not properly highlighted by extension in the dissemination of
information. Farmers perceived the relative advantages attached to the practising of irrigation
scheduling rather as a "multitude of possible benefits™ and not as a single advantage such as
the saving of waler. Future initiatives by extension and research should therefore be directed
fo ensure that imgation scheduling is “sold™ to irrigators in an appropnate and sensible
manner. Instead of focusing only on the conservation of imgation water through more precise
imgation scheduling approaches. irngation scheduling should rather be recommended for
“trouble shooting™ in imgation management. The additional benefits mentioned above are
invanably more wvisible to farmers and will also help to change perceptions. beiefs and
attitudes of farmers towards the impiementation of imgation scheduling.
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6. Uncertainty regarding future imigation water allocations

Although farmers in general perceive the conservation of irrigation waler to be very important,
the application of irmgation scheduling, 1o ensure more efficient waler use on the farm is
perceived as more important than saving water per se. Farmers’ atlitude towards the saving
and efficient use of imrigation water is in general positive, however many farmers are
apprehensive as to whether the practising of efficient irrigation practices on-farm may lead to
a possible revisit of current allocations of irngation water by DWAF. The following statement
by a very progressive irrigation farmer in Mpumalanga confirms that:

* Not many changes have taken place as far as an irngation farmer in an irngation scheme is
concerned, except that if you do not keep on using the allocation of irnigation water, you will
lose it. This make farmers very much wary about the real value of irmigation scheduling”

It 1s therefore important that government (DWAF), as well as the relevant water management
institutions, urgently address this concern or misperception of farmers appropriately to assure
the necessary security of water allocations. If not properly addressed this misperception could
act as a possible hindrance to the adoption of efficient irngation management.

7. Role of WUA regarding the adoption of irmgation scheduling

The fact that 96% of the respondents also regard the implementation of irgation scheduling
by there fellow farmers as important, is a clear indication that farmers perceive imgation water
as a common property and therefore also support the use of sustainable irngation practices
not only at a farm-level, but also on scheme level. Often the assessment of water resources
along with the planning and construction of the irrigation scheme is the responsibility of
engineers. Usually the irrigation deliveries are set, and not specifically based or related to
crop needs. Lack of cooperation and coordination between farmers and the administration
staff on irmgation schemes contributes to the relatively poor water use efficiency experienced
on some of the schemes.

The supportive role, which local water institutions should play with regard to the adoption and
improvement of effective water management principles, emerged from the survey. Eighty
percent of the respondents were of the opinion that the WUA could and should play a more
definite role in the adoption process of irrigation scheduling and efficient water use. As Water
User Associations in South Africa will implement the Water Demand Strategy (WDM) as
adopted by the Department of Water Affairs (1998), through the implementation of
appropriate Water Management Plans (WMP), one of the new expected roles, which WUAs
and irrigation agencies should take up, is the empowerment of farmers through facilitation of
appropriate training programs. For the implementation of the WMP, it is expected of the
WUAs to interact effectively and regularly with farmers, who are expected to have a
prominent say in the design and management of an irmgation scheme. To accomplish this it is
important that farmers should be prepared and motivated to organize themselves for the
purpose of water user associations. Also the necessary support (technical and managerial)
and general awareness should be offered through efficient communication between the
WUAs and imigalors.

A practical example is the role that the water authorities in Hermanus played during the early
90’s as indicated in Box 7.1.




| Box 7.1: Making Water Demand Management work!

The town of Hermanus in the Western Cape Province of South Africa faced a senous
shortage of domestic water in the late 1990's. An option to alieviate the problem was 1o
build a storage dam- but the high construction cost of it did not make this an aftractive |
solution. The water authonties then decided that they would attempt to convince users 1o
use less water. Subsequently an escalating block tanff structure for water was instituted
but no significant changes in water use were expenenced. When the authonties started
1o show the tariffs with user-friendly graphs on the accounts. users began to realize the |
cost saving in using less water. The outcome was that the total water use for the town
decreased far beyond expectations and the building of the dam will not be necessary for
several years 0 come.

The current initiatives and activities of some of the WUAs, which were visited. were found to
be remarkable and were perceived favourably by farmers. However, there are many water
institution managers that still perceive their role only as that of delivenng bulk water and the
general management of the scheme.

8. The use of computer models for imgation scheduling

Ownership of compulters is with the exception of the small-scale farmers, no longer an issue
amongst commercial farmers. In this study. all respondents indicated that they have access to
computers, but computers were used rather for general farm management and record
keeping (largely for tax and labour management purposes) and not for imgation scheduling
purposes. The majority of irrigators still rely on intuition or paper and pen for making irrigation
scheduling decisions

From the responses received it is clear that computer irrigation scheduling models and
programmes are oo complex or difficult to be used by the majority of farmers without the
necessary support of extensionists and irrigation consultants. This results in irmgation
scheduling models and programmes being predominately advisor-driven rather than farmer-
driven, and result in their distribution largely being geographically bounded. The majority of
imgation scheduling models available to farmers require certain levels of skills, access to
computers, computer literacy and easy access to weather data.

It is recommended that an alternative o the use of simulation models for real time irrigation
scheduling should be developed like a site-specific irmgation calendar for irngation farmers.
This approach is currently being tested in Taung amongst the small-scale farmers involved
with barley production. Initial results appear to be very promising and farmers are eager to
apply the recommendations.

As already been emphasised earlier in the document, it must be kept in mind that models are
built mostly by agricultural scientists and therefore reflect the decision-making style of the
developer. Therefore it is important that scientists need o understand the farmers’
management of risk and enter into a co-leaming adventure through effective dialogue. Only
through effective dialogue between farmers and the professionals responsible for the support,
will it be possible to identify the real needs of farmers (felt and unfeit) and unilock the local

knowledge and intuition of the farmer.




