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The Forestly arid A; r,c:.itural 3 iclecr nolo<;y InS~I"l " ~ F AB I) s ieee-eo at the Un",e rSlty 0' Pretoria.
The pr,mary ObJ<lCw e 5 of the Ins:<tu:e s- e 10:

• Promote me broad eee of pia...: blOle&rolo<;y !t'roo..co;" 3" on: ,," S~ pl rilry acoroac- and ......In
CIOM ~n' Hg" 10 H....It" ' an\Oe CJ ileace..-", elepar."'er~

• Ull(lertil~e ·"....01""n c' :.,,, "l gres: pCSS<:le Col b<e N"lole a: u'e sar"'e t m" prcr.1(j "9 st10rt and
longer te.", eeee - IS to tne I'o' es:ry 111'0 Ag"CUII.J'. ' ''ad'S Of SOu:., ....ece

• ESlllblish panr,.,,,,,"'PS W Ih lr(lCl$ln~ eo- ec to A\;nC.J'I~r" a -..:1 Fo- !!Stly. oo:n ",atoonali'y ao'I(I inle<-
MaToQO'I3 to P'"oc...ce -..ew arc ""croved iYCCl.C!S anc tnus to ptomole con'pe(Jt'vt!'f'ess n I'ad-

os
• Promote It'o; <lduca: 011 0' Soum .t..lr ca"ll ... :~ ~~S ~f FC·"5:-,' ..,. C A;n.::.. t~ r"

• Promote s-e 1l.tl.re Ce'lieCl>I"er t c l FAa l a'\o Ire U..",e-sr. , o' P· etcria

The ~atlOll o! F"BI ,, ~... t-e ilfges: Un....e-s«, r S~ ..:"l ....'rca c-ovces aocess 10 eoorn"(lt.;S

Ilum a'l a rt(! :ec/'lnolo:;J ca , • • 0... ·:* C".,.ertt; ecece....c sta- a"'ld postgraCo.;ll1e Sl.Jelen:s 'rom
research prog·a........es in t"le 0I!par. -ne<11S o! &OC"8'" s:', B~u.,·, ce-erce '.' ,c·ob'O'ogy eee P.anl
Pat llology Zoology a'ld E'"I1omo!ogy PIaM p,oo ...etI:;n e-e :..... Pcs:~ -a co.;a:e SCf\OOIlOf Ag, i(:ultu' e
and Au' al ~oprr..,m are a"" OCarea w tn :'1e I'Ist'1Lf:e T.. s a~orcs FAe , In.. opportunlly to budel
lutu'" ' e source s on Co01echnolog ~ wI'1iC'l w, be C'"uc- a 10 It" e hrtu-e o~ Fo' es lry and AgflCUI1\Jre on
South AfrlCll

FABI ~ nOI il new e"lle'9 '''9 ver tu'e, but -at-ie- en arra 9a"'al l0n ct a ue e eneocs case of expert se
in FOfestry and Ag',c,,"~' e j'om dil'e~nt uo-ers ues and researcMorga 'l :sat 'o'l S in SOuth Alroea , The
inetnute ' la s been opera::"rai since ....p-rl 199$ ar.'lOJg.. ·t was O'liy ol'ic'ally :nauguraled on Ihe 131h
01 Milrct1 1999. This tirst FABI bienn i~ 1 report thue cove' s t'le ee-oc I· om Ao'il 1998 to Augusl 1999.
Future reports will cover a two ', ea' period from secie-nce- 1999 to S"otember 200'
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Director's Report
It gi ves m e t rem end ous pl e~ sure t o prov ide th is introductory sta:ement to accom pany t h is
fi rst bienn ial report for FABI. Th is is particulacly t rue because FABI h ~ s had such an excit ­
ing bi rt h and ear ly life. Indeed, it wou ld be fair to s~ y th ,,: t h is process has t otally exceed ­
ed a ll expectat i o n~ .

The idea to esta blish FABI emecged on ear ly 1997 aner discussio ns amongst int erested
ro le playe rs at t he u mversu y 01 Pretoriil, partners in t he Sou t h Af r ican fore stry indust r y
an d other industries lin ked to tne broader ~e:d of p1a 1t scienc ~ s, In a remarkably sho rt
per iod of t im", plans to est~bl i5 h a 51grrifi cant physical in frastruc tu re were complet ed, t he
bu il d ing proce5s was begun ~ n d t l'" oe cesserv human resources t o undertake relevant
res earch projects w ere acqu ire d, By the end of 1998, th e fi rst research staff and st udents
attach ed to FAB! we re already becom ing se tt led and scient ifica ll y prod uct ive .

There are sam" con fl ict ing lI ie·...-s as to when FABl act c attv began. I th ink it is we ll recoq­
nIsed and commonly know n that a m ajo r res earch ~rogram rr e on w hich FABI w as es tab ­
li shed is t he Tree Pathology Co - O~e ra \ i ve Programme (TPCPj , Thu s, we m ight conside e
t he arr-iva l o f t he busmess o ffi ce of t he TPCP in Pretoria ,n Apri l 1998 as a fo rma l b irth
da t€ for t hi s ex cltinq new tnsntute. Having said thiS cu-e-s m igh t prefer to look to t he
form al inaug urat ion of FABI in March 1999 as an appropriat e sta rting po in t. Wh at ever
t ime we m ight choose as the birth cate fo r FABI , th e fact rema ins that t he I nstitut e has
become one of t he most sign ifi cant ventu re s in pla"t b iotech nology in Sou th Afr ;ca .

Establ ishing an ent irely new reseaech Institute .s a process filled With excitement and
<::hal le nge. Certa inl y , we have v ery ra;Jidl y di scoYC'ced rnet. w hile teonues and equ ipm en t
are essent ia l considerations, esta tl lis h ing a fi rm iltmospnere of learn ing and cultu re of SCi€n ­
t i fic invest Igation Is most im portant. Wh at was required w as :he estabHShm ent of regu­
lar even ts su ch as a semina r ser ies , journal Clubs and si m ilar events, Doing so 'n FAB1
has bf'e n a t ruly successfu l exe-ose t hat is a lrea dy paying great sc ienti fic div iden ds

Est ablishment of FA81 has requ ired m um m ore than e nt-e ncru nc a cultu re o f learnin g. It
has been necessary to fmd an appropetete m anagement sys tem for t he Institute . As
di rect or o f FAB I, I have been fortunat e to hav e t~e support of a fanta st ic group of co l·
leagues that now co nstitute the Mana gement comm.nec o f th e I nstitu t e. Th e
Management Committee of FAal nas the support of the AdVISOr,- Com m ittee t hat is led by
Professor Rob in Crew e, Dean of s ee-ice. and the Heads of the Departments of
Microbio logy and Plant Pathology, Zoo logy and Ent om ol ogy , Gen et >cs, Bot any ,
Brochemtstrv, Plant Pro duction as well as tne Director of the Inst it ute for Rura l
Development.

The research Drogeammes of FABI have grown beyond our wi ld est expect"t ion s Wh ile
t he TPCP an d the Forest Molecu lar 8io logy Programme (FM8C) we re t he foun dation
research programmes, num ero us otner prog ra m m es were rapid ly ad ded to FABI in a sho rt
period of time, It is im po ssible in th is st-ort introd uction to treat a ll of these . I do wi sh
to briefly ment ion som e exciting new in itiatives t hat hav€ emerged subse quent to t he
estab lishm ent of FABl :

• AECl PLANT BIOTECH NOLOGY
Short ly after t he est abttsnm enr of FABL AECI m ad e a decision to terminate its p lant
biotechnology prog ra mme After som e negotiation, thi s programme was mov€d to
FABL

• PANA MA WI LT DI SEASE PROJECT
Lat e in 1998, FA81 en tered in t o a partnership with the 8anana Growers Associa t ion
( BAGASAj, t o red uce t he im pa:;-t of t ne dev ast ating pan ama wilt diseas e. Thi s pro ­
j ect has already grow n substant iall y and now atso includes a focus on Siq etoke d is­
ease.
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• FOREST ENTOMOLOGY
Earl y in 1999 , ne gotiat io ns wi t h major players in t he fo res try indus try to expand
FABI's t re e prote ct ion ecnvrnes to melude entomology w ere undertaken . Th e team
of t he TPCP ha s alread y inclu ded some emorr.oroqtce t w ork and this ex pan sion mar ks
a logical augmentatio n of current acnvrt-es. Sig niflCi!nt opportunity "IS Oex ists to gain
sign if icant sy nergy between forest pathology eoc forest entomology activ ities of t he
TPCP.

• ADVAN TA B10 TECHNOLOGY
Starting in 2000 , FAa 1 1'.',11 begin a signi fo can t re search collab orat ion with t he
1nternat iona l seed co mpany ADVANTA , T" i5 prcgramme will fo cus on t he biotech­
no logy needs of ADVANTA and ...,11 a im ttl produce new products and to train stu ­
dents.

• POSTHAR VEST TECHNOLOGY
Dun ng 1999, a ne w po stha,-ves: t,, : t1 no I09 Y reru-n ,·,as esta blished fO' USlng on
postharves t research, develtlpment ar-o ~rai n ln g through th e (S1R·UP CQnv ergence ,

Being based in a University env ironmen: m eans th at FAB! mu st neve a distinct focus on
educat ion , Thus, .... hue all research oro.ecrs h~ve c1o<.ar pr~c tica l obiecnves. we also main ­
ta in a distinct long term vi e.... and a comm<tment to high qu~ l ity b ~sic scie nce. 1n t h IS
way, FABI is also ab le to provide outst anding t-amlnq for postgraduat e st udents in t he
bro ad f ield of p lant sc-e nces Thus, ~;\ Bl ~C ~ St 5 a s:gn lfican t group of postgraduate stu­
d~nts including 20M Sc , 26 Ph.D, and 6 post ·doctoral 11"110'''' 5,

1 am conv inced t hat FAB! "" II gro,., frem s t 'e n £ ~h to st'ength . Future issu es of t h is report
will t rac k tow growtrl and de velo;) ment of FASt

MiChael J. Wing fIeld
Mondi Professor of Fores t Patnologv a"ld Di rector of FAS! ~ nd th e TP( P
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RESEARCH REPORTS

Tree Patholcgy Co-operative Programme (TPCP)
Michae l Wingfield, Teresa ccutrnno and Jalanda Raux

The Tr.c" Pat hology Co-o perative
Programme (TPCP) is a col lab orative
ve ntu re between t he Sout h Afric an
Forestry I ndu stry and the Univ ersity of
Pretoria. The TPCP was esta blish ed in
1990 and has a proven t rack record In
resolv if1 g fores t t ree disease prob lems.
The serv ices offered to t tl" m em bers Of
t he prog ramme mclude t ile mai nt enance
of an acti ve and reli able creqnosttr clinic,
a research procramme eocused on
diseases of priority , monitori ng 0' diseases
to ga in a perspecti ve of their r"l at ,ve
im portance, an extensi on serv ice t hrough
whic h f oresters are informed on snare­
gies t o reduce t he im p"ct of di s"" ses,
and edllcation at the underq radt.ate and
postgraduate level. Successes acme vec
Over the past year c~ n be su mmarised
as follow"

Diagnostic Cli nic

The cli nic prov ides a reli ab le, respo nsib le
and reasona bly rap iO diagnoses cf
dis,,~se problems of forest t-ees, Thu s,
sa mples t hat come to the cli n ic - and
numbers of tn<:se have increas"<:l stee cnv
over t he y ears - ace subjecte d t o a range
of reasonably complex tests prior to a
diagnosis be ing prov ided , Diagnos:ic
serV ices functi o n throug h fo rest " rs
SUbmi tt ing samples to t he Program me
for analys is. Isoli'lllo .... s for pathoger s ere
corlducted from plant ma teria l, soils anC
water, uSing state of the art t echn iques.

From January to t he end of December
1998 t he clinic received a -ecoru number
of 168 samples This is subst a"~ l aliy

more t han t he 126 seroo'es received in
1997 , In Apri l alo ne , t he mont h that '.~e

moved into t he Forestry and Agricultural
a.otecnncrocv Inst itute (FABI) 2I t tne
Univers 'ty of Pre to r ia, we receiv ed a tcta l
of 30 ~ a mpl e s , Thi s year, the majontv 0'
sam ples we re from pme (4 3.5%) tot­
low ed by eucalypt s (32 2% ). In previous
years we had tended t o receive an eooer
propor tion of pine and eucalv pt sa"ples.
We also cond ucted an~ l yses of a nu mber

of water, growt h med ia and seed
samples for t ho:. presence of pathogens.

