












































Objecti ve of the research:

• TO undertake reg:,llar svtvevs. and
ma nage oanana ree' diseases in SOutn
Arr;ca .

I t is a'1 t 'opated that two postgraduate
st ....der-ts .~ill !:Ieg-n studies on tms pest in
2002.

Extension and fiel d services

Laboratory diagnosis and
diagnostic clin ic

ll,egu:a- te d t-tps have bee" underWl<en to
;I I nve be-e- ie -e-e...i"9 a-e es of SOUth
A.f,,~ Ir to t al. r- e FA6 l P;lna'TId neseercn
Grou~ spe~ t approx,malely 15) persoo­
dayS ,n me flekl ,1' 2000 ;lnd 2001. ,,"p;lrt
Irom attend n9 meetings ;lnd the
cr eseotencn of -esee-cn resu lts, extension
serv ces a so includ~ publicat ion s on
" Sa'l ana Tallc.". eve'ceucos of farmer tna lS,
disease ;ce'l r'katon d"d advice on dtscese
ma'lage"f' e'1t.

H ighl i ght s of t h e resea rch 20 0 0 / 20 0 1:

• The establi shm ent of a rap id molecular
identif icat ion m ethod of M. m usrcol..
and M. fljiensis

• The developm ent of a rnanace-ne-n
strategy fo r veuow S;gat oka i" SOuth
Arrica

• A survey on beoana lea' c seases a"d
fungi associated ""th leal symptoms In
South AInca. has tiE''''' cc.m cluded

seroc'cs of Panama Infec ted ban ana pl ants
and rear diseases are regularly collected
from field s,tes and presented to the FA61
diagnostic dinic I solat ions for pathogen s
are made a-id the causal pathogens
identl t ed using a wide range 01 re bc retcrv
techn iqu es. rne VCG Characte risti cs are
routinely determined by means of
netero ka-von formation w,th nil -mutant s.

The INlnlln" weevil bor er

The banana weevil !l orer (Cosmopoirt :JS
soro'OusJ is tne most irnpcrtent pest of
bananas rn th e world. In Soul " Afn~ t'l'S
' fl sect IS ccostcerec m e seceee most
Im part;lnt d,seaselpe s: of eeeer-es.
O;lm;lge caused by tee ba -ier-a wee..... IS
particularly severe In scu tt-e-e K....'aZulu ­
Nat;l l. but the pest is now also becomlnljl
important i" Tzaneen and Ki",~ , r-o
st rategy has been oevetocee to cOl'trol r-e
banana weevil borer in South Af rica ,

Altnough we do not cUfTently have a formal
research prOQram me on th e weev,1 corer,
prelimiflary Investi gations on this pest M v,",
been establi shed . These mctcce lim it ed
fIe ld surveys and a erotical evatuet.on of
avai lable in fo rmat ion on the man agem ent
01 the b~ nar", weev il borer in South Afri ca,

Fo r m or e information ,
http ' l lwww . u p _~c_uf ~ead.mlc /l. b!/ bene".



Plant-Microbe Interactions

Research lead e r: Prof Dave Berger

Objective s of t he research programme:

• Describe mecnan ·sms wI'eretl y pl"f't5 dete'lll mernse-ves ilga,nst \/IUII, bacterial " nd
' '-11'\9 /11 patnogens

• S tudy pill'l l anti-fu rU;/I ' po lyga lacturo nase-,nn:;) 't ," ; ..roterns ( PGtPs)
• Prod""e genet ically modified (G M) plants es /I tool to study plMt resistance mechanisms
• Use DNA Microarrnys as a tool ,n undel"'St and nil Dl an~ tu"ct on

Hig hli ght s o f research 2000/2001:

ThiS research programme has two main
research areas. One is focus ed on the
study of "nMung,,1 ~enes . pamcuta-rv the
pol ygalacturonase inh ibitor protein (PGI >')
fam ily of plant prot eins. Pla'lt
transformation will be used as 11 t ool to test
combinat ions of antH ung,,' genes for tnc
even tua l aim of producing genet ic&lly
mOdifi ed crops with im proved eeeese
res ista nce . The resea rch leader IS scien ti fic
co- ordinat or of an European u nion fun ded
I NCO-DEV project which wi tl nm from 2001
to 200 3, The proj ect is ent itled - sereo-eee.
Geneti c impro~emen t of ma'le 10 enhance
food safely by in t rod ucing res.steece to
FUSilri um verticillioio es" . Convert,ona '
selection as wel l as ma-ze transformatIon
With combinations of antif unga l genes w'"
be employed in this project . "artners
includ e the Uniye-sity of pretcne ,
Agricult ura l aesea rcn COunCil (ARC)­
Rood eplaat , CSIR ·Bioct-emtek . Uniye~l ty

of Zambia, Plant neseerce Internat ional
( Netherlands) and the Unjye""'S, ty of Rome.

Fo r m ore info r m et ion;
http·U fablOtf" L;o,ac.za Ipe:1iona~ft~

mJ

The second area of research In tms
proqra mm e concerns ?Iant Funct ional
ce- co-rcs using MiCro<lrTay technOlogy to
study plant gene express-en . Dun ng
establishment of th e MicroarTay system,
genes from the mod el plant Ar;,IJidopsls are
used to develop the first gen e cbrcs , and
t hese will be used in a ccuebcrenve project
togeth er with a French laboratory t o st udy

tne piaN respoose to tee bacterial wilt
pathogen, Ralston;a solandcearum.
Eucalv!! t us and cereal microarrays are also
Oeing developed.

I n addit ion to the abovementioned
projects, several ccua boranve
investi g at ions on the rnctecula r basis of
pla nt - patn cqen Interacti ons are un derway
with other fABl g rou ps, CSIR-Bioche mtck,
ARC·Readepl",at v egeta ble and Orna mcrot al
Plant I nst it ut e and the University of
E di n ~urgh.



Molecu lar Plant Physiology

Research Leader: Prof Karl «unert

Obj ectIv es of tne research programme:

The research focu s in rns prCJQrllmme ,s on tne phys olo~ car c"ar ad e"ZatiOr'l Of k no.....n "nd
novel DNA sequences m~otved In i1 ~;ot' C seress teie re- ce . St rllte; ,es a pplied Include the
Chil"8eter:H tJon of cyste ,r e ;lrotei.-ase IMI e,tDrs (cy s~~n s). uS n9 ce-ecceuv e nha nce d
pl an ts. In ada iti o n, Rei're~ntationa l os-e-eoce Ana','sis ( RDA) of erlvirl;lnmentally stre ssed
ptents is used to sea rcn ' or novel seQuences.

Highlig hts of re search 2000 / 20 01 :

Cystatin , and Abiot ic; Stress 'r erereeee
rtus research programme nes llrtlOuced
ceoeeceuv e nha nced toba cco plants
exp res slnQ a cyst eine pro teinase ,nhibi tor
(cystat in) de rived from rice (OC· l). In
coll aborati on w ilh Prof , C. Foyer at IACR­
Rothamsted , UK, t hese plants ha ve been
t horoughly evaluated In the last t .... o years
investiga t ing a w ide ra nge of prlys:ologlcal
pa rameters w it h t he " im to erscove- ootrl
benenrs "nd disadvan tages t hat aCCl'\l e
f rom cystatin expre ssion in tobacco.
eesroe protec tion eqa.nst ch ill ing Inj ury
determined by t he measurement of
apparen t Quantum e'(icie....cy a-e CO,
asSIm ilat ion. ge~.eti c ally e!'tha" ced teeecec
plants have a hJgher orcee.n lind
chlorophyll cor-rent t t-a -r ccevcr p ants. A
po$Slb+e prctecttve rol e of cyst~~ns on tee
stabIlity o f tn e cnctc sve-net:c e1'l zyme
ribulose 1,5 bsoncseeete
carboxyl "se/oxvgen" se (Rutll sco) Ol,lnr'g
low temperatu re stre ss is C\Jrrer.tly tie ng
irwestigated. DI;'fe -e'lt gel-cased
Quantification methods, ge"e-cIOfling
t echniques to d irect OC-I exoress,o" Int o
the chloroplast. and un mc nc-ce tecncn
techruques to study octf tr-oe ch loroplast­
encoded large subunit and t he nuclear­
enccced small subunit of Rubisctl llunng
stress, are ero crovec .

Piants expreS5,n9 "" exogenous cystarin
surpdsiT'l g ly show a cond it iona l "dwarf"
phen otype under lOw lig ht int enSity . In

conabcrenon wit h ?rof. C. Cullis at Case
Western aeserve University' in Clevel and ,
Ohio, USA. condi t iona l " dwlIrf" pl ll rlt s are
curren tly berng genetically ct-eractenzcd
using u-e RDA recrwcoe t o Iden t ify regiO'ls
in tne pl~nt genome, wh ich have been
affect ed hy the In sertion of the exogenous
cvstann gene. This subt ract ive DNA
technique allows a signlf,ca nt fract io n of
me plan t genome t o be co mpared between
two closely re lated pta-us and to iso late
umque DNA cs te-eoces bet ween two
grOUDS of p'ents. By IIpplVing tne RDA
rech -nque w it'" a methyl ation sensitive
resmet,on en tyme, e neve rsoretee two
di fference pC'QduetS, nich match part of
tne Or>. A of the 18S rRNA and chloroplast
genome DNA Of a number of d,Herent plan t
speOes. 'We nvpothes ' l e t ha t fore,g n gene
mteqratjon and constltutllle expression of
tne exoqenous cystat.n nas changed the
rre:hylaton stllt us o f DNA. To prOlle our
-tvpot-te s s, methylation sensitille si t es
dlsco~e-e:l by t he RDA t ectln lQue a"d the"
f1 a"" .'1g ce;ions a re ~;"9 characterized in
grea t detail w ,t " the help of a ge1'lomic DNA
tlr,,"y cor-srrucrec from genetically

enharlced tobacco ptaots, We further
expect t -ier rceenncanon of genome
a.terattons will also help to address the
arohlem of genom ,c integnty and etc­
safety o f genetica ll ~ enhanced plants.
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Novel DNA Sequences for Stress
Tolerance

Plant sc bsceccs ere often m orp '10109 iCally
tcenuce i despite belonging to complete ly
different biomes , We are us,ng this
characteri st ic togethe r with the RCA
techn ique to ident ify possib le induced D~A

variat ion within a pl ant soec.es caused by
severe env ironm ental ccne-ucns. roe
technique Is be ing applied on tl'le grass
spectes Nonocyblum ceresetorme . Th IS
sceces. common to severa l , ioroes in
South Africa, bas no ob vious cetectec e
difference ,nits morpholo.::; ,cal appearance
in the venecs e rcmes. it cces. ho"ever,
di ffer qreat ly in its torerence to
temperature and belongs to two very
different biomes. The :l ,omes Include a
t ropical trost-free coasta l grasslar.d area In
Natal (Savanna b<ome) ane a severe frost

e-e e in th e Sout h M ncan Dra kensberg
(Gras,>land blame). Thus far, by using the
ROA technique we hav e arnphfied several
un ique recne DNA reg ions from the genome
of the grass belonging to the qrassland
blame. These regions m iqh t have changed
du e to ext reme environmental conditi ons

We expect th at a ccuecnce of labile DNA
recrcos m ay ul timatel y help to determine
how envtrcnmentet ccno.ocos carl influerlce
genetIC v<l "' <l t ,on They might also be
useful tn our efforts to IdentI fy the
mech",n,s"'s which resu lt In variation
bet"een speces. DNA sequences isolated
and i~ e n tfled mig"t also be appilcable <IS
O" A ma-k ers for temperature ecrereece. or
m,g ht further serve as a pool of unIQue anc
race D!>oA secvences !or pl"nt breeding .

