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aquitable dsirbution of weath on a reglonal-economic
and macro-economic level. The most important goals
10 De achweved over the medium-term are

¢ InCreased lechmcal, beologcal and economcal
efciency of water use

¢ Alleviason and reduction of poverly amongst
people in manly rural areas, and

o Rehabdnation protecton and reclamabon of water
AOrks anc waler rasources

These goals must ba achieved through the creation of
knowledge by mears of research and nuencng the
ceasions and acsons of stakeholders Frough training
#d extension

The focus arnas for research are manly rural sociology,
resource  oconOmics, engineenng,  chimatology,
hydrology, sols and crops. The emphasis in the
resoarch s frst and foremost to enhance the
management capacity of agncultural water users
Needs-drven, problom-solving research also requres
a baance Dbotween addressing issues Of
immediale concam and articpating Bsues, which an
oxpected 1o be of concem in the future. To achieve
this, euisting chanmels of communcation with
representatives of the farming communttes. and with

researchers themselves, are used 10 promole
Co-operabion and co-orgination of research

The purpese of this pubiication & %0 bring the practica
information, technologes and models, which have
been produced through WRC funded research
projects, 10 the attention of farmers n agncullure. We
welcome a rasponse and Gscusson on ways and
means 10 assest larmers and %0 ansure eflective
apphcation of these resaarch fndings

ST frg

Pt Odendaal
Executive Director
Water Research Commession
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A complete program for
crop-irrigation planning
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chmaitc gifierences from one place o another and
10gether with a crop 1a00r Seveoped by means of a set
of serple rules ensures that comparable resuls are
obtained anywhere in the country.  Users can creale
crop fles for a new Crop or vanety thal may nol be
acuded n the extensve database that mcludes seven
chmatc ragons and moee tan 500 delault crop Nes

SAPWAT allows the user 1o specly such fems as
frequency of sngation, planting density and canogy
cover, wetied area, and %0 salect for
favourable, normal and severe
seasons. There is a schedulng
mode that enables the senstivity of
any scheduing stralegy 10 be
assessed In minutes so that
allerathions can be made o the
mgation program put is In
graphs and tables and particular
attention has been paid 1o ensunng
that data can be exported 10
conventional spread sheets for
further manipulation should this
be desired

The WRC is establishing a fully
interactive SAPWAT web ste, by
means of whch contact beteween
users and the software developers
wil be mantanad and ensured. The
WRC.hasad web site woud be the
core ol technology transher
SAPWAT would be doanioaded anc
Users regisiered, ana updates for

program-oxecutlabies as well as Yor

Crop anc weather dala mace
avadlable. 1 5 ervisaged that cach crop wil have ns
own page win approved data but tat users will be
encouraged Yo include crop fies they have developed
The web site wil ndude a dscusson forum hat would
also cater for on-hine suppon

Imgation accoums for The maky share of waler usage
S0 That the irigation componant & important in
caichment planning SAPWAT principles have been
recognised by e Department of Water Afairs and
Forestry (DWAF) and incorporated in the imigation

nputs nlo the Natonal Waler Balance Mode! I terms
of me National Water Act users aré requeed 10
register the use of irmgason water for prcing purposes

SAPWAT, n the absence of general meterng, enables
Al water use O imgason 1o be quanibed equally, so
ensunng 4 cost recovery in a fair and systemabc
manner. In the future Water User Assocatons (WUAS)
wil be requred 0 develop Water Management Plans
0N & regular bass. The mpact of engason practoes
and straleges 0N waler budgels requires the
assessment of IMPact on Cop-Irgation regquirements
Ths s one ol the funchons lor which SAPWAT
was ceveloped

One of the prmary objactives of the SAPWAT
development program was ‘provision for Ihe
spocic circumstances and requirements of emergng
irrigation farmers and communty gardens’. Particular
attention was paid 10 this aspect and presently
corsultants engaged in the land-care inftiatives of e
National Department of Agriculture are basing designs
for sustanable rehadiitation of irmgasion schemes on
SAPWAT prodictons

Planning how much imgation waler is required and
when, s a prerequisite for individual farmers
designers, WUAS, imgation schemes and reservoir
management. One of the strangths of SAPWAT les in
an extensve database that saves the user e chore of
Yookng for Sgures’ and nbul routines for undertakng

sensitvity analyses ol allemnatve suateges

|



Water and energy in
irrigation - a decision
support system
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A decison support model was also developed for the
evaluation of risk management at whole-farm level
This moded, consistng of three modules, calculates all
costs and ncome at enterpnse level as well as farm
level. Risks with regasd 0 crop prices and ywid
interest rates and possibie hail damage are also fully
simuiated. Imgaton management, InCludng water and
energy use, can Merelore be promoted

Certain fields for further research were identified which
could create a set of instruments for the suppon of
imgation management from micro- 10 macro level
extending from the farmer to the policy maker
More specific fopics for further study, development,
improvement and peactical implementation were
also centified

This study showed that more atienbon wal also have
10 be given 0 the decision maker Quessons ke the
following arise from an information viewpont: s
niocrmation optimaly utised by decision makers?
What management needs @xst 1o mplement and carry
out a better-information strategy?

Risk management, as an integral part of farm
management, ought 1o be promoled by encouragng
managers 10 view economic varables as probabeey
dstributons that ought 10 be managed. Although
he de0sSIon Support sysiems that wene developed In
thes study contridute 10 this, ublsabon of such @ system
wil be determined by Ihe relevancy and the value ol the
indormation it supplies, as well as by s user
frendiiness. I the expecied value of he ndormation
excoeds the cost and effort of acquisition, such a
sysiem wil contribite %0 beber decision making
Because the system thal was developed can supply
valuable informabion for decision making, this system
ought 1o be used 10 Improve nsk management.

A water-balance model
for irrigation

To ensure the most efficent use of imgabon water 1 is
necessary 10 manage or schedule rngaton in such a
way that plants will @l no stage be subecied to
plant water stress.  The daily water requeement of
plants s dependent on almospheanc condihons and the
folage cover, while sod-waler supply s a function of
o0t Asinbubon and wadter uplake

Financed by the Water Research
Commission (WRC). soil scsntists of
the University of the Orange Free
State, under the leacershp of
Profassor A T P Bannie, uncenook
research in 1987 amed at




e  Meaasunng the soll-root conductance of waler for
dfferent sol‘crop combinations

e  Finding a root growth model through which rooting
densdy changes at varous soil depths during the
growth season could be predicted

e Compling a simulation model for calculating the
ower or dry boundary of plant-avallable water for
gilerent sfuations, and

* Using the difference Datween the upper or wet
boundary of plant-avallable water and the water
content whare plant-waler stress appears, for
reliming imgadon scheduling and planning of
WPGAloN Systems

The sol-waler conductance coeficent for a large
vanety of sol types was combined wih crops of
wheal, maize, groundnuts and peas n ™ea ¥ngation
areas of Vaalharts, Sandvet (Detween Buitfontein
and Wesseisbron) and Ramah on the Orange River
maar Luckhoft. It was discoverad that sol-water
conductance was a function of the silt-plus-clay
percentaga of the sol

An eflective ampincal root-growth
model 10 precc! root-density
changes was developed and lested
A regresson model for calculasng
the held water capaaly of vanous
sOf types according 10 thesr Sit-
plus-clay content was delwed A
enaral waler relenbon eguabon
was compied and cntica leal xylem
polentials for dentifying senous
plant-waler slress were noled. AR
s rdomalion was used 1o develop

a mooel for calculabng the peofie-
avalable waler capacty of specic
sol'crop-type combmnations under
decent arcumstances and in the

course of e growth season

Rogardng imigation management
ang sSheduing, a4 Sysiem was
Jovised whereby 0lal Crop-water
requirement could be caculated

Graphs showing specic daly crop

waler consumplion at speciic yeld lasgels were
derved or vanous crop hypes, and formulae were
derved for calculahing sngaton-water demand takng
into accout the protie-avallable water capachy and
soasonal requirements

Dierert warys for adminsterning #ngation waler woro
domonsirated and Y80 in prachoe. It was shown that
scheduing of imgation accordng o the water-balance
method throughout the growth S8AS0N was sutcessiu

simple and easy 10 manage. So also were the
procedures for calculating plant-avasable water
withdrawal over e whole growth Season for specific
sol/crop-type combinations. To faciltate apphcason of
these resuits in prachice, all the Caloulaton proCecures
Were InCuded mn & computer program known as the
imgation water management program or (BEWAB)

The repon comtams much usehy informanion for easng
dacsions regardng the design of imgadon systems for
specific solicrop combnations. A simple and cheap
waler-baance method for schaduling engation yweided
good results, which could be successiully appled n e
rigabon areas of Central and Weslern Free State,
Northem Cape and Western Transvaal  Thes approach
s #s0 apphcable n other irmgabon areas bul

dfferent coefficierts may be necessary in Giflerent
cAmasc regions



Soil water balance model e amdie e
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dasign optons will atlect ™he system performance
Once the designer is satished with hs choice, he wil
proceed %o calculate the details of the final design. The
design program is biingual (Afrikaans and English) and
can easily be wanslated into any other language. The
design procedure s universal, scientifically sound and
user-inendly. OPTIVLOED 2.2 focuses the design and
elmnaes the need for elaborate simulatons dunng the
desgn. It has potential for woridwioe application

