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1 INTRODUCTION

I'he purpose of this project is:

The improvement of the SAPWAT database. operational and support systems o facilitate im-
proved performance and imeraction with other trrigation management and planning pro-
grammes and users as well as extending the scope and versatility of the program

With the following specific objectives:

. Linkage to and support of other irrigation management and planning programmes by
improving programme file output

. Linkage to and support for irrigation water planning users and advisors, including
DWAF

. Editing/Refining crop factors
. Upgrading of SAPWAT software

. Upgrading of the website, maintenance of a user register and the inclusion of additional
manuals and “how to do 1™ user support material

. Provide electronic and telephonic support to users on an ongoing basis

I'he SAPWAT programme, which was developed and tested with WRC-funding (Crosby &
Crosby. 1999; Van Heerden, Crosby & Crosby. 2001) is now generally in use and is also the
accepted model for use in the caleulation of imigation requirements for registration and licens-
ing purposes by the Department of Water Affairs and Forestry. However, with the use of the
programme some software limitations have come to light. which might hamper interaction
with some programmes, such as WAS (Benadeé et al., 2002, Benadé, Annandale & van Zijl,
1997) and the open-ended planning model under development by the University of the Free
State. These programmes are all part of a family of programmes used in the planning and
management of imgation water. A good interaction through data transier between these pro-
grammes would increase the value of the investment by the WRC.

Crop data files also need to be updated. Since the launch of SAPWAT, new research on water
use of some crops included in the database. indicate the need for the updating of the currem
values.

It is also necessary 1o keep track of users of SAPWAT lor purposes of maintenance and up-
dating of their versions of the programme. Such a register was started, but it needs serious
updating and maintenance.,

It has become evident that irrigation strategies and management can significantly influence
routine crop irrigation requirement estimates. Some rearranging of the on-screen presentation
of outputs is desirable.

A need for mainly telephonic and e-mail support has surfaced. Requests for assistance are
received regularly.



2 UPGRADING OF THE PROGRAMME SOFTWARE

One of the first tasks undertaken under the contract was to discuss the application of SAP-
WAT with users in order 10 establish the need lor improvements and modifications.

One of the conclusions reached was that it is now desirable to provide users with two versions
of Sapwat.  The first Sapwat-Admin is suitable for use by planners and where consistent es-
timates of crop irrigation requirements are required for administrative purposes. The second
is Sapwat-Management intended for use by irmigation farmers, agricultural consultants,
scheme managers. and designers and. in a supportive role, agricultural researchers. The inten-
ton is 0 make Sapwat-Admin freely available on the WRC web site.  Sapwat-Management
will be available on a CD on request. Both versions utilise the same basic Sapwat engine and
databases. They are both available with the recently introduced internationally classified five
climatic regions for South Africa as proposed in this report (Section 3-revision of crop fac-
tors). It is assumed. however, that this is an interim arrangement and that finally the live-
region version will become standard.

21 SAPWAT (IRRIGATION PLANNING AND MANAGEMENT)

Major improvements to the current programme are the simplification of screens and buttons
and the elimination of niggling discrepancies. In addition usage and potential usage has lead
10 the development of a rearrangement in the sequences followed in the programme. The pre-
sent version follows the precedent set by CROPWAT (Smith, 1992) and advocated by Martin
Smith in personal communications that the first estimates of irrigation requirements should be
based on crop evapotranspiration and empirical relationships for effective rainfall and effi-
ciency. Initially no account is taken of soils or profile water balances. Experience has shown
that the current approach is valid for planning and administrative estimates although over-
estimates can be expected where rain is a significant factor,

The SAPWAT role in facilitating irrigation strategies at farm level and interaction between
farmer and imgation designer and equipment supplier as well as scheduling consultant is
more valuable than was originally anticipated. The designer must cater for those extreme
conditions when drought strikes, farmer customers expect 1o be able to “keep up™. Designers
have tended 1o leave it to the farmer to manage the system when more commonly the condi-
tions are not extreme. Similarly scheduling consultants have the duty of monitoring the pro-
file water situation using established instrumentation and computer routines and may not be
able to devote time o “what-iffing”™. SAPWAT tends to facilitate discussion on ways and
means and alternatives by creating a “computer game”™ situation. One of the more important
aspects that benefits from these sessions is the management of rain, soil profile and equip-
ment.

One of the main objectives during the programming updating phase was the consolidation and
simplification and that now becomes possible as a result of several years operation and ex-
perience. The screens and the accompanying note that follow are intended to illustrate and
explain the changes that have been incorporated.

The weather station map now incorporates a window that shows the names of stations se-
lected. as can be seen in Figure 2.1, Shown in Figure 2.2 is the reference evaporation screen,
which has been enhanced in that the longitude and latitude of each station is shown.
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Figure 2.1 Revised weather station map with sclected stations identified by name,
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Figure 2.2 Revised reference evapotranspiration screen with site latitude and longitude added

The possibility of undertaking minor modifications to enable Sapwat to be applied anywhere
in the world has been investigated. The solution being implemented is 10 make provision for
substituting for the South African weather data files with a Climwat file. These files include
latitude and longitude so the stations will be represented on a screen in correct relative posi-
tions. Software has been developed to convert the format of the Climwat files to the Sapwat
format. As the climatic zones are now in accordance with an accepted intermational classifica-
tion this means that users will be able to set up specific “other country™ versions of Sapwat.
The crop files would require editing to provide for local varieties, planting dates and cultivars.

The Sapwat weather stations are more than adequate for defining reference evapotranspiration
(ETo) and crop characteristics applicable over a reasonably large area provided the Sapwat
station is representative.  This can be assured by taking MAP and altitude into account in ad-
dition to geographic location. Rainfall. however, can be more problematic and provision is
now being made to provide for this, If the user wishes to use mean annual rainfall either from
available records or from SW90 he will have the option of substituting the Sapwat value by
entering the mean annual rainfall and the latitude and longitude of the site.  This will access
the appropriate Quaternary catchment and the related applicable monthly mean rainfall distri-
bution.
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Figure 2.3 Revised crop factor screen

I'he crop factor graph (Figure 2.3) remains largely unaltered in format but can now be called
up at any time during the simulation process and updates automatically to retlect the impact of

any changed input values such as imgation frequencies, canopy cover and wetted area

I'he imigation requirement screen (Figure 2.4) has been reorganised so that inputs and results
follow logically as one looks at the detail of the screen. An “Export data™ button is included
for exporting data 1o PLANWAT for further manipulation and for inclusion in reports on irr

gation water use registration and licensing through spreadsheets or through database pro-
grammes. Figure 2.5 shows the export screen, while Figure 2

spreadsheet manipulation and graphing
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Figure 2.4 Revised irmgation requirement screen
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Figure 2.5 Outputs file in a comma-delimited format permits direct export to PLANWAT or to any

data-base or spreadsheet.
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Figure 2.6 SAPWAT exported data could be manipulated and displaved in Excel.

I'he scheduling set-up window has been renewed o make it more user-Iriendly

- -

version can be seen in Figure

The renewed
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Figure 2.8 Screen displasing the results of a specified irrigation strategy

The graphic representation and the cleaned up standard daily water balance
{

newed he wable s shown in Figure 2.9

table has been re
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3 REVISION OF CROP FACTORS

3.1 CLIMATE

Climate plays a major role, not only in the choice of crops to be grown in any one place, but
also in the choice of planting date and cultivar. Changes in daylight period. total heat units or
total cold units affects the growth cycle of some crops in that the physiological processes that
determine when these plants will germinate, will change from vegetative to reproductive
growth and when fruit will ripen are triggered by these changes.

For the application of the FAO four-phase crop growth stages as described by Allen, Pereira,
Raes & Smith, 1998, for the estimation of irrigation requirements, it is necessary that a fairly
accurate determination of the length of each of these cveles be made. CROPWAT (Smith,
1992) and Allen, Percira. Raes & Smith, 1998 provides ranges within which these periods
could be determined for each site, but the problem is that the user must have a fairly good
knowledge of crop reaction to climate in order to make the necessary adaptations.  Another
problem encountered with the CROPWAT approach is that, although a range of planting dates
are implied, the effect of different planting dates on the stage lengths of the four-stage crop
growth model is not directly indicated. Once again. the user must rely on his or on local
knowledge to adjust stage lengths to suit local conditions.
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K#l Ciop Editor without S aving
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Figure 3.1 SAPWAT growth stages for different climatic conditions in South Africa for short grower
maize planted in summer.