Culture Collection

Tne culture colle ct ion of the TPCP is one
of t -ie m ost precious re ference sources
for n-e Sout h Afr ican Forest ry Indust ry .
It is also t he largest, single col lec t ion of
fung i associated with disease from woody
host s m th e wo rid. In veer s to come,
clJltures - many : hat have or ig inated
from 'out ine diagn ost ic wor~ - w iil be
used fo e com par isons and t o de rive
irlfo.' mation on cha~ge s tha t m ight have
occurred irl populati ons of pathogens ,

Extension Services

F,,'~ l d s:ud:es, moritoclng of disease pro­
breois ard ge.,era' extension serv ices make
lJ ;l a «ev component of the TPCP
Mai'1tainirg an e'tecave disease-monitor ing
proqram me IS beset wttn di ffi culti es. A
ceos.on some years back was t hat t he
mcs- effective n-ear- s of do ing so would
be th'ough t he reoutar Inspect ion of
perm anent sam pling plots , These wo uld
al so need to be di stnbut ed t nrouq hout
cterceucns In Such a way t hat they
represent t ne diversity of specie s, clo rles
and age cla sses of tree s, MOf1 ito r irlg
sbculc be ccococec bv company st aff
ana t 'le TPCP toge ther with th e MMRC
(Mens;Jrat iOIl and MOrl ito rin g Research
Con sorti um). The MMRC would provide
suppcrt in the fo rm of data ana lysis,
verificat ion of fie ld ob~e rv a tiOrl S and
c.s eese monitoring . In order t o assist
foresters wi tn the monitoring furld ion, t he
TPCP has produced a series of guidelines
and pamphlet s ou tl ini ng desired dis ease
mor. ,toclng techn iqu es, I n additio n, t he
t·l ~l RC, With t he help of t he TPCP, hilS
ceo-once a nero -sue book let t o assist
fO.'eStHS. In add ition the TPCP has made
conhbutlons to v ar io us newsletters
(lCFR. NCT etc ) and also produces two
regular issues of Tr ee Pat hol ogy New s,
whic h '5 th e New slet t" r of t he TPCP,
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Field tnps to planta tions t o conduct
experi mental work, as well as to presen t
extension lecture s, wer e undert aken
regularly du ring the year. "':" nere were a
shghtly lower nu m ber of ce-scn cevs
spent In pl antations (I n excess 0' 400).
t h,s "'<IS not due to a reduced numOe' 01
I ,eld tops . Rather, It 's Irnke:l t o t"e 'act
that a greale r numt>ec, but st-orte- mos.
mcl ud ,ng fe",e ' sta f~, wece unde'ta <en.
r ne 'act that tewer cece e ~"'(l e"tco <

field tnps IS (ll' e('; 'y - oee 10 tne n--e
tl'a t had 10 be spent es: aoli s" i,, \; t "le eev..
FABl l acl111cs

Research

The resee-ce component 0' t-ie - F'C F nas
ren-amed "'ult,-ra:e:ed T"I~s. -esee-c-r
of an Imme<hue prOOlem'solll" \! r at .a re
's a n ,mportant component of tee
P'rGgram""e. In acd.noo. r-ec um arlj
~~ te,,", researcn rs ee "\I ccom.creo
Iflal ...ill ens....e t eet . ,n IE"""S of fo"e ' ~

protectlo" at-e b otect-ocroqv, r-e SOul n
Africa rt Foc~try Industrv ... 11 rernall at
the tcre -ecr u of tne f,ele, l"",tat O'S to
pro llH:le rev.e-... s on "ane ",s eseeas 0'
tree health such as a rece..: re",e'," ' 0" iI

llOOl< on pine eeeeses by the Arnellca"
Phyto pil~nOl oglCa l Soc,e ly -e! ecrs t --e
sta tus of the Pcogcamme. ir I"'S -eocrt,
a br ief sum n"i1r y of th e slat"s of
Importa nt d'sease problems ....as prov':le:l .
rms should also serve 10 nu.strete t t-e
breadth and depth of -esee-cr- pco<; ·a "" ~

mes linked t o tn e TPCP.

The fol lo",mg se ct.on prov'des a
cc nceesee -evie..- 0' ,,'ar, o ~ s "eSC4 -et1
ecnvmes . The focus 'S cleany 011 nig"lg"lS
and most tm po rtant find ings ,

Cryphonectria canker of
Eucalyptus

c rvcr coecr- te ce-ee- . eeusee by
CryJ'1l0nectn'4 CUbe"SIS, remains one 01
the m ost serious diseases of euca,yot s In
South Af,lca , The crscese occu rs in all
sub- t rc ptcer forest ry areas alth ough it is
much less common . now that c.seese
to lera nt Clones nave been extens've ly
planted in the,e erees . Screening trtars
conoucrcd by th e TPCP have ccntnbut ed
grea tly to Se lect ion of cnsee se to leran t
clones and th us the reduct ion of imp act
of the disease. The causa l agent of th e

;

c.seese re.., aors one 01 th e mo st viculent
oat tiocer -s k, ·own t o lorest ry and
On\;01'19 efforts to reduce its impact must
cont'''ue.

TnI' TI'CP r- es "OW c.ondueted research on
C a..be,~5'S fO" re-i vee-s ana the group IS
ntemaro- ta y reccc- usee tor Co.1tn buOons
ea,j ing t o a -oore co,.,prenensl"e under­
sta".d or ~ ~ f t -re p/lt, o~en . One of the
' OCl.S a-eas lor our researcn lies ,n
oe- e 00 19 O,elo," cal control 4gentS for
C-e;l'" oneet " a n rkC'. I n th,s c(' ':lacd we
na;,-., a sincere Interest il1 explo'l,ng
JC:lort.J' t ies Iif'ked t o cl sRNA·medla ted
I'ypov,n. e-c;e. Some of the ecveoces
t" il t h.dlle tJi?en made In our effo rts to
reccce tcsses due to Cry phonectci il
ea- ee- <l ee sc. mma " 'icd In a rev.e w from
an mv,led ores",ntation at a recent [U F~O

sympo sium 0'1 Tree Phytophagl'
u- t erecnons in France.

Die-back caused by
Sphaeropsis sepinee

o.e-eece caused by SphJcropsl!; sJpinea
is t -ie m ost seri ous d isease of pines in
South Africa. Th is ts IrorIOcal wilen one
ccos.ce-s th at the causal agent is an
o pportu nistic fungus \\I hich is less
aggrcsscve than pathogens such as C.
cuben 5is or the pit ch can ker fungus
FUS<frw m slJbg llJtmans Lsp. p im {'" F.
c,rcmil wm j , As has been stetec In pre vt-



•
OU5 reports,S. S8pinea owes on notonety
In Sout h Arne,," to the comtl,flation
between suscept ible t rees (P. pa tufa and
P. radiata) and an envi ronment (h ail
storms in summer) tha t is cce eoove to
msease.

One of m e most fascinatmg d sceveoes
emerg mg fro m TPCP stuo.es In recent
years is ttlat 5. 56pi""a IS represented ev
/I highly e.veese population ", SOuth
Africa. This is completely co"trary to tee
e xpect ation that in trOduced (e xcIJe)
pat hogens, and part iCularly those sucf
as S, sap inea t hat only reproduce
asex l,Ja ll y , would have very !imLleCl
qenenc divers,ry. TlltS '5 attrib ~ ted 10
the teet t nat the j: i!thogen "as Dccba:lly
been introduced into Soulll "'h ca a
numbe" of nrnes from a .... ,de ' il"I!:'; of
sccrces. 'reese repeatec IntrOO.,et,ons
probably reflect the seed bo~ neta-e ot
the fungus and rre fact that great lIolumes
of pine seed nev e been introduced into
the cou ntry during the course of :h e last
Century _

Sympt .,...s . 55O<...,t .., witt> Ift'-dion 0 1 'u mber
w ith S. ,..,pi....

One 01 tre most e"c..-ung rcecses 0' the
T!'C P Is linked to attempts to reduce t'le
impect of 5 . s"pmea through hYDOlll rulence.
Dun ng th" course of the last five years,
students in th e srcvc eave c.sccve-ee
the presence of dsRNA viruses In tnis
fungus. n-ese vevses l1ave u-e potentia l
to In'ert 5. S8f)inea aoo to reduce Its
pathogenICity. Dlmng ll'e cOur$e Cf tr'le
past ye..r. we halie ce-eeretee a first
phase of thiS prOject t o l ull y et-e-ecteese
the virus infecting 5 . secvtee at tne
molecular rever. It was con sequent ly
discovered that wn" t was tnought to be a
sing le virus is actually two viruses. whiCh
I'll' now know as S5RVl a'ld SS~V2 .

Studies are curren tly undeN"ay to sc-eee
a large populiltion of tne IU";ll.LS to

r \ 8I B~n~IR.PD"

dete""",,,e t il e distribution of tile viruses.
A"other aim is to develop techniques to
treosrect healthy isolates of th e fungus
for later use In biolog ical control t r ia ls.

AmOligsl tne most useful strat egies to
-eccc e losses Oue to S. sapmea infection
15 t"rough the p'ar t ,ng of disease­
teie rer-t stcce . rne T>'CP is OJrret1tly
invol\'e:! ", a Iong· ~e-m prcqrarnrne to
, :! e ~ t,ty e.seese rcereee ind,viOuals
among 200 selected progeny 01 P paN/a
anO P raa 'a ta f ro m in two highl y
ocs.reore famil ies th at belong to SAFCOL,
A furtb e-' aim of thi s project is to develOp
rapid sc,een,"9 tech",ques such as marl<.er
e.eee selection th " t will t>e us-eful to the
ert,re fores~ry i nOust ry or 'uture
se ecue- s

Sire x Wood Wasp

Subsequent t o th e epccaraece of the
S,rex ...cod ....esc. SJrex nocnuo. in South
Arrica , t~e TPCP engaged in an inte nsive
study c-r Its fun gal symbiont.
Amyl051erC'um a.-eolatum. A ccmcre­
eens.ve re-"e,.. Of the n-e-ercre nes eeee
COn:l~ctec ,,"d thiS S'"'C~ 0 be ~"Iuable to
'creste-s. Sane of he most Important
quest ions in ~~IS project r-ave been to:

• Conf,r-n at the mo lecular level that
~he lUli g us is th e same as th at found
elsewhere Iii t he world ,

• Determine the genet ic di~ers .ty of
the fu"51uS In South AfriC<! and thus
evatu ate h(I ... ma"ly introductions of
t-ie ....as;:, might M ve occurred here.



• At tem pt to determine t he ong,n of
t he wasp In Sout h Africa and t hus
contribute t o Our unde rstanding of
threa ts and Ilkeiy source s of
pathogens in t he fut u re.

Data fro m t hese stu dies have eme rg~c

rapidly and i nd icate t ha t t he Sout h
Af rican S. noetlil o populati on pro bably
had it s or igin in Sout h America The
fu ngal svrn otont rs crone! on Sout h Africa
ano a sin gle or very limi t ed mtrocucucn
is certa in t o have occ urred. Fut he r
d~tai ls wi ll be presented on :he next
report of t he TPCP.

Pitch Canker of Pi nes

Pitch canker of pines . caused by
Fusarium subgJutin ans t.so. P"'! ( =
Fusarium circinatum), is er-e of t he most
serio us pathogens t hese t rees wnere
t hey are grown as exotics in plan t ati ons.
Some of t he most fundamental recen:
in formatio n pertaining to t he disease
have emerged from studies concuctec ir .
Sou t h Africa. Th is is uon« because t M
di sease, in t he sense of ta nkers on
mature trees, does not occur in r- us
country , Thus far, th e pathogen has
rem ained rest ricted t o nu rseri es where it
carl cause severe damage ,

O;~ ·b~Ck $ymp'om~ ca ".ed by

pi'ch oanker fun~ u.