9. Flexibility in irmgation scheduling

The implementation of objective irrigation scheduling techniques, which are based on field soil
water balance, requires that farmers take an appropriate amount of water from the supply
system timeously. The inability of the conveyance and delivery system to deliver water at the
farm gates with the necessary reliability and flexibility will hamper the implementation of
objective imgation scheduling. This was found to be common in the older irrigation schemes
where water is delivered to farmers in a predetermined schedule. With predetermined
scheduled delivering followed walter stress periods, which occur when, the time inlervals
between successive water applications are oo large.

The building of on-farm storage facilities can provide the farmer with more flexibility in terms
of the water he/she receives and the applied irrigation practices. Economic factors like
additional capital and operating costs required compared with the potential yieid reduction or
increase because of the additional reliability of water supply will influence the final decision
made by the farmer.

Lack of flexibility in water delivery was also attributed to the limitations of the canal system. In
many of the older irrigation schemes the relatively poor state of canals and long distances
that water has to travel with relative high spillage, caused serious problems in terms of the
supply of water to farmers, especially during peak growing periods. Although the majority of
imgators are aware of the use of Ruraflex, not all of them can irigate only during the
nighttimes or low demand periods. Due to certain canal capacity limitations they also have to
irmgate during peak and standard demand periods that are less cost effective. Therefore
although a farmer can select a certain irrigation system designed to apply a certain volume of
water in a 24-hour period, certain shortfalls could be created because of limitations in the
delivery of waler and, therefore, it is common to find farmers irrigating 24 hours per day, for
seven days per week during peak growing periods.

With existing bulk water conveyance systems it is recommended that the designer (engineer
of the scheme) should determine whether cost-effective alterations can be made fo increase
the manageability and effectiveness of the canal system. It is important for extensionists,
designers and planners of irrigation systems, farmers and imigation scheme managers (o
communicate regularly and effectively to address situation specific shoricomings regarding
the delivery and reliability of irrigation water. Water management institutions like the WUA
should also employ all reasonable effort to:
a Calculate the imgation requirements for each crop grown in the WUA distnict
a Estimate as closely as possible, the area of each crop grown, preferably the average
over more than one year in the WUA district, and
a Use the above fo calculate the monthly and annual irmigation requirements for the
WUA.
This information plus the use of a computer program like SAPWAT can assist irrigation
scheme managers with the planning and management of an imrigation scheme. Appropriate
training in the use of SAPWAT and to calculate the net irrigation requirements of an irmgation
scheme, is essential.

10. Distnbution uniformity of imigation systems

The ability of an irrigation system to apply water uniformly and efficiently to an irrigated area is
a major factor that influences the agronomic and economic viability of a production system.
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The awareness and regular evaluation of distribution uniformity and application rate of an
imgation system is an important managerial function required from an irrigator.

The distribution uniformity of an irrigation system depends both on the charactenstics of an
irigation system and on the managerial decisions of farmers (Pereira, 1999) Surface
irrigation is influenced primarily by the soil intake characteristics, while overhead irrigation is
influenced by the condition of sprinkler packages and the pressure variation within a system
(Reinders, 2003). These factors of an irngation system need to be correctly managed to
ensure that the distribution uniformity is at an acceptable level. which will ensure the optimal
use of water resources

It is a concern of many of the irrigation advisors and professionals that many farmers do not
regularly measure the distribution of uniformity. Although 64% of the respondents indicated
that they measure distribution of uniformity of their irrigation systems on a regular basis, these
practises were not validated on the farm. From discussions with extensionists and irngation
consultants it appears as if this figure is inflated.18% of the respondents admit they do not
pay attention to this aspect of irrigation management. If a farmer does not regularly measure
the distribution uniformity of an irrigation system, he/she cannot calculate the mean
application rate of irmgation, and is therefore not aware of the vanability of application of
irrigation. A cnitical factor often neglected by designers and planners of irrigation systems is
the ease of management and operation of the imgation system. The easier the system
operation instructions are. the more likely the operators will carry them out. Imgation systems
should be robust and easy to mamntain by semi-skilled persons.

It is recommended that a comprehensive operation and maintenance manual always form
part of any designed irmgation system. Extensionists, advisors and water institutions should
play @ more distinctive role in increasing the awareness of irngators in this regard and aiso
become more active in the evaluation of irmigation in the fieid. Currently, only the ARC IL! is
offenng this service countrywide with the help of a field laboratory unit. It is recommended that
more extensionists and advisors responsible for the support of imgation farmers should be
equipped with a fieid laboratory that could be used for the field evaluation of irmgation systems
and for regular on-farm demonstrations

Although dnip irrigation is generally efficient when it is well managed, flood irrigation should
not be dismissed as a matter of principle. Properly designed, constructed and operated flood
irmigation systems are very efficient in terms of water use, with the benefit of low running
costs, Laser planning devices enable performance improvements in the infiltration system for
level basins and level furrows found in the Lower Orange irrigation area. The impact of
levelling accuracy on distribution uniformity and on yeld was perceived to be highly
significant. This was therefore adoptec by the majority of farmers in the Lower Orange as a
standard approach for new irrigation development. The need for appropriate maintenance and
precision of land levelling is important as it facilitates imgation scheduling and induces higher
yields

Incentives (like soft loans, rebates, etc) should be considered for those farmers who are
prepared to use efficient imgation management. Even on the farm these incentives could be
introduced where the farmer awards his/her block manager for the efficient water utilization on
the farm.
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11. Imgation water taniffs

On the majority of schemes the individual abstraction of irrigation water is nol measured.
Irrigators generally pay water tariffs that are based on irrigated area, and not on actual water
volumes used. Consequently there is little financial and social incentive for the
implementation of efficient irrigation management.