SAPWAT has tried to overcome this problem by including in its tables the values, and
changes in values, reflected by different climatic conditions and also different planting times
(Crosby & Crosby, 1999). A problem encountered here was that the database had to be in-
creased substantially to accommodate the seven major climatic regions identified for the
South African situation as a set of growth stage periods had to be determined for each of these
arcas. However, it soon became apparent that one could possibly reduce the number of cli-
matic arcas by reclassitying these into warmer and colder areas, as average temperature has a
major influence on crop growth (Gardner, Pearce & Mitchell, 1985; McMahon, Kofranek &

9



Rubatzky, 2002), as can be seen in Figure 3.1 where the growing period for the cooler High-
veld and KZNVE Cape (cool) climatic arcas arca generally longer than for the other. warmer
Lowveld and Middelveld arcas. In this respect changes in daylight-length also play a role, but
that is usually accounted for in the growth patterns of crops for ditferem climatic regions, as
these are largely determined by latitude (Strahler & Strahler, 2002; Gardner, Pearce &
Mitchell. 1985: McMahon, Kofranek & Rubatzky, 2002)

354 ,-/
F 4

Figure 3.2 Kippen-Gerger climate map of Southern Africa (Strahler & Strahler, 2002)

In an effort to reclassify the South African climate scenario for SAPWAT and to make the
SAPWAT data more internationally applicable. the South African situation was compared to
an intermationally accepted climate system, the Koppen-Geiger Climate System, scen in Fig-
ure 3.2 for Southern Africa (Strahler & Strahler, 2002), These authors describe this system as
being based on a combination of temperature and precipitation, computed in terms of monthly
or annual values. With several revisions, this system was for many decades the most widely
used climate classification system among geographers. It features a shorthand code of letters

10



designating major climate groups, subgroups within the major groups and further subdivisions
to distinguish particular seasonal characteristics of temperature and precipitation. Five major
climate groups are designated by capital letters as follows:

A: Tropical rainy climates
Average temperature of every month is above 18°C. These climates have no winter sea-
son. Annual rainfall is large and exceeds annual evaporation,

B: Dry climates
Evaporation exceeds precipitation on the average throughout the vear. There is no water
surplus: hence no permanent streams originate in B climate zones.

C: Mild, humid (mesothermal) climates

I'he coldest month has an average temperature of under 18°C but above -3°C; at least one
month has an average temperature above 10°C. The climates thus have both a summer
and a winter.

D: Snowy-forest (micro thermal) climates
I'he coldest month has an average temperature of under -3°C. The average temperature of
the warmest month is above [0°C.

E: Polar climates
I'he average temperature of the warmest month is below 10°C. These climates have no
true summer.

I'he defining of crop characteristics for use in SAPWAT will be limited to climate groups A,
B and C because these are the climates found in Southern Africa.

Linkages between the typical South African system and the Koppen-Geiger system were es-

tabl

ished. It must be stated that the boundaries of the two climate systems do not coincide

exactly but an approximation was possible and now one is able to characterise the climatic
regions as can be seen in Table 3.1. What is apparent out of Table 3.1 is that most of the clhi-
mate systems found in South Africa, are also found in Africa.

Fable 3.1 Comparing the South African climate regions with the Kippen-Geiger climate system for

application to Southern Africa.

T Kippen- Kﬁp.pcn-(;eigcr description for the A, B Approximate Southern African

Geiger  and C climatic regions. Cregions
ey i O il
Al Tropical rainforest climate. All monthly av- | No Southern African equivalent.

erage temperatures over 18°C. No dry sea- | Central part of the Congo basin.
| son.

I

| Tropical minl‘oggg climate with monsoon | No Southern African equivalent.

| tvpe rainfall. All monthly average tempera- | Parts of the West-Alfrica vropical
wres over l8"C Short dry season. coast. -

| Tropical sava nngh g]; ale, All me munlhl\ av-  Southern Democratic Rupublu. of |

erage temperatures over 18°C. Dry winter. | the Congo, Angola, except for the
western coastal and adjacent ar-
cas, Uganda, Kenya, Tanzania,
| eastern Mozambique, parts of the
| South African lowveld.

]



BSh [ Hot Steppe climate. A semi-arid climate Central and northern Namibia
‘ charactenised by grasslands. it occupies an with exception ol the Namib de-
intermediate position between the desert ¢li- | sert, Botswana, south western
mate (BW) and the more humid climates of | Zimbabwe, central-castern and
(the A and C groups. Boundaries are deter-  southern South Africa with the
- mined by a formula based on mean annual exception of the southern coastal
temperature and mean annual precipitation. | and adjacent areas.
| | Mean annual temperatures exceed 18°C.
ask Cold Steppe climate. A semi-arid climate A narrow strip along the southern
, characterised by grasslands, it occupies an | South Afnican west coast,
F intermediate position between the desert cli-
mate (BW) and the more humid climates of
the A and C groups. Boundaries are deter-
mined by a formula based on mean annual
temperature and mean annual precipitation.
_— Mean annual temperature under 18°C.

BWh Hot desert climate. This and climate has an | Central and western South Af-
annual precipitation of usually less than 40 rica, southern and western Na-
¢m. Boundaries with the adjacent steppe cli- | mibia.

mate are determined by a formula based on
mean annual temperature and mean annual
precipitation. Mean annual temperature ex-
ceed 18°C,

BWk ‘old desert ¢limate. This arid climate has an | A narrow strip along the South
annual precipitation of usually less than 40 African northern west coast and

. cm. Boundaries with the adjacent steppe cli- | the Namibian west coast.
mate are determined by a formula based on
, mean annual temperature and mean annual
precipitation. Mean annual temperature un-
| der 18°C. N ) . | ]
| Cfa Mild humid climate with no drv season and | Northeastern coastal and adjacent
hot summers. Precipitation of the driest areas of South Africa.
month averages more than 3 cm. Warmest
- month average temperature exceed 22°C. .
| Cfb Mild humid climate with no drv season and ~ Southeastern and southern South
| warm summers. Precipitation of the driest | African coastal and adjacent ar-
- month averages more than 3 cm. Warmest | eas.
| month average temperature below 22°C. |
' Csb ' Mild, humid with warm, drv summer. 70% 1 Southwestern South African
or more of the mean annual precipitation ' coastal and adjacent areas.
7 falls in the six winter months. Warmest |
! ' month average temperature below 22°C.
Cwa Mild humid climate with dry winter and hot | Highlands of Southern Angola.
summer. Warmest month average tempera- | southerm Zambia, northeastern
Cture exceeds 22°C. 707 or more of the mean | Zimbabwe, Malawi, central-west
" annual precipitation falls in the six summer | and northwest Mozambigue.
| months. = & — 4 -
| Cwb Mild, humid with dry winter and warm Highveld of Central castern
summers. Warmest month average tempera- | South Africa.

ture under 22°C. 7076 or more of the mean

12




——— —

annual precipitation falls in the six summer
I months, S N

OF course, this does not solve the problem of too many climate regions that, because of simi-
lar temperatures and changes in daylight length found in the middle latitudes and their effects
on crop growth, would evemually lead 10 100 many duplicate entries of crop characteristics for
use by SAPWAT. The same experience as has been had with the present version of SAP-
WAT. where grouping seems to be able 1o take place on temperature as the main determinant,
scems possible for the Kdppen-Geiger climate system. It must be kept in mind that in irriga-
tion, the availability of water, and even humidity 1o a limited extend. can be manipulated and
therefore it become less important as a consideration for subdividing geographic arcas into
climatic regions for the growing of crops. Temperature therefore seems to remain the main
consideration. Apparent out of Table 3.1 are the temperatures cited. annual averages above or
below 18°C and warmest month averages above or below 22°C. Considering this. the broad
climatic regions shown in Table 3.2 are proposed for inclusion in SAPWAT instead of the
present system.  The proposal is based on a broad subdivision between the major Kdppen-
Geiger climate systems, with further subdivisions on annual or monthly average temperatures
These proposed regions will cover Southern Africa, and as a result of similar climate systems
in other pants of the world. could as a matter of course also become applicable 1o at least the
rest of Africa, southern Middle East, India, Indonesia, Australia and most of South America.