Six OPTIVLOED 2.2 design courses
in South Alnca were alveady funded
by the WRC. The computer program
oMers excellent training matenal for
vanous disciphnes (om lasmers 10
edension stall 10 engneers). The
Iraning invoives the delerminabon of
nput  parameters, simuabion
(SIRMOD program) and design
(OPTVLOED)

Computer program to
simulate water flow in
irrigation canals

The Water Research Commission (WRC) provced
financial suppont for a number of research pecjects
conceming the optimal management of irngabon
systems. In one of thase proects the Rand Alrikaans
UNIVErsty (MAV] Qeveipe o wuvipnn g wi
PROCAN, that smulates unsteady fow of water n any
canal or river. a second RAU prosect was a water
administration system, WAS, that handes all waler
requests by farmers and is currently running on all
major ¥nigaton schemas throughout South Afnca

The RAU reseasch am under the leadersship of
Dr Nico Benace integrated these results and developed
a computensed system lor mewmisng management
related distrdution losses 0 irngation canals
The resultant System consists of a simulason model
monRonng stabions and a water oMice database. Thaw
uimahe aum was 10 creale a management system hal
could be used on all mar imgaton schemes N
South Afrca %0 opbmise iImgadon waler management
and miramese waler losses
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soJih Alrca The water adminisiiason sysiem
ed at Loskop, Sandvet, Hanbeespoort, Pongola

¥ Rver, Vagharts. Oldants River, Kalkioriein and

Moot Hiver imgal hemes. PROCAN has beer

canal at the Loskop sngaton scheme

The ergaton-s haduing model, S from $ A
baanc Af m. 2 group of

! a scheame he
Ovaniace of ed Dy &l he
¢ n ar ation scheme & that the water

requirements. Should there be a large
AMerence Detween ™e waler recuired
and the waler reguesied. seps can be
'

SN 10 MRrOVe FNGASON Managemer

on a spechc imgaton schame

prograr Nas
successiully integrated o the WAS
s usabity 85 hampered b

W 2 Iack

crop paramelers for a range of dferent

crops. A iow-ud research pros

rectihed thes shoricomng and refined

e mox o an even moee useaiul Yool

f NGRS, AVSOrs, ressarchers and

managers
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Soil water management
program for rainfed
agriculture

@ Orange Free State

f T

"‘: :'.q".' 25 0 w «_1' vers
have developed an easy-10-use computer program 1o

issist crop farmers in Detter managing rainwater

resources, and % faciitate decsion-maung. SWAMP

r Management Program) can be run by

:N:d \.r,
famers themseives 10 oblain optrmum ywelds from

000G fids on ther ‘ams

With financal support Dy the Water Researct

Commission (WRC) since 1975, the research. led by

Professor A 7 P Bennie, ntally focused on %0
MESCHoN Prodiems  under imgal However o
o0n Decame ewdent hat InCreasing 000 productior
Wuld De based on sustainade dry gl T

systems, emphassing the capture and efmcent use of

anfall, rather (nan refying On Surtace waler supphes

wiuCh are Deng progressivery needed or a burgecnng
populaton, and expanding INdustnes
Of all the ran !at falls in South Alnca. 74% S baryg

Jssed for dryland agnculture and forestry. Oryland crog
produchon uses 12% of thes ranwaler. as compared |

Jsad by imgaton. A smal improvement in rain-use
efciency m Oryiand Crop produchon can ocbwvale the

Necessly or lubure iMmgalbon geveopment
™

esoarch has provded echng MOOees that allow grexter
produchon with less nsk. with the same rainfall Thesa

technologes prowde means 0 IMprove and manage

the retenson of precipdaton N the sol and thus recuce

the nsk of crops running Out of waler durng the
gowing season. Dunng droughts the crop water
jemand exceeds the rainfall, and the larger the amourt

o rairwaler hal can be siored in e soil, the lower the

e storad sod waler with the axpecied Crop waler

deficit requires a sound knowledge of the sol waler

sUpoly and the quanmtfication of each of its mponants

A number of sol water-based « yrouler mooels are

already In use in tha country, and can supply farmers

and agricuturalists with the general mformation for

decision support  This research by the UOFS focused

on the need for a prachcal computer program hal can

be run Dy farmers oOr agncultural advisers
g aven o 5p% 4 4. 4 n a farm
dures were Oeveloped 10 estimate the

evaporabon of water from the sof surface, water uptake

by Crops and waler '08s by dranage Delow the

gye U

ADpIyNg these procedures regures input nformat
Ihat 5 readly avalable ke s Septh, lexture, rar'a
an esimahon of sod weiness and targst Or achua ot
yaid.  The procedures can b

amount of ran stored In e SO

previous crop 10 planting of the

.

information can be used in conpuncion with an input of




the expectad precpeahion 10 astmale the obtanable
yield. It can also aid the farmer in making a decsion
based on the aconomic viabdty and nsk woived
whether to plant or not. The procedures can also be
used 10 estmale the amount of unusad plant-avallable
waler in the sod at the end of a growing season

Vilues esomated by using the procedures were
compared with values maasured in farmers felos, and
were lound 10 be of acceptable accuracy

The separate estrmalion procedures 1or each of the
components of he sof waler balance have now Deen
linked In ths single computer program. In i,
avalabe technology based on 22 years of resaarch
results oblained by agnculural scoenists &l the UOFS
Department of Soil Scence dunng six research
projocts. and pracical expense on agnoulurl waler
management is placed into the hands of dryland and
imgaled crop producers

Future research needad 10 improve the accuracy of the
program wil focus on Improving procedures for
estemating run-o

Storage and utilisation of
rainwater in semi-arid
regions

Soll scientists of the University of the Orange Free
State studied rainwater storage in and loss from the
root 2ones of both natural grazing and crop-producing
lands, and the effects on this of vanous culvabon
methods. Economic implications were compared and
management gudelnas compled lor optmal lasming
prachces in drfand areas.

Thes study between 1989 and 1993 has been the most
comprehensive progect 10 quanily the sod-water
balance n a semw-and chmahc regon ever underntaen
n South Alnca. It was financed by the Water Research

Commission and led by Professor A 7 P Bennie

Regardng the mpact of aflerent sol utiksation and
cultvabion prachices on rainwaler storage and the solk
water balance, theee practces were studed. These were

e Conventonal cultvation which leaves a clean
uncovered surface

e Subble muiching, which leaves ™he maxmum
amount ol plant resdue on the surface Yo enhance
water mhitradbon and decrease  surtace
SvaDoranon, anc

¢ NoMage where the surface s dslurbed only

ounng the planting process, and chemcal weed

COMrol 1S prachised
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Noeaken n the convenhona manne, 1o b the mos!

sustanable and proftable system. The hagh cost ol

WAl wied control ONServabon Sage made
unsudable for recommendal under low-yekiing
. 1 0 1 c

foudled he Rain Utiisaton Efficiency. and whaen
Farng was convenec Crop produchion IS wa

AGan noreased three o ourfold

nagement guceines for opter

al waler storage and
Js@ for dryland proous n semi-and areas would be
spechic 10 each chmale, sof hype, plant and hype of

surface disturbance. A computer program  for

MAing oecson-lakng and adwee, was deemed
WCeSSAry Means ol guantitying the o®arem
omponants ol Me sod-waler Dalance wera Necassary
or compeing rustworty management guideines It
NS AS0 DOsSSDIe 10 0eveoD ways Dy ahich Ooeey
o

suMtace avaporaton and surtace runott

0Uk] De caculated from aasdy measured vanables

Lertan recommencalions were mace regarding
further research Some of the results obtained dunng
ms nvesiganon should for example be

incuded in simulation models, which could then be




Efficient management of
water for livestock

Francal suppon from the Water Resaarch Commissior
allowed scemsts of the Depatment of Anwmal ang
Wildide Scences of the University of Pretona 10
nvestgate the quality of water used for lhvestock
production, with the emphass on subleranean water
and 1o devalop a comprehensive water qualty gudeine
ndex system (WOGIS) for farmers

Prolessor Norman Casey and Dr James Meyer set out
10 wentdy he types of Ivesiock production Systems
and ther common waler sources, the varables ol
relevance in these waler souroes and heir eflect
on livestock. Obwiously this projec! necessitated
collectng a vas! amount of dala regardng vesiock

production prachces, analyss

of source water, biclogical
expenmentabion, and regonal
water quality nveshgabons
Computer smuation model-
ling and decison suppor
syslems appeared W0 be
the mos! plausible realishc

methocs for assessing the
consequences of altemative
waler management sateges

Their report was published n
three wvolumes, the firgt
getailing the motivabon for
and design of the index
system, and modelng 1

system and the sofware program needed. The
second volume presents the man results oblaned
Thase two volumes are supplemenied by an Appendix
which prowdas some of the detad results of the

LcvE Stoc

bwlogcal experimentaton and water qualty
investigabons in specific areas of South Afnca. needed
for developing the system