One of t he most in terest ing ascects of
t he pitch canker f ungus in Sout h Af rica is
t he fact t hat iso lat es hav e been sho...n to
readily undergo sex ual recom bin at ion in
t he laborat ory , We hav e receotrv shown

,
th a: t his is d ue to th e fact t hat t he local
populat iOn nas a high d€gree of female
fertility . A pract.cal conseq"ence of this
di scov ery is t he fact t hat t he fungus
population is like ly to be genetically dive rse
in Seuth Africa and t hat management
st ra t eg ies wil l be hampered by t hi 5.
Furtherm ore, these and ot he r fi ndings
sug gest stro ngly t hat t he pat hogen was
in t roduced into Sout h Afr ica from Cent re !
Am eri ca and not th e Uni ted States. This
presumably occurred on imported seed . '

Arm il la ria Root Rot

Arm illaria root rot i5 one of the bett er­
eno....n d'seases of pines ( t o a lesser
extent eucalypts) in Sout h Af r ica Losses
dele t o the disease are not great, but t hey
continue to occ"r a'ld t he TPCP is regularl y
called upon to deal w it h t he dis"ase ,
From an i nt ernati on al perspe ct iv e,
Armill aria root rot is one of t he best
known a'ld most im portant diseases of
'Noody plants. Thus, P€erS elsewh ere in
the w orl d also expect members of TPCP
to focus some ettentton on the proble m ,

i ntensiv e research has been conduc t ed
on Armil larla root rot in recent y ears and
11 has bee n shown t hat, on t he Northern
Her- ns one re. th e disease is cau sed by
more than ten speci es , The speCies
re s ~cn$ib le for th e pine otseese in South
Africa has rem ained Obscure. Our recent
research has shown t tlat, contrary to
popul,,, t elief , the pathog en is ne ither A.
m et-e o nor A. helmll . It is m ost li kely
related t o A. Fuscipes ,

Conio thy rium canke r of
Euca lyp tus

Conrothvnum canker is an unusua l disease
th at has cau sed tremendous dam age to
eccetvct pl"r!t mg s in Nat al and northern
part , of the fore stry reg iOr!, The disease,
caused by COnJothyrium rutssen se . has
resu lted on los5es of som e of t he most
5o<J ght after eucaly pt clone5 Some
extensive prantmes have virtually had t o
be aba '1dO'le<l ,

One of th e most di ffICult matt ers to dea l
with when wo rk ing with comotswrsom
zlJ l~'.mse is the fa ct that it grows slowl y
and it is ext-e metv difficult t o ident ify .
Tne disease has been known only from



"
SOutt'! Africa and m ere is :1U5 1'0
refer ence literature on "''',en :0 rely_
Dun ng In" course 0' I'l l! la s! ""iI', n-e-e
nave, no.... elle'. been -ecc-ts o' rt-e
erseese from n _a lo!l"1C , " ' 9"": n/l and
BrazIl, wnien ,"'pi ,' tl'a: t"" crseeee ,s
either spread"9 from Sc ~t, M-ca O'
from SO'1'!" co-er u r ~ .,o'M· sou"e, ...."
ha W! con'irmeo l!le ' act 1'1"\ II'" f",nl;~S

occurnng In TI'", <I nc IS II-" sa,.,,, as tt-ar
,n Soulh A'nc o!l . t-e So~ :" ..-r-e-icee
reports remain to b<; co, '",n-ed

The TF>CP. toget" '" wi !" 'TeT:>!.'fS ,"""d'
as 'lond' ''1"t nave exoeoer-c ed senccs
esses du l' to CO'l,ctny- ", m car-see, "as
m ade e-ee-eneeus progress " re<luc""9
In" Impact 01 Ine diseil ~e ccre.ce-aeie
efforts have been locL'sseo en c sease
monitoring enc atsc on select ing ctcr-es
Ina! are not susceD!lble to mfectrcn by C.
7ufuense. The current focus Of :he TPCP
is t o unoerstan c more abou t the biology
ot t he pat hogen, ns cenenc d,versity a n~

teeters t hat affect suseept ,Olllty in tree~ ,

ThIS crscese ' email'S a Pri ori ty in scorn
Af, ica and It IS nec essary to reta.n a
s,gn,fit ant foc us on rt . Breed ,nQ rrtars
and programmes of the HIBC t o de. e'OD
marker ·aided selection will etsc inc!..ee
Con,othyrium c~~ker.

Botryosphaeria Canker of
Eucalyptus

Botryo~phaeria cen eer of ecce ,';lts was
un known in Sou:n A'ne;! ".,t 1990 "
Win. however. mas'; p'oti!~lv preser-t,
bu t not recogn.-sed. 1000g be'c-e : " at
t.me. Cur-er~:y, s t c e.e s 0"
Bo~f)l05pnae...a cee ee- a-e focu••ec on
cetermm "9 ... - eteer Sotrycs:J"cer,c
r;IoUl,(i'!it IS troe only sl'e C:l£s assooa-eo
WIth the disease. "'- ~ is c~es:'o" a"ose
cue to ccu.vocet -esuns t ., ~ : er-e-nee
from drseese s<:rcc.,ir!; :,--,~ s. 'Iie ":)~"

bcncve tna t rr-ere are at eas~ t ....o sOlec es.
of Botryosph<Jeriit In' eetl')!! eucal~' ;llS ana.
subseq ...enLly :0 cMa -a <;tens~t,on. ~l1ese

w,11need to be trccmo.arcc into screen,,,!!
t r ials.

Eucalyptus Leaf Diseases

f ucalYJ> tus leaf ilnd shoot diseases resu lt
In occas ional losses Whic l1 , oth er than In
th e case of My cosphaere lla ju",e"is on f.
n,tens, are of rcla t ",,,,l y m inor ,mporta"ce,
Nevertheless, sam ples are scomrrted to

l \Ill 11;",,,,",,11t<[I""

tl'!e di agnos!;C rebor aro-v <'I nC! i t is
Im;lcrU!'t :0 -ieve a kno.... edge of mese
fun<,;" Foe : 11 S reason, t"'e TPCP h;>s
<r;>ir:ai"ea it " itct'~ e progrCl'11mc of
co ", :;1;1" <'; t-rese ::i1tMoqens ' rom I,, "eered
e...cal~~, ~ ea ves an:! Sl100ts to provide a
-cl acre ~O<l dcc,"Ca:.. d ~gnos.e~ when
~" l;ji de cccc-. A,.,o,,<,;st tl" .. key
o~~"Cg er 5 of eUCalypts ..-e
Cy';,~::rOCldCilJrr sop nesee-cn on tll~se,

~ (0 <'1 : o,,,: 0" ,,~ ., P'of P. CrollS
(U" ve -s :-, of Stel enOOsch) hi'S
COn! " ...ed d,,"r>g tn e course 01 the last
see- . ~he se s:~c es, Sll;ln t,c ..ntly
-ic-eese 0 ...• ~"o'.~!eoge of e-seeses te et
a-e ~ " '1 :0 eecce-e more '''';lOr'tilnt '"
t-e ' ..: ... -e. TMese ca-a a'e a so veruame
~ te r -r s of irtetnational e-eee and
'el~:eCl qwar",t',e Is~ ... es.

Eucalyptus Rust

f~,="I~"t~s r ...s~ . ca~sed by PlJccmiit
ps 0". is one Of tne most fearecl diseases
of e"cilIY;l :S worlClwide. The patM0gen is
eenve t o Soutn and Cen tral Amencit and
rtaS Its orig'n on natlve Myrtaceae in that
area. I t nas ec actcc to be able to In fect
ce-res- Eucalyo~us SPP.. of wh ich E, grit"·
O,S ~nd E. sit lign;:t are most susce pti b le.

The importance ot Eucaly ptus rust has
'ed t o a realisat ion t ha t an internat iona l
eff ort is neccco to reduce t he pot entia l
; cn p a ~t 0' P. o sidii , For th,§ reason, t he
TPC~ Mas ente red Into drscuss.ces w ith
cOlle~tjU ES In Australia whO share OU'



interes t and co ncern about the disease.
Dur ing t he COlJrse of t he last t hree years.
we have developed various prop osal s and
review s to gain fu nd ing to work on t he
d isease , At t he end of 1998, ACIAR
(Austral ian Cent re for I ntern at ional
Agr;cultural Researcn ) appro ved a phase
one research eff ort, This researcn ',~ III be
con ducted as a colteboranve effort
b ~twecn t he CSIR O Dtvtsion ot ro.es-rv.
th ~ TPCP and t he Federal Universitv o'
viscose. Brazil. Each oertv ...'i ll cover
costs pertaining to w ork in areas of
particul ar int erest t o them. It is hoped
t hat th is coll aborative approach wil l lead
t o a m" x imum output cf kno",ledge a:
t he low est possible cost.

Inse ct Associated Diseases

The interact ion between InSeC,S a na
fo rest pathogens is un deresti mat ed ere
Oller loo ked , ccsce .cne-s linked to the
TPCP have an int ern ati onal repu:ati ort fo r
", ork in t his f'e ld Such research sustains
signif ican t ,t"tus and t hus fun ding ' rom
grou ps such as the NRf, ThiS wo rk has
con tinued With a small number 0' students
comm itted t o pcoj ects t o uncerst and t~ e

importance and id ent ity of fung i carried
by conifer In fest ing bark beet les , The
work has atso been sustained bv cor-sf­
derab le co llabo ration w at> co lle"gues
outs ide Sout h Africa and wit h bndi ng
from groups such " s t he USDA Forest
Service.

Phytophthora Root Rot

Phytop ht ho ra root rot cecse o primar ily
by P. cinnamoml . is a sen ous p d ~ho ge '1

on some Eucalypt us spp. irt Sout h Af rica
The TPCP has t hus rnainta.ne d capa city
to study t his dise ase . A p"rt'cular c ues ­
tion, which retates to the likely ourabmtv
of disease : olerdnce, is whether the
pathogen is native or introduced in Sout h
Af r ica. This IS a controllers·al quest ion
an d is also one of cc es.c e-ecre inter ­
nat ional debate. ThrO ;Jgh me use of
irtt ensive isozym e st udies, we nev e
st-own that the fungus has a re la:ively
limited gertet ic base in So uth Af rica,
Conseque nt ly . we have reac hed c
prelim inary conclusio:l t hat the fung us
was int roduced into t ne country , We are
current ly considertnq t his questiort L; sir g
a m ore robust RFLP approach and also
have conducted extensiv e pathogen,ci ty

t ests on euca lypts U5lng a large number
of .so.etes

Typ ic" i P hyt" ph'h ct~ ''',,' c" t sym pt"m. In a
pl . ntatl"n

Guava Wilt

Cue va (Psid ium gua; a va) is a close
celat've of eucalypts and a host for euca lypt
oeu-ccens such as ru;t . I n South Af ric a,
·....m is t he most ser ious o.eeese of Guava.
L, TPG' stud ies . it has been sho wn th at
the g<.alla .... ilt pat hogen can infect and
kill eucalyps There is concern t hat field
OL;tbreaks of tne dis ~ a S 2 on €LJ cdly pt s
might occur . Very lit tle is kno wn about
the 'lLJav~ w,lt oatnccen and its iden t it y
is quit e obscure. I n order to increase our
understandin g and Our capacity to
recog nise the tuncus. t he TPCP has
LJrt dertaken a st udv of Its t axonomy.
Prelim inary conc lusion are that th e
patnoc en IS possibl y Penicillium
vermaesenii (n ot a true Penicillium),
which also has t he ab ili ty t o in fect
merooe-s of the patrn aceee . Furt her
st udies t o determ ine Its nat ural
occu rrence on eucalypts are planned.

Diseases of Acacia meemstt

The Acae<a meam sl; (b lack wattle) industry
form s an important component of Sou t h



African Forest ry. Tnis t ree is planted f or
its high qual it y pulping timber and It s
bark from whic h ta nnins are extracte d.
It is also va luable as a nitrogen fix er and
m any farmers utilize it for sail im prov e­
ment in rota ti on w it h ot hw crops , Ti'ere
are, ho wever . a nu m ber of diseases th at
reduce t he success of A. mearnsI/' in
plantations.

Ceratocvs ns w ilt, caused by C",.rarOCYS[lS
albofundu s, is co nSide red to be th e most
ser ious crseese affect ing A. mearnS I/.
This pathogen is capab le of kill ing
healthy trees w ithin a short per iod of six
weeks aft er arti f icial i nocul a tlo .~ , It is
current ly known onlv from A. me"msii.
A. oecurrem and nat ive »ro-ee spp. in
South Afri ca, Management of t his
disease re lies strongly on mllni! gement
practices in which wound ing is kc ot to a
m, nlm um , I nv esti gations ont o t he
possib le inse ct v ect ors of t h 's fu ngu s. as
wel l as its host rllng€ and possib le im pact
On other t ree species (mcluding nat ive
spec ies) are un derway , S c r~ e ", n g tri als
of elite A. m ea rn sii fa mili es, condu<;t ed
by the TPCP, have s hO\~n t ha t tnerc is
g reat potent ial fot t 'le selH t Jo n of
c nse a s. e re sistJ nt planting Il' ilteri al .
Rcsearch lias also bee " un dertake-r :0
deve lop molecular mil'"kers to rapiel\,
id ent ify di seil se resis tant trees.

The most co mmon diseil se of A. ml2ams:,
rs caused ~\' 8orryo~phaeriii dot.~,di'a.

t he pat hogen Jlso found on Euca lyp tus
sp p. It IS cl osely ilsso""ted with
envi ronm ent al st res s en the trees,

F Ail I Bienn i"IIi.'·llOrl

especiall y fro st, and is capab le of cJu sin g
t he dea th of ent ire stJ nds of suscept ible
trees, The ma n ~ g emen r and con t ro l of
th,s disease is of utm ost import ance to
the TPCP and Industry, Acacia meamsii
also suffers fro m a root diseJse caused
by Phyrop hthor ii mcoos-es. Strateg lc s
to m <ln2 ge t nese three i m po rtan t
di seases, and to ident ify other ooes.ore
cetboceos. are of ~ ri o ri ty to th e TPCP,



V\ fl l fli ennbl R" r or!