It was generally found that farmers have a positive attitude towards the implementation of
volumetric water tariffs, where a flow meter is installed to measure individual abstractions.
The introduction of water tariffs based on volumetric allocations instead of on a flat rate based
on area lisled for irrigation is acknowledge by the majority of farmers (85%) as being an
important condition for more efficient water use This, however, requires proper water
measurement at the intake of the bulk water conveyance system and at each outlet. Reliable
and accurate flow meters should be identified and put into operation as soon as possible. The
findings of @ WRC research project on the evaluation of different flow meters available for the
imgator will soon be available. Important in this regard is that this device should be accurate
and the users should trust the readings, which are generated.

The use of volumetric measurement will mean that irrigators pay in proportion to their use of
water services. A visible and simply understandable way should be followed on a monthly
basis to inform imgators about their position regarding the water allocation. Financial
incentives should be put in place for the farmer who is willing to schedule more accurately
and prepared to use water more efficiently on the farm. Water trading is such an exciting
mechanism o encourage the judicious use of water. The current tanff system does not
provide incentives for farmers who use water wisely and should be revised.

12. Required attributes of extensionists and consultants for efficient support in imigation
managemenit.

Several attributes of consultants and extensionists were identified in the study, which are
critical for the building of trust and credibility between irrigators and the advisor or consultant,
These are the following: technical competence; timely and focused support. integrity and
credibility; understanding the context of the farmer and the industry: ability to communicate
effectively and interpret measured data; availability, empathy and interpersonal sensitivity,
and a preparedness to learn from each other.

Advisors and extensionists should be able and prepared to learn from each other, and from
the farmer as well. They should be prepared to take responsibility for their recommendations,
but also be prepared to listen, observe and interpret what farmers are saying. It is important
that advisors, consultants and extensionists involved in the dissemmnation of information
regarding imgation technology. should take cognizance of these attributes that were identified
by the farmers for successful interaction with extension.

13. Knowledge support system

Irrigation consultants, cooperalive extensionists and representatives from supplier companies
are responsible for supporting commercial farmers with information regarding irrigation
management. The necessary skills and competence to interpret data and technology into
useable information for the farmer is of paramount importance. Unfortunately many of the
imgation scheduling consultants and advisors operating as knowledge support system to
commercial farmers are not properly trained in irrigation management and equipped to fulfil
this responsibility. They also don't allow themselves enough time to spend and help farmers
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with the interpretation and possible recommendations concerning the measurements.
Farmers perceived the regular visits of consultants as very important in the building of trust
between parties, as well as to be assured of the current trends of soil water balance in the
field.

It is recommended that a professional association like SAB! could assist with the development
of ethnic standards and competence requirements for accreditation and licensing of irmgation
consultants and advisors. Although SABI is currently offening some short courses in irngation
management and design, the successful completion of such training is not stated as a
prerequisite for the delivering of irmgation consultancy services.

14. Relationship between farmers, researchers and extensionists

A great obstacle to the adoption and use of objective imgation scheduling is the lack of
interactive communication between researchers, extensionists and farmers. Reviews of the
World Bank and USAID experience in research have all identified research-extension
linkages as constraint in realizing the full benefits of research (World Bank 2003, USAID,
2003). Although agrnicultural technologies have and continue to derive great benefits for the
private sector, public sector research ancd technology transfer institutions have failed to
provide small-scale farmers with appropriate technology to meet their needs. Although this
relationship between research, extension and farmers seems ideal in theory, it has not been
successful in many parts of the world. As agriculture becomes more knowledge intensive,
these linkages are found to become even more critical, demanding target and user-driven
research and technology development

Poor adoption rates of irrigation scheduling technologies demonstrate that linear. reductionist
and positivist perspectives, or the ‘Transfer of Technology' approach (TOT) familiar to
research organizations (Roling, 1994) do not work well for this particular problem. The TOT
perspective does not easily accommodate the dialogue and negotiation among stakeholders
necessary for working through a complex issue like imgation management with many
variables. It is important to harmess the local knowledge and experience of farmers into the
development and implementation of imgation scheduling methods through participatory action
research. This partnership between research-extension-farmer suggests a ileaming process of
investigation, assimilation and of sharing. Essential to the partnership is ownership by all
stakeholders of the leaming and shanng paradigm. Important is that each of the partners
must be committed to the learning and the shanng paradigm. This partnership entrenches the
importance of mutual or co-leaming that exist between stakeholders. Essentially this
demands for a paradigm shift from many researchers and extensionists as new roles are
required from these professionals

15. Institution building

Farmers are keen to take up information and technology once they can perceive that it will
improve their on-farm results, especially productivity levels. The overwhelming response in
terms of the role that farmers themselves play as a recognised learning source in terms of
irmigation scheduling, emphasises the important role that study groups (farmer directed
groups) and agricultural institutions (WUAs, imigation board, farmer unions) could play to
deliver and provide the many features which make education and training effective for adult
learners. These networks and interaction between individuals and between individuals and
groups build social capital, which is important for the process of leamning.
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Therefore the following actions are important:

a Establishment of well-organised and well-facilitated farmer directed groups.

o More emphasis on delivering irmgation management and irrigation scheduling training
through agricultural institutions and organizations.

a Farmers should place more emphasis on the agnicultural institutions to identify training
needs to help improve participation

16. Leaming cycle of imigation farmers

As farmers proceeded through the learning process of evaluation, trialing, and determining
whether a specific irrigation scheduling method was appropriate for a specific farming system
and their personal goals, some either adopted or rejected the scheduling method. Fifty seven
percent of the respondents changed their perceplions regarding the most appropriate
irmgation scheduling method since the inception of irrigation scheduling. The majority of
respondents who changed their practices were nol satisfied with the accuracy of the
scheduling technique or with predictions offered by a computer model. Many expressed
difficulties with the implementation and use of the tensiometer in the past, which also reflect
the fact that certain irrigation scheduling approaches require a very steep leaming curve to be
achieved before it could be successfully implemented. From the findings it is clear that many
farmers did meet these requirements but were disappointed with the results of implementing
these methods of irmigation scheduling.