For more I" f o r m ation :
http:/ /www.u p.ac.za /academic /fabllmolpla " t p hys /
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Food Safety and Postharvest Technology

Research Leader: Prof Lise Kersten

A m aj or new rese arch fo cus area ha s beer) established that add resses t he critica l need fo r
establishing a Food S" fet y In itiati ve fo r scutnem Africa. G l ob~ 1 Food S" fe ty con cern
requires dev elopment and imp!err.",nt<lt ,on of food safety standards in prima ry ~g ri cu l ture

and food t ech nology . TIlis, furthermore, deman ds that Good Agricultu ral Practices (GAP)
and Hazard Analysis Crit ical Contro l Poi nt s (HACCP) be im plemented within a two -y""r
fr~mewo rk_ Due to the crit ical lack of scie"tif,<;: dare on food borne pathogen s on fresh
produce, pa rticula rly fr uit , t his programma has emb ari<ed on a major ini t iative to determ ine
the role , imp" ct , presence end cet ect.on at human path oge ns We have also established
t rainin g mat eri al fo r short cou rses, food safe~ videos and promotional material fo r pu blic
awareness. We are currently clOSEly involved in developing a legislat ive fr ilmework for
Sout h Af rica within a governmen til l forum . In order to enable the group to un dertakE
resea rch in this domain, we hav e int roduced rf-e I SO 17025 management sys t em and will
t hus be accred it ed fo r m onitorin g food bom e pathogens in agricult ural wat er, on fru it
SUrfilC" S and in peckhouses ,

Objectives of the r esearch programme:

• Determine the presence of foo dborne pathogens in Southern Afri can fr esh
produce dest ined for !C urope

• Dev elop rapid detect ion tec hniques to mon,to r th e presence of tcodoorne
pathogens in pnmerv agricLllture particularly in agricultura l wat er, packhouses
and on f ruit surfaces

• 1clentify critica l contro l poin ts wnere food borne pathogens m ight be Int rod uced
into the food ch" on

• Develop hurdle te chn olog ies t o e'rrnlnat e rooc ecroe pathogcns th at m ight be
in t roduced into the food chain

• Determine the spectru m of huma n ceuioc ens that pose a thre"t to consu mer
health if fr esh ~rod uce , minimally processed fru its or veget ables are consumed

• Deter mine t he survi va l an d colonisat ion potentia l of food born e pathogens on f ruit
and vegetable surfaces

• c ere-rom e the econcrrnr im pact and ri sk assessments of foodborne pathog ens in
fresh produce md ust-tes in South Africa

• Develop GAP ana HACCP systems based on soun d scientifIC dat a obtained under
Afr ican conditi ons

• Deve lop re levant train ing materials fo r workers, managers and stude nts in food
safety systems in agn cultu re

Highlights of research 20 0 0(2 0 0 1:

The Food S",fety research program is the
fi rst of it s kind In South AfrlC<! and focuses
primarily on develo ping Good Agricuitura l
Pract ices (GAP) and Hazard AnaiYSIS
Crit ical Cont rol Points ( HACCP) fo r pr imary
ag ricul t ure in South Af rica. The presence
of food borne pathogens ,n agriCLl ltura l '
wat er has been determined and guide lines
have been developed to m.ntrmse fresh
fruit and vegetab le contamination of

tc cceo-re pathogens by means of GAP,
rapid monit oring and d'smfectant products
used in a hurdie t echnology concept. The
presence of food borne pathogens in the
postharvest envi ronment has a l~o been
momtored . The pre sence of hu man
patnog ens on packing lines, in packing
crates, on worl<ers' hands and on fruit
s urfilce~ is a major source of concern. If
the South African fruit rndustnes want to
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remain competItIve on tee internatlona' me-ket s, eesrc ny,:;e"e stano eros. GAP and HACCP
systems WIll have to be implemen: ed, suc.es done by our group over tne past rive years
highlight seve ral poin ts in th e food eh"in where rcceec-re patMgens can enter the system.
Surv ival and coloni sat ion of f ruit surfaces by tocdboree pathoqens. 3S well as postharvest
pathogens and t heir non -target effect on other epiphyt ic coromsers have been studied ever a
t hree- yeilr period , The more m,.it is handled, the ..reeeer the rnence of corcntsenoe by
roodborne patl'10gens. DOSing a" mcnrect threat to consumers. A.., extensive survey
undertaken dunn; 2000 S!'lowed ! nat wor1<er kno... edgt' IS ext remely limit ed In terms of food
safety. In cce trest, mice e and t ::lP ma"l"lieT".,t neve already mace the Quantum leap to
imp~ment new food SiI'ety systerrs. The -esee-ee ;lro<;ca,.., nas led to the development of
several tram",.. r-eces for wor1<ers a"lC ta-re-s . Tra ,nin.. vrcecs and : ea::l1 inli material that
have been developed are currently oein .. d stnoured throU!ihout Southern Africa.

TQ M
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• Land reform poli cies ' Deregulat ion ' Equlty Bill • Skill s Act
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Mango and Citrus Pathology
(FABI-du Roi Alliance)

Research Leader:

Research Team:

Prof Lise Korst en

Prof ~ike Will9fieiC
D" Fan.. s S",a 't jOu Roil
Dr G n" Swart
Dr uoee Meye-
Mr KOboS se-rcore n (Du ROI)
Mr fie -nard 5' cce-s

Highlights of research 2000 /2001:

M;tngo researeb
The FABI -Ou Roi All iance is no .... In Its
second year and has pro ved to be of
substentte l benefit t o tne Sout h At"can
milrlgo indust ry . Through tt us .rut.euve ...e
hav e addressed the needs of industry wi th
both sho rt and lo ng term resea rch focused
on basic and applied "spem The n-st
successful ' Show and Tell " svm posu r m was
held In 2000 in o~er to prOVide the
industry With direct exposure t o research
f indings and t o highl ic;J l1t the pcsrnve
Implications of Ihis research.

Maj or post-harvest protnems on mangoes
in South Af ri ca include anthracnose , caused
by Co/letotrichum gloecsporiOlOes. anel soft
brown rot (S6 R) caused by NiI!f rllSSliJ
m<lngiferlle. Pre-harvest f-urt e.seeses
mcruce eectener btacksoor caused by
X" tlMOmoniJS campesms cv . rT'iJtlglferiJe­
mdkile a l'ld antbracnose. Several CIlemica '
compounos are re ~Iste re C: In SOIoth Afr ica
for control of pre- and post-ha rves t coo t-or
0 1 entnrarecse. ISOlates of C.
gloeoSDQfioicies collect ed (l uJing a three­
year market S;Jr'J I'V .... .,r., us - to
det ermine the in<idence of resrstance to
be nomyl, ttnebeoda zcte (TBZ) and
pra<:hloraz (all registered chem icals ) usmg
an in vitro assay. rsctetes of X , c. pv.
miltlgiferiJe-ltlciicae were erse evaroetee OIl
vitro for sensmvrtv to copper. I solates
from certain production areas wer e more
tolerant to be nomyl and TBZ. Sev eral X. c.
pv. mangiff!rae-indicae isolat es nave show n
reduced sensitiv ity to copper, particularly

th ose from areas ""th a historY of in tensive
spray programmes

Due t o tn e problems with resistance and
u-e Int ernational op posit ion to the use of
cnemscats. alt ern at ive contro l st rate g ies
such as the use of antagonist ic
microorga 'l isms and semttzers have been
investi g3ted. Tria ls for these evaluat ion s
were performed un der commercial and
serru -commerc.et condi tIonS. New
el is orecte - es were tested in packhou ses.
wne-e tt-ev -ectecec ex,stmo diSin fect ants
or was' mec a, or alterna tively, they were
usec: in COrT" :;IIN':lon ""th cnermcets in t he
ceckncose. PrelimInary results strewed
that a cor-itnr-et.on of prochloraz with
srrceunrms added t o wax galle the hlgl'll!st
reve.s of control. "The use of d,sinfectant s
erc-e e'fectively control led dIseases, but
p-es'n ,, '~n crccntorez was more effective
whe'! compared to the commercially useel
cent-er methods.

A b'oco-rt -ct agent , &Kil/US Iit:hetliformis,
n as S!lO'M l to be effective in reducing pre­
and post-na ....est d'seases. Differen t
formu 'at;ons of 8 IlChemforrTIIs were
evalu ated 0 '1 the ir own or were Integrat ed
""th cooper fung'cldes to control tnnt
otseese s. An innovat;ve new approach to
apply fung icides or biocc ntror agen ts using
modif ied plastic caps was eva lu at ed ,
Plastic caps with inner "'001 linings were
treated with 8. IIcheniformis or copp er
oxychloride and placed on fru its after initial
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frUi I drop. The resu lts s 'roweo that crest.
CliPS with inner wool linings errecnveiv
reduced sun burn. Adding B. lichen' forrms
to wooly ca ps prior to att acament :0 f!'1J t .
signifIcant ly reduced er-tracncse . S.
lidlemformis was a so testes in seMi­
commercIal cacxnouse tnars.
Commetl:lally ava.taore powder /I r"td 11Q 0,l d
fonnu llltionS were L Sed ,n :11vld uall y or .,
comb,n/l!tOn with s!anOIlI""ll pac khouse
treatments . Prelimirl<lr)i res.. ~ st-c .. ee
that I;Ommercial aacucat'cns of S.
lichemformlS ( iln e-creese the tota l
percen tage o' nee my fruit • use<! n an
inle grate d proqram.

Ma ngo trees under st",SS are more
scscecnme to II wide spect rum o~ e.seeses.
One Of these o.seeses is die -back caused
by Nilu rassia manglfer~e. \"ohieh can reed
to Il re ducti on in yield , Since rr.tectec
inftorescences die and young trurttets are
abort ed In early dev elopmen t ~ 1 st~ges . To
in vest igate the cau ses of die-bec k, f ive
orchards we re chosen ~t a la rge mango
estate In Mpum alanga on wh och to conduct
t he experiments , One of t t-ese orchards
was salt stressed . two orc eerc s nad t ypical
and atypical die-:Jack symptoms
res pectivel y. and two cent -er ercea-os were
included. Tree samples ccns.st ed of t "" 9 S,
leaves. bark and f ru ,t " ''0 were ev er...a~ed
for the presence of N. m''''9''erae. N.
m"ng,fer"e was .sereeec from all or01arcs
ChOsen for this st udy " -'th va!)llng cegrees
Of mcce-ce. The hlgl1est InClcence "..as
found in the orchard in salt stll!ssed
cconucos. closely toncwec oy the ercr-a-e
w'th typical di e-back symptoms. TI1,S
Ind Icat es that N. ma"9jfer,,~ was more
prevalent tnan was orig; I"a IV thOlOg hL It
also confirms tt-at N. man91ferae rs ao
optlOrtunlstlC, eececevtrc pa trlOl;len, ...·rllCh
attacks trees under st ress

I n mango, N<ttfrillssi<t spp. cecse a venetv
of pre- and past -harvest crsease
symptoms. Receot outbreaks of tree c.e­
baCk in orchard s and 1" 91' export losses
due to soft brown rot (SBR) "ml stem-end
rot (SER) has rene wed interest 111 th~

pat hog en . How ever, t here is con tusion
regard ing thl/' te xoncrruc status of the
petti cqen . This study was rnnre teo t o
det ermine the correct ide;l\lt y of the

pathogen responsible for m ango tree d ie­
back, can cers. b'cssom blight, SBR, and
SER on fruI t III South AfriCil. Iscra tes of the
fun <;us from Tommy AtkIns, I(eln, I(ent,
Hei~ and Seosat;()(1 curnvers were
ot~~tned 1"'O'T1 va'"lOUS farms on the
l>1;)u'l1a;a:19a area. ISOlations We«' m<tde
from sym pt om ess an-<l d.seased m"tenal
from ..enous parts of tee tree and IruiL
(dent frcatron of all rscretes wes done eesec
cr- secre morpl1olo;v a"ld seqoeece data
from t "le int e",aily transcnl:!ed spacer (ITS)
recrens of t he rD~A operon. The ITS
sequence data strongly suggests \h"t t he
m"'190 scre-es tie ong to three dIst Inct
qrcuos "" : "1 in t ne geous Borryos(Jnaeria.
Thev nav e t eoteuvetv been Id ent if,ed as
l..Js,OC_'piooia rheoo"Omae, ICusiC/Xcum
aescvli and N<tttrasSI<t mangJferae ,
Morp i"-ologiCl,1 ~lIta corresponded With the
molecular identification , Recent work on
rscreces from Australi a suggests t hat N ,
mimgiferae beiong s t o t he geous
F" Slcocw m , Our dat a support t his v iew ,
All th ree of t hese spec ies were iso lat ed
from sym pt omless es well as sym ptomat ic
ma ~erli" W SIO(ilp lodlil meooromee was
iSOla ~ed more frequent ly from trun rots,
while F. aesciJii <l 'ld N, mangtferae were
tsota-ed f rom bctn fruit rot s and d-e-beck.

Highlights of the ruellrch ~

• Effect iv e natural d.seese cont rol
systems have been developed t o
cont rol pre- and post -harvest eeeeses
of m ango fruit



• The ta xonomic status of tne E!'1clOpnvtic
mango pathogen that causes dllH~;Kk.

cankers , SBR ...,d SE nes teen clanfiel:
and snown to represent tnree soeCies of
Botry05pnolJeniit

most a-id Sat suma, th e least. These
resul ts a-e ill acccreaece .... ,t h prevIous
!';nc,n;s of varieta l suscept'bility. There
""ere a so c -te-eer levels of POSItive
react ions 'ro.., SpeCific areas, w,th the most
from CrQCoC:;e Valley follO\ved by tereee.