The ultimate am was % develop a usernendly
computerised guideling system for wasenng livesiock
Professor Casoy and Dr Meyer produced a software
program, which conducts  sito-specific  risk
assessments for water qualty. The program, termed
CIRRA, an acronym for Constituent Ingestion Rate
Risk Assessment, provides calculation results and
sOWhon Opbons oOn an mgeshion rate Dbass
Assessments are category-specific, for example, dairy
cows producing a Fat-Comected Mik Yield of 60 &'day.
10 cater for specific produchon levels

The systern prowvides information accoeding 10 which
the nsk regardng the use of a gven waler source lor a
given vestock production system and enviconment can
be assassed. The objacive was 10 guide a wide range
of users - from water Quality managers of complex
AqUANC Systems 10 vedennanans and prvate on-farm
users of e system - n such a manner that they can




35045 e polensal value and hazaros of waler

JOUrces, thus enabiing optimal U
Successid vestock production S dependent on e

provison Ol water with 2 S0ecic chemcal ComposShor

A waler guality gudelne recommends what that
chemical composton $hould be, not just 1o prevent
adverse effects from occunng, DUt also %o achieve

opbhmal waler UM sahor

Livesiock obtan thewr water by dnnkng

waler-contaning ‘eets and Dy forming walar ounng
metabolism in their bodes. They continually lose water
due 10 renal, digestive, and produchon (8. g. lactahon
funchons and perspirabon The axtant of thesa forms of
waler intake and loss difer between livastock and
over livesiock produchon systems, and These
dfarencas play a major role in determining the optima
chemical composition of a waler source used in
vestock production

Cortain chemicals and oOther
constituents of subterranean waber

are tlermed potentialy hazardous
er aflects upon livestock depend

™ b

on the type and conditon of the
anmals, the guanifty ingested and
the durabon of exposure 0 waler
and other sourcas condanng the
loxns.  CIRHA has applcation n

4 chevng more eSoent manage
ment of avalable water yces for
esiock In Qenera DY INGC
best It lor diflerent calegones ol

n Ths will enable the

correct allocaton of waler SOUNCHs

HOOHems waler Daaadify causec
y of Cals and other tacywr

'.' J réor! of wal oS alom
"hé ) Adeling st by CIRRA
mi NS0 SOhw 255N e L
. o e of ~
o ] al pr Y QO Ng
COrTOSIOr encrusian scang
and sedimenrt

The CIRRA software programm makes allowance

for mputting varables encountered by mowng

stock between dfferent camps with dilerent
boreholes anc  watenng ponts, pasiure and
sol type. providing afferent icks Or supplementa

S N waler quainy constiuent

(WQOC) evels n waler Sources eic.  This fexbeity

feeding. seasonal varna

wis not possibie with the previously used stal

labuiated Qudenes

CIRRA provdes a userfnendly 100l whereby a
waler souce with mulple users and different waler
Qualty requirements can be managed Mos!
mportantly, # can be apphed o dferent vesiock

lypes, produchon systems ang naibons on a

she-spachc basis. N also acdresses WOCs that are

ot normally encountered i the natural agualy

environmént, but whch may bde problemalic in
stuatons nvoivng Indusingl  poliuhior f chermca

spills CIRRA furthermore guides e user 1o find

soutons 10 water with problemasc constituents Dy
NOCatNg posstile manpulabons 10 sysiem ‘aciors
which may alleviale adverse eoMects, including
water, anmal, emveonmental and muritional factors
The incorporabion of new research fndngs is valuable
n that it allows for nsk assessments 10 be based on the
atest informalion avalable

Volume 2 of the report provdas the main informaton
on some of the bwlogeal axpanmeantadon and waler
Qualty rwveshoabons conducied n spectt Ieas I

South Alnca. The st o8 Chaplers Jdescnbe worn

Q0Ne On e efels ol mirale, sedenum and Fuonde or

Johne Merino sheep Then lollow chapless or
palatabdny Mals ano area waler quality studies he
Deftzyl avea. the Ganyesa district. Vryburg
Kuruman n the North Western Provnce. and n ¢
Kruger National Park. The last three chaplers discuss
" " 4 o i =~ ﬂ’. ar ’ s - o 4
production. and inveshgations of the qualty of walk
e I 'ry prog ! svsiems
Yolume 3. the append, o2tals the resuts of hundred

! axDOrments and inveshaanons regardng the 1ox

raroes of 24 aferent chemcal glomoents ucted
) vanety Of anmals, including dairy cattie, bee! cattle

00D, QOAlS, Morses and Pgs



Recert versions of CIRRA cater for widie user
Qroups, provideé mlormabon on recent advances n
race minerdl Dalances, and allow for a data-captunng
guide 10 be created, whch enables farmers 10 collect

e required iInformaton for risk assassments

Toxic and palatability
effects in animals
attributable to water

quality

The valdity of the gudelnes peesently n use n
Southemn Africa In assessng the gqualny of
water %or hvesiock production has been queshoned
international guideline variables and the levels
for specific vanables dfler and highight the need for
each country to have own relevant guosines. The
gudelnes in use in Scuth Alrca are based
argely on nlemabonal gudelines and have

few locally estabished variable guidelnes

Researchers of the Depantment of Arsma and Wikdife
Soences at the Uriversity of Pretonia received fnancia
support from the Water Research Commission (WRC
0 investigate thes matter and make recommendatons

Prolessor Norman Casey and Dr James Meyer
revewed hterature dealing with waler qualty for
Ivestock, and then studed the quaiity of subterranean
water in Southern Africa Dy reviewing a total of

2 293 data sets of horehole waler samples from the

NW and NE Transvaal, and from the NW Cape

Through bwologeal nals on sheep, beel and Cary
cattie. beoders and layers, they rveshgated the afect
of the water guality vanables deemed 10 be of
MagOr IMPOLANce 10 IVeSINCk produchon, based on Ihe
nodence of polenbal lonclty assessed accorang o
inlernabonal guidelnes. These are fluonde (F). total
gissolved soids (TDS), chionde (C1), and sulphate
(SO, Then lollowed research concemng pemanly
the ofects of thess sals on the palatabiity of wator

and wadter rake

High-nisk areas were Wentfed and selected fams
were visited. On the bass of the data reveewed and
nierviews conducted, research emphasis was placed
on F and the palatability eflects of prmarily CL. SO, and
TDS. Semdar results were obtaned from a review of
data from the Atomic Energy Corporation database and
recen! cata (1990-1984) lrom the Department of Water
Aftairs and Forestry Nitrate (NO,) was added 1o the st
of water-Quality vanables with high research pronty



S roe levels of up 10 20 Mg n the grnk ] waler
3t AN ngeshon rale up ) 3.206 mg Foed'day. had

r nagatve aflects on procuchon charactansics ol

Hoss broders

No sonfcant dfferences between NaF treatments

regaraing al maor produchon Characiens

L] ¥
found > Grey Hy-ine layers at !
wp 10 20 mg¥ or an ingestion rate of up 1
4 453 mg Fidaybed ove week penod

the el gQromth phase, and eshon of
,"l,',.; '."«’_I!;‘ dunna the hna l,,"u [ TR

rarke! weght

The ellect of O and SO, on the pala

waler was
of CLTDS

and SOCTUS. | was found that doth vanables had a
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Atlas of agrohydrology
and climatology of
South Africa

Scentsts of the School of Bloresources Engineanng and
Envirormental Hydrology at the Universty of Natal
in Petermantzburg compiled a South Afncan Atlas of
Agrohyarology and -Cimaiology. which is of incalculable
value 10 agnculture, forestry and horicubure in Southem
Atica Researched and publshed with financial support
by the Waner Research Comenssion (WRC) the Aflas
consists of more than 200 colour maps graphically
depicang a comprehensive volume of informaton on
agrohydrology and agrockmatology

Agrotydrology seeks 1o evaluale e infiuence of
avalable waler on the agncultural polential and
on agnculural sustamabidity, win the objective of
promoting a hgh eloency of water use,
maximisng infitrabion of ran and mgaton waler into he
soll and mnimssing runofl and aflendant soll losses.

Agrocimatology, on the other hand, refers to the
influence of weather and chmate on mialigent plan-
nng of land use, selecton and production of cops,
managing sod moisture budgets and optimising
agricutural practices for maximum economic retums

This Atlas supersedas the publication Agrohyarology
and -Climatology of Natal published by the WRC in
1963, which was immediately accepted as a popular
reference work as well as text at several terary
instautions. It was widely used by water resource and
agroutural planners. and by consultants and farmers
ale. The present Atlas represents the Unversty of
Natal s expanded research coverng South Afnca's nne
provinces as well as Lesotho and Swaziland, so that it
apphes 10 the conbguous geographical entity relerred
10 as Southem Afnca.