Table 3.2 Revised climatic regions for inclusion in SAPWAT.

New SAPWAT | Main identifying characteristic Koppen- ‘v Approximate pre-
climatic region Geiger cli-  sent SAPWAT use
N ! mate regions -
Tropical - Areas with all monthly average Al Am, Aw | Lowveld™NKZN
_ | temperatures exceeding 18°C. )
Humid'Semi- - Annual precipitation > 500 mm. | Cfa, Cwa | Lowveld™N.KZN, ,
| humid. hot sum- | Warmest month average tempera- | Middelveld {
| mers | ture exceeds 22°C. Average an- | |
nual temperature exceed |8°C l ‘
Humid/Semi- Annual precipitation > 500 mm. | Cib, Csb, Highveld.,
humid. warm Warmest month average tempera- ‘ Cwb KZN/E.Cape (cool),
summers ture below 22°C. Average annual E.Cape (hot), Winter
temperature exceed |8°C. | Rain
.T Arid/Semi-arid. | Annual precipitation < 5300 mm. | BSh, BWh. I N.Cape/Karoo,
- hot summers Warmest month average tempera- | Middelveld,

ture exceeds 22°C. Average an- Winter Rain

|
nual temperature exceed 18°C. .'

And/'Semi-arid, | Annual precipitation < 500 mm. | BSk. BWk | N.Cape/Karoo,
| warm summers Warmest month average tempera- ’ Winter Rain
ture below 22°C. Average annual | .
| temperature exceed 18°C. ' '

— -

The proposed subdivision as shown in Table 3.2 should reduce duplication of crop character-
istics for SAPWA'T 10 a manageable number.
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3.2 CROP CHARACTERISTICS

Crop characteristics for application by SAPWAT were mainly collected by means of surveys
of researchers, techmcians and farmers who grow the crops and. where possible. evaluated
against existing published data. Crop charactenistics required by SAPWAT, and by CROP-
WA, are tabled in Appendix A.

3.2.1  Methodology

One of the unfortunate things about the four-stage FAO crop factor curve is that the data re-
quired to apply it, is not necessarily included in the data that researchers usually collect. The
usual pattern is that planting day, day of emergence. commencement of flowering / tasseling /
earing, day when the crop is physiologically ripe are collected. And of course, reaping dates
and production levels. Sometimes some more information is collected. The four-stage curve
required dates of planting, 10% foliage cover, 70% to 80% foliage cover (usually when leal’
area index (LAI) reaches 3. where applicable), beginning of maturity (first signs of the discol-
ouration of leaves), last day of irmgation, the last day of growth and level of activity when
growth stops (Allen, Pereira, Raes & Smith, 1998). As some these events occur in between
those that are usually noted, one has to rely on the observation capacity of the researcher.,
technician and farmer o deduce applicable dates or periods for the stages of the four-stage
growth curve.

This task can be approached in several ways, one of which is to visit knowledgeable scien-
tists, scheduling consultants and farmers in different irrigation areas and to reproduce what
they are doing in practice in the field with Sapwat simulations. This is successiul where there
is data available as was the case in the Riet-Orange-Vaal river areas through the offices of the
Orange-Vaal and Orange-Riet WUAs and of GWK Ltd (Van Heerden, Crosby & Crosby,
2001).

Recent experience with dairy farmers and the intensive production of irrigated pastures pro-
duced two surprising results.  The first is that imigated pastures are high value crops when
marketed as milk and the second is that despite the high level of technology on dairy farms,
knowledge and data on imigation s surpnisingly deficient.  Workshops have been held at
Potchefstroom and Cedara agricultural centres with pasture and soil science specialists and
the response has been most encouraging. but it was not possible to meaningfully update the
crop coefTicients for irrigated pastures.

What has come out of this preliminary work is that ways and means of undertaking field
checks on “what is going on™ under the soil surface is an important aspect of verifying crop
coefficients. Only too often the information is not available.

The list of personal communications lor this purpose is taken up in the source list.

The data thus collected is compared to data published in FAO 56 and in other literature,
adapted as required and tabled as can be seen in Appendix A. (Allen, Pereira, Raes & Smith,
1998:  Annandale, Benadé, Jovanovic, Steyn & Du Sautoy, 1999;  Annandale, Van der
Westhuizen & Olivier, 1996; Aucamp, 1978; Bennie, Strvdom & Vrey, 1998; Bennie, Van
Rensburg, Strvdom & Du Preez, 1997: Cooke & Scott, 1993; Crosby & Crosby, 1999; De
Jager, Mottram & Kennedy, 2001; Dickinson & Hyam (Ed), 1984: Doorenbos & Kassam,
1986: Inman-Bamber & McGlinchey, 2003; Jovanovic & Annandale, 1999; Marais,
Rethman & Annandale, 2002; McMahon, Kofranek & Rubatzky, 2002: Meredith, 1959;
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4 SUPPORT TO OTHER RESEARCH TEAMS AND LINKAGES TO
OTHER PROGRAMMES

Support is given to other rescarch groups, some of who are funded by the WRC, and who
need specialist inputs relating to irrigation requirements for their projects. The most compre-
hensive was probably done for researchers of Agricultural Economics of the Free State Umi-
versity in a study on risk management in the Vaalharts area.

L1 DETERMINING THE CROP IRRIGATION REQUIREMENTS FOR THE

NORTH AND WEST CANALS OF VAALHARTS WATER USER'S ASSOCIA-
TION

4.1.1 Introduction

A comprehensive irrigation water requirement study had to be made in the Vaalharts Irriga-
tion area to enable the researchers to devise credible ways of planning for risk management.

4.1.2 Methodology

Surveys to determine cropping patterns for the two areas of the Vaalhans Water User's Asso-
ciation (Vaalharts WUA)) under study and the estimation of imigation requirements for the two
areas was done as described by Van Heerden, Crosby & Crosby (2001).

4.1.3  Results and Discussion

Table 4.1 shows the scheduled areas compared to the cultivated areas.  All calculations are
based on the actual area cultivated and not on the scheduled area.

Table 4.1 Scheduled and cultivated areas of the two study areas within the Vaalharts WL A,

F\rca Scheduled Cultivated ]

e (ha) S
| North canal 22948 23400 |
- West canal 6252 6800

These figures indicate that slightly more land is cultivated than scheduled, approximately 2%
more for north canal and approximately 10% more for west canal.

The water quota for both these areas is 9140 m™ per ha. In the present day terms it translates
to an annual water use right of 209 744 720 m” and 57 143 280 m’ for the north and west ca-
nals respectively.

I'he crop cover of the west canal cultivated area is 170,7% and that of the north canal is
147.2%. This is mainly due 10 double cropping: winter cereals (wheat and barley) are fol-
lowed by maize and groundnuts in the summer growing season. The ratios of the wheat and
barley, and that of maize and groundnuts vary according to prevailing market prices at the
time of planting. as well as the farmers' interpretation of future market trends. In the same
way the ratio of the early planted seasonal summer crops: maize. groundnuts and cotton, is
also determined by market tends.
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The seasonal water requirement of crops, based on actual irmigation strategies followed in
cach of these areas. can be seen in Table 4.2, To a large extent the imgation strategies ap-
plied by the farmers are dictated by the management of the canal system by the Water User’s
Association and therefore substantial differences in water requirement between different irri-
gation systems and cven differences between the same irrigation systems in different canal
arcas. are found. Farmers have also indicated that in cases of expected water shortages, they
would water-stress some crops, mainly maize and lucerne. in order 1o zet through with then
water allocation. The differences in water requirements for crops that replace each other in
the cropping pattern are such that replacing some of the area of one crop with another crop out
of the same group, would result in a relatively small change in total water requirement of the
cropping system. These changes in water requirement could usually be handled within the
present water use right allocation.