Forest Biotechnology
Anna-M ari a Oberhclster

Forest t rees p r~sen t a special cha lie rge
to t he ge net icist beca use of the ir long
re prod uct iv e cycles The cap t ure or
genet ic gain via asexua l re~roduct'o~

offers a desirable opti on. I n fare s- t ree
im prove m en t . clonal p-opaqatmn IS
app lied using a program of se.ecncn.
progeny test ing and contro lled bn,edil'g.
Convent ional m et ho ds of t ree im prove ­
merit and select ion offee on ly ii m lt ed
pos si b ilit ies o f m eetIng g row in g
de ma nds, New and Innova ti ve te ch niq ues
for the creat ion o f new r-v nrtcs. €il - 'y
se lect!On and testing of desirab lE gen o­
types and t he vegeti.ltlve propaga t iort of
se lected gerlOt ype s m ust. t r -e . erore . be
developed t o ac h ie ve t hese go als .
Vegetative pro paqanon h" s a cleM edge
ove r sexua l ce ~ rod u ction as a m eans of
achievlrlg both rapid ity of propag'il: ion
an d assured marote na -rce of th" gel'e:ic
r o rnpos.tro n o f t he progeny . Mass
pro ~ a g ~ t i o n of f ore stry spec.es IS milinly
ach iev ed v ia micropropagatl on (production
o f w ho le p lant s or m ult iple sr octs j and
so matic embryo ge ne si ~ ( p rodu cti on Of
mu lt ip le ernbunq s milki ng use of
immature zygot es) .

Nicropropaqatlon .s probably til e roost
ef fec ti ve w ay of produc ng nu m erous
clo nes of a de s i r~b le qenotvpe, Rc,o:l ng,
however , sorne nmes proves ~ rob l em~t ic.

Rooti ng is genoty pe sp ec ific and ns sc e
age als o in f luences tn e proce ss ,
Looglerm storage of deslcable ge notypes
atso poses difficulties. The rruo-oo-ooecencn
of Eucalvp tus gralldis cto- es .s one o f ~he
m ~m objectives cf t he ongoi ng fores t
biot echnology ~ rogram . Tne prec ess
consists of t he init iation. murncncenco
and rooting of supe r ior crones Init iatio:l
and mutnpuca t.oo of t h" crones
ccm rr-ence on so li d l fi ~d m edium. ROo:ing
is achIeved In liQu it: cu lt u re , '",h lch not
on ly improve rne rootmg of recetot reot
ciooes , but a lso 'acil ita te t he r a, de" ing ­
off of p lantlets . Sc-eenin q cf tne clOl' es to
sel~ ct fo r DNA an d ctt-e- "'~'''ers l inked
to rootm q ab ili t y an d pathogen -es.s te - ce
I ~ arso In p-oq-ess . An indir e::
correl~ti o n has beer ob ,ef\led tetween
t he secretio n of se condary products ar c
poor root ing in some of t he cenotvpes.

Sornenc embryogenes is has the advantage

n

th at root ," g occurs as pa rt o f a process
t hat is anetcqou s t o t he development o f
zy go tic en-brvos . The embling has t he
pot entia l to g-o .... in t o a wh ole p lan t,
much as a see dli ng wo u ld, Proper ly
co ntro lled soma tic em bryo -genesi s
ca r r ies a low ris k of genetic tnsre bmtv,
g Uaril IlteeS Juv enile p lants of norm~ 1

grow ~h '1atl it, and IS ilm en able to mass
orooucnon and plan t ing processes.
St orag e an d m ultip lic at ion of t he genetic
'l1,, :erial ~hrough cryopresef\lat ion erso
c-cvee to have f ew pitfa lls , The
em :;1 l ings, however . need t o be t ested for
·,j.,sirab le rre.ts before they can be
comrnerc-auv a~pl iej. The prog ram focuses
mil lnl y on t he somatic embryogen" slS of
con ifecous soec.es. e,g Pinus elhaWi X P.
ceroeeo va r. l1ondurensis . P. patuJa. P.
cadi":", and make~ use of »tceo abies as
a model sys te m . Somat ic embryogenesi~

consists :;11 a number o f di fferent stapes.
w hich Include in it iat ion. proliferil l ,o n,
..,atuDtion and hil rd enl ng-off o f the
ptan ue ts . To dat e. the programme has
m ariaqed to produce num erous P. ab ies
emblin gs and some P, rad!atil emblings ,
H:gh lights 0 ' t he prcgram include t he
~ ;5t -eccrt 0 ' e mbryo ~il l m as, tntttat.on
from Im m at ure see d ou ts ide rt-e so called
" w indow per iod" , wh lLt' is aile of l he
major ob stacles in t he process, making
the ~ 'oce ss less sea so oenv dep endent.
The first t ra r sreot express ion of m arker
gen e, iq P. pawla and P. radiara has atsc
oeen a~comp l is h ed . Thi ~ work I~ do ne in
~ o l labo ra: i on with t he Sou th Afr ican
r orest-v Compa ny Lt d. (SAFCOL) .

Coniferous ~mbli n ~ . In < u lt u ' ~ . Thue
~m blin9 ' will 9'ow in'o ma'ur~ 'r~~•.
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Wheat Genomics
Anna-Ma ria Oberhotst er

Plant Breed in g 15 esse nt ia l fo r t he
m aintenance of the w or ic s' tooc supply.
Populat ion growt n requ ires the
productio n at mOre ano more food fr em
an environm ent w ith ", red uein" capacity
to supp"rt pl,ln t gro wt h. c e nenc
im provem ent of p lilnts IS the only opti on
av ailab le to sup ply t his demand Gene tic
im provement of crops C<lrl be
occc roons r .cc th roug h the a pplicat ion d
m ark er t ech nolog y t o ero breeding
cr oqra ms. and rhrouqn direct t,,,ns' er of
spec ific genes . The program ' ot uses
m ainl y on disease and pest restst eo cc in
w hea t, The ma in object ive of t he
progra m is t he sat ura t ion of t~e whe al
ma p t hat w ill enab le us t o tone,.. a
mdp- based d oning app roach . Screening
of su it ab le cctttvers tor DNA mil ' kees
linked t o genes t nat confer resist ance to
RUSSian wheat ap hid and leaf 'us: .<

ong oing . App lied tech nologies include
PCR· RFLPs, Rf,P Ds, A" LPs and
m icrosatt e lites. Also, preparat ,on and
screen ing of cDNA an d g DNA li braries t o
ob ta ", ex pressed s£quence ta gs (ESTs)
and the genes t ha t con fe r resrs raoce. IS

in prog ress.

Highlights of t he program include the

F,\ 1l1 l\i<n nLoI R"I",r l

ioen tir. catiorl 0 ' severa l RAPD and SCAR
m ark ers linked to Russ,an w heat ap hid
resist ance and rear rust resrs tance .
Fartial m apping of these m ark ers has
also bee" accom pl isned , The
t ransformation and regene rat ion of a
large nu mber 0' South Af r ican whe <lt
cufttva rs neve been comp leted ,
Rece n t ly . we becam e pa rt of the
! rlt ern at ion,,1 'r ntrc ate Expresse d Tag
trut.a t.ve ( ITE1) anu t he mte mano na t
Tnr.ca!e ~1 a p p in g Initi at iv e (ITM l) .

T'. n , i~n t antho< ~ . nin Q " p,~ui o n in im ma ­
t u,e wheat e m b.-yo ', 48 h after bomba,dme~\
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Forest Molecular Biology Co-operative
Programme (FMBC)
Brenda Wingf ield
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( A) Amp ' if; ed m;<to_n.ellite a lle le.
( FMRSA3) Iro m t h e pa te nts ( l AGS an d
ZGI 4 ) and f, o m two f1 p ro g eny, v io" e _
';nd w ith t he Geno'vpe r 2,1 s oft wa re

( ") Pare nta' genotypes as ,...,11 a . t h e two
p o.o; b le p rogeny ge notypes
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A number of cee g,ees ~ih'E bee-t
developed 10 crcvce ma:e 'lal 0" ...'1'C'1
to deve lOP a'1C lest n-ese TO ecu 3'
me-eers The~e rocroce e r-vee
ge r e ' a: 'o" ped '''·~ ... ~lC" '5 "I.' ated to
much o' tee breed,ng -ie-cne' ec-re-uv
used by Forest...,,- com pan es ,'1 So~l~

Afnc.a. rr-cre ts oiI 'SO a ' .,.. n,' cec g"ee
"' hit h i"~olv e s a cc-iteo ee crC/S5
between a (lore tnat '5 h,g'l ly s",sceptit1e
:0 tee canker poll:'loge'ls CryD."QrIl'Gr ill
cubensis a"d Con..otl'! ~n",., z"l"ense e-ic
one tt-et IS tcrereot to reese fungi.

Tn,s year tl'le FMBC nes tecoe-e ,r,o'olvee
in an internat,onal mmatrve to oevetoc
micro sate llite maree-s to !,nge , pnnt
fUCi'lypllJS species. We now -icpe :0
dev elop an internationally -ecccosec set
01 primers 10 'denti!y the MOS! comMonly
u">ed commercial scec.es.

SInce l he start of t he F~BC . ~..e have
investl ga: ed tile use of Ranoom A."p ' ,e:
Poly morp hIC DNA secoe-ces ( P. ':"POS;
ArT'ol ified Frilgm e'l t _l.'''9th
POIY"llOrfl iSlTS (AfLPs) "I'd Mle'o-s ate ' :e
or S$Rs as poten tial fin:j",.,,-.,t.,; too ls
to"" clona l rr-ete-et. Th,S tec""oogv has
eeerl well es tab lished ,r a nc-r tl" r of
iecceetoees . We ha" e also ceo-e Oped 0.."
own rrari<e~ to<' SOutt1 AfnGar moll ten/l .

The FMBC \0;3'> started In 1994 as an
.rne uv e to dev elop the tKl'ln iQues a~a

technologies to use mcreccre- merke-s ,'1

t re" breeding. it is funce:! O,/, 3 '1 ,he
major sc-est-v compan ies in 50\;,.,
Mrica . At that ..:age >t was de"ded to
concentrate on a poter.,:,,,, Marker h r ~e:!

to disease resrsteece aga,rst the can ker
patnoqen Crypn,mcct,·,~ cccees.s.
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Molecular Systematics of Microorganisms
(specifically Forest Tree Pathogens)
Brenda w ingfield

Mole cu lar Diagnost ics. There ,s 1'0

euesncn that uSing m olecu lar recnerooes
to stu dy and identify mi croorganisms has
becom e the faste st growing " rea il'
Microbiology and Plan t Pathology.
Molecular tec nmques offe r rap.d e-re
unambIguous Ident ,fLC,ItIOn cnteri" far all
microorganIsms. 1:1 u-e tie le of ~ores:

P<lt hology, the need for reese : ec"n.Q ~es

is <I S great as ot l1er e-ees of Piar:
Path~ogy or MICrobiologv

As WItI' any ,dent,f " atoon tecbmcve : s
necesserv t o be s"re tnet the ~e<:nniQ;.J,",

can d,st",gu,sh between a pot ent al c e- n
pathagoen and its closest reeuves. .... nlth
ma y or may not be path o gens. I: ' 5 ,

t herefo re. nece ssary to study not only
t he potent ial pathogen. but also a lar" e
number of Its closest relatives, Thi s
necessue rcs access t o a sig'l lficant
cul tu re co llect ion of live fung,. ThiS is
without Questio n fABl"s .. reatest asset.
on e of the b,g!;est a r- c !lest col ect-c r- s 0 1
tree Ila tnogenk fUl"g ,. In cu lbre

The tecj-mcce rr-er "I.' have l:'~:a::.o ' sr-eo
as being mOfot ef'«et ve for lI::e ~ t ' ,cat o-r
of tr~ pathogens s a CO'l'o'''Iatior 0 '

peR alT'llhf,cat 'on and -esmct.on er-zvme
drqesticn of these fr agments, The -oosi
important first ste p 15 to ,",staolisn ...·n'cn
gene sequence .s suff,cie l'1tl ~ venabre t o
allow d ist incti oP1 between the specie s of
int erest , In many cases. Wl:' have rcuro
t hat the ITSl and rtsz reg lo"'s 01 t~e

rRNA operon is reeer, Ho·...ever. ir tr-e
case of very cillsely ree-eo 1"''''9' "'1.' na" e
obt a,ned tlettl:'r reSults US'''9 te e H store
3 gene or tl'e bete Tub ... iin ge~e .