The majority (69%) of the respondents who discontinued objective irmgation scheduling took
the decision because they were of the opinion that they had gained enough knowledge,
confidence and experience lo continue with the use of subjective scheduling. There is a clear
tendency for farmers to initially prefer objective irrigation scheduling methods up to a stage
where they feel that they have the situation under control, and will then move on to another
phase of the production cycle which may include markeling, changing fertiliser management
or labour management, etc. During this phase of production farmers will implement subjective
irrigation scheduling methods based on their experience, and knowledge gained. The more
experienced farmers often only use the objective irrigation scheduling methods as a
monitoning system to re-assure themselves that they are still heading in the right direction. If
necessary they will revisit the irmgation scheduling practice, which they have adopted. This
“leaming cycle” which many farmers are following should be acknowledged. The extensionists
and researcher should identify the position of a farmer on this learning cycle in order to render
efficient support. This will only be possible if efficient communication between the farmer and
the professionals is developed.

Understanding the irngator’s perceptions, needs and knowledge is critical for the successful
implementation of efficient irrigation scheduling practises. The study has shed much light on
these behaviour determinants, but follow-up investigations are necessary regarding the
following:

a Establishing how perceptions and needs change over time and how they influence the
pattern of implementation (approach of irrigation scheduling). This could be achieved
through follow-up surveys involving, as far as possible, the same respondents or through
more qualitative and case study approaches

a Quantifying more accurately the various behaviour determinants in order to the degree (o
which individual critical advantages, in comparison to a cluster or multitude of them,
explain variation in behaviour.
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2 A more detail assessment of the role of rnisk and its quantification as it pertains to
probability of success as well as probability of failure and an evaluation as to whether and
to what degree this encompassed in the valence perception of both advantages and
disadvantages.

3 Monitoring whether and to what degree needs (as reflected in problem perceptions) and
their compatibility change as the adoption behaviour changes

17.Learning and information sources used by imigation farmers

A variation in styles, preferences and molivation for leamning exists between the commercial
and small-scale farmer, as well as between those farmers who are more progressive and
those who are less business-onented. Leaming of the progressive commercial irrigation
farmers was identified to be more self-directed, action-onented and experiential in nature.
Therefore, this group of farmers give preference to informal learning opportunities as part of
their farmer networks rather than the delivery of formal training. Networks with fellow farmers
are particularly important for the commercial irmgator. Other learning sources, which include
both social and expert sources, are the local cooperatives, private consultants and industry
experts. Farmers involved in objective scheduling are more willing and prepared to seek
additional “external” leamning sources. The general expectation that the technological level of
the farm determines the choice of imgation scheduling method as well as the information
sources used is supported

Generally the small-scale imgators also use farmer networks but rely very much on
information from the departmental extensionists in regard o irmigation management. The
isolation experienced by many of the small-scale imgators due the remoteness of the areas
where they are farming, often reduces the opportunity to build information and support
networks conducive to sustainable irngation management.

Access to different sources of technical knowledge and information is likely to improve the
value of the initial tnal period through the possible impact regarding the farmers’ knowledge
and will in tum influence the rate of adoption. Extensionist and irrigation advisors/planners
responsible for the design and dissemination of imgation scheduling information should
recognise the adoption factors based on the age. farm size and level of farm management
towards the methods of receiving information on irmgation scheduling. It is important to ensure
that the necessary “information and learning networks”™ exist to ensure full participation of all
the stakeholders. The role of informal farmer networks needs to be appreciated by irmgation
extensionists and advisors in the dissemination of information

Basic knowledge of the plant-soil-climate system is an essential requirement for the effective
implementation of imgation scheduling. Unfortunately many farmers (even experienced
farmers) are lacking knowledge about the basic principles involved in irngation management
Water-use efficiency on the farm does not only entaill the implementation of irrigation
scheduling but also requires a holistic view of the cntical management aspects that will
ensure optimal water use on the farm (i.e. cultivation, crop management and soil conservation
practices). It is therefore not adequate that farmers are trained only in terms of irmgation
management without upgrading the necessary knowiedge and skills required on the basics of
the soil and plant system.

The deveiopment and offering of basic courses in the introduction to imgation principles and
irngation management similar to the “Waterwise on the farm™ program offered in Australia
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should be considered and investigated. A training program, which includes activities like
experiential leaming, on-farm training, workshops, and field days. benchmarking of best
management irngation practices and studying of case studies in irrigation, could be
considered. An attractive incentive scheme should be attached to this program. and the
program should be planned and developed to incorporate both commercial and small-scale
imgators.

The possible extrapolation of the Water Care Training offered in the Limpopo Province under
its revitalisation initiatives on small-scale irrigation schemes to the rest of the smali-scale
imgation schemes in the country should be investigated.

In Chapter Two an overview and classification of the imgation scheduling methods and
computer programs available to irmigators in South Africa was presented. This information
could possibly be used in the development of information brochures and training material to
serve the needs of commercial and small-scale imgators. Especially new irrigators are not
always aware of the possibilities (technologies and methods) available to them regarding
imgation scheduling, and currently no concise but also comprehensive manual is available.

SERVING THE SMALL-SCALE IRRIGATION FARMERS

There is no disputing that the extension efforts on the majority of the small-scale irrigation
schemes have not achieved the desired results. Farmers often referred to the general lack of
technical skills (particularly irrigation management) and the competence level of many of the
extensionists.

The following recommendations and conclusion are proposed regarding the propagation of
irrigation scheduling amongst small-scale farmers:

1. Ground level support for the implementation of sustainable irrigation practices

Extension is responsible for the simplifying of research information and delivenng it to the
farmer in an effective and easily understandable manner. Also extensionists shouid be able to
play an important role in giving feedback to researchers on the problems generally faced by
small-scale farmers. Therefore an interdependent partnership of researcher-extension-farmer
should be developed.

