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SUMMARY

Exotic plantution trees in the tropics wud Southern Hemesphere are highly productive. This can be pantiy ascribed to the Tact that trees
have been separated from their natural encmies. Nevertheless, diseuses have imparted severe tosses to exatic trees in plantations. Puthogens
responsible Tor tese discases tnckude those that are native to the arcas where the plantations have been established, as well as introduced
pathogens. Substantiad success has been achieved in dealing with discases hy planting alternative species and by breeding and selecting
discase-tolerant plants, Ia the future, many now pathogens will be introduced into areas where exotic species are grown in plantations.
Some of these pathogens will result is severe losses. However, technigues o avoid the negative impact of discases are rapkdly becoming
more saphisticated. This increased capacity to deal with diseases shoudd secure the Tuture of plantation foresiry in the tropics and Southers

Hemisphere.
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INTROBUCTION

I arder to accommadate the need for fibre and solid wood
products, there has been a world-wide trend towards the
establishment of plantations at exotic tree species. Thus,
many millions of hectares of pluntations of exotic species
have been established. particutarly in the tropics and
Southern Hemisphere. In many situations. these plantations
play an important role in the provision el employment.

concomitunt with wealth creation and the production of

exporl capitl for resource-poor countrics. Perhaps more
importently. they help o alleviate the exploitaion and
destruction of native. old growth, [orests.

Many different genera and species of trees have been
sefecied for plantation development in the tropies and
Southern Hemisphere, The most widely planted are species
ol Acacia, Encafvpins, Populus and Pinns. Inomany
situtions. these plantations have been remarkably productive
and major industries producing solid wood., fuchvood, us
well as pulp products have arisen in asseciaiion with them.
One of the imporamt reasons for the unusually high
productivity and suceess of these plantations is the fact thit
the trees have been separiied Trom the pests and pathogens
which reduce their productivity where they are native (Bright
19983 These trees have also been substantially fmproved
through extensive hreeding prograammes, Inorecent yeurs,
there has itlso been substantial focus on vegetative propagation
of high vielding individuals of single species. but purticularly
of hybrids between species.

The aim ol this puper is Lo briefly constder the role that

pathogens have plaved in the development of plantations of

exotic tree species, particularly in the tropies and Southern

Hemisphere. I should not be seen as a review bue rather
as @ cormmentary on @ topic that has not been extensively
treited In the recent past. The focus s on Piney and
Encafypres. which are the most extensively planted trees in
the wopics and Southern Hemisphere.  There are many
examples of diseases that have caused sertous losses 1o this
category of plantation, and some excelfent general reviews
are available (Ferreira 1989, Gibson 19741979, Ivory
LUs71 Itis beyond the scope of this commentary Lo freat
specitic diseases in detadl and T will rather concentraie on
small number of examples that iHlustrate trends, Hoepefully,
these will also Hllustrate how we might might fearn from past
experience,

ORIGIN OF PATHOGENS

Two distinct categorics of pathogen cause diseuse on exolic
plantation trees. These include those that are native 1o the
country where the exotic tree species are being established.
and those that are intraduced [rom elsewhere in the world,
Introduced pathogens generally originate from arcas where
the host trees are native. However, interesting trends are
emerging where native pathogens. not known in the arcas of
origin of the trees, have hecome adapted to the exotics,
These are now aviniable for introduction into new areas.
They threaten nol only exotic plantation Torestry. but also
these species in their natve envirenments,

Knowiedge pertining o she origin of caosul agents of
discase has uaditionally been based on whether these
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pathogens are known on teees in their areas of origin. The
aceuraey of this knowledge is. therefore. generally based on
the extent of information avatiable on the discases of frees
where they are native. In native situatioas. pathogens would
be subjected to strong ecological pressures.  Thus, cven
though the pathogens are present. they would be diflicult o
detect. and in many cases their presence would not be known,
In the case of some diseases. itis not clear whether the causal
agents are native or introduced.  Here the application of
powerful molecular technigues has in recent years made it
possible 1o analyse pathogen population diversity (Leslic
1993, McDonald 1997). Knowledge emerging from such
studies can provide good evidence as 1o whether a pathogen
is native or introduced. It is also useful in developing
management strategies aimed at reducing the impact of
pathogens.

The folowing two sections focus on a small number of
diseases of exotic plantation Evcalvptns and Pinus grown
in the tropics and Southern Hemisphere, Their selection is
based on the fact that they are wmongst the most importan
pathegens in these situations and that they have been
relatively fully wreated in the scientific literature.  Their
designation as native or exotic is based on good evidence
1o this effect, or 18 some cases, such as in Cylindrocladium
biight of Encalvprns. @ degree of supposition. Brief
comments on management strategies o reduce the impact
ol these pathogens are provided.