Havmg determi,.,ed wniCt! gene ceg'er !s
th e most appcoprl at e 'or ,c e ~ t,fic a t' o r

pwpcses the nellt step has been t o f -e
t he most usel ,,1 resrr.ctron e"lzvmes
enabling c.snncncn be-ween tt-e species,
The ideal sltuat,on ' 5 wilen only a slngie
enzyme allows d ifferentIa tIon 0' all t "le
species in the group. 11'1 many ceses tr vs
has not ecc e possible and at least two
e n lyme~ need to be em ployed t o
distinguish bEt ...een socc.es .

eenert.ve mctecurer Ident ificat ion teee­
moues tor Cerstocvstis (Witthuhn el al
199 8. 1999) . Cryohonectna ( Myb urg et
a'.• 1999), Cylin rfroclildium (Schoch et
a!" 1999J Fuscrium ( Steen kamp et dl.•
1999) a"ld African Armilldria "s (coeeee
er s t., 1998 ). These qen era all ccntem
seeces rnat are sign ifICant tree
;lat.,oo;""s in man y ca-ts o· the wortd.
r eese tec-ir ucces are 1"0 ... bei ng used
re ",t ~e ly I., ecr tree d,agnast" d,n" arld
,r 'l'a1y ot " er la:xlrat ones thro...gllOut
the world .

Mo le cu la r Ph y l o g e n y. USIng the
cu rrentl y avail able rnorecutar tocrs ,
establ ish,r g mean ingtul fungal pIlylogenies
Is now possiole. ThiS has rcsulted In a
much im proved und erst anding of funga l
re lation ship s and ;5 leadm g to mo re
rerevar-'; ta xon omy of plant pathoge ns.
Es:ao l'sh ing me speoes concepts in fung,
'S becoTLn ·~ an esse-mat pa-t of diseese
fl"oiInage'1'lent , ThIS 15 only ;lOss,ble If the
molea: M :MS,S of ""'ha: oere-rwnes certa,n
t~"\la l seec.es r-as eeee est atll,shed.
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t'~ll llli",,"131I-l c pon

The f irst st ep In any molecule- phylog eny
is to est eblish tnc region of tne h..ngel (or
eeceer.ar genome) which will lle most
useful t o compere species, Regions of
genes tnet e re uMuly cerise-vee are
unmtoemenve e- c area s that lire overly
var iable co not provide " n a p p ro~nate

plel tform for COmpariSOn. Th",s far, '.ve
have used th e rRNA Ope-on, - nstone 3
ge ne and the beta tullu ltn aeoe !;Iu : e
successfu ll y for fungll l phy logenies. More
recent ly we hav e bega n t o i r \lestlg a~e

the csenneess o- u-e n " :"'!l " eres
( I'fAn in reese pr~' I,=<;er .es.
Understand ,ng tre '~A T geres eeee- will
also poter-nauv ene -, ' 0 - a r1C""
def"" t,v e d,st inct lO" bet""er scec.es
based On the ll IOiO!l ICal s~ec les corcePt.
In the case o· fur<; t.,at r-ave r- c " = c a ' e ~ :

se~ua l state, st ",dvlng r-e "'~ T ce-es
may also ans",er "' ilr ~ of th e C1 ~o1.t , a r$

as to ..-'Wtne- trll Sstaee aC:ua Iv COl' S '1C ~

occur or ", 1'I .. t l'll' " I Or" J ~~.HS

inf-cquen l ly . 0"" "'9 :'le 03S: . ~ a r ·.ve
helve ecewccteo th (' -o -st no cc; ~r

phylogeflles for a n..mt>l." of ''''DCrt ar :
tree pathog ens ICC·.. I: •• ,: ,S I',·, n-i .. .,r
et il l. , 199 B. 1999) Cr. ;:.~o.~ c'C!'· it

(Myb" rg er iI ) 199'1' C." ~;jrrx J::: ..­
(SchoO' er 3' 199,. , '~ s""~7"

(Stpeflk" mp ,'l "', 19~ I a~.:l ;, f- '''I''
Arm,lId" ''''~ (CCM:'tlPP ": d Hl;lS '

"' yc viru ses ilnd Hy p o v;rulence
Hypov irule nce es soc a: t>.:l ,,,tl' .:ls;l. .. .:.
v ira l 9/?'nomes IS a'9~~:'-I" II' .... : ,mate
form of brc-conuor. ce-e-asv j~ ~ 9 ~ 1

Viruses have been POor1y s: ~c co er d
their 'Ole In fungal Dlology ,$ not ,yell
understood. The peter-na t to ..se r- ese
v iruses to coot-or tree pathogen,c ' ungi
drives our current resee-ce.

The f irst step 111 our research hilS bee... to

ide'lti fy anc charaaens e dsRNA viruses
IrI the fungal t ree pa:nogens th at we
st 'udy . We have identlf'ed a nu mber Of
roycoviruses al'd ar," in the c-ccess of
clorlng e-tc cna-acre rtstnq t hem further .
T~" 5 far, t·.vo e-rn-e Vira l genomes nave
been se c ae-tcec from Sp hiJef Opsis
seomee ( Preis.g et J I 199B). PrevI ous
srue es nave S1CWn th at dsRI'IiA gehomes
are p-ese - r In c.-ypr,onectria cubens,s
<I 'IC D:i!;lortHe ambiguJ_

v i,..l p u t i clu w;tOl i" tOl. m yce lium 0 1
Sph..~~p;"u



Panana Wilt of Bananas
Altus Vilj oe n

Fusarium wilt or Panam ll disease of
bananas, ceosee by Fusarium o"ysporum
t.sp. c",bense (F.o. CUbense) is cons.cered
to be one 01 t he most destruct ive
di seases of a<;lncultura l croos in recorded
history. Since its IllScovery in Aust ra"a in
1874. the disease has eeee reccrted
from almost alf l:a"a"a·growlng regi o"s
in the worlo. I t became notO"OlJs ....~ e., It
decimat ed eve- 40 000 becte-es c' tee
CUltivar Gras M'Cr'lel in centra l America
before 1960. th eceby almost desttoy inq
the entire e_ POrt mduSt rv _The trade ....as
only rescued by tne t Jmely convers on to
vanetles Of the Fusan um-Wllt resrste-u
Cavendish subgeoup. 1" t -re Sl.:l t-o;l ics,
no....ever, race 4 of F.O. CI.ibense enec j s
all C<lvendiS/'l veneues. Major losses ha ve
a lready occurred In Austra lia . Soutt'
Africa and Ta"'.. an, and there is cor eern
mat t he t ropically grown Clhe" dlsl'
eeeenes may eventua lly ee a'teaee. />;0
effective chemical control or f lJmlgatlon
e. iSI S to control th e 015ea5e _
Furtr'lermore, eeueer rcrat.cna r nor cu-e­
cu ltueal practices t 'lat .... ould De ' e<ls,ble
in the counlry offer il solutIon . due re me
length of time tl'at tne tu"gJS Ciln
survive In SOil. Panama disease.
t ne retc re , heril lds tne end of rae
productive h' e of a bil"ilnil plilrlation,
and ,t IS esseener 10 apply tne s~nCles~

sanitation m et nods In order to keep
un;nfeeted Illnd d,sease·!ree il"O nea 1lhy.

The history of Peoeme disease m Soul"
Africa IS not ....1011 oocumereed . The foest
veri f'ed case 01 tne eeeese occurred in
194 1 ....hen Will ed CavendrSh ptants weee
Observed in II rccenzed e-ea 25 km
south -w est of Durban, and SllO'1ly
I hereafter at Pmetown a" d ~t A"erly on
the South Coast. Regulil r reports of new
outbreaks were recei ved from the Soutn
and North Coast smce 1966 , seneroe
di sease is, however, more severe in
Mpum ulanga t han in KWilZ",I",-Nil tal. I n
Mpumulanga, the c.seese occurs ,n the
ktcpcrsot area , where It nas bet" present
since at least 1970 . Almost a third or the
area once pia "ted Wllh bana nas has now
been for(;ed out of product ion. rnus ter,
it has not been foull d In u-e Leteoe,

FA6 1 oece-r-e mvcrvee in Panama
research at th e beg,nni"g of 1999. Our
main -esee-cn goa l is to cece-steoc I ll e
b O I<}~ y a-c eptce -r- toicqv of F.o. cvoe-ne
on bac aoa it' 501,;~" Africa, lind to
rm p.ernent a s~sta l nab l e . praCt iCal
s ~cate9Y rc m anage the c.seese.
5 ree:l ing Df r-e ....·• resis tant ba na na
CJlt l'M S, ar d the developmen t of
ge.,et C<! 1'1' r-eceec planls acceptable to
t-ie 50" th ..l.friear """rket, a-e lon<;l and
e recc cs p-ccesses. We. therefore,
atte cr ;>~ t o ceve op s" ort and med 'um
te-rn 5Dlut 'ors . eca-t frDm san ltlltlOl'l
tt- eesc-es. as part Of at'l int eg rat ed
a.seese -r ar- eqe-nent progcamme to
red uce rr- e erec: 0 ' th e e.seese. AS fl rsl
stecs to a: 'l leve tr- s , a t!'orouqll analysis
of zt-e SJ "' ~~, Africa., populat ,on of F.p.
euber:se, co-np ere e:J i1em lclOQ lcal stu dy
of t-ie disease. e ec sys~ematic search for
' act ors re soo-vs bre ~cr disease develop­
'1'lent is :Je,r g ur-certekcn . The nature
a 10 oca. - e1ce 0 ' l Ile djsea se in the
ve-ccs prod uct io n a-eCls of South Atric"
Ciln ccen-bo-e slgnifiCll":ly In our analyses,
e-r e .... -11 be ' '' vest, gat ed. Ne", develop·
r-i ee ts i., Pa" all'a research In Oth er parts
of r-e "orid will erse be mcrucec.

Typi<~ 1 oy m p t o m s of Pa na n a ",lit or
ba n on o
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Pathogens of Indigenous Food Crops Research
and Development Programme
Ter ry Aveling

Vil'IOUS stuc-es co nducted in Soul ~ Af"Cil
have empha s i~d the rote of ind,gc " ol,.;s
plants in prO\l'd>ng ma ny of the basic
needs of rura l peo ple. The rural
disadvant aged u~ua lly rely on ene rgy ·
rich carbohydrate <I S a sta ere c.et. In
orde r W eeraece rt-e c.et. a orale,,, eu. st
be added . Tne vecereere a,c
Ornament ,,1 Plan t I ns t ,l ut e IVOPI) is
In\l e ~tiga l,ng tee los e o' iNhqeno.,s se ec
and leafy vece reoie crops w",cr' ere ';P ~ c

SOu«:.... Of protem. Sue,.. crops ""4 , : a so
be drcugnt res,sta": a-e aere to 9ro '.~ ' I'

poor SOils. ", n ir;ro m ake t"e"'l S..Ll t a::> le 'cr
product ion " 'I areas of 1o\'> a9' c"r.:,ya l
ooteru.et. Potent ally s... : ~ ablc crops .r etcce
ba mbara grOundn ut , co'...pea ~"d

Amaranthus ~p. (marog). Tne Indigenous
African populat ion have utilized tnese
plants as fOOd ;n t.mes p'ed~tlng tne
cOlon i<l1 era . Cowp>,a, fo r example , is a,
importan t food cro p for small sea e
re rr- e rs in the rural a-ees. Proc ~~,c , in
South Afnca IS ",a ,r. v corvmec ~o

Nortnem P1'ovince, Mpu'T'a anl;a. ,,"0-""
vres: PrOv,.,ce ana +<w~Z u l ..i te-a t.
Co,,"pe<l seedS h" ve a "ljl" pro~eln

cont ,,"l (2 2· 24 ",,:» and also ccn:a" ' ! t s
(1. 5%) , (,tlTe (7.3%), ce c,,,,'" rr::n.
",t<lmms and mcst of :Ile esseote <1m roc
aci ~s . Fresn imrr.at",r-e pods and eaves re
also boiled as a ~eget~~ le pCOVIdirg an
important protem source,

Symptonl< 0 ' ColI~lotr;~hum d~m. lium e n

c o w p•• OIe m " (." o w )

Any:h"'g t oat affects th e health of plants
is li ke ly t o a'tecr tr e« growth ana yie ld
and th us senousrv red uce the ir
uscfJlne 55 to hu mans. Plants suffer from
c.seescs c"used by fung i , bacteria,
mYCO;l laST<!S, vu-oses and nem atodes.
oeec.ee <I lar ljle anO r<lptdly o ro.... ;n9
amo.... nt 0' i1 t" ra:u ' e, th ere is a dearth ot
itut!'or_ ~a:.ive -ev.e....5 or researc h on the
:l ittMO o:;y or indi9e<10t. . food crops as
'T'ost are not of COMmercial ecoooeec
slgn,fic arce. As researc - e rs. ....e oeee to
-ea ee - c t o t r e Meed for reduced usage of
~s:;cides for pla'lt d,sease rcntrot, espe­
«esv tv sm~1I sceie farmers ....hO cannot
~'fo-d these Chemical .. The p" thogen s
of iM ige'lous foo d crops project
rcncentre -cs on research on t he mec he­
n '5"' S of o.s eese Ind uction and
reSist ance A further focu s lS on breed­
,ng re si s ta ~ : varieties by developIng
eas-e ej::-de'Tliolo9 ,ca l Info rm<! t ion on
pathog"n sJrviva i. in fecteo" a-id spread.
Currer'~· V, mos~ o' tr-e research IS on
cc ...peas a- e th ,s ,nformation is made
aveuee e tc tne Gr~ n Crops Resea.-ch
l .,s: ,: ..-e. \'00'] 31(l ROQdeplaat GritSSland
In st ltL: e. the cent res of cc wpe e
~ no ',~ lecge ' :1 SoJth ""'nca.