Table 4.2 Water requirements of crops in the north and west canal areas of the Vaalhares WUA for
different irrigation systems and based on the irvigation steategies followed in the different

areas.
North canal area | West canal area

o Flood | Centre pivot | Micro  Drip j—l'lood ( 'cl_nre_m‘nT‘ Micro | Drip
Seasonal crops ’ e
| Barkey —| 720 | 828 | 70 15
Cotton I 615 + IS B
Groundnuts (carlv plam) 1020 nds |
Groundnuts (late plant) | 780 | H03 | T80 s10 |
Maize (early plan) | 840 | 70 | -
Mauze (late plant) 1 600 05 <40 ol |
Peas (dry ) T 720 350 |
Wheat | 840 585 , 780 §55 |
Perennial crops ' | [
Citrus 1380 1005 | 823
Iggcme B | 1500 lo6s V ~ [ 1seo | om0 ||
Olives B 1440 1440 [ 795
Pecan nuts 1500 M5 | 1500 | 85§
| Plums o : . %0 | , —_—
Vineyard (wine) 1140 | 810 | 1140 $10

Water requirement varies from a low 350 mm for peas under a centre pivot 1o as high 1500
mm for pecan nuts and lucerne under flood irrigation. Most of the annual crops require from
about 400 mm to about 6350 mm irrigation water under centre pivot irrigation and from about
600 mm to about 840 mm irmgation water under flood (border) irmgation. For perennial tree
and vine crops, the difference in water requirement between flood imigation systems and ei-
ther drip or micro-spray systems is substantial, for example pecan nuts and lucerme under
flood irmigation require 1500 mm of water, where-as pecan nuts under a micro-spray would
require only 855 mm and lucerne under a centre pivot would require 1065 mm. What is obvi-
ous out of the table is that crops under centre pivot, micro or drip irrigation systems require
less water than the same crops would require under flood irrigation systems.  The differences
indicated here are the results of different irrigation strategies farmers must follow because of
limitations in the capacity of the canal system, combined with differences in efliciencies be-
tween the different irrigation svstems. It is doubtful whether the management of the distribu-
tion of irmigation water through the present canal system can be improved upon.
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n the north canal arca. w &r cerea e nd 'hll[“:... st 9 % 01 ¢ over me
mer cereals and groundnuts that lollow these also cover 39 %. Early planted summer cerea
rroundnuts and cotton cover a fturther 41 %4, In total these crops cover 119 % wotal cult
vated area, whercas the other crops, mainly perenmals, cover an additiona ’

A summation of these results in monthly water requirements and comparing that to the water
equests received from the farmers, show interesting tendencies as can be seen in figures 4

ind 4.2, Water reguested could be equated as actual water use as the method of calculating
the water that should be supplied 1o the farmers by the Vaalharts WU A does take canal losse
ind tail water outflows into account. [n other words, the water released by the WUA s more

han that requested. so that the eross releases minus losses would eguate reauests. The larve

liscrepancies between water requirements, as calculated with SAPWAT, and actual water
1s¢. needs further investigation

1 T . -

' - e 4 » 4 '

Figure .1 Water requirement and water requested for the north canal area.

l ﬁil ‘
inlem | e

Figure 4.2 Water requirement and water requested Tor the west canal area.

Fable 4.2 shows the water requirement for the cropping pattern, compared to the water re

quested and the quota

\rea Quota (m ‘ha) Reqguested Required Requested as %o
(m ‘ha m ‘ha) of required

North canal 9140 8602 1223 70
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It is apparent from table 42 that the water required for both the canal arcas is more than the
quota. The farmers of the north canal area ordered 70% of their quota, while the west canal
farmers ordered only 59% of their quota.

When comparing these figures, one must keep in mind that the requirement figures are based
on long-term averages, while the extraction figures represent one year (2002) only and
marked deviations could be found between a specilic year's requirement and Jong term aver-
ages due 10 year on year variance in rainfall patterns and quantities. This aspect also needs
further investigation.

It is interesting to note that in both cases the water requested for the summer months are, with
a few exceptions, lower than the actual crop requirement. In discussions with the small
groups used in the survey, a few strategics for coping with a shortage of water were men-
tioned. These could explain why relatively good production levels can be maintained despite
an apparent water stress situation experienced during summer, These strategies are:

e Some crops are deliberately stressed if it becomes apparent that a farmer will exceed
his quota. The two crops mentioned are lucerne, which goes dormant under conditions
of water stress, and some of the maize fields. as maize is seen as one of the lesser in-
come crops by some of the farmers.

. lhe Vaalharts irrigation area is notorious for its high water wble and water logging
problems. Where possible, farmers make use of the water table to supply some of their
crop water requirement for crops that can use water-table water without problems of
root diseases. In experiments done at the Soil Science Department of the University of
the Free State, it was found that under some conditions as much as 60% of crop water
requirement could be satisfied by water-table water. One olive grower said that he irri-
gated only to establish his trees, after that, the trees grow and produce on water-table
inflow to his farm.

Roughly 10% of the farmers make use of some form of measured irrigation scheduling, be it
through a scheduling service, provided by two providers, or own measurements with the aid
of irrimeters and tensiometers. The rest of the farmers irrigate on an irrigating pattern that has
evolved over time and is linked to the rigid canal management. This allows farmers to irrigate
once 4 week, and although the majority have so-called overnight dams on their farms, the
quantity of water stored is not enough to allow complete freedom of choice as to irrigation
scheduling.

The irrigation management pattern for flood irrigation that has evolved, is as follows: during
the young stages of crop growth (FAO phase 1) (Allen, Pereira, Raes & Smith, 1998), irrigate
once in three to six weeks, depending on whether that stage is in summer or winter. During
the crop development phase (FAO phase 2) imigate every second week if that period falls in
winter early spring or late autumn, otherwise imigate every week. For the rest of the growing
scason, irrigation takes place on a weekly basis, with a lengthening of periods to two weeks
towards the end of the crop growth period (FAO phase 4). It is accepted that the average imri-
gation depth is 60 mm for flood irmigation systems, water through the sluice. Considering the
accepted default irrigation efficiency of 60%. this then implics that about 36 mm is applicd
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per irrigation. How well this irngation pattemn slots into the actual crop water requirement, is
demonstrated in figures 4.3 and 4.4,

In the case of maize, where the main growing penod is dunng the summer rainy season, the
way in which rainfall is also utilised can be clearly seen.
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Figure 4.3 Trrigation pattern of wheat, compared to soil water content.
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Figure 4.4 Irrigation pattern for late planted maize, short growing variety, compared to soil water con-
fent,

4.2 WATER FOR FOOD MOVEMENT

lhis movement initiated by Tshepo Khumbane and Marna de Lange is based on a combina-
tion of rain water harvesting, intensive vegetable production in excavated beds and the appli-
cation of permaculture crop production methods allied o the mobilisation. motivation and
training of rural housewives. The centre for these activities over the past few yvears has been
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concentrated on the small holding developed by Tshepo Khumbane north of Pretoria.  The
results achieved were revealing and the Water for Food Movement was tormed and plans de-
veloped for extending activities countrywide. The current status of the project is that the De-
partment of Water Affairs and Forestry has recently imitiated a subsidy of RS000 per house-
hold to provide for rainwater harvesting and storage facilities.

Fhe imitiators of the Water for Food Movement appreciated that the motivations and action
plans required to extend the pilot study had to be backed by quantified data. The Sapwat team
was able to provide support and using the model and its databases, developed answers o
some of the unanswered questions. In most cases it proved possible to present this informa-
tion either in rule-of-thumb format. or by means of simple computer routines that were later
incorporated in the Planwat model (Van Heerden, 2003).

4.2.1  Estimating irrigation requirements of a garden

The system is an intensive one and this is a one of its great strengths. In an area or where the
soils may be shallow, rocky and infertile the vegetable beds have been specially prepared by
trenching to a depth of one metre and refilling with soils with a high organic content, rich in
nutrients and with good water holding capacity. To exploit this fertile soil o the maximum,
water must not be a limiting factor.

When estimating imrigation volumes and application frequencies in the summer rainfall areas
it is necessary 1o differentiate between irrigating in the dry winter and in the wet summer. The
winter estimates are reasonably straightforward because there is a little or no rain to take into
consideration. Normally the water will oniginate from storage and be applied 1o the beds cither
by hose or by bucket. In the summer the required supplemental irrigation can come from stor-
age or from harvested runofl water.

I'he soil in a typical bed one metre deep has a capacity of about 60 mm of readily available
water that can be tapped by the plants but at the beginning of the season the bed may contain
less.

The crop water use is largely dependent on climatic conditions that determine crop evapotran-
spiration. The irrigation quantities required will vary with the stage of plant development and
the climatic conditions. Matching crop water needs and imigation applications (scheduling)
can be sophisticated requiring instrumentation and record keeping but this is not essential in
the context of this system.