The objectves of tus Allas are 10 map, al regional
level, cimatic parameters that are important in
agrohydeology and agrockmatology, and Yo en apply
this informabon 10 rescurce planning. pnmanky in the
fields of water and agrculture. The Alas is intended as
a lunchonal users’ document 10 provide the Dig picture
& SSUhom Alica, butin euficient deteil 1 he el in

regional 3eCSIOn-making

In adoping a regoral approach, one of the methodok-
ges used has Deen %0 relate chmabc parameters
which are measwed at relaively few reguiar
pont locatons in the shudy aea (e.Q lempesalure,
polential evaporaton), 10 known physiographic varables
such as ailude, lttude, longtude, dstance from
™He 0coan o lopographic exposure, and then 1o apply
these rolatonships 10 mapping at points where Mo
measurements are mace. However. he Allxs presents
more than maps only; als0 induded S text on concepls
and background regarang the parameters mapped, phus
statsocal analyses and also scertfically related
informaton on methods used of venfications atlaned

o
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Mapping rainfall over
Southern Africa

For mary years the basic source of information on
average annual ranfall in Southem Afrca was the
1:250 000 Mean Anrual Precipitation (MAP) map senes
compled and drawn by he Hyorologcal Research
Division of the Department of Waner Affairs in 1985, from
data cbtaned from he South Alncan Weather Bureau.
Since then, raintal figures for more than 20 more years
have been collected and more sophisticaled computer
capabibes have vastly improved analysis techniques.

The Water Research Commsson peovided fnancial
suppon for the farming. engneernng and hydrological
fratembies of Souham Afnca 10 revise the MAP maps in
& proect inftated in 1982 The project, led by Professor
Roland Schulze of the Depanment of Agncultural
Engneering &t the Urwersty of Natal n
Pietermartzburg, now the School of Bioresources
Engineerng and Enmvironmental Hydrology, had the
following objecives:

e Re-evaluating he dstnbuton of
mean annual and mean monthly
ranfal over Southeen Alnca;

®  Invessgating rantal vanabilty
over he area and other stalisics

*  Automaied magpng of e
S1alshes, and

*  Re-evaluating the regons of
homogenoous rantal Gsybuton

MAP 15 an index, whxh s used 0

charactense the overal chmase and
mosture stabus ol 2 calchment. It has a
major influence cn soll condions and the
dranage charactersics of ™e sous, and s
a dominant factor influencing type and
congbon of vegetation. It was used for
wamgie, by Or W V Piman as a bass for
regionalsng Namiba into homogenecus

melsoroiopeal zones. He aiso related the fraquency of
severe siems and the amount of randsl per stom 1o
Mean Amual Preciptaton

Since then many agrcultural scientists have utilsed
MAP information in projects such as estimating mean
annual runoff, depth-duration-frequency relationships
for point raindall, the relationship between rainfall, runoff
and streamfiow in South Africa, or determining the
cumulative dstrbution of pont randall rate.

In the Reld of agrohydrology, Rupen Jones as long ago
as the early 1980s, expressed Eragroshs curviaa yeld
as a function, among others, of MAP. In the same year
Gavin Brocken used MAP and other vanables 10 obtain
a function for ukuyu yweld, and Professor Schulze could
relate MAP, among other vanables, 1o map average
frst-bumning dates of veld n KwazulwNatal. Opsmum
growng araas for pineapples, the first planting dates for
maize In KwazuluNatal, ang opbmum growth criena
for vanous timber speces were all related 10 MAP by
Vanous researchers.

It must be obvious that Mean Annual Precipraton
SIanstics are vieal 1o many agrcultural activities, and that
updatng of the MAP infomation was timeocus and
necessary.

The task of mapping time- and place-related statisscs
regarding raindall requires extensive data sets
Creation, collation, checung and managng these dala
formed a large part of he promct.  Daily or moniivy
ranial recoeds from over 9 000 stabons made up he
precplabon dala sel.

Since physiography plays an imporant role n
influencing the spatial @stnbution of long-term average
rainfal in many areas, a comprehensve set of pemary
and genarated physiographic cata was aiso crealed
The generated physiographic data were indces of
contnentality, expasure. distance 10 @ mountan barner
and surface roughness. These data are prerequistes 1
perdforming spatial analyses of MAP in areas that have
a complex terman and & Sparse rangauge network
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Measuring evaporation
above vegetated surfaces

Three factors, which will aMect Nture progress
and development of South Alnca, are population
growth. AIDS and limited waler resouwrces. In
paricular, agnculture by the year 2010, wil have
10 make do wih less waler al a much higher
prce. One of he most important lactors affecting
waler supply from a caichment s the evaporabon
from the cimax grassland community and also from
foresis astabished on agncultural and  nalural
(especally wetland) communities. In spite of the
importance of evaporabion in dfferent communites
very Mtle research has baen done in southem
Alfrica on the processes and measurement lachniques
of evaporason

# wo know what e evaporation s and also have sol
irformation and weather information from an automatic
weather station, # is possible to take decisions on when
10 imgate and how much waler o apply. Timeous

appication of water Is the key 10 the eficent use of
waler in agnculture

The Water Research Commission (WRC) financed a
reseanch team under the leadership of Professor
Mike Savage of the University of Natal, in co-cperation
with he CSIR, 10 undentake research in ths field. Thew
progect set out

e To investigate vanous mathods for measuring
evaporation and 10 compare results for different
sites, seasons and weather conditions;

e To study te effect of some management pracices
(e.g burning and residue placement) On evaporation;

e To compare Bowen rabio estimates of evaporation
for a grassland and a npanan 20ne community;

e To investigate the eflact of fre on evaporation in
grassiand and wetland communites; and

e To quantify suface roughness, turbulence and
advecton (wind influence) elc.

Bacause of roughness of he terrain. soma Yechniques
also necessilated assessing the stabilty of the

almosphers

Prior 1o Wus study e Bowen rato method o
measunng evaporaton hao not been used In
South Aliica. The leam Soroughly investigated ths
technique and got 10 know its strangths and imiatons
They ganed expenence n the use of many othes
micromeleorological measurement  methods,  and
oblanad valuabie data for example. data that enabled
the stabity of the amosphere 1o be assessed, and
published thar findngs in intemnabonal joumals.

The sensors used in the eddy comalation mathods wore
rvestigated in the aboralory in order 10 idemafy the
faclors  imiing ™eir  accurale  Measurements
This method and other 1echniques were 350 used in the
fiedd above & vanety of surtaces - bare SO0, maze, Grass-
nd and vines, and Indngs compared with thase of the






Water balance in a
grassland catchment

r water from all seciors of

mamtam ocotmum walter

Alncan catchments Srassand

are also under prassure for more

eslaton, and Tis may fesuUR n
presently ivaladie archment
waler pwaigds
The Water Research Commission (WRC) supplied the
fundng for a research prowct In s held by soentists
{ the CSIRs Dmsion of Water Enveonment

8 Forestry Technology. under the eadership

Yy Col Everson ne proect nchuded accurale
estmahons of the caichment area water buogel
and became the hirst long-lerm inveshgabon r South
Ainca in which all the components of the caichment
waler Dalance were measwred smultaneously
Evaporaton, streamBow. ramiall, groundwater storage
and sod waler were monfored conbnuously Oover a

fve-yvaar pernod 0 the calchment shudy site The

urQue data s makes a
significant contributicn 1c
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mode May  undoresimale waler ss0s from
caichmy with o xtensive N 2000

The rosults the
Penman-Mo ong
the offect of at

. waler was modefied n four gimensions and
showed the rpex dsirdubon of yolumetr g

waler within the hilslope  The abilty %0 extrapolate s

mosiure on a hilsiope In dme and space provdes a
powerful tool for landscape managemant. 501 water 1S
a crocal vanable in the modelling of inhitraton, fhux
and redsirbution of water n caichments.  Accurate
meaasurement of sol water s tharedore an mponant

fac0r in estmanng water buogels

Changes In the soll waler storage of one caichment
WOre Measured over our years and usad o model the

emporal and spatal assinbuton of SOF waker on a

wisope. Sol mosture changes n the grassiand
catchment of this study vaned signeficantly with season

In e cry season there was

ent of Increasng

moisture content downslope from the ridge. This

ndicated that the st

gam was fed Dy moisiure moving

Siowly downstream under Conabons Jnsaburated




flow The lower pant of the slope thersfore produced
runol oarty in the s1orm penod while nfitrabon was stll
oocuIming on the upper section of the hisiope transect
The saturated area of the rpanan zone ncreased of
decreased n size depending on ranfall amourt and
antecedent wethess of the soll. Ths zone Sharelore
produced a quek release of waber dunng slorms

Subsurtace stormflow was a maor component of 10tal
stormflow from these grassiand catchments  Part of
the basefiow from the calchment ongnated from the
deep coarse-bntured solis.  Dunng the dry-winter
perod baseflow was sustaned by the slow drainage of
the unsaturated sod at the upper pan of the hilsiope
The high water levels in the saturaled zone were
maintaned by subsurtace flow from the upsiope parts
ol the carchment

The results of s study iInCiCaled Ihat unsaturalec
subsurface flow of waler n the sol § an mporam
component of the hydrology of these caichments
Therefore lumped type models are unikely to
accuratey determine the complex mosture condaons
found on the hillslope of this study Modeis that
account for the spatial dstribution of soll moisture
within a caichment are hkely 10 De the most accurate

The data collected in ths study were used 10 125t two
hydrologeal models, TOPOG and ACRU. The study
has shown tat peactical dfculties around e use of
TOPOG will mit its implamentation, whie ACRU
generally predcted streamflow well, except n wet
years. One of 2s mitations is 2s inabiity 10 accourt for
subisurtace sod-waler flow in a caichment. Refnements
may be necessary to reduce the 15% under-estimaton
of streamfSow