Fo r more i n f o r m ation,
nnp. / .www.up.;>c .z. /."cade mk t .9..;..... 1/
m· " llo

CitrU5 r es eilrc h
G""en,ng ,s causea by a high ,y tast.c OLlS.
Gram neqetwe phloem-lim :ted oileterium.
Based on 165 rONA secueece ceta , :-...0
d,stlnet speCIes have ceeo idel" tjfjed v iz.
Libenbilcter afnum.s and L'ter,tMder
a'!>,i/tlCuS. Due to <:1 u,,1 Infect ons 01 "0
curttver c.trererces it is d'ff":u1t to ICe'lt lfy
this disease based on ",ymptamoogy alone .
The objectives of th is st udy ",'ere to cl ar ify
symptomology, use PeR to ilrlSWer
epidemIo log ica l questi ons . and detect
LiberrbiKter in alt ernat ive hosts. Four
hund red anel f ifty samples of green,ng
infect ed and heil lth y citrus fro m different
ccnrv a-s and 92 5i1 mples from potential
alternative hosts (botanical gil roe ns/ areas
adjacent to greening mfected crcharcsj
were col lected. A ran ge of prev iously
isolated CItrus eMophytes were also
tested. DNA ext-ectrons were do ne using
the Wizard DNA punfica:ion k it. P',me'S
e.reetee to the rp IKAJL-rpoBC cce-oo,
which produced an ampllcon of 667 ee (L.
dfncanusl , ane PeR eeoc.nons eeeeuctee
according to prev iously cesceeee I:I"OtOCOIS
were used. AsymptomiltlC ser-eres ' rom
healthy sectors of infected t rees tested
pos,ti"e In cert" in CII~. All samples w,t"
typical greenmg symptoms t ested POs,t' ve
ancl eu samples from hell ~"ly trees tested
negative. None of the alternatlve hosts
tested oceuve except for Ca/CK1enarum
upenSl! from stereeecscr using new Cal I
primers (scecnc t o u ce-ceeae- afncanum
subsp . t::J~U'5.S ) . No pes t ive react.cos
have been Obtained from cvcc-eservee
endoohytes t est ed thus fa r. "10tt ling
followed by ye llo.... " e ,n sympt oms was
found to be the most renebre InChcator of
greening. "Green i51,,,,os", "ra bt nt ears '
and mmeral defic ierl cies were the least
rename Indicators of infection. There ",,'ere
diff erences In th e nu m ber of pcs.nve
react ions f rom different curttvers, w,th
Valencia (most susceptib le ) h a~i n g the

r ne fu n>!I.S Guignardid cit r1ciJrpiI, causes <I
p'lytosan,t.-!f)' restncnve c.seese known <IS
G t r\J s a.ece S;K:t (CBS). It has been
suggested trial t r-e-e e-e two strains
re51:0"S ere for the d isease, OUt they
cannot ee di51: ,og u's"ed on a morphological
bas is. So~trl Af"can GU,gfldrr;Jid Isolat es
f rom d,fferert lesion types, as ....e l1 as f rom
sym:>t:;lm,ess fru it. ...ere compared by
means 0 ' r iboso..,al DNA int ernal
t-eescr.nec spacer sequence analys,s.
prov,,,," : f' e e_'st ence of t wo Guign,,,-.;tia
sllecles on citrus nestnctron enzyme
a,gestion f,,,ge rprlnts of the Pe R prod ucts
using cror clearly distin gUishe d the t wo
scec.es provid ing <l rap,d, yet re liable
lde nt-flc ation too l. Gro wt h rate in cult ure
also corresconoeo with the t wo species ,
The f irst species. G. Citri'olrpol. bas been
confirmed as the caus al org an ism of CBS
<If'd IS restri ct ed to citrus. 'r hts fun g us
occu rs in il il major otrus produci"9 areas
of South Amca. e_cept the Western Cape.
ree petncqen can be isolated from hard
spots, viru ient sects . freckled spots and
fa se meta-rose lesions from sweet orange,
grapefruit, te-non and tangenne. The
second scecres can be isolated from
sympto'T1less citrus fru it. but also from
avoceco. mango, bal'lana. cabbage tree
and kumeoat, ....hld'! occur ,n vaeeus
geograph,ca l a-eas. The DNA tests devised
are able. for the first time. to dlst,nguish
:"e p;l: "lC;e -liC from the narmress
enoo pl'l}"t.e of citrus and other pl ants.
Phytcsan ~ry measures may be used to
prevent the export of cit rus f'll ,t suspected
of being infect ed ...,t h CBS, and this
-esearcn can ensure fair e_port pract ice.

Three fu"llus subtilis tsoretes fro'" otrus
fru it surface were evalua ted for control of
green and blu e mold of Citrus caused by
Pen'Clllum o'g itatum and P. itil/icum,
respectively . The isolates were evaluat ed
e.tner alone or in ccmbmatron with sodi um
bicarbonat e ana hot water t reatment on
artificially inoculated valencia and sharnou t t
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orange cult ivars stored at 10:01 O( f or four
weeks. All isolat es were sig nificant ly better
on the ir own t han t he cont rol treatment in
inhi biting the incidence of both green and
blue mould , However, they were not as
effe ct ive as commercia l fungicide
treatme nts. The biological control isolat es
were genera lly mo re effect ive in inhibitmg
green than blue mou ld and tsorat e Fl
inhibited both fu ngi on both cu lt ivars mare
effectl v" ly than L2 and L2-5 . There was a
rema rkable Increase in the bioc ontro l
activ ity of all isolat es when com bined with
sodiu m bicarbonate or when applied
foll owing hot water t reatme nt. The Isolat es
generall y perfo rme d better fcll cwII19 hot
water t reatm ent t han when comb ined with
50dium bicarbo nate . The t rea tment using
isolate F1 comb ined wi th sccfu m
bicarbona te or isolate F1 ap plied follo win g
hot water t reat me nt 'lave 100 % cont rol of
both green and blue mou ld on both
cult ivars after four weeks of sto rage at
10:01 »c. Th e num ber of viable cens
recovered after antagonist suspension was
h igher for tsorate Fl than L2 and L2- S,
Thi s ability of Fl to 5urvive better in
sod ium bica rbonate solut ion is a probable
expl an"tio n for its better perform"nce.

I n pr~ lim i n a ry snoes. several di ff erertl
antifungal compounds were identif ied th at
adversely affect t he growth of major post
harvest pathogens. ce-nc ext racts were

te sted and showed great promise fo r
contro l of post harvest di seases,
Furthermore , extracts fro m three prom ising
bulbous plan t soeces in the Arnarvrudaceae
and Hvactnthaceae famil ies we re screened
ac;a lnst several imp orta nt post h"rvest
p"thogens. Extra,tion of bioact ive
compounds were optimised and extracts
were dried and otssctv ed in water and th eir
effi cacy assessed in vitro. These extract s
also showed great pot entia l for control of
post harvest d iseases It w"s ,,150 found
th at some eotecon.snc veests and Bacillus
spp. cou ld be u5ed, Int egrat ed with certain
n" tu rall y- Q<;curri ng " ntif ungal compou'lds.
These resuits prov ide the op(lortun ity to
enha nce the tnocont rot act ivity of
antagonists by com bining them with
oeturauv-occcrnoc broeoes. A vari ety of
neturenv -occurnoc produ ct s (chit osan
salts . ch it lr'! , 1l-1, 3-glucan, chit ina5",
lysozyme, Iyt ic<lse, biopreserv " ti ve organic
salts (sorbic; propi onic; acetic ; benzoic),
sodium bicarbonat e, m edium chair'! fatty
adc5 ; essential oils ; pla nt extracts and
VOlat iles} were screened fo r t heir ant ifung al
acti vity against major post-h arvest
oetncq ens and thei r compa t ib ility with
select ed m icrobial antaqor ust s .

Hi g h l ig h t s of the r esea r ch :
• er-ecnve 5creening Of greening infect ed

m ate-ta t was estabnsbec and th is can
now be used a5 a tool to dist ingui sh
between sym pt om ty pes

• A rap id method has been develo ped to
dist ingu ish bet ween pathogen ic and non­
pathogenic Gliignardia spp. associat ed
with citrus blac k spot, wh ich will
contr ibut e significantl y to effe ct ive export

• Several prom'sing erccoot rcr products
have been devel oped that m ight be used
in the post harvest environment to
cont rol d isease

For more info r m atio n :
http: / / www.u p .ac .za / academic / f ... bi /
ci t rus



Research Lead er:

Resea r ch Tea m :

Potato Diseases

Prof L se Kl)'Sten

Prof 0"",= Berger
Prof Pet Ham m es
Dr Gma Swart
Dr sreoo'e Den ner (ARC-Rood epl aat)

n e tecnves of t he research programme:

Three main f ocus areas, Inc lu ding bacter ial soft rot, bacter.e t wilt and early bl ig ht, make up
the pot at o disease research programme Objecti ves of t hese secus areas include :

• Develop a disease fo recast ing system lor pota to earl y bligh t whIch ;5 linked to th e
tet e b light model currently used by the IndUStry .

• Develop a rap id, ecccrete Erw inia and Ralstonia detection system
• Deterrmne R" 'stonJil surviva l levels jf' I'll! SQ,I

Highlights of r ese a rch 20 0 0 /20 01 :

Bacterial so ft rot
The eccecrmc ,m peftillXe Of Erwtfltil
crseases in S OIJltI Africa as ",ell as :toe
potato farmer"s a",arene$s of the pote'lt'a l
impact of the ErwmioJ com pl~ x of C seases
was determined. D,fferent Erwm,£! tsoretes
were co llected from venous potato
producing areas in SA and ccrnparec using
physiologlcal. patholOgl(:a l "nd molecular
methods. Several phySiological test s were
used to com pare Isolat es using a micro­
plate method and tes ting catalase
prod ucti on, cytochrome o~idase, rorme no n
of indole and sugar utilization. Differen t
diagnostic tecen.coes were eva luated for
ident ificat ion of different Erwinia spp . The
Biolog method wllS found to be a more
rapid ilnd eff ecti ve metncc than tra ct noear
d,agnost'c teene.coes. Standard
pathogeniCIty tests ...·ere used 10 cc'npere
v irolence of rsctates. PeR us,rg primers
scecec to different repet.nve e e-r-ents and
50S-PAGE were used to ccrnoere isolates
at a morecurar level. Ne,ther PeR nor SOS­
PAGE cou ld d istinguish tsoretes easec on
geographic ongln or cu1tlvars, confirming
the molecular complex 'ty of th is species.
The PeR- based methOC ...'as fou nd to
successfull y dis t inguish d,tf ererlt species
within the group of iso lates tested. An
EUSA-based tecemq ue and specrnc PCR
primers were evaluated for detection and

secw eo qreet prom ise in a commercial
screen ,n; programme,

Soft: '0' . ~mp.om. on pe<>u ' Ge'

Differenl cuttrvers ...ere evaluated for
res-stance and cereemteatson of pathogen
trvesnord values fOf' e.seese development .
Severa l ru ~tlva!"S induding Ast rid . Baroc.
Buf'els;loo:"t. BPt , 5r"avo , Hertha,
ncev e cer, Late narvest, I T·7, M"andi,
~onc: a'. ~:mpemel , Ronn, Ropedi, Up-IO­
d"te and Vanc:erplan~ ....ere evaluate<! .
Several COl"'tTOl Options were also evaluated
...hid> ind uced neat tre atments and the
use of dls,nfeetants. W'th ;noe<lslng t ime­
temperillure Qradients, cell mortality
mcreesec. The efficacy or heat t reatments
at 55 "C and 60·C were simil /l r, .... it h tOO%
mortality, irrespective or exposure t ime.
Results obtained from this study confi rm
the potenti al of heat t reatments for the
control of scrt rot and bla ckleq, both
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caused by E. c. subsp . csrotovoa .
DIff erent concent r<l tl on s of eccseomee­
(glut araldehyde). Sporek ill (Qu<ltem ary
ammonium compound) aee DXlne (chlon ne
dioxIde) were se ectec for pack hOuse
evaluat ions and we re te sted usi119 40 kg of
t ubers . All OISlr,feC'"..<l1t s restec secwee
some measure of control . Chioe,ne a,ox,ae
(Ox,ne) at a concent ,at o,", Of 0 .1"'0 and a
coNact t Im(' of 1 m in provea hIghly
effective . Currently , tne f DA and USDA
aoprove Oxine for use on tcco contact
surfaces not reOUlnng a .. ate- rmse.
Ba cteria l wi lt
Ralston;a solanace<Jrum has bee-r reported
on every mlljor contine'lt and rs a1<::S feom
the warm t em perat e to t ro pical regions of
t he wo rld. Some of the most Im po".a"t
ageicultura l cr ops affe cted by R.
50Ianacearum Include tomato . ccre rc,
pe pper , tcbeccc. egg plant. grouM" uts aM
ban anas. I n \ 99 6, a stnct cenncenco
scheme for seed potatoes was rot rococec
in sootn Afr ica to cont ro l the spread of tms
di sease . The oestructiveness of t his disease
should however no t be unde resti mated a" d
if left unchecked, it could des t roy t he e"t lre
potato I"dustry w it hin a few ye ars.