T!'e aims of our programme itre to
,mprove th e qu it l,ty of in(Jigen ous food
crODS ~y:

, Survey inQ fo r ;llant cathcqcns on
I ~ d , g e l' ous rood ,rops

• Collect,ng, .sotaun.. 3~d iCent lfyl ng
these :>Ia": :la t h0ge~5 red ,,' inQ y' elds
01 ' r :j !:;e.,o.... S crops

• Prov'C·"9 it re'e'ence ccuecnce
resc .irce of p iit nt ;la t hog ens on
' ''I e_genous crops

• S ~"l!y i ..g t !'e b,o l09v a" o seed
tra.,s"T" Ss,o,", of n-ese ~a:h0gens

• Tr"mln g and ed"cating stude nts .... ,th
relev ant expertIse t o de extension
work iM d,s~avantaged communities.
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Potato Research Programme
lise Kersten

Increased in ternationa l concern over tn e
exce ssive use of ccsnctces and <1 5
detr imental effects on human hea lt h and
the environ ment, hav e becom e a reali ty
frUit produce' s CiI., no longer igno' e.
Disease ma" ,, ~ement nas eecce-e 11 ~ e y

phrase in dise ase cont-o' ~cog 'aM"".es .

Disease fore c<! st in g has s.J t seq uent ly
becce-e a vreme opt ion to eece- """'111,,"
eseese eesee on 50Uncl eesc ;lllnQlo.;l cal
principles. Disease f:!recast '''l;
syste ms, ,f eeveiccee .!Incl implemented
correct ly, can offer th e farm er 11 recuced,
more tailor made and better target ed
pesticide spray proq ra rnrr.e. In order to
develop an effect ive for ecastin g svsrer-t.
one needs to iden tlfy tnt' lan;;et oalhoge"
arrKlnlist iI co,,<;;'OMerate of c-ce-se ''',"<;iI
scc-es. One accv-ete. r-escer s.ve
method of d, fferent,ating eeewe e-r
spores , 'S "'-.o,,"OClonll l eenecc.es ar-e
SI.l!)Se<juent appltCilt ,on on ''''''''''''o1no'luore ­
sceneI' or spore spot i,...,mo1nob",d "Ig.
Allemana is an im pOrt ant pa:'0ge"l en
bo th Citrus and po t ato caUS'n<'; e>:te'lS .'1'
f inanCial l oss ~ s If not adeq uately
contro lled. The pos sibil lly of dev eloPII'g
mono clonal antibod ies agl11nst f ield
isolates and using tllese aonb ccre s :0
develop quiCk diilg,,"ost,c a" ays for
c.seese fore<a,'Jng svste r-i s. ea ..e eeee
successfully evarcateu for ot,er ero~s.

Th,s approach is curre'lt ~y l:e ng useO If"

our research pr09ram."e. Once e-receve
f .eld monltonr g ano cetect.c-r systems
have been developed, a co-r-outer e.eee
c.sease for ecasting svsre r-t can be
oevetccec to accurate ly pred ia spore
release With subsequent impte rncn ret.on
of appropr iate contro l tr-easures .

Symptom. 01' blackleg 01....1.10

Earl y blight of pot at oes, caused by
Alrem a, ia solan i, 'S an eccncrmceuv
im~Ortil n t d isease in Sout h Africa and
globally. Control Of the crseese is
best cota neo by sprayi'l g c rotectenr
fu~gicl(: e s. Tra:l' l,o~ ally, spraying
W<1'lrnC"K eS wren symptoms appear and
S.. ~seQ"ert sprays are JPplied every 7 ­
10 cevs. Th ,s s trate~) pro"ides
aoeq..ere " ,sease contrOl, bvt results In

ac p, cencs- of Sp'a yS even when the
threat of c-se ese ou t break is minimal.
~Un9lcJd e use ca n, howev er, be
m inimized ...ith the corr ect use of re liable
disease warmnq sy st ems or dec isio n
support syst ems , One such system is
PLANT-Plus, wtl1Ch was Originally
developed ;)v oecc-o, Ao.. tomatisering,
Net'1erl il ~ C 5 , for the ort>c,ct,on of lat e
D g'1t n ootatces. A, ot r er PLANT-PIUS
noc", " as -ecc-rr'v ceveecee for early
l: ,.. .,t e- pz t atoes. OeveloP""e.,t of :he
c se ese LS cerccra-ea based On
te r-i pe-atc-e . retenve humid' t), wind
speed, ","nc otrecnco, radiation and
remten. The ad visory module 0 / PLANT­
Plus can be sent ont o two main parts,
namely rne (un)protea ed part Of the
erop a"d t"e tnseese cvcle of tbe fungus.
Tl'e ( ul') prot ea ed pa -t: 0 ' the crop IS
oeterr- "eo ey ee.....-c ... :1- Of reeves ...,d
ceteocranor- of the s;: r3 yed product.
""1' (J seese cvcre o' r- e fungus JS spur
Lnt o four ""'a '" phases: spc rute aon, spore
<I spe-ser, germ nation, ce r-etratrcn a'ld
'nc",tatiO'l. SPr3 Y''lg ecvke is eesee maon·
lyon a gra ph thilt crcvces il1forma:ion
requi red by t he prod ucer. The model Is
be ing tested for epidernioloqrca l
soundness aM accu racy of predi cti ons
under Sout h African ccncmons.

The i""portance of potato seed t ubers as
pnmary ,nocu um source for blackl eg
e.seese caused by Erw.nia e<trotollO,a
su~sp . at roseptlC-a and E. carotovora
subsp. ce-otovors r-es been well
documel'1 : ed E..-t:ensj " e surveys have
cemcr-streted that a hrgh proccrtrcn of
seed stocks may be co ntaminated w it h
bOU" pathogens. The pathogens may also
be present on t ubers core.nee from any
potato crcc eve n when the inCidence of
tll ack1eg IS very low. Furthermore , in the
process of m~lt,p.I .c",tion 0' seed st ock
ceev ee frcn stem c",tt"g operations, it



is extremely d,ffLCcilt to prevent
recontemmet.oo. It 15 a 'so dlf"lc"lt to
distingul~ the scbsoeces of c. c.Jrorovor(l
on the llaSIS of W".,otOT·S In s~e"'s or
meers.

Infected propagative r-iarener IS a soo-rce
Of pnmary ,nocu l"m '~ r rT'OS: 01 the
important phytobaeteTio logica e.seases
of m ajor crops aro und ~~e ....arid.
PTO<luction of p,,:nc~e"· fre.e. p -al'l
material is an effective r-tee-is ce
control. oerecooo of oecter a ' 5
dependent UPDI' InE develop'"lent of
appropriate optimized eoerco ;)'l)Cedurt'S
and conhrmat,on of cetnoqen Icent, ty
and its pathogen,city. These procec"res
are interdependent and must ee
developed and evaluate d slmultal'eously
to ensure the reli "llil' ty of tee f,,.,al
detecnoo method.

New outbrea ks of E"..,in,a diseases ,n
South etr.ce hav e 'enewed mterest ,n
t r us group of pathogens. The Incidence
Of this dise ase pre - and »osn-evesnv Is
g re at ly in f luenced by environmental
cone.nons prIor t o and fo llow,ng tie-vest.
as well as storage condition s o' me seed
potatoes , Survrvat of Erwiniil HI
aSSOCIiHlon Wi th potato tulle's is ree
most important aspect 0' tt-e r eccroav
when conSIdering control strategies. The
presence of tne pat'legen IS regcilarly
screened lor in Earcpea n coun tries. on a I

"
potato tubers eercre seed certIficatIon.
Ho" e,·er. Ye-y little is known in SA
co~cer"'I' ;; t~ e ;Iathogens and «s
potential threat to our inc...sr-v. I t is
tne-etc-e un portant to neve a better
Clneerstar-d,l' C; of t~'s c.seese concem",g
the eoidemiolQ9V. eetecnce and con trol.

A surve" ,, "s cone ,n eu potato grow",g
ceg lOr s o' S'" :0 determine tee status and
eC:lrOMIC IM eOctance of Erwinia.
rsete-es ~a~e ceon ,dent lfied,
p~tr.o'l!,I'.cit .. ~.,f ''''ed anc compared
"s.,.. ste-ee-a el',s,o l09,ca l tests, "s
"e as EL!Sol. crcreu- erofl le patterns ""d
RFLP . :Jia9nos:,C tests have been
de..e'o;>ed br cc-reeeec-e r "'de~,n9 of
potato seec ....":11 "011w,t" t're ,ndustry.

h rty "';'Jht "'-"'I"om. on ""I . ... I..." ill
tl>e fiel d
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Integrated Disease Control on Citrus
Use Karsten

GUlgndrd,a c' tnca:p il causes OI /lC ~ soot
on all commen:;al cit rus ccrt.ve-s and .s
of m llJO' eccecrruc impo"'.2l"ll::e m Sout ..,
AfrlC/l Accordl n!; to t~ e I te-arc -e. losses
of up to 80% hao'e been -eco-oee ,n
..ntreated orcn aros. Aitemllr .lI a,re"'la' a.
whICh ceuses e rewe soot is also of
econom ic Importance ''1 ce-r e '1 <l~ as.

", It h tos~ of " p t o 50% ""-oo-::ed from
""sprayed crct.ercs . Cort ro l of mese
cseeses 'las been ecmevec mainl , ""Itn
preharvest f " n9,o oa l sprays . ...o....'ever.
b"IICl-up of resistance :0 oenomyl has
been reported for G. Citrrcar()8.
Fur1hermore , ,nv eils-n; a-ce -eeess Of
envncoe-creer pollu t ion has rescuee ,n
re -evaluation of ba sic ptan t crotecuce
st ret eqtes . One allemMive . whiCh Is
cu rrent ly pursued wi ttl great success, IS
biolog ical con trol. Ut ilising I his nil l ural
cont rol strategy in preharvest f:e ld ecce­
cations has proven effective in control ling
of A, alternar" on other crops. App lYing
anteqonists at '" preharve st level has also
proven effect ive in rontrolling ccsme-vest
diseases such as soft bro wn rot a.,el
anthracnose on mMgo and an tt'lract'lose
and stem-end rot on avocado.

TO ccoccr Il ny piant c,se~se , a" oo,,;o\,s
ap proach would be :0 '"terrupt tt-e I 'e
cycle of n-e pathogen. G, C'!:,carp;t "as
a poten t,al ""ea ~ l<I"K n-e t cen oe l/lr;eleel
for effect,ve coo-rot. Pyenidia cev e OP 0'1
Iilter uneler t-ees and p-ovrce Inoc~lun

th llt can 1OfOO .eeves e -tc f"\.llt. if lea'
elegraclalion can oe eccere -etec af' el
pathogen Development c;Jr':a tee. tt-e
crseese ca" be CO'll rOI ee. =ou r
apprcacnes can De eval...ated to act be
these gcafs; ul tra low VC e-r-e (ULVj
spray, spronkle ,rn g ~ :'cn eccncarc- s of
eotea crests to lea' litler. "'.., ar-:agof'lst
"I'lriched compoSl miK O' a com :l<nal'On
of mcsc strategies , Ov er t t-e past three
years, w e have eleve lope a an eocrt.ve
product from waste materia l f or the
citrus 'nelustry. Citrus cee hils elfectively
been t urned in to netute l compost ,
Add itive value can be gillen to t he natural
ccrnpcst mi l( by adding selected
antagonists. Th e an ta gonist s can be
added with a carri er product t o ensure
antago'l ist survival and to gi ve it a com­
pet itive eoveerec e aga inst the rruc-eees
already pre~enl In tne com post mi l(, The

a,m o· t r us f /leel Of tne prOject rs to eval­
...are t t l' aoove meoucoed
ellseas.e conreot s:ra:e<Jte5 fOI" cor-trot of
black SP:lI