Further R

SummarcEs

Weather

Development of an objective statistical system to forecast
summer rainfall over Southern Alrica
(Report No 6721497)

MR Jury. HM Mudenga. SJ Mason. A Baaniao

Degartment of Ocoancgraphy. Universty of Cage Town. 1967

Prevous reseach had shown seasons’  rainfall
forecasts 10 be both feasitio and beneScial ‘or maragng
Waler reSOUcEs, plarning Crop Procuchion and mInemesng
ranseiated rshs Ths proect was undataken 10 obtan
greater cbjectivty n ‘ocrecasing by identifying atmospherc
and oCeanic precursor paltems which ansopate raefal fo
formuiate relable pradicions. 0 cevelop algonthms. and 10
analyse dyramc rtemctions underying seasonal rainfal
Multvarate neer regression mocels werne Oaveloped. the
numbor of pradicions restacied 10 four of five out of an intial
100 candaases  The models weee valdated and found
DOSSEsS acoeptatie skl

A methodology for developing regional climae change
scenarios from general circulation models
(Repont No S4197)

BC Hewtson

Department of Emwonmental and Geographcal Soence,
Ursversity of Cape Town 1997

The nabidy 10 raneiate Gobai-scie prodcions regardng the
Wiuenco of obal Wanmng on Srecpaation Mo egonal-scake
prodctions has imitod attempls 10 assess cimate-change
Impacts on South Alica's water resources. The ams of ths
project wore fo valdate glodal crculation model (GOM)
smuadons on South Afncan precaptason and temperature
PANAMS, 10 develop naw mathodology Jor Berving Cross-scale
relabionshgs and 10 develop premnary estmales of roporal
Cmale chanQes sutable 25 rput n hydrologicyl and agricut
tral mooals. Oncd 3 suitable downscaing procacuse was
developec, Droaminary soenars ofF aapecied emperatuce
20 rANTAN CRENQES 1M iiwens paiia o vttt ANS S
doutie Pa prasant-day CO, conanons could be ganeraled

Development of 3 real-time, mon-conventional rainfall
mapping sysiem

[Regon No 438/1/95)

J van Hearden, MM Traer, CJ ge W Rautentach
Department of Cadl Engneseng (Crair of Metoorclogy),
Urivorsity of Pretoria. 1995

A system was deveioped for tha realame magoing of darly
ramfal usng Meteosal data, caltrated on he bass of data
oblaned wih racar anc Irom ram-gauge neteorks. A
procedure was desigrad wharsby daly rantal rates coud b
assgred successtully Yo douds depicted M Meteosal magery
The man features of ths procedure are 10 classly poed
groups recognisad as tanng couds irto dferent types of
rar-producng doud types: to calculate doud depths in %erms
of lerperature Oforences between coud Dases avd coud
ops. and 0 use a prodetormned relatonship for sach cloud
ype 10 calculate apormpriate canfall rates Yom comesponding
Coud oepins. Maps Oepotrg satelite-Comvod Oaly rantal

£’>oft

compared well with maps Sased on measured rantall for non
coastsl regons.  Futher resaach 8 nesded gatng coastal
regons.

Sowth African summer rainfall variability and its
ass0ocabion with the marine enviconment
(Repon No 278154

BMA Paack. MR Jury. FA Shilington

Depatment of Oosanography, Unnarsity of Cage Town 1964

Frecictons of mnfal anomales would have encemous
bene™s for waber resources management and other
SOCI0-0CONOMC activities.  This progect set out 10 provide an
objective statstcal bass for such predctions on monly o
S0850Nal bme scales  Fawn'all fuctuatons were analysed in
assocation with Suctuations of sed sutdace temperatur
[SST) and ofwr agproprate metecrclogesl varables in &
belt around the globe betwoen 20°N and 40°S. Koy ocoan
aeas n whch SST was strongly ass0ciated with subsaquent
summer rainfall over South Ainca were demtfied  The
research revaaled a range of indcators with potantial Yo use
In an empwcal model for predcting summer rarfal
anomalos

Interpolation of the daily raintall model.
(Fepot No 3051/%)

L McNolk, A Brandao. W Zucchn

Degarment of Mathematcal Statistics, Usiversity of Cape
Town, 1964,

The man cbjectve of the project wis % provide, through
nerpokation. estmales of B parametors i shes woughod
South Afrca for which it or no ranfal data wore avaslable.
Parameter valuss coulkd be irterpolated on & regular grid of one
mrute of 3 degree covenng 500 000 sfes ower Southem Afnca
at & resoluion of about 15 km. The madel can be used ©
oanerate Oaly rainfal Saquences and 10 CO0U08 A wid range
of rantall charactonshcs at any locabon n Southem Anca,

Research on the chmatic dependence of evaporation
coefficients

PY et MO NS
R e mvw -

WH van 2yl JM o Jager
Department of Agrometecroiogy, Univarsity of the OFS 1964

Thes proect amed al entfying he realonshp Detween
chmatc varables and varables in crop factors. Tradtonatly
ostabishing a specilic sat of crop faciors At any one lacation
wAS MMO-CONSUMNG. SpANtNg A number of seaasons
Extrapolanon of these Sacions 10 other calions was also very
dgifcut. The project seam isolated the influences of various
chmatc vanables such as radiation. wind 3nd humaity on
varabon in Crop actons ang eapressed Mwse reladonshps n
mathematcal terms. Gihen (he climate & any
location, they can nmow determing appicable crop
factors with comfidence  Sound iImgation schaduing. of which
crop 'actors are & core component, can therelore be
implemanted Swilty and with confidence at such locatons

'3}



The generstion of a spatially dstributed dady
raintall database for various weather modification
scenarios

(Regont No 37315Q)

AW Seed

Hydeological Resaarch instnge Deganment of Water
Aftars and Forestry 1992

A realistc stale of the ant sat of natural and modiede
aea rartyl serms apoiicatie n the Betichem-
Nelsprat regon was needed as a foundation for
mntal modfication impact studes.  This peoject
developed the necessary modets and data sets %o
Qenerale such seres. Lsing avislable reconds of cady
rantal and data on e Mean radar-estimated eflects
of seedng on naVOual COMVECvVE Cloud COMpigees
The increase in mean annual rarfal cbserved dunng
the PAWS sxparment (195485 © 198687) was
estmated at 7.3% lor daydgrt hours seedng. The
ofect of woater modficaton on A paniculyr day
showad great vanabity. A fast mntall imerpolation
algorhm  was developed logether wih & dulsbase
maragemant system, capabie of managng € 000 rarn
maps within a sngle base.

Research on a weather service for scheduling the
irrigation of winter wheat in the Orange Free State

regon

(Rapont No 117/187)

M de Jager, WH van 2. BE Kelbe
Unwersty of e O F S 1087

Thes project demonsteaed the feastalty of providng
an efactive krgation-schedulng service on an
rngabion scheme such as Vaalarts  Meteorologcs'
data %om an AUOMasc weathor station in the
Vamharts area were obtaned daly in Bloemfonien
and processed Beough the PUTUD imgabon
schoduing model for wheat Logescs of communica-
ting mformaten and advice 10 farmers were
developed and lestod.  The abity of PUTUS o
assess the cegree of crop-waler swess on a
contruous bass proved 10 be of consderable vake
for working out Imgation scheduling strateges for
COpINg SLOCASSANY WITh a@ler NESITCAONS Which wamn
in force at the tme. The PUTU-S moded 2sed,
Geveloped under & reviOus MeSaarch Contract, was
further tested and refred

for atmaspheric water supply,
Phase 1, 19531686
Volume 1 Executve summary.
Volume 2 Natural clouds and ran n Nelksorut
Volume 3 Expenmental seeding of Nelsprut couds
Volume 4 Instruments, tochnigues and studes
(Repon Nos 133'1/88, 133288, 131388 133488)

Programme for atmospheric water supply
Phase 2, 1957 - 1989

Vol 1. Executive summary

Vol 2 Arcrah and radar measurements énd coud
SA00NG AIPOTIMOMS

Vol 3 Radar dats imterpretation, cloud modeling
and stashcal Comsaaralons

Reports 133550, 133690, 133750

Compary for Research on Atmaspheric Water
Supply, and Department of Emironment ASairs
(Weather Bureau). 1950

Ran clouds are potentally the most easly and
economcaly cxplonable hgh-qualy waker source.
Resaaech on e potential of ranfall augmentasion
Prough coud seedng has cantrad around Nelspaut,
Carcing and Botilenem, snce 1963 Intaly dry e
crystals were sown In the clouds, and alerwards
Pydroscopic sall paickes wore infroduced by means
of pyrotechnc fares I wpdraugnts o e basas of
clouds. This report describes the signdicant results
cotaned n 3 sngle season in 199192 dunng &

:
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Research n the USA. confiem that cloud sguid waler,
Intially accurmng in e form of minute cloud droplets,
s much more rapedly and completely comvened N
precplation-sae drops in toated Pan N untrealed
clouds. Folow-up researth was amed at verfyng the
199152 msults, @t assessng Wi entancement of
areal rantyl (a8 opposed 10 solated Stoem randall)
over & spached et area and confieming runol,
waler ywld, agrculrad production and forestry
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Water Resources

te bepasl Deel 1: Samevattence versiag. Deel 2:
Deet 3 Stedetke geted)
(Report Nos 430'196 490296, 490396)

Computer peograms wive nesded for sssmatng e
damage wreaked by focds, which occur on

functions of the vanous land uses (the reledons" s
Indicating e damage done 10 a specic land use. for
oxample, for vatous Soodwaler depths) Studes
w8 CONDUCIET In tan (Versengng and Ugsngton)
municipdl areas. and an IMgation aea (upstream and
downstream of Upingon) Agpropriate compute’
programs were developed and thew apphcaton
gemonstraled It was, for axample. shown that he
modals could be usad 10 estimale the average
anvual damage: and that that they could be apphed 1o
determing the benefits of ood control Measures in
rrgation and urban aeas

Potential impacts of rantall stimulation on water
resources and forestry in the Nelspruit-
Bethiehem target zone.