The primary object iv e of t his stud y .... IlS 10
develop an alt ernati v e method for t he
detect io n of R. solanacearvm in naturally
in fested soil. This technique should be
easy t o /lpp ly, Ilffordabie. fas t and sens tive
t o detect the pathogen be'cw the reve' th at
.....,11 result in sig nifi ca"t eCO'lom lC cro p
losses. Tech niq ues current ly used hav e
vancus diffICulties. selecti ve media suct1
as those containing tet razo hum ctl lQfid e
mC) canno t effecti ve ly detect te e
pathogeCl where ecece- arat.er-s lire ic ...er
I han t Ol etuJml of so~ se-rcre . ''' It !>Pug h
serology tests such as m e <'U SA ca:'l detect
muCh lowe r concentratIons, It 's much
more expenswe and ca n eaSily ee
Infl uenced by other soil microorganlsms_
CulTt'nly, t he EUSA t e<::"",que is vseo in
diagnostic laboratori es throughout South
Africa and Immuncnuorescence in
Europea'l countries such as Holland . The
techniq ue most often used in develop ,ng
countries Is t o pla"l suscept ible indIcator
plants. In t h,s study, a t echnique was
developed based 0" rndrcetor plant systems
USing 4 -6 we ek old t issue Cultu re pota t o

creoueo. Pla nts ...ere subsecuentlv placed
in Rals ~oniQ inoculat ed soil wsoeosrons at
venc... s ccncenrraucns. Roots were cut t o
erma-ice o,w'logen i" ' ection. Plant lets were
olaced i" 9-0"'''' cee-reees /ll 200C until
SOl a ~lo" . Thus ' ar tne pathogen nes been
re-iSOla:e<l from plants on e week after
Inoculat ion. The techniQ ue appea rs t o be
prcmis nil t o distt ng ulsh between in fected
a'lCl ecn-rr-rectea sees.

1'1erbal p.e- us are Current ly bei"9 evejuetec
00 cete rmcre whether t ney eeve the aDility
00 sup press R. sol,m ilcearvrn in tne soil and
'.vhet 'lee t 'ey cae be used co mmer{:i ally fOr
ll io'umigation . Current ly, various South
African ~. soteosces rum isolates are beIng
ccrn perec using PCR tect suques . A new
Ralstcm,a project has also been ' '' ' tl ated
w,th Dave Berger wh o reecs t he resear{:h
geoup mentio " ed a bove .

Ea rlV bl igh t
Early blig ht IS 3 com mon d isease of
potatoes and tomat oes m most product ion
areas of South Afr ica and g lobally , The best
cco trct metnoo for t h;S disease rema ins the
use of fum; :cides . Tradi t io" all y . spray ing
cce-men ces when symptoms appear ana
subseq uent sprays are applied ev ery 7- 10
eavs . Th, s proviOes adequate disease
contrOl , but sometimes resorts in
applicat 'on Of fu ngrCldes even When the
threat of o' sease outbreak is mmtrnat.
Fungicide else can be m,nlm lzed wit h t he
correct im plement at ion of rehable e.seese
wdmin<;J sy stems, One such system is
PLANT-PIUS. crt.. nillily developed by O;JCom
.\ ut om at ,sc' ong, NetN~nll 'lds . for t he
pred ieti o'l of lat e bl;ght ill potatoes. The
object ves of t r us study are t o con firm the
ef'\c e"cv of tn e moael a'lO to adapt it to
SOuth Afri ca" pot ato comve-s and Qrowing
ceee.nees. F,e ld tnets were planted at
RO<Xlepl aa~ Agri cultural Research COuncil
(ARC) to cete-mee .... rem er the foreca st of
spore production and cecerser ,n t he
mooel is accurat e. Concentrati ons of
Alternaria sc:Jlani conidia present in t he
atmosphere we re esnmat ec by trapping
spores us"'g a volumet r ic spore trap
locat ed close t o the edge of t he research
plot, Peelimi"ary resu lt s f rom these t r ials
show t hat t he model can effect ively pred ict
spore eeiease phases. The spore production
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and etsperser rcrecest given by the model
correlate d well WIth the spore t rap data .
However. otner modules In t roe system
need to be teS:Ced 'cr accuracy . ~O(l.t ,ora l

reseercn is uno er.....ay in order that t~e

model can be ccmme-c.auseo. T~e ultimate
a,m of rms study is. therefore . to
mccspera te the late and e<ll ny b . ght -reeets
into a s,ngJe sy~...em, to crcvee growers
Wl ttl an int t'9 rated control prO<;j r"mme for
both cevesreuoc diseases .

AIl PfTlan" soI"ni is.o la:es were eceectec
from va-tcus potato grow,rg reg Ions
t tl roughout the ccuntrv. 'n-e v.ruieoce of
Isolate s was l;ompll red us.ng pota to t issue
curture plants. Plants we-e ir l;ubated at
25°C wIth a light reg ,me O. 121\ eeer-uv
aM 12h dark for one wee~ . After a wee""
the plants were analysed and rated tor
disease developm ent. The lesions were <!IISO
exarnlned for sporulation of the fu ngu s.
These resu lts show that the re were fe w
signi ficant differences In viru len ce of
.scie tes. However. mo re rsorate s have since
been collected fr om other potato IlrO"' ing
areas and will be inclu ded in subsequent
vi rulence assays.

A structured questionnai'e was dra\~ UP
and distribute d to all 14 oota to-t;jrowinQ
reqrons of South M rica. The purpose of
this survey is to e...a'uate k rlow1edc; e.
attitudes ano spray ~imes of potato
growers concernirg eany bhC; 'lt in Sout'!
Afrl ca . The economic impact of early b ght
on tne local potato ird~st'Y ", ill also ee
ceeeen.eee. As yet, ..uestionna '"eS from
only seven reg ions r-ave l;ompleted and
returned. From th ese few responses, it .s
already evident th at qrc....ers are awe-e 0'
t he di sease and t hat it can cause sel/ere
y ield losses if not adequately ccnr-enee .

Highlights o f the research:
• Popul ation stu dies have Oeen com pleted

lor Erwini" spp. rsotatec from apparent ly
healthy potatoes obta ined throughout the
Southern African potato growing areas

• Populat ion stud ies l or Ralstoma
soseneceerum have been oompleted
gil/ ing us a better understiSnd,ng of
path oge n diversity within the Southern
Afril;an reg ion

• Development of a disease fo recast ing
model for the t wo major pota to foliar
<:l lse ll~s . "amely eal'1y and late blight

J~ <q u ;~ \I~n ,,~, W .. ls In her POtaIO ,....... .-do
1'1 01 w he.e the " "...t " lu I ",""'el ls wi"9 teste<!

Symptoms of A ._~nl on polato Iu~_
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ICitrus Rootstock Resistance

Research Leader:

Research Tea m :

Dr Nico LaouSCl'lagne

Dr Ze roo A;xlstohdes (Dept of B,oCf>em,stry)
Pmf o eve Berger

Objectives of the research programme:

• Ident ify rootstocks "",ttl re§,sta" ce/tolerall( t' ag a,rst t.,e main 'u"9al root pathogens
of citrus

• Develop t echniques fo r raold scree n,"!> of root sTOCKS for res sta l\ce
• Elucid/lt,on of t ee meCha" ,sms "w ai ve d on rootstock ' ('515I<1"1,e

Highlights of research 2000/2001:

tn South Africa it is esn-n ared that rcot
diseases of citrus cause an <lnnl,Jal loss of
R50 - 67 m ill ion in foreign rurrencv. ThiS
est imat ion is based o n dat a showing that
10% of cit rus trees in Mpumalanga and
Northern Provin ce suffer from mOisture
st ress indicative of root e.seese and that
f r\J lt y ield of affect ed trees can be
incnoilsed three fold by int egrat ed cnenucat
ccmrcr. These losses can be prevented by
the use of t olera nt root st cces

Resistance t o r oot rot
More th/lln forty dIfferent rootstoc ks ..,;ere
evaluated for t !'1 e,r to le rance t o
PtlYtoohthoril nicotiil r><Je, h <5ilrium 50IilIII
and a com bination of t'lese twe fung i ,n ttle
greenll()O,lse . P,ant t1e ight anc: shoot mass
were the m ost re liab le ca reme te rs.
w~reas feeder root lengt" ...as t!"'e most
unrehable . Aust ralian t r.'ol1ate and
Shekwasha mandann ....ere hl"'1ly t cieraot
to P. n<CDt,,,nae, whtte Nat5U~i! da i , TerT1l
Bel la c,t r" nge, Jacobsen trif~ ate, R,usk
c,uange. Shekwasna ma",;:ar,ro ""d
Pomeroy t rifoliat e were the most t olerant
to F. solani. Sw,ng le cit ru melo ", as more
totera nt to both fun .. i tn an arly 01 the
above rootstocks ,

Elgt1t citrus roctstccss ....ere evaluated lor
torere nce or susceptibility [0 Phytoohtnor<l
"Icoti<l"ae, Fusa,,'um soia"i and
t vtorcnoto» serrnpenetrsos under
simula ted field condit ions The fo llo w,ng
root stocks were fou nd to be tcrerent:

S"" rlg le ctrrumero and cas-cnrence
(PhYWOM h ora talerant), MiMeala )(
Trifa liate hybnc! and C35 'Citrange
(Fvsa..tum to ierant ) . Swingle cltrumerc was
t olerant to the oerneeooe. caz-crt reo ce
was to lerant to i111 tnree perncce ns
Roots to cks tnat were suscepnble were:
X6 39 hybrid, renoeota )( Tn fol iate hybrid
(suscept ib:e t o Phytap M hor<l ), c emeo
citrange and sentcn cltrange (soscecnote
to Fusarium). Ro ugh lemon was suscepttote
to all t hree ;l atMoqertS,

The rcctst oocs ", h,ch were screened for
tore-ance aga inst th e roo t pathOSlens were
!oUbse~ue"dy eva uate d for th eir ability to
re; ener(lt e roo ts, The rootstocks were
c!ass;fi ec 115 el t~er v1goroos or non·
vigorous accord ng t o m elr roo t growth
pote"t .11. ?omeroy tnfoliate , S", in9le
crcvo-e:c. 're-re Bella cluange , Oeopat ra
m"ndarin, Rus< c't r<lt'lge at'ld 11 13 were all
vlljjorous in tr-err ljjro ....'[h . M"cropylla , C32 ­
C'tra1ge, Obovoideae, Shekwasna
m and arin, Avstranan tnfoliate, Japanese
ett en end Rubtdoux trifoliate were all non'
Vlljjorous. llio consistent correlatiOrl was
evroe m btctween root regenerati on capacity
"rld resist ance to roo t pathoge rls . Root
regeneration rate was, therefore , found not
to be a relia ble paramete r for screeni " g
to lerance in citrus root st ocks.

Techniques for the det ect ion of sccpercne
were evaluated with the aim of using
scopercne as an Indicato r of por ennat
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res.sience during the rapid scree'ling Of
rootstocks. A new Micella r Elect rok inet ic
Cl'lromatography ( MEKC) mettlod has been
developed to determine tee amount of the
pnytoalex in, scccerone, m cvvs rcces. -o"s
m ethod ""as comp.r ed "" itn the
fluorescence ttun layer cnromatograp'ly
(TLC) met'lod. 11'e eerecncn lim't w'th the
MEKC method (2 IJg/mL) ....as better tha'l
the TLC method 00 " g/ ml ), p'ovid,ng II
highly senSLt ive techniqIJe for scccarcee
determinat .an.