Practical experience and a considerable number of simulations undertaken with Sapwat indi-
cate that it is normally adequate to arrive at a weekly irrigation application value that applies
throughout the growing season of the crop. This simplifies management. o illustrate this,
five weather stations with widely varyving climatic conditions were selected and the weekly
irmgation applications required for cabbage planted in April and maize planted in December
determined. Similar runs can be done for any place in the country for any crop.

Table 4.3 Weekly irngation requirements mm

[ Alice | Madibogo | Polokwani | Hoedspruit | |weespruit |
. Cabbage 15 25 20 20 | 10
. Maize 15 | 25 20 15 | 15
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If the irmigation season is known, then volumes can be calculated for a square metre of garden
bed. Twenty mm depth of water required on a square metre is 20 litres or one large bucke!
cach week. I the size of the garden beds is 100 m~, the weekly water requirement would be 2
000 litres. Assuming a seasonal irrigation period of 12 weeks the total volume of water re-
quired would be 24 000 litres or 24 cubic metres, This is the volume of water storage required
for the winter crop.

4.2.2  Water required for storage

There are very few villages in areas that average less than 500 mm of rain annually. Of course
there will be drought years but lets plan on 300 mm or half a metre, if there is a bad year &t
means the area under cultivation will have to be cut back to suit. If this rain falls on a 50
square metre roof and is stored in a covered underground tank then the volume of water har-
vested will be 0.5 x 50 = 25 cubic metres, enough 1o fill the underground storage.

The answer to this question is relatively simple, but depending on location the storage re-
quired for 100 m® of garden beds was found to vary from 13 to 29 cubic metres. The table was
one of the first attempts to set out the principles logically. These and more complex calcula-
tions have now been incorporated in Planwat obviating the need 10 have to think and calcu-
late.

Possibly two of the most important questions that must be answered are the arca of imperme-
able surfaces required to provide sufficient water and what volume of storage is required to
cater for the dry season. These questions must be answered for all the areas where there are
villages, sce Tabie 4.4 for example. In order w0 gain a broad picture of the situation eight
weather stations that can be regarded as being representative of the conditions that pertain in
the arcas where most villages are located were utilised to run Sapwat simulations based on
average weather conditions in both summer and winter. The crop characteristics and man-
agement strategies discussed in the section dealing with how much water is required were ap-
plied.

Table 44 Estimates of impermeable collection areas and storage volumes required. Caleulations based
on 100 m’ gross area cultivated

l  Units | Pietersh | Hoedspr | Madib = Bloem | Tweespr  Alice | Umtata  Dundee
| Limpop | Limpop | NW FS FS EC EC KRZ-N

SUMMER
Rainfall mm 395 444 371 | 430 483 416 490 | 640

| Sup Irri mm 34 26 4 | 27 26 26 17_| 17
Roof area | m" 126 86 172 93 79 90 52 39
WINTER 1
Rainfall mm 62 0| SR 122 152 153 164 118
Irrigation m’ 34 M | 4 26 7 | 26 17 | 34
Roof area m 7 87 130 62 35 60 3 39

| Storage m’ 27 29 37 20 13 19 13 29
Grev walter

| Storage m’ 17 19 27 | 1 [ 10 4 19
Run-ofl
Permeable | % 9 8 4 7 i1 9 I8 | 12
Areas | |

)
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Recveling grey water

I'he calculations have not taken account of domestic water use but the recyeling of grey water
can have a significant impact. This water may originate in the “free”™ 6 m’ per month allow-
ance or be wheel barrowed in from another source but the impact of using 2 m’ grey water per
month to augment irrigation requirements is significant. Noticeably storage volumes for win-
ter irrigation are significantly reduced. As can be seen in Table 4.4 the storage requirement
for Madibogo is reduced to 27 m” and in the case of Umtata the need for storage is virtually
eliminated being calculated at 4 m’. The Limpopo arcas are now down o 17 m’.
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3.

Summer season

The first step was 10 establish the volume of water required 10 supplement raintall dur-
ing the summer season in order to ensure that maximum production could be achieved.
It was found that in most cases this was of the same order as was required for full irri-
gation during the dry winter months. In retrospect this is a logical if unexpected con-
clusion because there is a tendency 1o accept production levels in summer at levels de-
termined by rainfall.

Sapwat provides average summer season rainfall values for 320 sites in South Africa
so that it is then a simple matter to calculate the arca of impermeable (“roof™) run-off
area supplying the volume of water supplementing rainfall.  As previously explained
this is normally handled as “run-on™ rather than as “imgation™ and storage between
events is provided by the soil profile.
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Figure 4.5 Monthly variation in precipitation for Alice. See discussion ynder *37
One has no choice but 1o make use of average monthly raintall figures for estimation
purposes knowing full well that there will be vears of plenty and vears when average
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expectations will not be met.  What is certain, however, is that by following these
principles villagers will be better off than would otherwise have been the case. Sap-
wat includes a routine that presents graphically historic monthly rainfall data over an
extended period for both summer and winter seasons. This facility assists risk assess-
ment. Figure 4.5 shows the typical summer scason pattern for Alice in the Eastern
Cape and covers a period of 19 years. There is considerable vanation from season 1o
season but no real disaster vears. The scasonal average is 416 mm and the season rep-
resented in the window, as 1990-1991 was a poor year that had a seasonal value of 346
mm.

4. The “roof™ area required to cater for this “run-on™ or “supplementary irrigation™ varies
for the 100 m* garden froml72 m® at Madibogo in the NW Province on the fringes of
the Kalahari 10 39 m’ for Dundee in KZ-N and 126 m" for the middle veld areas of
Limpopo. as can be seen in Table 4.2.2.

4.2.5  Winter season

The procedure was similar 1o the one followed for the summer season but it is now neces-
sary to determine the volume of storage of summer rain required 1o see the crops through
the drv period.

1. The first step is to establish the imrigation requirements for the winter period.
Sapwat takes into consideration such factors as the water content of the soil profile
at planting and the limited direct contribution of winter rain, The irrigation water
is harvested for the full vear but sulficient storage must be provided at the end of
summer to augment the limited water harvested during winter.

rJ

I'he “roof™ area required to cater for the winter is in addition to that required dur-
ing the summer and is calculated from the winter irmigation requirement and the
annual water harvest. The area ranges from 130 m® at Madibogo (together with
the 172 m’ required in summer this adds up 10302 m’) to 34 m* at Umtata and 97
m® for the Limpopo areas.

.

I'he proportion of the irmigation water that must be stored is a function of the ratio
of summer rain W Wl rain. The maximum storage requirement is 37 m’ at Mad-
ibogo while Umtata is13 m” and the Limpopo arcas 27 m".

4.2.6  Calculating runoff arca and storage requirements for each village

The research weam was able to establish the latitude and longitude of key villages in both
Limpopo and Fastern Cape and downloaded climate data from the Climatic Atlas on the
IWMI website. We included Sapwat weather stations in the exercise to validate the
downloaded data.  The next step was to do Sapwat runs for each village to establish the net
irrigation that would be required to augment rain to balance annual short grass reference
evapotranspiration. 1t was felt that this would provide a valid indication of variability be-
tween villages. The Limpopo results follow.

LIMPOPO WATER FOR FOOD SITES
SHORT GRASS REFERENCE EVAPOTRANSPIRATION COMPARISONS-CROP FACTOR =1
SITENO SITE LONG LAT ET RAIN IRRIG mm
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1 SPITZKOP 2987 2389 1360 571 945
2 MORETHA 30.13 24 93 1420 565 1004
3 TSWAING 2979 247 1441 569 1021
4 GA-TISANE 29.79 2472 1442 570 1021
5 LORRAINE 3042 2419 1442 510 1065
3 TSCHEPO 2855 2551 1512 590 1070
7 ACORNHOEK 3107 2481 1451 454 1082
8 BLINKWATER 3033 2341 1516 570 1091
9 GA-THABA 2962 2411 1461 49 1094
10 GA-MATHEBA 2927 2532 1512 546 1101
1 STRYDKRAAL 2971 2447 1504 498 1128
12 GA-MODJADI 3039 2362 1510 488 1142
13 DUMASI 3056 2295 1531 578 1160
14 TSHIKONELA 3075 2288 1562 485 1195
15 SEKURUWE 28584 2354 1582 473 1220
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Figure 4.6 Comparison of ET, rain and irrigation requirement for villages in Limpopo province.