(Roport No 439/1194)

GJ Howard, AbM Gorgens

Nnham Shand Cage Inc. 1984

Research has prowded swong ewdence that
NCEASEs 1 COnvectve 5100 randall can be brought
atout by approprale cloud-seedng Thes projct
exarined possibie impacts of an operatioral coud-
SO0GNG DIOYATHTE 0N Waled MSOUICEs and orastry
n parts of the Eastemn Transvaal hghweld and
sdacent escarpment region. The ACAU model was
confgueed and verfied for 13 calchments in the
mgon.  For a mean anwal antal increase by
sugmentaton of 7%, the model predicied increases
of 20 10 &8% Yor catchment runofl, 14 % 42% for
esarvolr yiold and 16 10 30°% for imber yiela

Rainfed/Dryland
agriculture

The feasibiity of stochastically modelling the
spatial and temporal distrbution of rainfields
(Report No 5500156)

GGS Pogram, AW Seed

Deparment of Ol Ergreenng, Urmversty of Netal 1998

Water resource engreerns often require niormaton of
how rantall 35500000 Wi SI0M and prolongRd raen
events & dstrbuted n space and tme. The Imied
and dechnng number of ran gauges N he nasonal
network cannct safishy ths noed.  Radar rantall
maasUremAant Tachnology has e potental but camnot
L the need because of &5 restncied avalatilty
The alermative was % invesigate the modeling of
simuitarsous spatial and temporal Behaviour of
ranfelds 1 ensble he spacedme ocoumence of
ranfall 10 Do smulated realistcaly for baeeng and
design puposes.  The develcpment of a ran-day
mode based on sequental ocoumences of oy
scafiersd and ran days, ‘or imulatng Pe dstrbuton
of daly ranfal amouns over & large aa was
continved.  Specal atiention was gven 1 accurate
PEpresentation of SAasondl vanasons over the year
Ao, Te moceling o spatial dstroution of rarfal
Qiven Bmas SACes was investigaed 1 enable the
varabity and clustenng nature of the rarfal process
a8 chserved by radar 1o be rephcated.

Modelling the water balance on benchmark

ecotopes

(Repont No 508'157)

M Hansley. JJ Ancerson, A Botha. PP van Staden.
A Singols. M Prinsion, A du Tot

Insthute for Sod. Chmate and Water Agncutury
Aesearch Councl 1997

The sodwater balance s an mportant comporant of
orop growth and hyarologeal modess. Corfidence »
these modais. whch ar potentially powerdyl 100 for
plarning and would be greatly
arranced # they codd be made 10 peron Crecily
ower T wide range of typcal soll, chmate and lang
management condbors encountered N Scuth Aca
There had been no previous attempts 1o
systoratcaly obtan mpeesectytve Sats sets for

STONgNS and weakresses 0 Pww abity 10 Smulate
both waler balances and crop yekds were revealed
The sowces of many of Pe weakresses ware
wertted lor fture mprovement.

The determination of the relationship batween
trarsperation rate and declining available water
for Eucalyplus grandis

(Regort No &41147)

PJ Daye. AG Pouler. S Soka. D Maphanga
Dwvision of Water, Esweorment and Forestry
Tochnology CSR 1967

N aROMEtng 10 ANSwer QUESHCNS 1egA'NG SOd-waler
content, transpieation tates and waler stress in
Eucatypius elsborme maasures wen Laken 10 induce

capm of & laast B m doep crilng sevealed bve tree
0ts o 26 m below the surtace Thus accessbity of
Cocp sof wate! 10 Y90S was praventing development of
manenal waler stress even ahar mome than & yoar of
withholdng water  Urder such condtions new
plantabions may conaue 10 use waner o near-potental
rales for sevesd yoars ater estabishment ol ol
acoessbie S0ved water has Dean dapieted



Storage and utilisation of raewater in soil Yor the
stabilisation of plant production in semi-arid
regrons. (In Alnkasrs: Opgaring en benutting van
rednwater in grond vir die stabiksering van plant-
produkse in hattdroé gebede)
(Feport No 227'194)

ATP Benvwe JE Mofiman, M) Coetzee

Degpanment of Soil Scaence, Urnvesty dhe OF S
199

Because e nlormatcn was malabia on e
impact of varcus solculivaton and landuse
prachices on tanwaler storage ® Be sol and s
SURSAQUANE USH. T WaS NECEsSaTy X0 Investgae Te
most efficent andwse and sol-waler managament
prachces 1 ensure most eflective use of the water.
Wateruse afloency was calculatod i tems of
above-ground blomass, gress ncome and net
noome. With these results known the costs of water
05505 30 10 UNOl. EvapOrEoNn O 300p porcolanon
could be quantfied in the same marner The
research ndcaled Tal folona Cropong, with
convertional Slage was e most sustanable and
oconomec.  Conservasion Wisge could not be
recommenced 08 1 B N Cost of chemical weed
control and lower peid.  'When pastures were
establshed in piace of veid the ranuse
afcency doblad, and when veld was convernted
and culhwasied for Crop producson. ran-use efcrency
was Porased Pree- 10 foutold

Drought-tolerant and water-efficient fodder
shrubs (DTFS) Their role as a “drowght-
Insurance” in the agriculural development of
arid and semi-arid 2ones in Southern Alrica.
(Repot No KVES™)

M le Housrou

Consuttart. 1995,

Drought-tolerant  fooder  shrubs  (DTFSs)  are
cutvaled on appronmaledy 10 méon ha of the workd's
and and semi-and aeas as an agiculturl develop-
mant 3k - and on spprowmately 600 000 ha n Soum
Alnca. The specws most frequently planted locally
e SaMDush. Qreen Caclus, bl cacks and agave
These parts thewve on 3 reladvely wide rarge of sols
and we satolenart so that hey can be cultvaled
uner IMgIton wih water of @ hgh sat conent
rarderng anmal producton possbie n anas where
natural vegetston & not alwns rekable. The report
evaluatos he cutvation of hese DTFSs wih segarnd
10 sol. chmatic and water requiements, Tl water
uthsaton elocency ther establehment and
Managomert as 'oed crogs. e econome aspects of
DTFS cutvaion, and the danger of ther becamng
VA0S DN

Evapotranspiration and water use studies in
wheat and soybesss with ™he help of the
weighing lysimeter technigue

Report No 21 %7)

WS Mayer. DM Oostortuss. PR Boarewr, GC Green,
AJ van o Vorse

Sall aw imgaton Research insttute, Department of
Agrauture and Water Supply 1987

The proect amed ot generatng & befler uncer.
slardng of processes 0 the 508-plant-atmosphesc

were 10 mprove understandng of he process of water
Movement heough the od-plant AMasphorn system:
0 ontat and eary Getection of witer siress in plans.
and he eflect of dferant degroes Of stess on cop
gosth and development and  how this affects
subsoquent winler use, growh, Oevelopment and
yeeld  Two crops, namely whaat and soybeans were
GPOWN in 1oRaton and studed. The project yekded raw
foctregues and INSONts and demonsirated that betler
unoarstanang of water relstarships n e soe-plant-

staked. Pholosynthetc tate and stomatsl resistance
wore avakaled as scroening methods for drought
olerance n potatoes. 1t was found that the infuence

Depanrarnt of Sol Scence, Univeesity of the Orange
Free State 1967

The am of ths proact was 10 exdend e capabites
o BEWAB. & computer program whach can be used
for imgation plannirg and managemont at taem level,
a0 st and refine ahere necessary, s capacly

nciuded depletion of Ml avadable 500 water by the
o of the soason.  Longer (woweekly) intervals
Detwees, smigabons proved 10 be more efecive oo
AT ITZANon and helDed 15 COMEAt AON-HrOBICIve
ks of waler by evaporston from P sod surface.
Wellplanned defict engabon resulied n crops
Adapting 10 e deer condtions: plants are shoner
and leaves smaller, with "eauCed YaNSD raton rales.