TLC _"aly'" 01 cit,u, ,oot e><t,acts:
Lane 1-6 , sto pa . o ne , "nda.d . 10 - 20 0 " g / ",I;
la ne 7 -8 and Ia n.- 10 -16 . " n ind uced root ut'a<:t",
lane g , ind"c'" cit "" rool eo tra "" s howin g
~rno_'on_ o.<><I"",,;on

A novel techniQue was developed for th e
detecnon of fluorescent compounds tne t
are excreted from otr\!s roots upon
InfectIon by Phytophrhora nicot,anae.
Zoospore suspensions of P. mcoaCl'lae ....ere
used to inoculilte cetaehed root pieces of
Rough lemon. Swing le , Troyer. Camzo.
Volkamenana, SOur orange, C3S a'ld
MK rophylla roots toc ks. FolIOw,ng
extrecncn, TLC rev ee'ec UP to seven
different fluorescent COm ;lOUndS tnat were
elt creted . No scopercne was neweve­
detected to.- any of the rootstOCks. Tnis
technique has great potent, al es II method
fOf detectll19 res;stance-re1 ated compounds
such liS phytoalexins from crtrus roots. It is
now evident th aI sooparone, although
imPOrtllnt for resistance against
Phytophthora ste m canker, is probably not
the primary com pound respons,ble for
resis tan ce of the root system .

Citru, blight
Fusarium solani has previously been snown
to prod uce naphrnezann pnvtctox.ns wh ich

are to ne to citrus pl ants, In this study, it
,.. as found that citrus t rees In South Atri ca
nad "''' "'I',ng teve's of naphthaurins in t heir
xylem. S;gnifi cantty mqber eeecentrencns
of these tcx.ns we-e detected in t rees With
chght symptoms. roan In sYmptomless
t rees.

C,trus 5eedlings grown ,n hyclIVpenH:
cesture ::ont3ininll ,somart,cin showed
,n"ibi tion of growln, snorteninll of roots
and acrum ulati on of zinc in the trunk
wood. A prccecurat ranking of rootstocks
Ind,cated t nat trees with observ ed
torerance to tlllght m the field generally had
nigher tolerance to lsomarticin in
nydro;lonlC cul tu re, whereas trees
susceptible to blignt were more sensiti~e to
the ro",i;' . These findings indicate that
Fusan um -produ ced ,somllrticin is involved
in the indu ct ion or some of t he symptoms
associated with the citrus blight syndrom c.
Furthermore, nepntba zartn scnsit i... it y
m ight be uscd to screen rootstocks fo r
blig ht suscepti bilit y or to lerance.

l~ft = hult~y (" n in fect.... ' Rough lemon seedling;
Rig ht" ..... .....1'1' wi lt ed seedli"'il ' tem Inoculated ..,;ttI

Pioyto ,," __ citl'Oph t"-"'



I Indigenous Food Crop Pathology

Research Leader:

Research Tea m : Dr Nice U:JllSC.,,,<;.,e
Dr Wirfrecl Hammcmo
Mr C acs ceetaee

Objectives of the research programme:

• Conduct a survey of plant pathogens occumng on ir d -;lenous f ace plants
• COllect, .sorare and ident Ify prant patno<;ens red"cing yielc s of these plants
• Provid e a referenc e co l:ection of plant pathogens on reese plants
• Study the bIol ogy " nil seec pathology of these pathogens
• Train and educat e black studentS wltn relevant expe'1:, se t o un dertake extension wor!<

in c! lsadv"ntaged comm unrtes
• Establish a center of excellence of drseeses of Indi genous food plants for sm all scal e

tarmers

High ligh ts o f research 2000 /2001 :

Research duri ng thIS period foc used on the
biology ,lrld control of Alternaria aeeee. a
newly c.sccveree p"thoge n of co.... pea. The
effect of culture mec.a. t emperature, light
and wound,ng on the ~ro>'l'th and
sporulat ion of the fungus was sno.ec . I"e­
pcnetreucn and infect ,on of A. CitSS'<'Ie on
cowpea leaves was stuc.ed w,tn 1'911t and
scann,ng etectrcn rmcrcsccev. Con,dial
morphology, types aee ce...-elopment of tne
fungus were studied in vrtrc on d ifferent
Cu lture med,a and ,n vivo on ccwpee reeves.
A. CaSSlile was shown to be seee -ecme on
cowpea.

Cow pu nower

Six fung IC ides i.e. Benomyl, bitertanol,
capt ab, mancoz~b , prccrccnezote dnd
t r,forine ....ere evaluated for their efficacy in
-eccc.oc A. Cil5siile In vitro and In VIVO.

None of the treatments eradicated the
patnogen, however, cectae at \. 5 tunes the
re<:ommerdej rate provec to be the best
treatment over dlt.

Mcochyta b " g ht OV"' P ' O"" on COW " .. lea ve'

Various sto rece funll t were found to be
associated with cowpea seeos > Alternaria,
AsoerlJ ,llu s and Pe nicill' lJm spp. were the
mo st domi nant even after a three-year cold



SClection of cowpu _<I.

S~pID"" luI sr>ot

'1, r:--
f>

,-

A
I.,.

~lorj. CO",,,;.

The ul tra5~eture of t he in fection sl rategy
of Coli<;tocrichiJm demi!trum on cowpea
s:ems w as snsnee. GreenhOuse trials on
t he enviror.mental factors affcttmg the
pa:t-~enio ty of c. aem.1fium ha ve also
bee" cordaeted. Charactensation of
rsc-etes of C. demiltJum based on CUltural
mor;lho lo<;y a-.a ve<}etat i"e compatibility
groups We'l' eeterro.nee.

CO...cee s<;edling damp,ng-off in South
Africa was fOu ne t o be caused by Pythium
UIt! .7:um a'lCl Rfl iirocto"'o scloni. The causal
organ srn of this e.seese in Ben in was round
t o ::Ie Sde~atiiJm roIfs" . An eprcermcroqtcat
fielo study ,,, Ben'" snowed t tla t til e di sease
...~s fa " oure C: cy tligll soil moistures and
(tl at t he infect,on rate ...as higher at the
seeOI;n9 s:age Ttle variaCility of S. rolf!;"
rsere tes and th eir effect on dis~ase

teocence and severi ty was determined ,

soc. Some fungi
st ora ge were not

-,/

storage periOd at '"
recorded pnor t o cold
recceeee thereafter.

The presence of th e fumonisi" s 8 1, 82 and
8 3 was invest igat ed in four cowpea
cu lt ivars. All the cUltivars were
contammetec wrtf fumonisin 81 with revers
rangi ng between 8 1 . t002 ng g-1. These
toxins have s"rious hea lth implications and
t he,r presence in seee will be studied
further . Fumon i5i ns 82 arld 83 were not
dete<:ted m any samples The eff,cacy of
cssennat Oils (thyme, clove arld
peppermint) in controlling storage fungi of
cowoee seed w as t ested. Only thyme 011 at
1000 ppm recccec fun9 al Gro",th of
naturally ,nfeet" d cowpea seed in "1"0 . Tte
ens (lid not appear to i!dversely affect the
Qerm,nat ,on or e roerceece of cowpea seed.
All tnree oils sign,f,cantly 'nI'lib,t eC: tt'e
storage fung i on aet-fi oa ily inOCUlat ed ·...h te
cowpea seed, increas,n.,; tne percentage
germinatlorl anC: emen:;ence.



- -------------------
Sabbatical Visits 2000/2001

Professo r Terry A veling

Resellll:h ....as ee ee i... Dr Ah~n Po....eu's 11ItI\)rlltones ilt ( 1"" Unl~ e cs,ty of Abertleer'l, scceeoc ,
UK from oetceer 199 9 t o A;:ml 2 000 a nd involv ed a "'l .nleg", tion of seed pathology and seea
physiol09Y. We looked at t l'le erect of seed coa t colour o' ccwoees on seed VIgour aJ\d
susceptibil ity to dam;J, r.9 -Cf':. Seed v,gOlif tests included imbibition, tetrazo num and
ConductiVity test.. . Pen:en!.i!ge ger""na~l on ....as also eeeerenoee in th e labot'iltory according
to the Intemat,ooal Seed Test ing ASSOOil liQn II"" percenteqe emergence ,n the greenhouS<:'.
The effeo of th ree damp-ng- off pil tt>ogens. FuS<!,',um sola.";, Pyt ll ,,,m u/tJmum and
Rf1Jzocton~ sellIni, on emergence of d,ffere"t COloured seecs ..... as record ed . It was found
tbat light COloured seecs were more scsce cnore to ,mb,b't' or> d"mage, "aCl lower vigour and
were more suscepnbte t o d"mpi" g-off tna., oar~ COloured seeds. The results of the v"rious
experlme.,ts nave been compile::! into two erncres th at have been subrrurtec for publlcat,on
in accredited intemational joumats. 'rne resu lts have also bee'! p-esernec et national and
mternauonat conferences.

Professor Michael Wingfield

DUring th e rest six m ont hs of 2000, Mike Wingfi eld bed the oppo rtur utv to underta ke
sabbattcarIeeve in ausr rene Wh ile h ,s ,.,' t ,al plan was to spend an uninterrupt ed six mo nth s
in Canberra, d ue to m any commi tments In South Atnca inCluding resocnsrbrlfnes in FABI ,
this coutd not be achleved. Ult ,mately , th iS sabaanca t v"as honed down to two periods
ma k ino up approx ima tely tnree n-ootns In tctat.

Sabbatical leave provides 11 wo n::!erful cppc rtun-tv fo r returning to "bench level" reseercn
and to conduct research, not poSSible under normal c.rcu msreoces. seeeencers also ma~e it
poss;ble to thi"k about eees reseerce an::! mt erest s '" -thout i., terruption and in an
envrrcnreeee f ree of one's normal c-essc-es 1t ",as a~at,.s! re.s backdrop eoe ph,losophy
that I joined m y ccueeco es Ken Old, G'en Ki1e, Ma"i< Dudz nSky and Ruth GibllS er the
Forestry lind Forest Products Inst'tute, &t Y&ral",mI 1l, n Ca,-t><!rra Altl'oough the time I had
avai lable for research was mu<:!'l moCl! I m,t eo t l'art I 'reo hoped , I ..as able to eo-eve most
of the goa ls that I hOld set f or mysel f.

Amongst the "",ny fealures tn at ertrecrec me to ce -iee-re ..es the fact that the city is
sorroonded by large areas of rel atively und.sturb~ f iJC<!'ypt'..s ""ICl Acaoa forest . Species of
these t rees are the bass of a large pa-t 0' tt-e So",tn Af ric., n fo rest ry industry and I had a
pessioeete cesee to learn more about the,r eeeeses in rt-e AUstr"aila" envirtltlment. Mo..-e
spec;,f,cally, t ..as interest ed t o know wnetne- u-e Species of Bolryospll.)eria (8 .
eucalyptol1Jm ) t hat we h"ve re<:entl y oescn oeo fnlm South Africa , m,ght be present on
Eucalyptus in Au stra li a. scr-ee-ro-e. I s-ieree an n- t e-esr w'th my Aust ralian colleagues In
t ry,ng to determine whemer Cer.lJt/XYStis albofundus, th e serious .... ilt pathogen of A.
meamsH ( black ....erne) mig!'>t ee present and native in AUs!R1lian forestS.

During ttl", time in Canberrll, I was able to undertake a number 01 most Int erest ing and
scien tifically rewarding field trips. TIle ma jo r object ive of th ese was to meet with colleagues
eoo to COllect samples lin ke::! to the research questions mentioned earl ier. I t hus travelled
fro m Canbe rra to Melbou rne, and undertook f,eld trips in areas surrounding Canberra,
Sydney, Coffs Harbour and 6risbane. I also est ebusn ed wounding experime nts on
Eucalyptus oneos, E. globulus and E. me/uns'! in cenberre and o-bese. These excursion s
were hugely int eresting end the material COllected from them wi ll keep me interested " nd

'"



e~c:iled l or al reese a year or two mo re. At tms sta qe, I can already report t hat we ha ve
e.sccve-ee a new scec-es of Cerat'o(:ystlS 00 Euca lyptus in Austra lia and our perspective on
8orryospMena Spp. cecumng on EUClJlypluS and AC<l Oa spp . has been greatly expended.
DNA seQuenci ng ....-arl< and other laOorat ory Studies a-e unce""ay t o ga,n a deeper
undef"'Stand,ng of these va'io",s f",ng,.

In add ,t ,o n t o fie ld excvrs'oos and laOOrat ory studies, I had I'll' OpportuM:y to enjoy
part,dpating in various C51RO eenv.ees. I cconouec 10 w<"rl< ...'ith Ken Old on asPeas of our
joint pl'()ject On Eucaly ptus rust ( fu " ded ~y ACIA~ l , and a '>0 joined a CSI RO team 0" a trip
to TtIailal'ld al'\d Vietnam ... nere we shared reseere-r expe-iences w, th colleagues in those
countne s. I had the opportun tv to p.1rt 'C pate ill veecus symp OSia ," cIUd ," g a loca l meeting
of the aust-arasan !>'",nt P/!thol~y SOCIety (APPS} at Bu"ge"dore. wn,dI was hugely
ellJoyaOie .