2. Sharing of imgation equipment like the centre pivols at Taung is only possible with good
cooperation between farmers.

Farmers need to be well organized, and be able to manage and maintain their shared
equipment. Local formal and informal farmer organisations are essential for proper
cooperation and coordination of activities on an irmgation scheme. The positive interventions
of farmer groups and organizations like the Farmer Support Units at Taung, local commodity
farmer groups at Nkomazi and Tshiombo, block commitiees at Bethlehem as well as the role
of management commitiees lo steer the irrigation management on a scheme or project
emphasize the necessity for the establishment of effective farmer organizations where the
beneficiaries could take responsibility for their own development. Training and capacity
building of farmers in this regard is needed, and should be the responsibility of extensionists
and water institutions.
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3. External management of an imgation scheme

External management is not conducive to farmers' taking responsibility for their farming
enterprises. The farmers tend to neglect the maintenance of equipment if they do not see it as
their responsibility

4. Knowledge support system

Farmers need to understand the basic principles regarding the biological functioning of plants
and gain the necessary insight into the complexity of the soil- plant-atmosphere systems
before entering into a complex farming system like irrigation. For most of the small-scale
farmers the expected learning curve to be achieved is 100 sleep, and unachievable without
proper and effective knowledge support. The ideal situation will be for small-scale farmers to
start off with rain fed production on a limited scale, where the basic principles of crop
" production are learned. and then gradually move on to the more complex situation of crop
production under irmgation. However, because the latter is not possible, an efficient and
committed extension service is imperative for the successful development of smali-scale
ingation farmers. Government should therefore ensure that such a service is put in place
where required. The urgent need amongst small-scale irrigators regarding the necessary
skills to manage imgation systems should receive the required attention by all relevant role

players.

5. Introduction of objective irrigation scheduling methods to small-scale farmers

It was observed that many of the small-scale imgators are not at this point in time ready to be
introduced to more sophisticated irrigation scheduling practices. This is mainly because many
of them are still preoccupied with barriers like infrastructural problems emanating from
inappropriate planning and design of irrigation systems. general lack of knowledge and skills
in the maintenance and management of their irrigation systems. Therefore, the development
of a site-specific irmgation calendar, as illustrated in the two case studies, namely. Taung and
Bethlehem, seems like a possible approach to be followed in the development of small-scale
imgators

6. Ageing and maintenance of infrastructure

Ageing of infrastructure and irrigation equipment is inevitable. If no maintenance is done on
the bulk water conveyance systems (canal systems) as observed in Tshiombo and Tugela
Ferry small-scale irrigation schemes, it tends to break down completely and must be replaced
al a very high cost. Regular monitoring and evaluation of the system for leaks, cracks,
vegetation invasion and build-up of silt is important. The raising of awareness and support
offer regarding the development of effective farmer organisations are essential roles to be
played by extensionists and supportive role players.

7. Absence of stakeholders

In Nkomazi the general absence of stakeholders and inappropriate participation of farmers
caused many problems regarding the role that extensionists and experts from the sugar
industry can play in the training and support of farmers. The latter refers to the many
landowners from Nkomazi who are staying in Johannesburg and Pretona, and who rely on
their families to manage and imigate their lands. Stakeholders or their farm managers should
be motivated to regularly attend meetings and training opportunities arranged by extension
Alternative communication channeis for the dissemination of information should be identified
and put into place where needed.
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8. Breaking the “dependency syndrome”

Extensionists and irrigation professionals referred to the “dependency syndrome” that the
majority of small-scale irmgators are suffering from. In an effort to break with this syndrome,
farmers need to take responsibility and ownership for their own development. This can only
be done through proper institutionalization and the establishment of farmer representative
bodies, like, for instance, the Farmer Support Units found in Taung, commodity groups in
Tshiombo and the irrigation block committees operating on the Bethlehem project. Farmers
need fo perceive the support from advisors and extensionists as being of a temporary nature
and must accept the responsibility to develop the necessary urgency and motivation to be
capacitated and empowered through the regular interaction with farmers and extensionists.

Communication networks, trust, commitment and shared values are some of the important
elements of social capital that should be developed in order to foster a climate of co-learning.
This study again confirmed that small-scale farmers do not operate in isolation, but rather in a
social and business relationship situation in which the individual’s position is progressively
influenced as a result of others.

9. Effective extension support by enthusiastic and committed extensionists is a prerequisite
for sustainable small-scale irngation development

Small-scale irmigation farmers need intensive extension support o overcome their relatively
low managerial capacity. Small-scale farmers in general are in desperate need of
comprehensive extension support 1o inform them about new innovations and praclices and to
help them to become “aware” of the potential use of irrigation scheduling practices. However
the needs and nature of the small-scale farmers are diverse and integrated with the broader
society and economy. By assuming a linear, homogeneous approach of technology
dissemination to research technology will downplay the boundaries of this diverse
environment in which the small-scale farmer operates. Therefore a new strategy in technology
development and transfer such as participatory action research will not only incorporate the
collective knowledge of all the key role players, but will also increase the farmer ownership
over the research and extension process. The science of irngation is however complex and
comprehensive, and therefore competent extensionist with a good working relationship with
farmers and other irngation professionals are needed.