The influence of cifferent water and nitrogen
levels oo crop growth, water use ywid, and the
validation of crop models

(Repon No 307/1/95)

5 Waker, TP Fyfiald. A McDonals

ratitute for Sod, Chmate and Water, Agncutural
Ressarch Counal 1955

Crop growth and imgation-scheduling modols are
powerul ®ds Jor  engabon plannng  and
management. Thes progct amed at dentfyng the
weaknesses of such models and mproving them
Valuable comprehenand dals sals wive acquired.
These comprised growth and  physiological
measuroments relaing 1o wheat crop growth and

Gevercpment 10r 3 woe range of waler- and nirogen-
Spply condtions over a panod of for Seasons
Omer procucts of Tes resedrch were gudsines ard
precautions relabing 10 the use of measunng
equipment. and e dovelopmenm of usedd
MEESUNG 18ChNQues

Long term 8/t Balance of the Vaalharts irrgation
schame

(Report No 420/1/96)
CE Herolo, AX Badey
Stowan Scom (CE) Inc. 1966

A study of the Hams River in 1087 showed that Mile
of e salt contuned In e Vaalhans imgation water
left the area va surface refum fows.  To determrs
To vahdty of Pase Andngs and decover what
happans to the sak a hydrosalinty model was
compied o srrulsle the longderm behavour of the
systom. R was confrmed Pat Vaahars s operating
a5 2 sakt sink and has akeacy accumulated two
Turds of $e 1008/ Gssobved salt load of the mgaton
witer snce he e 1530s,

Transfer of research results on the irrigation of
vegetable crops nlo practice (In Atrkaans: Dw
fasilitering van tegnologie-oordrag  deur
verbeterde basproslingsrighyne vir groente en n
meganistiese gewasmodelienngsbenadering)

(Report No 476/196)

JG Annandale. AJ van der Westhuzen, FC Obver
Cepartment of Plart Producton and Sod Science,
Unwersity of Pratora. 1996,

Invessgatons nlo imgation of vegetatie crops in the

appicability of soertiic imgation schoduling at farm
level and %o reduce e Costs and INCrease the
benefits of the peactioe. 't was ‘ound Pat the most
successful instruments for transferring advanced
rrgaton management 1echnology Mo prAcics were
crop smulibhon models cpersied by advisers and
consutants  Developmert of a universally
pplcable, user-nendly. genenc, mechansic crop-
simulabon Mmoo wilh the necessary adustiments of
504 and Crop parametors was intiated

Saptact 1.0 - A computer program lor qualitative
evaluation of irrigation farming
(FReport No 382196

CT Crosby

Mumay, Biesenbach and Badenhorst Ing 1994

The oDECvE wWas 10 assess ways and moans of
rooponatng qualtatve research techngues in
practcal system 1or acquenyg, analyeing avd
presentng data ang normaton ssevan! 0 the
viabiity of wngaton farmng.  Utksaton  and
presentaton of information gathered wete achieved
though the cavelopment of a CoMpuIar PIOgram
PFACT (Sou Alncan Procecure for assessing
farming FACKes)  The progect cearly showed that
there & a place for quakladve research in agnoutues
and enginesnng with specal refarance %o engation. it
o emphasised Be polertial ok of the indwvdual
farmer in contnbutng 10 the design of new

05 who Operale i CrouTslances uLnlamile 0 Manty
specialsts has reveald that famers’ percepnons
&0 as mportant as  ‘acts’ avalable 10 the
specalst The promct revesled specic elevant
percoptons in farmers which shoukd e taken note of
n develcping proposals, and indicaled e ow
profty that most fanmers Dlace on mgaton
management. as wol a3 T almost complele dearth
of eflective MGAson extension
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The use of micro-mgation systems tends 10 keep
the soil %00 wet, leadng 10 anygen deficences n
the 100t 2000, which result in degenaration of the
plants and aggravation of 100t dseases  The man
obgectve Of TS DOWC! WEs 10 MOITVE #mgaton
management under high-frequency micro-

An appropriste imgabion system has fo enable the
farwer 10 optemise the natural resources. In
addition. the physical characterisscs of Hhe
System have 10 be such hat the farmer s
capable of using i, and ™t its pedormance is
accepable fom a4 waler usage powt of vew
Finarcal conssderabors will provide the ncentve
and moivation for Pess famens 10 swich over

i

€xsING MNGABoN 16 eq s and eqapmant wih a
viow 0 e use by subsistence and emement
farmars, &3 on he ofer hand estabishing
cesgn approaches and crikena with a view 1
eflective planming and appicaton of kmgason
Wnde’ develcping condtions.

An evaluation of the four-electrode electro-
magnetic induction techniques of soll salnity

(Regort No 268'154)

AL Balchelor, WE Scolt. A Wood

Dopartment of Agronomy, Univeesity of Natal
1554

Sasnsation of mgaton land is experienced 10 3
Greatsr of lesser degree al vinualy ol ImQason
schemes n Soum Alnca.  World-mde, ¢ s one of
the magr faciors whch mpedes the sustanable
use of imgasion land. Determiration of Te axtent
of 1he problem and trends cver tme & hampered

of measuremant. The
are, consderably

however,
maximising Frigation
efficiency in cifferent sol-clmate-irrigation
stuations
(Repent No 226/1/94)
R Mottram, UM de Jager

Department of Agrometeorciogy. Unwversty of the
OFS 1990

i

conciusively that SCRntc Frgaton scheduing not

water utisason  The speces were found % have
consderably ceeper rool systems thas had
been accepted.  The rocting degth of
mm owhich had n e past besn used for
purposes can be ncreased fr M

rootng depms of the vanous speces
Vanasons.
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dferert onergy levels mas developed by Pe
Department of Agrcutural Engneerng. It
echminates a number of the shortcomngs of other
smulsiors.  The Depatmeet of Pedology
compied an noex whch nciuded drop Sae,
apphcanon rate, drop spoed and infitration abdity,
and which comelatad well with acoson. The fnal
rfitration abdty of 67 South Alncan sois was
determened 81 four energy levels and comelaned
Wi o physcal-chemcal propantes of the sols.
Using hese results, predcdors can be made of
the fnal Indhraton adity and e maxmem
alowable mganon energy flom of 2 sol based on
s DrOperes.

The quantification and limitation of water
05505 assockted with centre-pivot rmgation
systems. (In Afikaans: identifisering. kwan-
thisaring en beperking van waterversese onder
splpuntbesproeingsteises)

(Rapont No 153191

C van der Ryst

Dapanment of Agroutusl Engneenng and e
Department of Agronomy, Unwversty of the OFS
1001,

Because of problems expenenced wilh usng De
conventional undormity Index in he case of contre
pivot Systams, & new approach, known as e
emtier ndex, wis 0efned and lested  Ths index
was shown 1 Do feasie n practice when e
comect design approach was used  The promct
also showed that n order 0 et wnd o
SVAPOENON losSes. GNP SROS Undar centre ot
Systems must be of e order of 1 0 3 mm in
dameter A mamemancal rlasonsg Datween
SVapOration losses, wind $peed. vapouT-pressune
defct and the depth o apphcalon was
establshed, basec on project chsenvatons. A st
of secommandalons on e design construction
and management of certrepwvol Ungaton
Systevs was formulated

Low presswre flow control mechanism for
flood Irmgaticn

(Report No 207191

JH Echard, AD Brok. G Voster

The otyective was 10 develop & smple fow-control
machansm Dy means of which fow or floog-
mgaton puposes could be mamtaned withn
approvimately 10% of 3 pre-selaciad value The
outcome was an mmersed spout which 5 held
undes the waler surface by means of a foat. The
SPOut is connecind 1 the dam outiet by means of
& sturdy ppe and Sexitle couping. By changng
T 00Ut 520 and0r s Cepth under e waker
surtace, the delivery rate can be vased o the

koring in die Vrystaatstreek)
(Report No 218191)

LK Oosthuzen

Departmant of Agreutue Economics, Unwersty
of the OFS. 1981,

The progct indcated clearly that see, state hoad
and delvery rate of 3 centre pvot system ar the



mapr ‘acicrs alechng the econom: vabity of the
sysiem  The research also showed hat enigaton
Sscheduing practices resulted n & sanng of waler
] 850 noeased he nat iIncome of he lamars

Correction  factors  for  evaporimeter

coeflicients used for scheduling rigation of
wheat
(Repont No 151/189)

WH van 2. JM de Jager, CJ Marce
Unversity of e O F S 1963

Results of thes progect proved conchusvely that the
use of & single Ch0p evaporation coefloent per
C0D P SAAsOn was not comect  Thes rapont
Pirocduces a rew corcepl, namely amasphenc
evaporaton domand (AED). Thes descroton of
upperkmt evaporation elminates much of the
confusion which sustied In e DAl as 10 whather
© use maumum potental. basal o reference
SVAPOrAbon 10 eEPesS upperdendt ovaporation
The Porman-Monieth squation, weather data
fom an automadc weather stabion and & Canody
sutace consuctance value of 006 m 57 can be
sed 10 estmate  relorence  evagoraton
accuratoly  The eetimale, logether with the crop
svaporation coafloent dafired i s repon must
now e regarded as the most accurate method of
calculating AED  This approach greatly tacitates
and improvas he scheduing of imgation