This short report refl ects a ramer hectic tnree mcntt-s of f:e!d trips, la tlOrat ory work a"d
partiC: 'Pllt io" in various tra,n ing sessions and symposia. wner it doe s no t mcrcee is the fact
that t hese tnree months of saocancet were not only ~iel'tif:cally en,;ching, ~ut also provided
a wonderful opportunity for our fam ily to aMOrt) dee;)ly t ne many pleasures or a novel
environment. Long "alks amollg st t he eccervcrs. fa5Ctrlat ln" ~ird5 and the ever-weird
kartgaroos will be rem em berea for marty years to co me. The hOsp' tallt y and kmcoess of
many Australian f r ien ds will etsc rtot eesuv be forgotten.

Professor Brenda Wingfield

Canberra is t he cap ital of Austral ia and also the site of t he CSIRO headqu arters and ma ny of
the C51RO central laborator ies. Th is comb'lled wilh lhe fact t hat there are two Universit ies
made Canberra an attractive enoree f or a seeeeucet I t 15 also a fa irly sma ll city that made it
doubly attractiv e from a persOn/,,1 perspective.

My host in Canberra for my sabbancar "'as Or. Jere .,.., y BurdOIl . Jeremy reeos a research
group m the Plal't rnc n.stnes section of the C5I1\0, He has a keen interest In pathogen
populat,ons and scectcaev in a number of rust fungi. It was from th,s mt erest in rust fungi
t hat my seeeeuce t project e vol ~ ed . This project "as rather arnb.nous: to produce a
mOlecular pnylogeny of the rust fungi .

A nuge amou nt of tne "'orl< for tn.s project .. as just col lecting th e rtlst samples from aU over
the wOrid. III fact "'e a-e sti ll collect,rtg and this phylog eny will never ee truly completed .
Howe ver, by tt-e t ;me I a-nvec ,n Canberra a s;\lI' nce-t ccneenee of samples had been
amassed and my job " as t o eevece a Df>.A isoi at o" tec-eucoe. do PeR and sequ ence tnese
PeR products.

Rust f ungo are Oy Clefin 'rion obl iQate ce-esues. I t '5 therefore. not poss'ble to Cultu re them
on art ,f,c ial medium, they need live plant r.ssue. TrtiS 'S e~~mely costly. t,me consuming
and also nsky from a qce-e- mne cerseecnve. My objective ...as me-ere-e. to isolate DNA
from very small semmes ilnd to work ...' t h nus sm1!11 emount of DNA. Th,s approach has
some limit ations ~u t I ho oed tha t at 'east for more con served gene sequences that I would
be able t o gel sequence w,tl1ou t hav in g to resort t o donirtg .

In man y respects t he prOject was far more successful thilrt I could have ever hoped . We
had ini t iall y oeooed that a reasonable number of samples t o process were around 20. In
the end I managed t o do DNA rscetcos from mo re t han 80 fungi, of t hese I produced PCR
products from 60 di fferent sam ples and I have ONA seq uence from parts of the Qenome for
at least 40 samples. These represen t around 30 different genera and 13 out of t ee 14
recog rtised rust famil ies .



A phylogeneti<: tree of some of the DNA sequence of t'le rRN'" small subunIt gene IS given in
the Fjgu~ below . The sma ll subun it gene was I\owever, not the only area that 1 was
suce~sful In seQuenon~. I e se have a signifi<:art arncunt of rR'<A 'arge subunIt sequence
as ....1'11 as the ITS reg ion s. w e are st ill collect,ng ,,"st samples and til 'S project ....,11 continue
ror a number of veers. We h,,~e a spe( lfi <: mteresr 11'\ a -n.-r-eer of SOuth African fung i as
"'I'll as the guava rest fu 'l <:; !Js t t-1l1 IS cotent.e rv a huge t :"lrea: to tee South Atri<:,,:"l forestry
Industry.
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Seminar Presentations

All postgroou<l:e st ...de~3 linked to FABr present two sem ,racs eae" year on a Thursday
morning. Soecrar sem inars, v es.e.,ted Oy In'llted speeeers , e-e occes.cneuv nero. Once <l
postgraouat... srucen t nes eeee a....arOed a O"'~ree , - e.sr-e will preSE'''t a prest ige sert unar,

Special Seminars

Ms Mary Crew e
September 1999

Or Fr;ancl s Thacker ay
OCtober 1999

Prof Steven Chow n
March 2000

Mr Co li n Harvett
April 2000

How eee '5 eee: Tne AIDS cns.s on e<lmpus

»reeaenees of cor spec;f cit y; MO'j)nometric approaches of the
study Of ext".,t and ext ,nc.: t axa

Biod 1vers.ty on Southern Ocean Islands

Research, Mondi and tne Corporate EnVironment

Prof Ped ro c r ous
June 2000 MycoSOhaerell~ and Cylind rocladium in fores try ;

o.sease ccrnplexes " r'!d tbe.r ldent.ficatron
Evolv ing

Ms S;andr a Denman
June 2000

Dr Hest er " ismer
July 2000

Dr An th onv Surr idge
Auqust 2000

Or W infred H;am m on d
October 2000

Dr Fr ;a nco i s Li eutier
February 200 1

Dr Hugh Glen
June 2001

Prof Dr Micha e l Gottfert
July 2001

PrOf M ichael Wi ngfield
August 2001

Botryosphaer,a C<lnKer of Pratea magmfjca: Disease
deve lopment, patncqen taxO<'lomy arld o.seese control

Scorotnrix ~flenclt,i is tt-e cause Of human Sporot richo",s, but is
Opfl iostoma steooceres tr-e t eleomO'llh of th ,s fun gus? A
clrrucal, ep oemiol~ cal, eccicc.ce a"d molecular approach

oe vetec n~ a susta lnab'e cowp ea crop ereeceeee for Africa

The "nut" ce-ace

MoleCUlar ,ns,ght s Into the Bradyrhizobium JaOOf1icum/S()ybean
symbiOS's - an analysis of t;t1t> bacteri al partner

Thunde r dragon I<l rld: a fore st patholO\llst's view of Bhutan
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Prestigious Seminars

Lynelle U1cock ( MSc)
October 1999
TowardS wheat GMOs

Eduard Venter ( H Sc)
Mafch 2000
The Russi" n w heat ol.;l hid : eest-ie-rce 0" Cura;l e C &ea&e

Bonganl Haseko ( MSc)
JulV 2000
ceewcetes esscoated ....th ctrus and EUc:ll1ypt",s foot rcr , Sout :! Africa

Ju an it a d e Wet ( MSc cum laude)
September 2000
Studlcs on the dlve~lty e-o oio logV of tile ."ne patl',()<;len Sohalf'roosis sapinN

Mariek a. Venter ( MSc cum lau de)
October 2000
Taxonomy and pathology of II new species of Cryorlonectria from EUCiJIYOrtJ S In South Africa

Karln .reeees ( PhD)
May 2000
Leptograp rlh)m species: Tree Plltho<;l ens, Insect associates and agents of blue sta in

Gina Swart ( PhD)
October 2000
Reflect ions of post PhD: student ad rift in /I sea of acac e-rna

Emma Steenkllmp ( PhD)
March 2001
Molecular t axonomic sw cres of selectee s;:lec les 1'1 t 'le ccoerere fu]ikuroi comple x

Noelan! van den Berg ( MSC cum laude)
Apnl2001
A new eeeese of cowpea. causec by A. 'temana c"ss:ae

Adriana Jacobs ( MSc)
June 2001
The genl.Js Pn,,,locepnala - II :<!XOroomlC st~Cv

Percy Ch im w " m u tom be ( PhD)
september 2001
Molecular plant p<l thog(''l mte-acttons Wi th scec.er "eren=.,~ t o EuCiJlyptus granO's PG1Ps,
which attac:k fungal POlyga i acturO'las~s



FAB! TEAM 2000/2001 I
Full t ime Acad e m ic & Resea rc h
Sta ff

Prof . Michael J. Wingfield
Pro f , Brenda D. Wir'lgfield
Prof. 1(,,,1 Kunert
Assoc. Prof . Lise Kersten
Assoc . Prof. Dave Berger
Assoc. Prof. T .:.rry AVE-ling
Assoc. Prof. Ann,,-marl" oce-ecrster
Assoc . Prof. Teresa Coutinno
Dr. Altu s vujcen
Dr. NIce Labuschagne
Mr. Prem Govender
Dr. Oliver Pre'slg
Dr. Joland a Rou~

Dr. Gina Swart

Tech n ical Staff

MS. Sonja de see­
Ms. Amelita lombard
MS. snene Shark
Ms, Magnet van de' Nest (resigned 100 1)
Ms . An ita Steyn
Ms. Ker ien 11(1'1 Dy k
Ms, Eva Muller
Ms. Martie van lyl
Ms. Rachel Mchabeleng
MS. Joyce Jaka llu la
Mr , Da nte The ron
Ms. Amilnda RedmOM
Ms. Tnsh Beart

Admin istrati v e Staff

Ms. RoS(' VIsser
Ms. Milrvelire Molema ( r e S"il r e ~ ;: : O ~ )

Ms. Helen Coma"
Ms. Eliza bet h Att,ng er
Ms. VIvienne Kleynha'lS
Ms. Deline Muller
Mr. Chris Visser (res,g'led lOOI )
Ms. Magda Engelbrecht

computer Support

Mr. Chris Visagie

I n fo rmation Speci alist

MS. An,ta S,a ~bert (res,g 'led April 200 1)
Ms. Mane Tl>e'on

Honorary Professors

Prof. J.P. Va'l der Walt
Pro!. W.F.O. Marasas
Prof. J.M. Kou e

Past Sabbatica l V is ito rs

Professor Gerry Adams ( 1999, 2000)
P1"ofessor Chrs SOmman ( 1999)

Postd octora l Fe ll o w s

Dr. G.... en Konil'\9
s"",~~ -o,:s " ~o .,. . C" p;".,.-. 'Pl> . on Sou-.h A'nu '_= ....~:_ .." -oa<:t."" -.",q_ ~..
Dr. Wnda ~leyer

.,... . >P<:t '" c:r_.
Dr . Mar1 :en van der Me......e
M 04~<U e" ..,,,,,m,~,, aod p". loqen.~o> of the ~.noe'a

(.9"". e " d SVZY',,"'''' (Mv..eceu! jo 'OlJt~.m ""lCa
Or. Percy Chim ....amurcmbe
G.-."c ;," p",,\'~,"c" of m.l"e \0 e n h. n ,~ fooo " 'etv
bv ,nlr O<'uc,ng ' • • " ,'ce to F"<.M'um vcrtic,II;" ,de$
Dr. Thierry Regnier
M.",~,< -", d """c 'e. ".O(~ .n ~v, ..lyp'""
Dr Treena Burges s
s,"""" o~ the popu,at-on a"e,,~v of SpiJlJefW; '"

"0'"".
Past Postdocto r al Fe llows

Cff. Oliver P-e si9 (1997-1999)
Dr. Den" s W'ilson (1998-1999)
Dr. Hong u (1998 -1999 )
Or. 1in ;l.<: O1ell ( 1998- 1999)
Or. Anupama Gaur (1998-1999)

Cu rrent Postg r aduate Students

PhD students

Bong"ni Mase k o
P~vlOP"'~o~ 'C>O, '0' ..,,>c..'~d " ,'h col<l lOle'.'!
euc.o:YP15.~ Swlh Af"c..
A" ...;..,,.. , T~ C;o.Mho. MJ .....~gf,. l d . ED W"'y fi . ld ~
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~-;> "","-0- 0'" "e>"" "" "'"""".. ,,,- ~"'''
"d.is"...- - ~~ ~ .• " .. u,:>usc:- ,o,,- . Ii '"
~am-,,-"

Ch r i stell van de. Vyver
s,"'" nc~," o . ""......: cn.n9"" "'"""
........ ..0..: ~ ~ ~-' ~ C C. <
Mesfin Bogale
~ ,~ , :~ ,_"" ~ _~ " ,, ~ r."ooP'O
..d ...," : &>'.~. " ::• • ~ . v l .... 1IQf_

Brid g et Campbell
f~: Oo , ,~ o' " ..... 'e ">« ,~ morocot .oeoo..
~ a-to ,-,ou;h ::;,, ~ ,"", , "' y ,,,,'.",
Ad . isor: D &,,~.