Severa l cose-e-vest " atl'togel"s of a trus
C<! "l m'eet fru : : '1"O..g " tl'e styla' or stem
eee In ' eel'on alreaay ta kes place ''1 the
ere-ere dc- ,n\l f10" e-109 . Cen lrol of sud'l
c.seeses t l';Js starts In tne orenaro. wlm
cren a-v est '''I'lgiciaal sprays. The
>-Uo::ess c" any b,OCQntrol programme
el e pen Cl s st rong ly on t he effect i"e
a::plicatipl' ot e-e antagon,st to tne terget
s,te . II has ceen 51'0....,'1 that antagonosts
can be app!;eel to apple and pear flowers
us'n g oees, for ccotrcr of f "'e oli ght.
sececse 0 ' th e '0la9ing hab it of bees, t he
a1 t agoni s:s Cil 'l be ceccsucc on t he
flower soon after it o pens. WI!h th e
secon d facet of t he proj ect . we aim to
establi sh Viab le antagonist pOpulat ian s
0'1 (he st amen w,th ln CI(rUS f1o "'er s, in
order to preven t me est ll b llshmenl pi
Alrem"n~ dun ng t ne critical infection
penoo. Nat" ,a l anlagOnisls p" eviOllSl y
shO'.,n :0 ce e lect ive agalnSI pre- end
005:h ~rvest di seases of avocadO ilna
r-rar-qc ( Bacill<:s s<1l)plis) ...,11 be used in
rr-s c-oecr, as ....ell as sciecred second
ge"er" tlcn il ., t~"O I'l I S IS ,

I n 1993. South Afnca orococcc 83 7 344
tons 01 " trus of which 1g% was so ld on
the local market and 50% was exported .
Of rbe e'ght muncn cartons 01 vereee.a
fr ui t e~::l o r"lc el , act ua l w aste d ue to
postharv est decay w as ceterm.ned ilt
0.54 perc en t. Funq,cldcs hav e
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t radit ionall y been used to con t ra l
post harve st d iseases of cit rus, However,
regu la t ory restrict iOns by th e US
Environmental Prot ect ion Agency, mak es
re -reg ,slrMion of ex,sl ing fungicides and
re gistratio n of new prod ucts increas",gly
di f f icu lt . Wit h the oe vercpmen; of new
e xport m arke ts, t he ne ed to e xl~nd 5t">e:f
life of Irutt and SMISfy qualit y c eo-enos
has increased . cor sc roe-s no'", rate
qua lity in te rms of appearance , texture .
fla vour, a nd ab se nce of Iu nqiclde s .
Thus, t here is <In urgent need t o de'..elOp
altern" t lve decay COM ' ol st rategres such
as postha rvest brocontror.

With t he th ,rd fa cet of t he pro:,ecl w~ aim
to evaluate nat ional and tnte-nauc r-er
co m m ercia lly av ailable biocontro l
prOducts, as well as 1: 5'''9 it as selecte d
second gen erati on ant agonist s 10
packhouses I ntegrated control s~r~~e g :es

w il l a lso be evaluated w here anlagonists
can be combi ned Wltrl eithe r net wecet,
d isin fectant or re duced che m'cal
concentrat ion treat ments. New Innovat ive
st r<l tegies using ant l · fun~ a ,s <lnO enorors
in d isease con t rol is an alternative opu)n
t hat is be ing pursue d .

urseese-resrstence result irg fcom tne
induct ion of ollln t c ereos.ve sy stems by
t rea tmen t ·..., it h certain micro orq ems ms
and t noehotcrs has been sr o.... " to o'fec

an im portant m anageable :orm of pla" t
prot ect io n and has been dacumen:ed In
differe" t host!pat hoge n svst ems
Recentl y , ,t !'las be en suggest ed m at

antagonist ic yeasts a re c~pa b l e of
Inducing disease resis:a"ce in ha rvest ed
r.s soe. Prelim Inary st udies hav e shown
t na; biocontro: act iv it y of sel ected
aota c c mst s may be d ue in part t o t he"
aourtv to i nd uce sev eral de f ense
reecnons in tiarvest ec t issue , We are
s~ud y i ng t -ie possi ble induct ion of antI­
fun gal h yd ro la s ~s ( cmun ese . §- 1,3
gluca~<l se . and cntcseoese), phytoalexi ns.
aCId structu ral barri e rs by sel ected
antagon ist s and ~ nti fu n g a l addit ives.

W it h th is post harvest resea rch
programme we have est a t>li shed" strong
co re focus With in the Universit y o n
po stnarvest ~e<::hnolcgy . A new MSc
degree in postharv est t echn ology has
been in t rod uced as an in ter -department
and in t er· disci p linar y focus wit hin t he
Unlversrtv and CSI R alliance

L>bo,~to'Y w~.,. ,...ti"9 of p<>tenti ~1 biological
<o~ ' ,o l a~e ~.. to pre vent p os t h ~,vut

diseases is und e rt~ ~en
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Stress Tole rance In Plants
Karl Kunert

Mn iflO u la r ," o del nl t he I'al'a ~a ov,tatln un d oc
in . eot ig"t lo n . h nwl~g th e In ca t in n of th e
un iq u e "Vot@''' . in th e "V.ta ti n oo nsensus
re9 ' n n.

-

r reosceoes m ight al low the ident ifi cati on
of both specific cyst eine prot ein ase
acti on an d th e role of cystat ins ,n st ress
t orereoce . A mOlecular app roach to pl ~ nt

improv err et1t using plan t t ransform at ion
and expression of a proteinase inhibito'
migh : finally prO Vide a powerful biolog ical
protect ion system against plant st resses ,

.... Cystatin/Papaya

We hav e alSO rsotatec and cloned a
pap" ya cvsta ttn ( PCI, Figu'e 1), wh ich IS
e<p,essed aft er exposure [If papaya
plants to env,ronm ent al st resses . ThiS
CYSl atin has a un ique cvsten-e in the
cystann ami no acid consensus ' egio n,
wtuch rs absent In all oth er known plant
~ y s t a t l ~ s . Reduce d g lutath ione possibly
keeps PCI in rt s act ive mo nomer form .
This seem s necessary for interact ion wit h
;Jathoge nic prot ein ases by prev enti ng
PCI o.m enzet.o n. We hilve s ta rt ed t o
reorece th e cyst ell'e by t y rosine, which Is
rlorma ily fount! in th e consensus reg ion
Of cystatins, by using a site -d irected
mctaoencsts prog'am . Use of mut at ed
cysta:l ns m igh: pmvide il','ght mto t h ~

l unct ion of smg le am ino a·: ids In cvste tms
and th eir int eract ion with proteinases
un der st ress condit ions.

Both abiotic and biot ic st resses adversely
affect the growt h of crop pl,mt.s . The
search for novel DNA sequences il'\volved
In st ress tolerance is one of the most
crit ica l input s to enhance st ress
t olerance in plants using a plant genet'"
engin eeri ng app roach .

Abiot ic and biot ic st resses severely lim it
t he exte nsion of plantrrtg areas to r crops ,
The creat,on of stress-toterant plants for
crop prod uct io n wou ld, therefore, have "
hig h econom ic va lue. Howe ve r. the
num ber of genes w i t ~ a defined rote in
st ress t olerance ace lim ited. Most of the
ph vsioloqical/btocberr ucal st ud ies pre ­
v iously car,i ed out neve not proved t o be
of utre ct importance for plant genet iC
cng rrtee rrng fo r the isolat io n arid
eng ineering of useful genes. lnvestt­
cetrons on t he molecular mechani sm foe
st ress t crereoce. including t ee use of
gen et ical ly ma ni pu lated pl ants, hav e
therefore at tracted exte nsive .-esea.-ch
activities worldw ide ,

Cystat in s a nd Stress To lera nce

We arc using plant cystatin s, whi ch are
cyst eine prote inase inhibi tors, as a grou p
of possible useful genes. cvsteuns are
ess~n tl al requta t ors of cysteine
oroternescs, which play a prominent role
in stress-ind uced phyto t ox ic proce5ses,
Prote inase ruocuo es nave been id entified
as being fundamenta l in the control of
prog ram med cell r:l eath. To un derstand
the 'ole of cvstattns in st ress t orere-rce
we are using cold st ress as a mod e!
st res s : Tools of p lan t physiology /
bi Clchemlstry and plant molecula r biol ogy
are int egrat ed Int o our cu rrent research
act iviti es .

We nav e prod uced transformed to bacco
plants expressmg the rice cvsta tm OCl to
e"alu ate co ld to lerance crov.cec by
cv sta tms in qe neric ellv engme e'ed
plant s. We have discovered in a firs t
pilot experiment with t ransgenic plants
that total cysteine protemase act iVity is
signifi cant ly decreased under cold st ress
in t ran sqenes expressing.' OCI. lower
cysteine protemese act ivity seems further
t o be direct ly related to pre"e" t ion of
cold -induced leaf chlorosi s (Fig ure 2).



No vel DNA Sequen ce s fo r Stress
Tolerance

RepresentJ t ional Difference AI' J lysis
( RDA) is J m et hod where large porttor-s
of genomes cal' De com pared In a sing le
ex periment. Essent ially , the me t f-od
consists of a subtrect.o n of all sequences
th at are held in co mm on between
t w o ind ivid ua ls , wh ich m ig ht be
rnorohotoctcanv Identical, but differ, for
eXJmple, sig nifi cant ly in therr tolerance
to an env ironmenta l screSS. Toget~e r

with Prof. C. c ents at Case w es te-r,
Unive rs ity, Ohio . we ha ve exteos.verv
invest ig ated th e po~en t iJI of th e
technology to oure-enuete c:osely re late d
plants , Fro m our gained e~pe r ,ence witn
banana and dJ te pJ lm s, from wr.icr. we
could Isol at e venous different product s.
we e-e confiden t mar roe t ecr.nology ",,'III
also be applicable to ;solate neo... and
un ique DNA sequences f rom cold tore-er-r
plants , In a first step, w e are CJrrenly
in vest igat in g in digenous grasses, which
are morphologically ident ical, but differ in
t nei r tore rer-ce to low temperatures ,
Isolated DNA diffe rences might ult imately
be use d to ident ifv or to sc-een for DNA
seq uences related to col d toreraoce in a
var iety of plant spe co es . which also
includes economically im portant crops.

Ou tcome

We expect tha t our research might
ul t im ately all ow t he creati on of ne.... ant:
cc roroe rcreuv int erest ing cell li nes ...'it,..

1.1

incre ased st ress tol erance , Such plants
m iflht greatly supplement current plan t
breedl"9 p,-ogram s a'med to ext end cro p
production i n to env ironme nt all y less
ravorab!e areas, Ou r de velo ped
t ech nology mi ght fi nd im med iate
app lication in pta -i ts of conc ern t o t he
Iccal plant and mnt prod uction in dust ry .

P t~V ~ n l ;<>n <>f c<>ld_induc ed I @~f c~I<>,<>s i.

stu d i . d in tr~ n '9~nic to b~cco p lant.. Leaf
< ~ I<>co.i. in n on - t ..~ , g . n ic pla~ts ( t o p ) is ~ot

found in "aMg~n i c plan ... @.p , @..ing l~@ ,ic@
Cys tal in O CI ( b o tt o m ) ,
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- .~''''' LC- rd C_ ~"O T." ' l ~ ~S\ The
:~..,.. >-1<-'_o' ~- , - • •oct '"'" '" Sout - ~Ir~~n

~ r . :. -,, : . , ~ , . ~6'" Co.. " 01 . 10 .
Sou",. . .. .0.1""-" ,, soc;...... 1« ".lholo9y.
Ch~ ...p~g"" C..tI... O•• ••n~b.'9. !>o ul "
. '"ca. S,_ "" ~'"'G>. 1"""_ cI x.•"'" ~ 4 , " ,"

c~\.<~- v t ~ : .. : 1.. ,o<,,~, I .P ond 1loO~ . fl ·
" ,: ~ ;'8; M o l~, _'a, SVOW""" "Y~Y 0' tho ""' u '
E"""""•.••ro>. SQu th AI, IU " G.. .. e ' ;'" Socie ty
14 th Co.. g 'us . Illoemlonte i.. . 29 Ju ..~ - 1 J u ly
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Coc!n"o T,A.. ·:I,n.".r~ " J, Row.) .. :i<' Be. ' W
.ncl R·. O" . - --1 ~1 ~9 81 BO<f~n ..I ·M t; f", t ce po",
.. 50," ~·~ ca )tt" CO"9 ' U . 01 ' h e Southe'"
M , i,... So c i...y '0' .. I"", P.''' 010 9Y.
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Ie; '" , o ' (,el 10- "o>.;! ' ,,,·m '.N.' '' ''"~% f W " ..h i
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o n l>0 Io 9 V. ' ft&mp09n . C.~lI o, D,. Ic.n~b"f"\I,

So~ ,ft "" r;c~. 50.,n ..·"c...." )W' "d' 0 ' $<:i. " c~ 9 4 ,..
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. . ..noG POf ¥.Z" .·.·g.... :,.P a .""'-~a_
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,Ot:.. eli J" <loPQ. , r r. ""d 6ot n, A·M . ( t 998 :
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G' ow · soci.tlo" ~ese.'c" Sym_;~m,

" .go eob..k lool, M. .." 1998
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P rak e n . b e r!l , S o u t h Afr ic a . So" ,n A,','"an
]Q~ma,' QI SO~Il,,, 94, ""

i'~ ke'a Y, P, oM Avoling T,A,S, ( : 9 99) The
ne crot ro phio poa," of C"", to' rlcw m o,m",~m on
cow~c~ 37th An n ua l Co ng , @u of t he Sout h
Af' ;c a n 50c ie ty fot Plant Pot ho logy,
Pietermaritzburg, 17 - 2 0 Januory 1 ~ ~ ~ .