The traditional approaches to organizing farmers and farming cooperatives needs to be
revised to meet the development challenges of the twenty first century. The main extension
roles to help rural communities to become organized are as follows:

a Empowerment and ownership role - this can be a comerstone of the new approach fo
extension. The extension staffs needs to help farmers and rural communities to
organize themselves and take charge of their own growth and development.

a Community organizing role - extension officers must learn the principles of
community—organizing and group management skills in order (o help the community,
especially the poor or weaker sections to organize itself for development

2 Human resource development role - the human resource development approach
empowers people and gives new meaning to all other roles. Development of technical
capabilities must be combined with the management capabilities.
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2 Problem-solving and education role - problem solving is an important role, but is
changing from prescnbing technical solutions to empower farmer organizations to
solve their own problems. This is achieved by helping them to identify the problems
and seek the nght solutions by incorporating their indigenous knowledge with improved
knowlaedge and by using their resources propeny

10. Expenential learning or “learning by doing” approach

The expenential learning approach followed in the projects, as indicated in the case studies of
Bethiehem and Taung, reflects four main elements as proposed by Kolb (1995): concrete
experience, observation and reflection, generalization and conceptualization and then active
expenmentation. Farmer Field Schools (FFS), which are based on these elements of
experiential learning. can be used as a possible “extension vehicle™ where the training and
development is organized around a season-long senes of weekly meetings focusing on
agronomy, soll preparation, imgation principles and irngation and other farm management
issues. With FFS the focus is on capacity building of the individual and the group of farmers.
The expenential learning processes require people with the necessary skills and knowledge
to help and support farmers, but also important facilitating skills to be able to ask the right
questions at the nght ime.

The implementation of irngation scheduling technology on the farm is important for the
sustainable and efficient use of imigation water. However, (o enable farmers to implement
recommended imgation scheduling approaches and principles an environment conducive for
leamning” should be developed. Leaming assist farmers o receive decode and understand
the information provided on imgation scheduling, and hence help to make better-informed
decisions regarding irmgation management. The change of imgation practices is, however, a
cumulative process, which builds on existing knowledge and practices through interactive
learning in which effective diaiogue between the fammer. extensionist and researcher plays a
crucial role
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CAPACITY BUILDING

Capacity building forms an integral part of this project. and the number of contacts made
and interviews conducted since the start of the project inevitably brings about changes in
people’'s behaviour and perception. Numerous interviews and discussions amongst the
irmgators, advisors, extensionists and consultants and the project team members look
place in vanous imgation areas of the country and served as a basis for communicative
leaming and dialogue.

The capacity building that took place during the project period was mainly done at three
different levels:

a The first level was the general attitude towards the application of irigation
scheduling. Through the numerous interviews, discussions, and dialogues with
people at various levels within the project, awareness was raised of the
importance of irigation scheduling and efficient use of water on the farm.
Members of the project team and students of the University of Pretona,
farmers and many professionals in the imigation industry have acquired
knowledge, and understanding of the social, cultural, economical and
technological constraints of farmers, which may determine the adoption, or
rejection of irrigation scheduling practices.

The close and intensive interaction and involvement with small- scale irigators
on the irrigation projects namely Driekop (Maputiesebope, Arethuhareng &
Moroke), Louw's Creek, Boschfontein, Figtree, Tshiombo, Taung, Bethlehem
Apple Project and Elandskraal provided the opportunity for stakeholders to
benefit directly through their participation in the project. Small-scale farmers and
food plot growers benefit by the increase in awareness of alternative irrigation
scheduling approaches, leaming of imigation scheduling and even receive
technical irrigation advice as they participated in the project.

As a result of the number of interviews conducted with commercial farmers of
the various selected research areas included in the study, many farmers have
become aware of what irrigation scheduling really entails. They have also been
reminded of the importance of the regular maintenance of their rigation
systems and the use of rain gauges. etc. The opportunities are dependent upon
the wilingness of the farmer and the enumerator to gain from such an
expenence and thereby build capacity.

a Personal enrichment and gaining of practical expenence: Over the three year
period the research leam, students and extensionists have gained
tremendously in terms of practical experience and technical knowledge from the
many interactions and interventions with small-scale and commercial farmers
These research opportunities in the field have provided research institutions like
University of Pretoria with some insight into the “world of the farmer”, and also
to appreciate the importance of knowledge and expenence of the imgation
farmer in the management of irrigation. Lessons leamed in the field were often
relayed back to the classroom and some have been added to the textbooks and
also included in the curmculum offered.
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2 Two students were targeted for post graduate studies in this project

Welbelovered Marobane was enrolled for an M Inst Agrar. Degree in
Extension at the University of Pretoria. The aim of his study was to determine
the general perceptions of food plot farmers regarding the apphcation of
imgation scheduling. He also investigated whether the wetting front detector
as a new imgation scheduling tocl. helped small-scale farmers at Driekop
Limpopo to improve their decision-making regarding imgation applications
The general perceptions of farmers regarding this study were collected by
means of a survey conducted at Maputiesebope, Arethusaneng and Moroke
food plots in Driekop. Trained as an Animal Scientist, this student gainec
tremendously in terms of knowledge, skills, and competence in the practising
of irmgation and irrigation scheduling

Joe Stevens registered for a PhD at the University of Pretonia in Extension,
will incorporate much of the data collected in this project to complete his
studies

2 Ronald Phaswane, a final year student enrolled for a B Inst Agrar. Degree
assisted with data capturing on the computer, and coding of the gquestionnaire




Appendix A: Perceptions of the
acceptability of irrigation
scheduling at Driekop food
plots (Maputlesebope,
Arethusaneng and Moroke

INTRODUCTION

It is estimated that two thirds of the small irngation schemes are allocated to food plot
production for the purpose of subsistence production, and that approximately 2 400 000 rural
people are dependant upon, at least partially, for a livelihood on such schemes (de Lange,
2004). Food plots are intended to enhance food security and provide some semi-economic
activities for the residents. The total number of food plots in South Africa is not known, but
there are a great many of them.

A food plot in a community garden is a small area (0.16-0.25 ha) that provides the holder with
an opportunity to grow food for subsistence and a small cash profit (Loxton & Venn, 1983 as
cited by van Averbeke ef al, 1998). From this definition it is clear thal the intention with the
introduction of the food plot concepl was to produce crops that generate cash income,
whereby the cash income generated could be sufficient to pay for all production costs and in
addition provide the farmer with a small profit.