Juani ta d e Wet
" O K "," ' " '0-0- ' .~o p".'....enY 01 S""""ro,""...~ -e. onO,t, . , ..,o,. t,O' ",to O. R"" elM'''''' ' '
Ad . i. a ...' V] W ,n ii~.I~ . 0 p"",,; ~ eoWln~t; ,'d

Alemu Gezah!l ne
)i e s 0' P'd nt.I ,O" 'o,.,t t' • • • ' n ~th>OP;O

Ad l. o",,, ] Ro, x ~ "] \·;,ng~~ IO

Jam es Har r ison
C, mOl~",. nl~'" "' o,pnQl og ,<~, ond ,",OIecu' "
.pprwc" es '0 O'~"l.lQ~ "M. g'uD< I Se~·.~d"O<l~ @)

o<:e"o' Cd' 0'
...... .so.., ~.] '·; '''9' ,. i<l , C se"o •. BD W'"9('@'" &. P
Ge.e-"~'

Riana Jacobs
:-«"" "0 - " . t>< ",, " "'~~. '~N,a an" the "."'JO
0"-00;"'" ' _...r~- "",,,,,(~,,. .0.:1 s"'....""'"..,
Wt',~e~

...d.ison; : + ~ C"", -~". I :>_0...... $. MI W"'Q~..,..
Quenton Krit.l i n !ler
~. /Ceto. -. '-0 - .., 0". P-..:>....,~ 01 """0"•
..01.........: ·A~~.e +; 6 'l L.l

Sabi n e Lezar
'" «ea"'~y . - • •.., if 0 w,a... -eso", .",," ...f~'.",,,,,
;r• ...;.,
Ad . i...,.. : ~: \V <>;c'_, 0 k-o". loll .... ..... F.....
Maurici o Mar in
"'*,~ •. :",:<>:m , ",. c., +,,~ -""""""" senJOu ",,,,
.....v i...,..: ..; Wm;""'. 0~.!lO w"'9r>e<d
Sari Moh ali
(1 ,,~roc"~ _.~ sop ~ .-....'_.
...........,s.: "J'" ~9· "". ~. COYDnt>o " BD w,ngr,eo<l
Joseph Obagwu
St .~ ... oe U'e ",,- rr .. 01<""" POS'nOIVU< oothOge" .
"'dvisor: t ~O-';' . ·

Ida Pil u l
, ." op ng oM :,.,,;,,.,,; ",, 0' c,t",. ~,.,."" o" ,n South

~-<.
Ad. l. on, ~ v.n ;.."y.l~ &. L KOI1,,, n

Albe v an der Merwe
00'''' ., 0- geo.,",s of CryP~O ""<~I. clIbensi<
Ad.l.o"" e o W,n ~ neld 6 MJ \'''''9n<>ld



Ma rieka Venter
lUvo...,... 01 t~ W>'O'.O- ,V c' ' CO' '''"''J'II 9""' ....
f<>d« " • • -a C'l'O~-o-"'«t....
lIoa,, '.o,.: MJ W"'9' '' ~ Il 3;) W ~ ;· .'e

Renate Zipfel
"0 """ .., ~n.~v " O~~ ...~om~o'" •·..~9'
lIoay;u ..." 8O"' .... ',,,'.&."'J .... .·g·. a
Barnabas Klu le
1"",_ "11 GU -H<.., '-O. n "'""0 ~._ '" ~.-:.-..
~. coml>""~~ .....S . ed ---..... ..,~. "..,""
IIodYi-..: "'·M ot~"'o"e- ~ . t:..,ncr
Mic hllel Lu tt ig
a..<Kle....t>on 01 • ot~, '''''eto
~OO" ........ 0 .. t~-re., ""'",o,,,<t_
_ ......: 80'11'"'9" ""
t.esesse Beyene
co.~1C ",.,,-.;~. ,- -.,. ,-c·ee. .t"a ts .":>cOIt-on
..,In I"" """" ".....-"' .,-.~c.... ro-~· . ; ." ,,'" ."1(1

hel"""""
M,,'so~ , A·M O~,"O'"",. I( 0".,. ti. T A'- , ..
Wilm a du Plo o y
f OOd ...fct. ,n f' " 't croD'
...a,,''''~ ' L I(orst"" 8< l Aoe ",.
Eli zabeth de Jager
pO"l'Ii\""e>t QU" \Y ".ncaea, ,n 'h. SDY'~ "'''COIn I Ico'
.nauw y
.. ao l.o, . : L I(o,"",on & Fe v.o.n" ,
Prem Goven d er
Imp. " ...e"me~l of . ,,,1 oe'" .fl='n~ tne
. ,t ,'t>1,"~m~~1 0' w''''o. oucolyp« .M pi" . ~dl ,r~.

In SOU, " AI"",
Aa" l. o,. , MJ W,r gr" 'd & c Sc~o 'U

De lO n Oelo fse
"'OI«u'a' acl>'''''co", to"~",,, .~,-'.n,." ......".oc. ,n
Iu.,.n~

...a"lso.. ' I Out>e1'; Il 0 ~-;e'

Ezan ne Swanepoel
Mal>ll<"9 aOW.M~$t.nc. " "':;;''':;;.''-Q~'''' ......
POCU'.""'"
M o"'o•• : ••M O~~-e-<t~ I> "' T ~b.$d\lI9"t

Curren t MSc students

I n g e Maritz
II -0 "~"9' ,.... ,""go",,,,,,,,. ",."..,.........,."......_' D ~~

Ed zilrd Grimbeek
"an.~ ", $<'.''''''''' '0' ;0"'-' ... t ....... of
~". n SoY't" /If,-co
...a y; ' A VdJOO!"', TA Co~t n'">o oS ",J v.: ...."",,
Nonnle eercennuts
sr."",,,. 0" "'"g, .<~'O<l .. t, 0."'1/ ~.roI<XJ ~'n",.....~."""" .n Ec. oO",
..... ...__: i'I.1 W'''9f,elc! I> J Rw.
Ol ive r Dickens
Soma,..: em~'V09'!"""" I~ tn. p ~'i,,:r.; r P <"~N'

nob~d

.. dv l...... : . ' 1'1 O!>e,no'" e c & C B,."m. n
lleschen Blfh lmann
fl." ..,on "' ''Nt .Phid (Di~"'''M "o~'ol .ndur"d ge" e
e' p",••IOh
.. doloo,O : A· M Ob<rM '''. ' & P Goot nOe<

Ronelle Koekem oer
I""..:e ' :;; e;,e " .presSlOn ,n ""nu. ""'tU,", ,n m:>on$e to
0' '''0'''' <t •..."
..<IYi__: . -"l 01>00_.. & 60 W ngf...",

WlOyne Rathbone
:>eve_", .....a ••R"-"'"l ot b""''''''hnoIogo
"" "T'CU'" m' n . " """"'" ""'",a,
"<IYi~ W ""'9''''0 Il "'l Vl,ng_
Wilhelm de Beer
f>-e oc<~....- ,~ 0' CD'",,,omatood /uII<l' on _ """
.. ,.,." ~~JC':. n :.o~:" .."'<.
A,h'__, "J .... ._<j. "' .. ,~:l "" ,rv;_
Anton Jordaan
M~ ocu o' -<- ~_"<i"" of r\l1.ft
Aa . ' SOre ~ _M ~<t....

Rodr igo Ahumada
P , e• .." " ", - ",. """1~,,~._ ,n (;~,Ie

"'d.iso" " l w'~;""~

Irene Barnes
""Pu'.''''~ ' <0'0·"-" .... pn.~..... " ...~d'''' on
C~o roc,>t.'< ~-,~~o

Ado,u n; : Mj W,, :;;! ".~. J R.... 11 110 v.,~g!'ela

Raksha Bh oor a
C;e-e'. c '-. n.'o ' '''. ' ,on Of~"""'Pf~' "on• •
Ado;, on; : BD \'/m .'""a lI. ..,l W,n;~e+d

Brenda Buthel ez l
f'oz~ ."0' <: .~ , o~ • C.I<n~'O<l.d,~m ' C, . , <oo,ot. d
""n fuoa'yp~u , ,n Sc u:~ Atri"
Adu i'o"' : TA CouM M, 0 Pre ,,,;, Ml w in;rield & PW
Cm",
Veloshinie Gov ender
~v~" ., ~:; ,;o,og 0" eOOfroJ ,y.tem. '0 ' man~o

oo<t".""e" d"., ",,, ","nlrol
"dvi.o<: L ( c' <ten
W ilma Ha"enga"<Xl. of a<:f<O" 01~ $YD(ih, 0' l><OCo~"OI . g.....t of
:-o.:-• ."" ,,' :! ,.a ie.< of ••"""'dO
...<t........: L <e""".....
Rona ld Heath
O...,.,e 0' "y~..aooo_, .~a "' ..a,..t><na.oc-... ~om

Aao~, " J Vo' ng.....1d Il J ll.<>~.

8rett Hu r ley
5:"",,' o~-z ov.><:n . PiI'""","" "'t~~"'.... ~-~

-.-09.........: of "'"9.' 9"."'" 'orae.v ~w'-
...<ty;~: " . Go•• - :lot" M' '/1-"'9',..., .. T.oe_
Ga",n Hu nter
"\1<:0';><>_ ea f ~Ok~ 01 ;:~.'yI>fUS on Sowf~

A". co
Aay;-., MJ ''' "'1 ,,'<1. J 'bu', fA C"""rho ........
(;r:",

B~a ..h aw Leulsege<l
Tne _""'.. 01 "'lOS~~"" ."lCfoflor. ." the
~",:o~,'t>: " -:x>< "" ."" 9",..'k ",,,,,",,,,,~e~' of
'''''oce (u e:.JCo ...~..,.)
...a"iso,,: t ~o"te~, ' Wehner l!o k Utl«KNlgnc

Sh ilo l oots
Go",,>: 'M!<-:an". to ''''' ~ ",>i.~ """.t .p"'d on
" • • ., PI 2<;. g94
Aa. iu" ~·M CJt,,,mo,,,,,'
Karin l ouw
'n' m r:ro~ o. octiO"V Of So«'" AI"COIn bu ltlQu, plon'
"",.ot. to CO~Irol ,~"ct"" polllogen ,
..<t" lu,,: l. ~ o"'. n & T R~9 n' e'



oop ~

~ .,.. 2:
p."o:e>"S'

r erete Matsauny ane
lOOlluon ~ "" o.....-""""'...,oQO'I ~ ,. ~

poI'~""~'" n" ~uog c,ete., 2 ;;~-.,

""'" ~:>I'~ ~ - ~ ·,-g,..;.o'on ""0 ,....
.... , '''''Ooll.oct,.·~,

....,.. i5O<$' 0 ~;;e' ~ 0 0McI><It
Aw elan i Mutshembe le
DeYeIOpmen'l .... 0 .... 0._ ","",".c . , 0 - ,~,." c....
lu' . ".... ,"'" < "'-.",,~ -
Allv 'sors' BD ... 'n<;foelCl & loll ....."9'-e Q

Gra ce Nakabonge
D_;~. ,",,,,,,,,a' e<l " tn ploouo:,on 10,..,.'.... ,n V<l.n""
Allv i..,,", ) R"" " TA (Oo,l\,nl>O ~ Ii ) W,o,' .:~

Marie Onanenll
O<"~ 'o pm~n: 01 • 0 .... m. "'.' fo' ~~'c ~, ",~.

,".,.t~n<~ fro m 9'a"e <
Ad"laa" ~ ~ ~n.ot

Anneke Prins
Tn~ ",,~ of C'y sta', n' In Qlan" ,n ' ..pon", '0 o~""",.',e..
Ad"ise r: k k.,o"",

Hendrik Sitho le
In,cg '~'e<l pes< mo.... 9"....~, cl Ihe ""-~ - ~ .. ~.' '.
C"''''<Ioo''''' >O~.=_. n Sou'" ...~U 0 ".""",
",_ ot the "'.,..~,."..

..d ...se....' 9 :;:>V~,,~~- ~ A "I l"~

Carlos Rodas
Dtw~ 0' " ~-ta "o" '0..... ,'_",00",-<.
"d"i.-. : '4J W·n"'.", 1 ~".'. 7A Co_' n-o & e
S"PJIOI~

Rene Jacobs
eNl'''''''''''''' "" onO 0<'"' "'Of'" '" &-.'~:>t"'-""
Wll. "-0'" ",on</tl n S-oo.I'" ..,,~
Ad"isors : l ka"""' , "Il ....... g- e<~ & 5 ;-. ~""••
St ephan Hon iba l
B'o<onlfO' of Fa:... COO""9 "<~", C.,·~,,,,,""~.