P,e,,,~ 0., " 0" dor "Ie"," " .A .... , n ~ r,e · ~ B.D a".~

\'Mg"el~ M.J (J99S) T" o ~ .R~A , i"-",, of :"e
fomily Tot",,'c a E co- in'e",n" th o t><ne ~"toog on

Spl'~e'ops.'s !;ai'in~~ 3 6t h Coo!lre .. 01 , h @
So ut he r n African So ciety for Plont Pa,holO!ly ,
Cha m p a g n e Castle, Orahnsb.r 9, 5 0 u t h
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RO~ ' ) , " I 'n~f l . IC MJ. o e~ &>,,11 01 J.• . (1 , 99) A
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Ro,,, ) t<,w ,r·g'o o -. C S' e i", o' 1.0 , .od ',~ , o ;;fio!O
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~o·" , " n E a-d '(o,ste", L (l~g8 ) Econ omic
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...... "',.'Oe n S \'.' ocd "'~9'e'd MJ , ( 19S8 )
')'Y' ''''' " Cr{!}i,~mxr,;. cubem " ,,,a'ot e s rr~m

So "' h ~hc>. 36t h Co o g r~" 0 1 'he Sou 'hern
Atr ico n So ciety 10 ' P la nt P~thology,

Ch ampag oe Ca"I ~, Dra ken.ber g, Sou.h
Afr Ica . Sov' h Af,i(:~n Jouro' c' 5c;~nce 9 4, ' '',

",'0 - l yl A, ,"" Ow Weslhol .eo A.J. , nd Both. A
M. :"']8) ;"' p· ov,ng . '0"' - io .c<~.n< ;on (U ll~re ,

0' P;~u. ,~",at~ . Sou ' h Af,ican A..oc ia t ion 01
Bota n ist<, Uni ¥e....i.y of Cape Tow n , 12, 1 6
Ja n u a ry 1998 .

Vonte ' E ' 00 Bot'. "·M, ( : 998 j Cho ' acto ro"I ,on
0' " '0 ' ·.9 O" e ot; ," I~: od ' 0 R" " ,a n woed l a ph ,d
,e, >la - oe .eee" On;;> aod D05 , So uth Afrjca n
A••oc ia t io n o f Bo . a n ist., Uni .e,s ity of Cap..
To wn , t2 - 16 Janua ry t 9 9 8 .

V< o"r E., .'1 y~u,~ AA ,nC Batn~ A-M, (l 99 b )
Se Q, en , ., ;; -~e' ' 0 Ru""'a n "h~dt ao hld ",,,,,' a n, o
; e ".. Onl , On;;> a"d On5 Sou t~ African Ge net ic.

Soc ie ty 14 t h COn9 "" 5, B loe mfont~i n, 29 J un e
- 1 lu i. 1995,



V~n ~ ~, M., \~ ,n 9"~'~ "U" COo"n,", T. A I O~

W,n91'. ·d B,D, (1998) "'01"011' CO"'OI"W" 0'
[ndO'''i' qyf<l<.l ,so;o:• • " om ~o"' '' A- . ,·co.
"-oW a r'l a nd SovI" AIr "" 3 0t .. (0 ..9 ..... o f tn.
Soul he.n Af. ica " Socilly fo r Plo" t P.I"o l09Y,
( ... "'P.9 (astll, Dt.~...SO..9 , S<V - A"",
SC<Jlh .. ,' " lOW"'" 01 S""'''''. 9 " , ..",.

W O,o , M., l'> 'nq" . 1r: M.J . Coo, . ..: T A " 0
·.o; ,n 9' ~'" 8.0. [1'l'99) A .......petU 0' f"ooo' ...
0.'''09~ 'C '0 "o,,"ly:1> ,n ~.. ~h A"'CI .·0
" ••rr . , 0 P'OCeoe<l in , . 01.h.]71.. Cong'.. 01
.h. 50"'''.,n AI,icon Soc '"ty 10' PIO.. I
Patho logy. Piet.rm o.i.." ...o . I ' - 10 J.....o'V
1999.

VoIJOO" .... Vi" .0;., P~ e-" joe... '" J, (i'X5:
T"'.-m on '" ... ._- .... ~ w" , no .. . ~ . '."
o;ro,,,,,,,~n. " '!>Lo<;o :'~~. 36'" Con9 . .... of

'h.. Soot h .. ," Africo n So c; . 'Y fo r P I. nt
Palh o logy, Chlm l>llgn .. ( n il•• D ,o ~ l n.b. ,g,

So " l h .. , . ", • .

"IF'" A G_I" T ,; " •., " \'.'Y' C.S ..,,, "o. ~'1 0,(.
(:~8: eo,,", mid.". "" I",,,,,,,..-t ~ ' .u... 01
, . r>/10H- on 5<: _'" ""-nco 361h (;on9'u, of the
So"th• • " Af. ica n Soc iety for Plant Po'holo gy,
( """P.O". C••tlo, D••~ e n .I>e"9. So"th
AfrK o .

,'. n-v"" ~.C.. .. . 'nCG t~e f.C .. W n~nel" 8 D.•
M,~ow :J. _. , --e",-g< e d "' .J. (:99$) M~hC9 ", po
;,n« n :::~.-.,,'O,..I' ~' , ~·"U str'CtD .no , ..~
j~:edOt' of <he ..~-~ c e>mc . ; n c'w,"c9 m~t'''Il

~. ,e , ... ,,-"; 36th Con9...... of t .... soo , ....."
Af. lca n So c ie ty for Pla"t P.II'0109Y,
Ch.mp. gnl C••tlo, O,.~e ... " ...'II. So.. t"
AI, ic•. 5<:;_ "0 ~".., O~ " .'C.'''''. : of SC--~ '4. YO.



Seminar Presentations

All post9'adua~e stvc ee-s I ~kec to FA6; arese..: t ...O se -re-a-s eecr- yea r on a Thvr-sda v
morning scec.e t se", ~e rs. p'es.e"ted tr, 'lY'led s:eil<e ' s , a re occasionally held. O..ce
a POstgr"d"a te st...ce- t h,,< ceeo a ... e-c ce ~ aec-ee. Me.:, r ", ·.~IH crese-e ill ;lrestig·ous
semmar.

Special Sem inars :n eore:'Cil' cree e-r s using heterokaryons
01 Ft..sari,r"

Prof. lise Karsten
JUly 1998
The status o· ::lIar ! ;lat ~olo;l Y .n A" st ra lla

Prof. Franz Oberwinkler
SeptembEr 1998
Moleculat tax onom y of B J s , d ' ~ r'"1 v cete s

Prof . Wally Miltas<ls
october 1998
Nvr otcxrns in fooo ,... Africa

Prof . Ca llie Pis tor ius
o ctoce- 1998
Dynam irs Of t ech nological cne-ce

Ptof. Rob in Crewe
October 1998
Ho", to los.. the Queen : i)5I e an(l remain
scoer: (O-Doe'at lv E !;reed i ~" i" <l'lts

Prof. Cada fllikson
~Ove'11be' 1998
Mcd,( al oncology: Fast , c-ese-: <!r :l
f uture

Prof . Ka rl Kunert
'\ :lve"'t",- : 998
- ne Old a- d new ' asclnar,o." ab ou t
9 ~ t 3 :ni c r e

Or . And r ew Mo rr is
.ie- u. e-, : 9,,9
An ove-v'e v, 01 Sapo, sc res-s rcscercn

Prof. Eu g e ne Cloete
Fetlruary 1,,99
~' ~ l t i 'l' e dI 3 and m'cro bJology

Pro f . H au k e Hennecke
"1a-ch 1999
Oxyo;en co-trot o' respi-atlon, ni t rogen
' ,xa: ,on an d ch ape'onin syntheSiS in
Brild~m ,zo(;',,,,m ) il ;;OnlCUm

D r . Kurisu Fu k os h i
~~ a rch ::9;;9
r~ ,crG :: ti! ' co,- ,- ",n 'ly ana lYSIS of a
rr e- 'TlGoni!ic cor-teet ox,oa:,on precess

Prof. JOhn Lesl ie
November 199B
v ece tecce CDM~~f: fungal -eo;l91 t ee
eee oeatn

Dr. Susan Bentley
November 1998
St ruct ure or e worlc-,.",e ccnecnce of
Fusa rium o'rys ....orum r. so , c,,:;e"5.'5
rsore tes

Prof , John leslie
Novem ber 199 8
Errect ive po pu lation number and AFLP
epprcecn cs t o t he analys's or l ung!!1
PO -p ulatio ns

Dr. Ken Old
,l,OrN 199 9
EuC<! vets a-rc e;ca lypt c.see ses: a ken
o:~ pe -s ~ e~;"e

expreSSed
eccuceocos

Or . Barbara Huckett
A~' :999
'tee :leve lo ~""e ,1 t of ~ n

eecceoce :1:1 earaeese tor
rn st,; q3r(a" e b.o:echnolog y

Mr. Aa ro n Maxw e ll
~~ a '.. : 999
r~ y C o s o tril e re l l ii lea' tllotch: an emerging
prOb lem in ",.,5: AU1>t ril l ian eUCillypt
p:a1t.'lr 'OnS

Ms. Suzette H u go
n.na 1999
How t o presen t a sem ina r and Olilir a
session s"cces,!ullysol \l",g

Prof . Ge rry Adams
November 1998
Crea t i ng mystenes



r~ HT Ili"n nial Repo"

Prestigious Sem inars

Ntsane Mo le le ki ( M,Sc. c u m la ud e)
July 1998
The Involvement of cytochr om~ P-450 monoox vqe -rases m tn e hydrox vta tlon of
m onot c rpenes by yeast s.

Martin Co etzee ( M.Sc. cum laude )
October 1998
1001 night s w it h Armiliana

Yo lisa Pake la (M.Sc.)
February 1999
Dev elopment of ru ral oyster musnrcom (P/euro t" s soo.) ind ust ry in Sout h Afr ica

Ro bert Mo k g at la { M.Sc . cum laude }
FebrUilry 1999
Mec ha nis m s of increased to lerance of s at-ooneue f rom a poultry abattoi r to
hy pochlorous acid

Be r nard Slippers ( M.Sc. cum l a ude)
May 1999
The Am ylostereum sy m b,o nt of S,,cex ne a /lio in Sc ,, : ~ AI r ca

Sc h alk van Hee r d en ( M.Sc. cum la ud e)
May 1999
Path0gen icit y and va r iat ion amongst So~ t h M riean rso-etes of c -vorccecme cuben.",s



r .\ 1l1 mon il ial lI.epll r l

FABI TEAM

5 '· Row: Jinbiao Chen, Olive r Dickens, Chri s Visser, Edzard Grimbeek,
Scha lk va n Heerd en, Andre Pret onu s, Christi aan 'rrosk re, Len van Zy l,
Aa ro n Maxwell , Wi lhelm de Beer

4 '" Row: Annelie Rabie, Prem Gov ender, Kari n Jacobs, Eduard Ven ter,
Altus vujoen, r o- re ene Lott er tnq, Lynelle Lacock, Ronelle Koekemoer, c ess t
Mybu rg, Jolanda Raux, Hong Li, Jecqure Smith, Tessa Bandau nas, Shalat i
Sh iburi

3'· Row : ChristelIe Klapper, Rtana Jacobs, Martin cceteee, Gerry Adams,
An na-Marie Oberhalste r, Chris Bornma n, Brend a Wing fie ld , Gina Swart,
Em ma Steenkamp, Anuperna Gaur, Oliver Preisig, XuDong Zho u, Magriet
van der Nest, Shaiza Sheik , Sonja de Beer

2'· Row: Teresa Cou tinho, Viv ienne Clarence , Mike Wingfie ld, Terry
Aveling, Kay lene Neesdorp, Robert Mokgat la, Percy Chimwam urombe,
Denn is Wilson, Yolisa Pakele , r-tervelene Nolem a, Rose Visser

Front Row: Nonni e Geldenhuis, Henri ette va n Heerden, Marieka Vente r,
Do lor Marco, Bangani Maseko , Albe van der Merwe, Juan ita de Wet,
Awela ni Mut she mbele, Bernard Slippers