On the evidence of these figures it was concluded that all these villages could be grouped into
those in the Lowveld characterised by the Hoedspruit weather station and those in the Middle-
veld by the University of the North weather station.

A similar exercise was done for the ex-Ciskei areas of the Eastern Cape below the mountains
and it was found that the weather station at Alice would be adequately representative.

4.3 VERIFICATION OF EXISTING LAWFUL WATER USE BY THE DEPART-
MENT OF WATER AFFAIRS AND FORESTRY

Sapwat has been designated as the model that is to be used for estimating crop irrigation re-

quirements in DWAF procedures. These procedures include the pricing strategy, the registra-

tion of water use and the water demand management strategy. The support of the Department

and consultants has been an ongoing activity over an extended period.  The inevitable pro-
4
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gression towards compulsory licensing has taken a step forward with the approval of the Veri-
fication manual, a guide for the determination of existing lawful water uses by the Depart-
ment of Water Affairs and Forestry.

The development of this manual was funded by an international organisation (DFID). and
Schoeman & Partners, consultants to the Department, handled the technical aspects. Sapwat,
once again, provides the methodology for evaluating imgation water use. The Sapwat-
admin version of’ Sapwat has been developed to cater for the specific requirements of the pro-
cedure. The need 1s for a logical and transparent methodology for developing reasonable and
acceptable values for irrigation requirements. It would be impossible 1o evaluate the particu-
lar circumstances, and management cffectiveness of individual farmers. It is anticipated that
contractors and consultants in ¢ach of the water management arcas throughout South Africa
will undertake this process. Uniformity in approach and reconcilable outputs are essential, so
that the manual concentrates on detail.

Key aspects of the procedure deal with capturing available data in GIS databases and validat-
ing registered information, identifying registered and existing water uses by means of aenal
photography and satellite imagery, identifying unregistered water use, and identifving the
possible lawtulness of water uses.

Section 3 of the guide deals with crop irrigation requirements, and comprises five para-
graphs:

define homogencous climate zones

identify or establish applicable Sapwat weather stations
define standard parameters

using Sapwat

populating a crop irrigation requirement data base

Section 8 of the guide Jdeals with determining registered and possible existing water vol-
umes

e obtain registered water volume
o calculate Sapwat volume
e obtain the identified irrigated area from the satellite image.

Attachment B of the guide discusses the identification or establishment of Sapwat weather
stations.

Attachment C of the guide specifies the accepted Sapwat parameters for each crop.

Attachment D of the guide provides detailed instructions on how to use Sapwat for this par-
ticular purpose.

Ihe development of Sapwat admin means that the Sapwat related attachments would have o
be updated. This was anticipated from the outset,
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5 TRAINING AND ELECTRONIC AND TELEPHONIC SUPPORT
SERVICES TO OTHER USERS OF SAPWAT

No complete courses were presented as it transpired that there was no apparent need for.
However, a number of demonstrations were held and personal assistance was also given:

Personal assistance, usually 1 to 4 hours in duration:

e Department of Agriculture, Free State (Head office and Southwest Free State)
e Agrico, Bloemlontein

e Orange-Vaal WUA

e Orange-Riet WUA and Ninham Shand consulting engineers

o  Vaalharts WULA

.

Central University of Technology
Demonstrations, usually | to 2 hours:
e  SABI Orange branch

Electronic and telephonic support

This support includes the answering of requests for specific assistance in the use of SAPWAT
for the calculation of irrigation water requirements for specific situations, often problematic
situations such as sandy a-horizons on clay b-horizons, high frequency with low applications,
low frequency with high applications, crops grown outside their usual climatic regions, crops
not listed, and design critenia.

There are surprisingly few people with a real interest in the inner workings of irrigation, This
applies to farmers, engineers, agronomists, soil scientist, and agricultural economists. There
are notable exceptions but irrigation is a chore: it is not a popular hobby. One exception to
the rule is the scheduling consultant. They almost invariably have an encyclopaedic knowl-
edge ol irmigation practices in the arcas they serve. Unfortunately, scheduling is not a particu-
larly profitable business and practitioners have their work cut out to keep up with the proce-
dures and advise their customers. In addition their activities are usually associated with a
well-tried specific technique and instrumentation for measuring soil moisture content or with
commercially developed software packages.

Ihere is, however, a small band of general ™ agricultural consultants™ who are becoming in-
terested in irrigation because they suspect that present practices are having an adverse influ-

ence on crop yields or quality. A few of them, interested in understanding the processes of

irrigation, read about Sapwat, downloaded the programme from the web site and liked what
they saw. The Sapwat runs, however, raised new queries and they made contact to obtain
more information. These interactive contacts have proved to be valuable and have lead 1o vis-
its and in-depth discussions.

Several of these contacts were at one time researchers who over time became more involved
in practice. Eventually they decided to become independent agricultural consultants. Usually
the clientele was concentrated near where they lived and they augmented their consulting ac-
tivities by having a nursery or by supplying seed and fertiliser. In two cases they were active
urigation equipment dealers. As can be expected these people tend to be operating at the cut-
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ting edge of technology. [tis gratifving that they find Sapwat a useful tool. At the same time
this presents a considerable challenge 1o the Sapwat team who become involved in analysing
and interpreting innovative processes that are not yet part of the normal routine of irrigation.
This interaction has led to significant modifications in Sapwat crop factor development in the
case of pastures, subtropical fruit, and shade cultivation.  There are indications that these peo-
ple can become pant of the Sapwat team and can advise users on the application of the model
and contribute to the improvement and development of Sapwat.

Organisations and people provided with support:

e Department of Water AfTairs central and regional offices:
o Limpopo - imigation requirements for registration: crops not included in SAP-
WAT list. crops grown outside their usual ¢limatic region
o Mpumalanga - irmigation requirements for registration; problems with download-
ing
o Free State - irrigation requirements for registration
> Northern Cape - irrigation requirements for registration, irrigation requirement
planning
Eastern Cape - irnigation requirements for registration; crops not included in SAP-
WAT list
e Provincial Departments of Agriculture
o Limpopo - irrigation requirements of crops
o Free State - irmigation requirements of crops
o Northern Cape — imigation requirements of crops
o Kwazulu-Natal - irrigation requirements of crops
e Water Users™ Associations
o Orange-Riet - irrigation requirements of crops for water management
o Orange-Vaal - imigation requirements of crops for water management: irrigation
requirements of crops where production practices deviate from the normal.
o Gamtoos - irmigation requirements of crops for water management
5 Vaalharts - irrigation requirements of crops for water management
e Tertiary Institutions. research organisations and researchers
5> University of Kwazulu-Natal - training of students
5 University of the Free State — wrigation requirements of crops, application of
SAPWAT for risk assessment.
Central University of Technology - irrigation requirements of crops for a hydrol-
ogy research project
University of Swaziland — training of students
CSIR - irrigation requirements ol crops for borehole-based irrigation
ARC-Nietvoorbij — irrigation requirements ol fruit trees on problem soils
IWMI - irrigation requirement planning for river basin water balances
o Deciduous Fruit Trust - irrigation requirements along the lower Orange River sys-
tem
e Consultants, consulting organisations, designers and sellers of irrigation equipment
MBB - Irmigation requirements, general and Orange River System
Ninham Shand - general irrigation requirements
Agrico - design criteria and approaches
o Floppie Sprinkler — design criteria and approaches
Netafim ~ imrigation requirements
o Schoeman and partners - irrigation requirements; verification of registrations

Q

O

O
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6 UPGRADING OF THE WEBSITE

The website has been fully described in carlier reports and has been upgraded to fully docu-
ment the modifications and upgrades currently in progress. This will be a continuation of an
on-going process. The main function has been o facilitate access to downloading the pro-
gramme obviating the need to copy and distribute CDs to new users as well as enabling exist-
ing users to keep pace with new versions of Windows as well as improvements to SAPWAT.
Betore downloading the programme from the Web users were required to register and provide
addresses so that comprehensive information is available in the website database. There are
241 entries 1o date. There are. however. many more other users many of whom have acquired
the programme through courses and personal contacts. An important ongoing task is the re-
writing of the user manuals to reflect the “new” versions of SAPWAT. These will be avail-
able for downloading from the website

The international nature of interest in Sapwat is depicted in Table 6.1.