The project studied plantavalable  water
capacities (PAWC) for wheat durum wheat and
Maze crops, and he eflect of S04-water siress &t
Vanous groeth s0es on the yield of hese cops
It was lound 1hat moderale siress, cafned as the
extracton of 100% of PAWC, dd not reduce the
yhelds of evther maze of wheat but had a marked
detimental offect on durum wheat ylels
Pro-daam loal-water polentiad (PLWP) was proved
10 be & rebable parameter i the dentficaton of
fiest matena stress (FMS) in both immature and
mate pants. A standardsed procedute for
PLWP measuroments, descnbed in the report,
proved wery reliable and yielded Nghy
reproducible sesuts. offenng & relabe techrigue
for PAWC cetermrations for a Crop &t any growth
stage  The study a0 proved that defict ingation
car be apphed sucoassiuly durry peas demand
FONT0E WINOE FECUCII, Yasin (8 iimpmas s waim
wse efoeroes. In fact, deSot emgaton generally
gave highee mrgaton-water afficences than il
imgation, proving the vakaty of the PAWC corcept
for imgaton scheddng

Crop-water requirements, deficits and water
yield for erigation planning in southern Africa
[Regon No 118/188)

WMC Dert, RE Schulze, GR Argus
Univarsity of Natel 1988

The prosect set out 10 PrOVIoe e Mganon planner
with e means, fiestly. of helping %o decde on the
need 1o irfigale @ gven crop v A spechic
erveonment ang. secondly, of assessng the
Prgaton requitemants of the crop M vanous lovels
of rsk  Caary Po lage number of possble
combeations of crop, 5o and cmate pecular 1o 2

were 'ound 1o the problem of reducng bulk. whils
tetaning the essential detsled intormation
provioes by a comprahensve analysis  Analyses
were camed ot for each of T12 homogenous
cmate  z0nes M southem  Alnca,
mm this purpose.  Ths
g resclution constituted 2

t

Owng 1o the destrbuton of 5045 n 1o area urder
nvestigation, a meaninghd companson of e
anl 10 which dfferant sols, which had been
imgated for afigrent penods. had degenerated,
was not succeseful It was found. for nstance, hat
centan sois on the fcod plam which had been
imgated for aimost 75 years, are not found n he
faghardlying areas. The later have been imgated
for 20 yowrs.  Another aspect which was
mvestgaled s the nflvence of magesium n Pe
50l ang water of the aea on the chemical and
physcal condtion of the sof  Several aspects
concerang the influence ol magnesium on inder

Proceedings of the South African Irmigation
Sympesium

(Fepert No TT 7198)

The SA lrigation kesttune, SA Society of Caop
Procuction, SA Institate of Agnouiral Engineers
Sovl Science Scoety of SA, Agncuttural Economic

1591 n Duban. It contains e cpenng address
by Dr Al van Nighark MP. Minster of Agncuture,
and e keynote address: Spolight on imgation
developmant iIn ™ RSA e past prasant and
mnuumwnsvmm These
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blo-ngm

Intematonal Perspectves on Imgaion
Sof and Water

Crop-water Reatonshps
Engneerng ard Desgn

Imgation Planreng

Imgabon Maragesrent
Economes of Imgation

Informaton and Technology Transfer

Livestock

Biological and chemical control of blackfies
(Diptera: Simuwidae) n the Orange River
(Regort No 343/195)

AW Palmer

Onderstepoon Veternary Insstute, Agrcubucal
Research Councd 1384

This proect was unceraken in response o
complaints fom farmers whose stock was beng
dected Uy the bing of pest backdbes. The
oficacy of P Lrvicde Bacius Mumpenss var
sravkenss  (By) and of the organcphosphate
1emeghos was nvestgated R was found that By
was Door sutod for use 0 Coar waler awd
femephos Yor turhic water  Tomephos was found
1o “cary’ about 3 tmes larker Yan Bl
Development rates of S chuen range from 7 days
n md-summer 1 37 days in mdwinter.  The
MeCOMMAndec tme Menvals Datwean realments
consequently ranged fom 6 10 32 days. Dosage
indicated Pat BY has a wide margn of safety,
other han tamephos. |t was conchused that good
control of Slackfy may be obtaned with mnemal
impact on ™e non-target launa, provided
recommended dosages of temaephos are not
exceeded. Overdosing shoud be sinctly avoded.

Principles of integrated control of Blackflies
(Diptera: Simuliidae) in South Africa
(Ropont No 6501197)

AW Pamer

Onderstepocrt Veteringsy Institute  Agroutural
Research Councd, 1998,

Naluad Sow vananons in water 1esOuTes arne

costy. This peoject sef 0ut 10 Investigate ways 10
ncrease the efloency of using hese methods 10
control blackfes by studging the relationship
Datwedn populition dymamcs and varialions in the
osysom. It was found Pal cutboaks werne

fom anc tampanature Observations ndcated Tat
Mcrpcysts blooms might be toxic 10 anvae. hat
the Bivalve Cobculs Mummals might himit
fovhew 3 M A o the cama ot
source, and e llgl Clacophora glomerata
provided habeal for predalors. ARl ths information
was brought 100ether in & model which asssts »
the decisions of when 10 apply lanvicioe

T
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Weather

Modelling extreme rasdall over Scuthemn Alvica
Reoponrt 805196
AM Joutert. SJ Crmp, SJ Mason

Air-sea interaction over the Aguihas Current and
implication for South African weather

Repon 374199

M Rowauk JRE Luteharms. AM Lee-Thorp

MR Jury, M Magodea

Mesoscale modeding of tropical-temperate troughs and
associated systerms over Southern Africa

Report 595197

SJ Crmgp, SC van don Heever, PC U Abreton

PD Tyson, SJ Mason

An assessment of the potential for using stable carbon
isotope ratios of wood charcoal as a climate indicator
Raport 437157

EC Fetruary

Mechanisms of short-term
randall varability over
Southern Africa

Repont 436197

MR Jury, KM Levey. A Maarau

Tegnieke vir seiscenale en
langtermyn reénval voor-
speling in Suic-Atrika
Report 308195

J van Heerden, CJ oo W
Ractantach MM Truter

The deveiopment of a randall
estimation algorithm from
Meteosal imagery
Regort KV 6595

LA Sandham

Lightaing and its relation
10 precipitation

Regort 279193

DE Proctor

The analysis of xylem anatomy of wood charcoal in
archaeological deposits as a tool In climatic
reconstruction

Repon 222192
EC February

Precipitation and air flow in cumulus clouds
Report 223191
G Held AM Gomes

A stochastic daily climate model for
South African conditions

Regort 2001190

A ¢e¢ Gusmao Brandio

Potential impacts of rainfall simulation in South Africa
8 research planning study

Report KV 2350

AHM Gorgers. A Foosetoom

Rainfed/Dryland Agriculture

Estimation of plant and s0il evaporation from cropped
lands

Repont 507157

WH van 21, JM de Jager

Research on the climatic dependence of evaporation
coefhicents

Repon 2601
WH van 2y, JM de Jager

Evaluation of moisture stress in crops by means of



Investigation and modelling crop water use and
productivity uncer conditions of water siress
Hoport M 5190

PR Boriner, AA Nl AJ van der Merne

Ote imvioed van verskiliende tye en intensilefte van
plantwaterstrermeng op lotosntese van sekere
Akkergewasse

Rapcrt A5 183

JJ Human, LP @ Beuyn

Waterbehoefies van drie groemes en drie skkerbougewasse
Regon B4 196
PC Net MM Fsner, JC Arnandiale

Imgation

Reaksie van gewasse op vooralgeprogrammesrde
lekortbesproeiing

Regon 423197

ATP Bennie. LD van Ronsburg. MG Strydom. CC du Proez

y

Demcnstrating the potental of GIS technology in hydro-
salinity modeding throwgh intertacing the DISA model
and a GI5

Report 583155

B Waol*-Poooe

An evalustion of a range of compuler models smwlabng
the Yansport of solstes and water in the root zone of

Irrigated sols

Report 196120

JH Mookman

Data scquisition and evaluation of sodl conditions in
irnigated fields in the Breede River Valley
:z,.‘ 195240

JH Modhman. WP oo Cems

Practel scheak fing of mgation i the Norferm Transvad

The development of producers for design and evakaat.on
of irrigation systems

(Umbrella Report and Technical Report)

Hepont 116187 ang 11828

Murray. Besanbach and Badennors!

Drupbesproeing by tamaties
Report 185190
vl Fishor PC Mol

Studies on irigation management based on PAWC and
soll water monitorng

Regon 166 180

FVG Vanassche. MC Laker

Correction factors for evaporimeter coeficlents used for
whedutrg Irigation of wheat
Recor 151/188

WH van 29 M de Jage:. CJ Mame




Gudelines for catchment management 10 achieve
NN waley FeSCUrces MANAgement In South Alica

The interaction between vegetation and Groundwater
research priorities for South Africa

The hydrologecal implications of afforestation in the
North-Eastern Cape. A survey of resources and
assessment of the mpacts of and-use change

Hydrology and water gualtty of the Mgeni cachment

Low flow estimation in South Alfrica

4 1
X i1+ 3

et AW

NON-QoINt SOUrce polution i the Hernops River visley

The evalustion of river losses from Orange River
gownstream of the PX e Roux Dam
nore 154

Quantification of the eMects of land use on runolf
waber quality in selected catchments n Natal

An evaiuation of Mydrologeal Nood estmation
techniques. Phase 1. The establishment of 2 small
catchment databank

Part 1 Text Part 2. Appeniices)

A vk A L] )

The accurmence At severy of droughts in South Avica

Assessing the risk of def.ciancies In streamfion
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