A variety of irngation technologies are employed on these community gardens. These include
buckets used to irrigate directly from a tap stand or borehole, as well as short earth furrows
and basin irngation. Some gardens have pumping equipment and the waler is pumped either
into a reservoir or directly into a distribution network of pipes and tap stands. Furrow irrigation
is widely used on many of the community gardens and this system, according to Crosby ef al
(2000), works well, although alternative methods need to be developed to limit water loss
from supply furrows in low-clay soils

Three food plots in the Driekop area (between Burgersfort and Polokwane), in Limpopo
Province were selecled as part of the post graduate studies by Mr. Marobane, a post
graduate students in Agricultural Extension. The three food plots namely: Maputlesebope,
Arethusaneng and Moroke were selected for the testing of farmers’ perception regarding the
adoption of irrigation scheduling and for identifying possible constraints that could prevent
farmers from sustainable use of irrigation scheculing approaches on the food plots. The
charactenstics of the three projects are shown in Table A1,




Table A1 Charactenstics of the three foods plot projects in Driekop. Limpopo

- ~ | Maputiesebope Arethusaneng Moroke
| Number of farmers 40 41 1 184
| Size of project (ha) ] 12 ] - I e S6
Source of irrigation Duokong Chrome Mine  Borehole Canal from the Motse
water I R A - | river 7 1
Method of irrigation Bucket system, short Hosepipes and bucket Short furrow imgation
L o | furrow system system. short furrow - |
Energy source No electricity Diesel ____ Gravitation
_ Crops produced | Vegetables ~ Vegetables ________Vegetables _
- Soil types Red, well drained Skack 10 dark greyish, Black clay, calcareous
| - ) Salm B Clay redadish brown. SaCllm |

The main vegetable crops that are produced on the different food plots include cabbages,
onions, tomatoes, beans, spinach and sweet potatoes. The food plots were generally sited on
good irngable soils, and no limitations were identified

The majority of the farmers at Maputiesebope are women and although boreholes were drilled
lo supply water to the project, no electricity supply is currently available. Farmers are
therefore receiving irrigation water from the Dilokong Chrome Mine nearby free of charge. At
the Arethusaneng project all the farmers are women and, due to the remoteness of this
project, the vegetable production plays an essential role in the supplying of fresh vegetables.
Irrigation water is pumped from a borehole and farmers are collectively responsible for the
costs of diesel needed to pump the imgation water. These direct costs that are involved in the
pumping of irmgation water also contribute towards making this group of farmers more aware
of the costs involved in irmgation. According to the local extension officer, many of the farmers
are guilty of under-irrigating rather than over-irrigating.

The irrigation water at Moroke is supplied through a canal from the Motse River free of
charge. Seven different farmer groups are actively engaged in farming in the Moroke area,
and the seven farmer groups are also linked with the seven different villages to be found in
the area. A full-time appointed extension officer is responsible for this project, which was
established on land previously used for sisal production

IRRIGATION SCHEDULING METHODS

In general farmers on these food plots are experiencing relative poor irmgation infrastructure
and some farmers even relying on waler obtained from nearby schools to water their gardens.

Table A2 Frequency of irngation methods used by the respondents (N=50)
Irrigation method | Number of respondents | % Respondents |
Furrow irmgation 22 r
Hand waler (hosepipe & 18 3
bucket) D S
Furrow anc hancwatenng 10 1 20
Total 50 100

Forty-four (44) percent of the respondents indicated the use of furrow imigation, while
respondents from Maputlesebope and Arethusaneng reported the use of mainly hand
205




walering systems. All of the farmers are irrigating food plots on a daily basis, and one of the
problems that farmers identified, was the difficulty experienced in estimating the accuracy of
application of water for a specific crop. Therefore, over- as well as under-irrigation is a
common occurrence. The majority of respondents (93%) are irigating on a specific allocated
day as allowed, while 7% respondents indicated actually measuring the number of buckets
used to fill the furrow. In Moroke it was found that farmers followed a specific timetable
according to the seven villages or groupings of farmers 1o ensure equal opportunity o every
group for irrigation.

Farmers in all three projects were not using any objective irrigation scheduling method before
the introduction of the wetting front detector during 2002. The majority of farmers on the
Maputiesebope and Arethusaneng schemes followed a fixed schedule of watering every day,
by filling the basins or furrows as applicable.

INFORMATION SOURCES

Each of the three food plots has its own management committee that is responsible for the
handling of organisational and production matters, keeping records and support farmers to
explore possible marketing opportunities. The extension officers are members of the
management commitiee and play an important role in the dissemination of information and
also act as an important link between the farmers and the Department of Agriculture of
Limpopo.

Farmers were asked which information sources they usually contact to guide them in their
decision making regarding crop production, marketing strategies and irrigation management.
The various information sources consulted are indicated in Table A 3,

Table A3 Information sources used by respondents for crop production, marketing and srigation
management in Driekop (N=50)
[ Crops , Markets ___Wrigation scheduling |
| Information  Maput. Arethu Maroke Maput | Arethu Maroke Maput. Arethu Maroke |
. source (N=15) (N=15) (N=20) (N=15)  (N=15) (N=20) (N=15) (N=15) (N=20)
. L% | % | % % | % | % | % | % | % |
- Management 13 13 5 0 7 0 27 13 10 |
_committee | | ‘ ‘ l
Local | 13 a7 95 53 60 60 a7 0 5 |
extension l i
_officer - | : '
Farmers [ 27 0 0 13 13 0 | 7 80 | &0
themselves 1 o | |
Group 47 27| 0 M | 20 | 25 | 0 7
_discussions ‘ ! | | '
Group ‘ | 13 o | 0 0 5 20 o | 0
discussion | w
& extension ‘
officer ‘ '
Total 100 100 100 100 100 100 100 100 100