Table 6.1 Distribution of SAPW AT web site registrations.
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The dedicated Sapwat web site has been successful in fulfilling the need to supply the pro-
gramme to a considerable number of people both in South Africa and overseas. This greatly
reduced the administrative load on the limited Sapwat team. It was initially decided, how-
ever, not to utilise the Water Research Commission website because it was anticipated that
access would be necessary for editing and modification purposes at fairly frequent intervals.
T'his would have been difficult to achieve on the WRC website without impinging on security
arrangements.

In the light of experience we are suggesting that the dedicated Sapwat website be discontin-

ued and that Sapwat be incorporated in the WRC site in a simplified form. This would make
it possible to download Sapwat-admin and its user manual only. In addition full contact de-
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tails enabling interested persons to contact the Sapwat team would be provided. People wish-
ing 1o obtain the more complete Sapwat-management programme would then be able 1o or-
der from the team. preferably, or alternatively direct from WRC a CD comprising an installa-
tion program and a comprehensive user manual.

In the carlier days of Sapwat development the interest the programme would develop amongst
practitioners in irmigation processes and management was grossly overestimated. A network
was envisioned where people would be able to compare notes on the irngation characteristics
of crops and that the appropriateness and effectiveness of altemate imigation methods. The
Sapwat team were also apprehensive about the acceptability of the program to engineers and
irrigation practitioners. It was with this in mind that the following features were included in
the website:

e  Registration of users based on the assumption that proactive follow-up contacts would be
required to set the ball rolling.

e The facility to download individual crop files direct from the web site was developed on
the assumption that users would welcome the opportunity to update their database from
time to time.

e A chat page was included to enable irrigation enthusiasts o compare notes

e A page that was updated from time to time that briefly described the various applications
of Sapwat.

The team have, however, found in practice that designers, farmers and planners want answers
that are officially acceptable and are in line with the practicalities of irrigated crop production.
It is only the very few that have the deeper interest than originally imagined would apply on a
broad front. The team have also been pleased with the case with which users take 1o the pro-
gramme and with the general acceptance that it has achieved. It has even been decided, as
discussed under programming, 1o delete the * what-to-do™ help feature that was previously
included for each screen.

Requiring users to register before downloading was useful in the early stages but there was
not the manpower or time available to follow up with a significant number of users on an on-
going basis. Users with problems made contact, in any event, by telephone or e-mail. In ad-
dition the chore of registering was an irritant and at times caused technical problems. The in-
tention is, therefore, to simplify the website by eliminating features that now appear to be no
longer necessary or didn't really vield dividends from the outset.



7 CONCLUSIONS

The purpose of this project, The improvement of the SAPWAT database. operational and sup-
port sysiems o faciliate improved performance and interaction with other irrigation man-
agement and plammng programmes and users as well as extending the scope and versatility of
the program. with the following specific objectives:

linkage to and support of other irrigation management and planning programmes by im-
proving programme file output

linkage to and support for irrigation water planning users and advisors, including
DWAF

editing/refining crop factors
uperading of SAPWAT software

upgrading of the website, maintenance of a user register and the inclusion of additional
manuals and “how to do it” user support material

provide electronic and telephonic support to users on an ongoing basis

was satisfied during its execution. The following has been done:

SAPWAL software has been upgraded and screens were cleaned up and simplified.
Two models now exist: one (SAPWAT-Admin) specifically aimed at the registration for
waler use process as required by the Department of Water AfTairs and Forestry, and the
other (SAPWAT-Management) for water use and management planning by WUAs and
farmers, design of irmigation systems and for irrigation management analysis and advice.
Except for the cleaning up of the screens and changes in the handling of data. notably
changing from the South African seven climate zones 0 the Koppen-Geiger five climate
zones for the country, the management model is stll the old familiar SAPWAT. The
admin model for use in the registration process contains the same first screens as the
management model, but does not include soils and soil water balances. This is to ensure
a more uniform set of results for administration purposes, as crop irrigation requirement
can vary substantially due to management practices and especially the efficiency level at
which rain water is utilised in the production process. Exporting data has been ex-
panded 1o the extent that the admin model now enables export in CSV format that can
be imported into any spreadsheet or database programme.

Part of the upgrading was the conversion of the climate part of SAPWAT from the
South African seven-region system to the intermationally accepted Kippen-Geiger five-
group system, of which three groups, or 12 climate regions, are found in Southern Af-
rica. The Kdppen-Geiger classification system is based on a combination of rainfall and
temperature.  As rainfall can be replaced by irrigation, it virtually becomes a system
based on differences in temperature and partly on humidity, therefore it becomes rela-
tively easy 10 interpret and link crop growth and development to the climate zones. Five
Kappen-Geiger based climate regions could be defined for Southern Africa: Tropical;
Humid'sub-humid. hot summers: Humid/sub-humid, warm summers: Arid/semi-arid,
hot summers; Arid/semi-arid, warm summers.
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The change in the climate approach. as well as more recent information on the growth
and development of some crops, necessitated the revision of the FAO-based crop factors
mcluded in the programme.  All crop data. including cultivar and type differences, as
well as the differences due to climate have been reviewed. The latest version includes
316 varieties of 99 crops. The linking of these to the five Kippen-Geiger climate zones
result in a detail data file that contains more than 2400 records. See Appendix A

Support was given to the Agricultural Economics Department of the University of the
Free State for a WRC-funded project that they are doing on risk analysis with the Vaal-
harts irrigation area as the research arca. On 30 000 cultivated hectares the farmers pro-
duce 14 crops with double cropping of some crops resulting in up to 170% land cover-
age. Substantially less water than the quota is ordered, possibly because of the utilisa-
tion of water table water, SAPWAT output was used as input for the Free State Univer-
Sity project.

Support was given to the “Water for Food™ project in the Limpopo province where the
irrigation requirements for vegetable production in home gardens under rainwater har-
vesting situations were estimated and simplified to approximate weekly requirements in
an casy to understand manner, for example 20 mm per week for both maize and pump-
Kins grown in the Polokwane area in mid-summer. These requirements were linked to
water harvesting potential from roofs and other suitable areas as well as grey water out
of the house, and ratios between garden area and roof and other water harvest catchment
areas were calculated so that a balance could be achieved between available water and
garden area. Storage requirements to bridge periods when rainfall is not adequate for
the crops were calculated. SAPWAT inputs were also used as a basis for the determina-
tion of a subsidy of RS000 per houschold for installing rainwater harvesting and re-
quired storage facilities

I'he progression towards compulsory licensing of irmigation water users has taken a step
forward with the approval of the Verification manual, a guide for the determination of
existing lawful water uses by the Department of Water Affairs and Forestry.  Sapwat
support provided the methodology for the evaluation of irrigation water use and its in-
puts forms the basis of this manual.

No full courses in the use of SAPWAT were given, as potential users indicated no need.
However, personal support was given to personnel of six organisations and a demonstra-
tion in its application was also given. Electronic and telephonic support was given in 35
instances to national and provincial government departments, WUA's, tertiary training
institutions, research institutes, researchers, consultants and farmers.

The role of the web site in establishing a network of SAPWAT users who could interact
with each other, the main reason for establishing a web site independent of the WRC
web site, was grossly overestimated. A new web site, linked to the WRC web site,
needs to be investigated. Services on such a proposed new web site will be the
downloading of programmes, giving contact details of where assistance could be ob-
tained and keeping a register of users in the present format. In the mean time, the regis-
ter of users was updated and names of users can now be downloaded and manipulated
with a minimum of fuss. The 241 entries in the register represent 18 countries.
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Appendix A
Crop Characteristics for use with SAPWAT

Some of the development of SAPWAT took place as a further development on CROPWAT (Smith. 1992), but before the publication of FAD Imgation and Drainage Report No
56 (Allen et &, 1998), therefore some deviations are found from the classical FAO four-stage crop factor approach as descnbed in FAO 56 It is therefore necessary 10
consider these when interpreting the data contamned in thes table for application in SAPWAT and for transporting this data to CROPWAT or some other similar model

Days. The SAPWAT and CROPWAT year totals to 360 and not to 365 days. Should the total days for a crop be more than 360, overlapping of bars on the bar-graph occurs
This makes the mterpretation of the graph difficult

Kc-max and Folage values SAPWAT uses a dual crop coefficient approach for calculating Ke-values In a way, Foliage values at the start and end of the growing season
could be equated to Kcbh-intal and Kcb-end values, althaugh the values for CROPWAT nughit not be the same as for SAPWAT. Evaporation from the soil surface (aquivalent
to FAO 56 Ke) 1s calculated and the foliage value, indicating the level of foliar activity is then added o give an equivalent for Kc-ini. Similar results as described in FAO 56 are
found SAPWAT Kc-max approximates FAQ 56 Ke-max (single crop coefficient) A further use of Fohar values could be an upwards or downwards adjustment o reflect fokar
activity that deviates from nommal. such as for diseased plants or in cases of stomatal control  The user 18 advised not 1o inpul zero-values, unexpected results might occur!