,"u<VI ' ,"", ( M~ ,.r.) (l <a,dopto'. ·0'""""".:
Advlso ,s: P G~voM.. S A S(~c.mon

Mashudu stnmete
Alte,o.t". meth~ds IQ' " ce, .~t,~g ~'.. . ~ d

po..-n.",." a i,eo""" aoa Su obo'" 00 "'4cgo fr'. " .
Advis or: l k ors t e n
Fr anco du Preez
G<! o""'< , e<poo", UPO" i",..t~"on " ,t " t-< "' 0...0
"""@4t Apnicl
#ld .;SOr , A-Ii Ob<f'>O'''.'
Karen Surridge
1500....... .....' d,,,,~,,,.. ,ft So~t· ~tnc.

Ad " ise.-' • v"lee<' & f·...• ....
Dirk Swanevelder
~ ~t.,.. <t1Jd. ~n t·~ ~~-V< c...~ .~

""""""tetlo'" ...a 1<en
All"_ ' .0, -"< O--~'" l 5-E ••0 w.~

M.riette T ruter
Et>otIem_" a nd ""~t"'" 01 ~o. "'.'- . -, , ,,, ­
c.n~", of pcL>''''''"""I..,., rc ...~""'"
Busl Tsha ba lala
Popul.\00'1 . nd wl~~~,ti st.~es 0' i.>.«,,,,,,,, ..
_~. ,n ",,0,1\~ A"u
" d " i. a ,., TA COuM hO. lol l W,n~~~la l \'1 =e .... ~,
Juan Vorst er
Au" o iM"o~" D.... _t~ .l&l'O" <;han, . . "w n"ll
.om.t,,· . mt>r,.09~n ~. i'

Advl ."r: k KunN'

Mapula Ju lia Domola
Su ... ~ , . i·,....... ,-, .......<>goa "' teet .cn if ."""t
l>Ollr!O '.""'~ 5<>.;t~ ~""Co
All",sors: H o; A'le no;; & G~
Alil n Hall
fo:<l ..I,." , ..o~ <l....ity ....o-.""~ "" ~"..,.,.,.,,,,

~;;.,,:~ ~.:,, _<t~- ....,~__ ........"'0<.".'''9
p.-".
" d " i..,,, L ',,,,,n
Tessa Bandounas
: -•...,., - <:u"" ~ - "",~ ... it 0' su~no_r
o'd ,,;se,. , r ..... ~"e "915. ~ ViJO~'

Am er lco Ua ciquet e
E~,, ~""Oo.v, 00-" " .~d germ"I...'" .c'.~" '"g fa!
l>OfI'<le" "'"~.'' ' O'd'~'" on.,on:ll, 00 co , h~" i ~
Ii ,.ornb,o."
Ad " i. o , ., l M"l~o "- TA5 "',~"og

Anton Fourie
Ii~,"o n , .m, ·, r r" , :on", ,n c,tro" '00'<:"'"' d9a,~..
/u~9" pot~o<;e",

Adv lso,.: .. l>: ~c "";o~, Z .PO«o,"''''' 15. D !lEtgeo­
L Stander
c. "".,. ".0"'''. '".,.. (ontrol cl ....d e".1 "" t 01
Il'Ot."
Ad ,,'sors ' I' ~.",-~• .l. l ~o",, ""

Lara Mansfie ld
.~. ,,~ow.:mC! , ~~ CO"t"CI 01 ... " ,,""'" t><"<'"
o"""'no;; n~·~ ..,~~ 4nd "'~'" ,~

' ~ .Z """ .....,>1
Ad " ' ''''' , Ge .~· ~",

Current MSc Agric/MlnstAgrar
Students

Wilm. v. n Broek h uiz en
Cle:ew,n . - , , .;'''' ....n 0' Ra~,,,,,... «>'~n¥"'¥vl"

,"u.., og.n: 0' pototo Not",,,,, "" It In n,"o,. II,.
,,'.., • .: ,"d
Adviso,. : l ~c-,,·.n /l. ' ~."'m••
Ma r gareth Schoeman
C~m=. -" ,~ <':c~i.< en fX>'."0'~1I., 00 .'o<:.do
Ad " iso rs , L .~".",,, /l. G S".,.,

4t ~ Year a n d Honours students

He,n van c ecos {2000}
0, ,,, s we-everce - (2000)
e'en Hurley (2000)
Le-ete M~~unya"'e (2000)
Karen S~rrid~e (2000)
JUM vcrste- ( 2000)
w , ma vae Renst>ufg (2000)
C Aldous [20GO)
,",an na Bird (2000)
Franco du ?,eez (2000)
Loren zo Lom bard (200 1)
Gerda Verm eulen ( 200 1)
Kobus de Wet (2001)
Leylan i Groble r (200 1)
Susan Groenewald ( 200 I)
Barbara Nel ( 2001)



DesMi Pillay (200t)
Gladys RamotShod r (2001)
eevet Tesfag ,org 's (200 1)
Andrew Galtahge r ( 200 1)
1eorrV Sm ttl (2001)
Thuto Mana Matsl>Ololo (200 1J

Student Ass istants

Lorenzo Lomb<lrd (2000)
Shalati Shiburl (2000)
Rene lIan Zyl (2001 )

Overseas Visitors

Prof Gerrv AdllmS, beet of '-Iant
Pathology, Mich Igan State urn ve-s.rv. USA
Dr Joh n Ta v lo r , Unl ll ers .ty of Ca' ' am a.
Ber1< ley, US.l,
Dr A Elghaant h . USDA, USA
Or Orlando PetrinI. 8oon".;er !: "'I.;e he,m .
Sw,tzel1ilnd
Or luis f e rnando Orsario . ea-ten ce
COlombia. COlombia
Dr Inez Tom eru p , CSI RO OiIl IS·Oo"'l of
f orestry and Forest Produ cts, Acsrrana
Dr Ken Old . CSIRO 0,11 510 '1 of Fo'es:ry and
f orest Products. Aust ra lia
Dr Ruth fram pt on , o.rectcr Forestry
safety, Ministry of Agncultural aM Forestry,
New Zealand
Mr Fernando Mont en egro . ru ncecon
Forester, Equ",dor
Prof James Dil l e . Director of a esea-cn.
Queensl",nd Uni llers,ty of TeChnology,
Brisbane, Aust ralia
Or SUZV Bentley, Research Off icer, CR.C
for Tropical Plant »rctect.c- , Bris~ane,

Australia
Dr lulio Her nander . i>rojeu Director,
lelA, Tenertfe , Canary l slllnds
Prof Sh in - Chu an HWlIng Director, Taiwan
Banana Researctv Inst :u:e, Pingt w" g ,
Ta,wiJn
Dr Je an-Vincent Esccla nt, Co-:lroir a:.or of
research of PROMUSA. Martl)e ll er, France
Dr Phill ip Prior. INRA. France
Dr Em ile Fr ison . ovecrer-ce-e-e of
I NI BAP, Montpellier, rre nce
Dr John Thomas, QOPI, Australia
Prof Danie l Ro binson, rxeect or :
Hardwood aeseercf Coopera t ive. North
Caro lina State University, USA

Re cent Graduates

PhD

Ka rln Jacobs (2000 )
~ -0-'00;''"'"'''' .._~, ~ ",e ; ...." .~rog"''''''''m
~ : ., "1 ~-9'''d

C~ld._.... Ow C""'" So 60 IN ~~~.,. ~

Emma Steen kamp ( 200 1)
"''''0'' ~- 'HOt>Q"'< S~.d '" 0' "''''''e~ ,pe:;e,; i~ '~e
(;,/.rf;~:~ "''''-'u"O. ,,"'pOe.
Ao·, "' - '10 -'; ' '''ll ,@,d
Co-.d.,,,,, ,,, , H eO<Jl.Inno, MJ w,n;foeld &. ""FO
M.'....
Cou sin s Gwana m ll ( 2000)
T".Q oc: om t ,c ~.ttem. ot l ru,t y,eld aM quo l,' y 0'
eUO" ,t,r~ mo<c.' .r. ""n9 RAPQ Q: n: l ic ,..' '1<e .... ""'"
co"'~ n. oo i <,:, e, ' ",It",

10"00' ~-'" Obemol.,,...
Hen k Smith ( 2 0 0 1)
A, cO- O" 'O" 0' '-e _ 9' Ind "'<onomy o!
11<>,""'................ Oo<."-dN Inc ~""=:>s.., "''''''''. ,n5<: _,- ~,~ o.<

.o.c".,..,!'l; W -0· ... 0
:0· .,< ' 0-' : T~ Co,,- n"", .... ""'-, !. 8 D W "il'_
Per cV Chimwilmurombe ( 2 0 0 1 )
",,"""..... : ' - ' -Ol --o:;e- ,""",,,,-"""" " .' 0 ~I
~""-:. '" !..c.o'''''.' '1'_Q """...".ac:......,.._
n- 00t>"9 """~~••<><1 1.-;.0' """"'i/II<>ctY..,..,,,,,,,,
<0. " c: ac. \~ -,'-.<::I
Co"o-,,,,,,,, "'J'" -~'e d S"'''' O<>e""''''e-

MSc/MSc Ag ric / MInstAgra r

Ria na Jacobs ( 200 1 )
11"0 9,n., ""·.lcce~,,,,'. -• ~.<O nom; o , tucv
~: ., . or: "J ·... ;-,9' :!d
C~"'~v"",": K J. OO M
ME Coetzer ( 2 0 DO)
~ molec _lar ."to.,.,.t, o 'ludy of fM ge~".

E"~~."~'~,-t<><

~d ·, .<o-· nseev
C~ed...o... - " _M Ot>t>...,.".. ~ PI VCC<le_

Qu entoo Kr itzlng er ( 2 0 0 1 )
Sfc ..,,;e 'u".~' . -4 "' y<o'o. ~. ~.'ed ",'h CO..O....
.~ "<C>' - ;.S 'n9
Co·ac, ~"': "' ''0 .
lo-Man l ottering (2001)
l:~-{ rru'""" .tId O".'KUnZlbOo'l of ma rl<~"," ""~ed to
,Ae ~. -..>: ,..,. ,1I ' <c _LMI
Ad..,,.. ~, '" Ct>e"'='~

ce--." "" : J ~ o =pe ...

N~lani YiJn den Be.g ( 2 0 0 1)
...~_ d oe.>se ol.-pe. u ...... by """""''''' '''''­
...,••,..: T"-S ~'" '"9
C~...,.;..,,, S ·~e~le'

Christia n Trosk le ( 20 0 1 )
ld~~' 'k ,"c~ a " d ONl"ll<:te<'.ef'on of ma rker. ',noed to
th~ ·uf ",.1 .e,"".rooe ~eneuJJ
~ =v """ ~ -M Oo","nOiner
8 l1 r en d Henn ing ( 200 1)
~~~ <IJ'lu,.' rOO'OI,ng 01 "" w. ge >1 "~ 9~ /0< "" a , ~ .~d

0'''. ", If,..af.on
My· ."" HG 5~y",.n .

"



Co-"'""",: lAS Av~W>i

e 80tes ( 20 01)
MoIew.., """,aetet"a' >O<' 01 ' 0' "'0""""".; ,., -0­
I",..e ptO<lu<: c ~ ~ .... ", ..~", . ...~..."".
Ad•.-, JU G<ol>t ,~ ,

Co·..,..,. : ~ -" 0=._,..
Albe n der Merwe ( 2000 )
""""...,,,,~ d.ver,.,.... .,"".... "" tr>. ~v"" ,;,-, "0'"
P/ltl'>0ge~. C'}-="o...,ctn.I' .-...
A,h '''''' BD W ic;t' '' · ~

eo-Advi.or: "'-J w",q' "'"
J.. ck ie Do Vle (2001 )
O<>'e"",~i"Q ye"" ",.. , 1n, ...o oM ",,'.n: . 1
co~, nhution.n P.'~~S ."'01'''' p, n~. u r,P/I•• nyMos
,o.'h " "" "'-1'01 Ob_ ol.t. ,
C"· l dv" " r, BD W ,~f'eid

Ju",n it '" de W et ( 20 00)
POllu '. I,o. d,ve rs .ty "ud'" on In. p,n. ,.tn~.'

SI''' . ...<>v>1S SiJ~,"".

""M'''': MJ Wie g" o d
c ".Ad. .., ,, .. TA Cc~',nno & flD w ,n;;I,ol<:
Muleka Venter (2000)
... to .",,""'''' "". ''''''''''' 01 I" e f ..c.o .Y p:u' «on<.·p;o"_ .f""",n... ~Y"'""
"'''''<so<: "J '" ,.".roe d
Co-..,.. o<o<s' .,-... CocM"O. so ... '~' o 0
Apollinaire Ad",ndonon (2001 )
o.mP'''Q "" of ctl'Olpe.... _.n<l s ",",n ; - CA

"""""'" ·"s A.... - -,/
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