From Table A3 it appears that the majority of farmers rely on the local extension officer to
supply them with the necessary information on crop production, and market information.
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However, as far as irnigation scheduling i1s concerned, the majornity of farmers rely on their
felow farmers or themselves for decision-making. Exceptions are the Maputselebope
farmers, who rely pnmarily on the local extension officer. This finding confirms the genera
observation made by Bembridge (2000), namely that the majority of extension workers
working in small-scale irrigation areas are usually lacking the necessary knowledge and skills
n irngation farming, and therefore are not in a position to support small-scale irrigation

farmers

S ‘qi

Photo A1 The extension officer plays an wmportant role in the dissemnation of new informaton

3

through well-organized farmer groups

BARRIERS AND CONSTRAINTS AS PERCEIVED BY RESPONDENTS FOR
THE ADOPTION OF IRRIGATION SCHEDULING

Water availability and competition for water were two aspects that were often raised by

farmers that withhold them from impelementing imgation scheduling methods

Table A4 Percephons of the constraints and problems that influence farmers in their apphcation
of irngation schedu ng in Driekop (N=50
Constraints Maputlesebope Arethusaneng Maroke
) | (N=15) ! (N=15) (N=20)
Water availability | 100 | 53 20
Competition for 47 A0
water o
Total 100 100 I 100

Water availability and distribution of irngation water at peak tmes are perceived as

=)
"“mctral'ﬂs in Maputselebope anc Arethusaneng that prevent farmers from implementing

bjective scheduling methods. The Maroke farmers identified competition between farmers for
rr‘;mur waler as a ma)jor :O"‘S',':‘)!'ﬂ




Other findings regarding the acceptability of an irmgation-scheduling device like the wetting

front detector are the following:

3 A general unwillingness to test the wetting front detector.

a Farmers who are not incurring any costs in getting water are more reluctant or resistant
to adopt (Moroke) the use of objective scheduling methods.

a Perceptions in terms of possible relative advantages are unfavourable.

o Farmers in very scarce waler projects are not very willing to make full use of the device
since it forces them to put extra effort in increasing their irrigation waler.
(Maputlesebope)

o Farmers in general are hesitant towards showing interest where the extension officer is
not aware of the new technology. (Maputselebope & Moroke)

PERCEPTIONS OF RESPONDENTS FOR THE ADOPTION OF IRRIGATION
SCHEDULING

Relative advantages
Table AS indicates the major advantages that farmers perceived by using the wetting front
detector as an irrigation scheduling method.

Table AS Percentage distribution of respondents on three projects according 1o their awareness
of advantages of irrigation scheduling by means of the wetting front detector (N=50)
Perception of benefits or relative advantages T'ﬁ__ ~ Projects )
Maputiesebope Arethusaneng | Moroke
B (N=15) ~ [N=15) (N=20)
I cannot actually tell since it was not in my plot 13.3 6.7 10
|| can save water , =l 333 333 | 25 |
| am able to determine f sufficient water was 0 6.7 ‘ 0
| imgated
| can see some saving on diesel 0 . 6.7 | ©
_| can see improvement on the yielkd 467 333 1 85 |
| think | am now applying more water than before 6.7 13.3 10
Total i 0 | 100 100 |

According 1o the results indicated in Table AS, forty five percent of the respondents perceived
an increase in the vegetable production while 31% of the respondents perceived saving of
water as the major relative advantages. The seven percent respondents (from Arethusaneng)
that perceived a saving in the use of diesel to pump imrigation water from the borehole were
either members of the project management committee or were interacting regularly with the
relevant extension officers. Some farmers (10%) also indicated a relative disadvantage in the
use of the wetting front detector in that they perceived they were applying much more water
than in the past before the WFD responded to an irrigation application.
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. Other related WRC reports available:

-

The development of an integrated information system for irrigation water management using the
WAS, SWB and RISKMAN computer models

N Benade - andale: NZ vAnow A Meinng

The development of an integrated information system using the Water Administration System (WAS

S Water Balance (SWEB) model and RiskMar mputer model 1S a | further deve ent and

mplementat f research from three differant resaarch projects (WRC Report N 13/1/9 '53/1/99

and 894/1/02). All three models make extensive use of databases a e idea of this project was t

S jate the informat z] legrate format Syst that X A Q8 ap! 1 3

\_"\',,Aﬁ "

The main aim of this project was t tegrate the WAS, the SWEB model and the RiskMan model in suct

a8 way that they can be used as tocls on an imgaton scheme t

« Minimise water distribution losses

« Max ise efficient water-use on farm level by means of imgation scheduling

. - olg rate risk rog rota and ast f W pla ning

The different mode an be used alone or where necessary read information directly from the other
accessed by RiskMan SWB can create simulated cr

SWB can generate wat quest forms that can be

" : . : " >“_‘. r - -:"'. 2 a 1Se

The geogra formation system (GIS) was developed and implemented essfully at the 5k

and Orange-Ret Imgation Schemas. The canal networks of both schemes are captured and it is possible

10 query the cdifferent catabases and display the nformation on the GIS map. This map consists of

Jifferent layers that can be enabled or disabled depending thée amou f detail the user wants 10 see

The layers thatl were created for bott e &S are a canal network layer, a farms layer and a river layer

The user can add acdimional lavers and ecit the obects on any laver such as lines. areas and points. The

GIS program has a buift-in help file that gives the basic iInformation on how 10 operate the progran

Altr I the | ect team cid not implement all the modules of the integrated information system on bott

rrigation schemes successfully, it managed to transfer new technology to both the schemes that w

1af ely Q W A ake a Here ¥ 3 1 v 3 2 Sc a 0 e ! as Are Nnew a t

will take some time before the majority of farmers will accept it. This project has definitely proved that a

J
visual tool such as the GIS program 1S easily accepted by imgabon schemes and has great potential Ir

managing irmigation schemes and communicating information. The GIS program was the only progran
that was used without mucr persyasion { ¥ ootr T ‘:.1’, n schemes {185 therelore mi rnam 1 | the
mplementation in stages and in manageable parts. Fact » an effect on the succe ate ar
available resources such as hardware and personne has shown that - er |
started using a model successfully they seldom go back to the 1 method
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