Rooting depth, Depletion, Ky and Crop Height  Applied in the same way as descnbed in FAO 56

Some crops for example winter cereals, where the development of the crop is strongly nfluenced by combinations of changes in daylight and temperature, has the
characteristic that the total growing penod vanes with changes in planting date. In these cases, il 1s nol pessible 1o give a single, generalised set of values and because
SAPWAT does not have a mathemalical sub-routine for adjusting this change in growing penods. a range of planting dates, each with its own related set of stage lengths, 15
included The user is advised to select a planting date closest to his own for a good estimate of crop imgation requirements. Planting date intervals of less than 10 days are
net advised as year-on-year climatic vanation would probabaly be bigger than differences found by providing for planting dates of less than 10 day intervals

Deciduous frutt, nuts and grapes are included under genenc subdivisions of early. middie and late vaneties and a fair approximation could be made for most cultivars
However, some cultivars deviate substantially from the accepted values, which indicates that one should approximate these crops on a cultivar, or cultivar-type basis Funher
research 1s needed on this aspect. A need for further research on the four-stage approach for tree crops have also been identified by Allen e! al 1998 which supports thes
need for further research

Chmatic conditions affect crop growth It could, for instance, be stated as a general rule that crops would develop and grow quicker in warmer climates than in colder cimates
Therefore cimatic regions. and thewr influence on crop development. have been included in this table Chimatic regions are based on the internationally accepted Koppen
Chmate Systemn (Strahler & Strahler, 2002). although the names of the climatic regions are changed to more generally used terms. Full transponability of the crop characteristic
Cata 1o the international arena is NOW possible

The Keppen A, B and C chmatic regions, as applied in SAPWAT, are bnefly defined as follows

- A Tropcal All warm average temperatures »18°C

B And/Semi-and, hot summers: Rainfall < 500 mm. Average annual temperature > 18°C  Average temperature of hottest month > 22°C
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Crop Characteristics for use with SAPWAT

B. And'Semi-and, warm summers. Ranfall < 500 mm. Average annual temperature > 18°C. Average temperature of hottest month < 22°C </p>

C Humd/Sub-humid, hot summers Rainfall

- C. Humad/Sub-humid, warm summers Rainfall > 500 mm

» 500 mm. Average annual temperature > 18°C

Average annual temperature > 18°C

9

Average temperature of hotteést month > 22°C

Average temperature of hottest month < 22°C </p:
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Humed/ Sub-hwmsd. hot sumemers 14 2% 54 14 140 1.15 1 10 ! 0 50 50 50
A HumQrSub-hanmid, warnmn sumimers 14 28 o 14 140 115 1 1 ! 3 J =
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PO, WS sulmers 14 8 3 14 140 5 1 1 S0 ) 8
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Tropical 14 26 0 & 15 15 100 1 ) ol ) &
sooyens 2004
Fruit trees
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100 QUACE ra Ire Dey A IF] il Tols Ke-max Fy-stan Fy-mas Fyvand Deglini Degimdg Deollate
standard AndVScemi-and hol summers 20 us 8 22 ! 1 100 1 040 04 05
AdiSomu-and warm sumimerns 2 ] M 28 224 11 | o0 R 0.50 50
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Fruit trees
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1.000 1 O 0 B0 a8 B0 a0 08 “
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Crop 00100 Camate [ ey AR Lt olal Kemax FPyslan Pymax Evgnd Vepldy Lepiaug Lepuiis
Granmvy Smith AN/SeImi-and. wWanm summens " 168 84 42 304 10 1 0 1 ) 54 0f 050
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Caop 0p1or Cimatg n Lu A q | gt 1ot K tnax Ey-slan Fy max ’,11"" wpln Depl mu Jpt-lang
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Crop oplion T [} Puy Mg Late olal Ko max Fy-slart  Fymas F v Degplind  Doplmid Depl-late
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Fruit trees
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LICcp opton lange C MeyY M hals Total Ko max Fvstan Eyquax Fygnd s pln Depl md  Depllate
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IhdSe Ang'Semi-and, hol summess 2 7 126 26 252 100 1 100 0 4c 40 0 50
Thitie ANG'Semi-and, Wanm surmmers 21 77 126 8 52 100 1 100 ) 0 50 ) 50
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Fruit trees
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Hune - Dued . wWanm summers 60 )| 20 9% 3L 100 100 N 60 ! ) 6 0 06

Aln ot 8l 1908, Chilgs, 2002 Crosby & Crosby 1660, McMohan. Kofranek 8 Rubatzby. 2002, Seith 1902
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Pea's l.‘:,”‘. o0 R - (TN WA Ky ey Ky mig Ky lawg Ky -saason Lrop height
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A 'Sem-and warm sumeners 21 ac 134 H) 261 110
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Humid/'Sud-humid hot sumimers 21 91 140 28 ( O - S0
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N ANd/'Semi-ard hot summers 21 63 112 20 Jed 00 ] o0 0 04 4 050
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MIGSUD-Nurmed Not s urers 21 ) 112 20 L4 A i o - - -
Umd'Sul-Humd warm summers 2 6] 1 <l F¥L ( | ! J . J N

o8 9pton Clhimalg y Ugy u J Late 1ol O Mmas Fyvsian Fy-max Iy yod o~ U 1] apl md Dol lale
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AL Semi-and wanin summers 21 77 126 <0 piV, 00 i 10 - 5 0
famd/SuD humed. hot summers Fq 'L 126 <8 252 ! | 1 W - J S0
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Crop Characteristics for

FEAmale covor And’Semi-and, hol summers 0 0 130 30 180 10 10 1 40 040 0 30
Eshimale cover A Semi-and. warm Sumimers 1 1 30 0 1840 .10 100 ' Ha ) £ 4
HUM'Sub-humed, hot samimers 1 [ 3 30 180 110 100 | W ) J
Hurmd b bumed, wWarm sumimers 1 ' 30 30 180 1 ) L P00 ! W AL 4
Algn ¢t al., 1998 McMohan Kolranes & Rubalzky, 2002
Grapes and Berries
Berries Roots i Roots mud Ky vy Ky day Lymig Erdas [(WB I BB D
1 000 1 000 020 70 085 040 0as 150
rop - Aunate lrw Dy (AL | Late 1 gtal Keanax Fy-stan \ X Fy-and Degd in Dept o ODep late
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Alen et al 1988 McMohan Kofranos & Rubatzky, 2002
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1500 1500 020 070 0D 85 04 Q85 0
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G120 celean Chmata Iny Dy D ) e olal Kemax Evstad Ly max Fyend Dep Depd mad Depd ot
Tatde Muddk And/Semi-and. hol summers 125 - | 31 0 08 1 00 10 4 ) 40 04
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Anm -

Ang'Se SUMMers 1 i . 10 w0 5 1 ! 10 )4 4 1 4
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ArdSe M3, WaIm SuUIMMmers 1 - 9 oo 065 | 4 FY 04
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Allen et ol 4
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Ory. Medum Humsd Sab-hamid. hot susrumerns 20 17 48 5 80 115 1.00 | D45 )45 0 8(
Humid/'Sub humed warnn sumimes s 20 28 44 5 (') 1.1 1 10 ' 045 45 060
Tropecs 20 1 44 o S0 1.18 140 a5 “5 0 8
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Legumes
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Crop Characteristics for use with SAPWAT
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