Native pathogens

Exotic plantations of Excalvpins spp. and Pinws spp. have
been severely damaged by @ wide number of pathogens that
are thought to be native. These pathogens include these tha
cause root, stem and foliage discases. In general. they have
appeared in the carly stages of plaptation development and
before the onset of diseases caused by exotic pathogens (for
examples see Gibson 1974, 1979).

One of the best-studied examples of disease in the tropics
and Southern Hemisphere 1s Armiliaria root rot caused by
various species of Armitlaria (Hood et al. 19911 Armitlaria
spp. cecur on the root systems of native woody plants and
hecome a preblem where native trees are clear-felled 1o
provide land for plantation development. The pathogen then
maves from stumps of felled trees and new infection centres
arise in stunds of the exotic species.  The impact of
Armillaria root rot has been significantly reduced by stump
removal, but more importanty hy the modern trend nat 1o
clear-feli native stands of trees (Shaw and Kile 1991,

Leal discases caused by native pathogens have alse had
a severe impact on plantations ol exotic species. One of the
hest examples s that of Cylindrocladioon leal blight on
Encaivprns.  This discase is caused by various
Cylindraocladin spp. and these species tend to be ditlerent
in different countrigs.  In some cases. such as that ol
Cvlindrocladivm mulrisepianon (Crous of al. 19981 speeies
have heen found in only one very Hwied area. This finding
alse supports the view that the discase is probably caused

by a native pathogen.  Although damage due to
Cylindrocladinm leal blight hus heen very severe in some
countries. excelient discase avoidance has been achicved
through the deployment ol disease telerant clones and
hyhrids  (Crous. Philiips and Winglield 1991, Crous and
Wingfield 1994).

One of the mostinteresting examples of a native pathogen
causing discase on an cxetic plantation tree is that of
Eucalyprus vust caused by Puccinia psidii (Coutinho er al,
1998} In this case the pathogen has #ts origin in South and
Central America where it oceurs on native Myrlaceae. The
pathogen has moved fram these plants 1o exotic Encalypins
and has caused serious disease in some cases. Good progress
has been made in avoiding this disease through the deployment
ol disease tolerant hybrids and clones. What is of great
concern, however, is the faet that this disease might be
introduced into other parts of the world, A particularly
threatenced area would be Auvstralia, which has arich diversity
ol Myrlaceae and where native plant populations could be
severely damaged. Various threat abatement strategies are
underway to reduce this risk ircluding an international eftort
launched by the CSIRO in Austrulia which involves partners
in Brazil and South Afnica.

Exotic pathogens

Many pathogens of exotic Pinns and Encalvpruy species
have followed the introduction of these trees into new areas,
Soeme of them appeared very early in the process of
plamation development. It is assumed that these were
introduced with planting stock, which in most cases was
seed. Thuso pathogens such as Myeasphaerella spp. thit
infect Encalvprns and Sphaeropsis sapinea on Pinns were
amongst the [irst pathegens reported on these trees grown
as exolics. Inmany countries, there has also been a gradual
appearance ol new and obviousty exotic pathogens, Despite
thorough quarantine programmes in most countries, this is
a trend that seems likely to comtinue.

Perhaps the best known introduced pathogen of exotic
pines is Sphaeropsis sapinea that causes shoot blight and
semetimes death of trees {Gibson 1979, Swart and Winglheld
19913 The fungus is knowsn on pines wherever they are
pative and has been recorded from most couniries where
these trees are grown as exotics {Gibson 1979, Gilmour
1966, Marks and Minko 1969, Peterson and Wysong [968).
Sphaeropsis sapinea owes 118 notoriely 1o the Sowth Alricun
situation where a combination ol susceptible species (P
radiate and Popatidey and hail damage results in extensive
tree death every year (Swarl and Wingfield 1991). The
pathegen is known to exist as an endophyte in healthy trees
(Smith eral. 1996, Stanosz or ol 1997 vand some combination
of stress (o trees after hail and ils presence in cones appears
W Tead 1o rapid tree death. Discase avoidance is achieved
through planting tolerant species as well as through promoting
silvicultural practices that reduce stress (Breokhauser and
Peterson 1971, Chou 1977, Swart and Winglicld 1991,
Substuntial progress is also being made in the developiment
of pine hyhrids that are able to withstand hail damage and



that are not susceptible 10 8. sapinea infection (Wingfield
unpublished data).

Dothistroma needle blight. caused by Dotlistroma
septospora, is by far the most important pathogen ol exotic
pines (Gibson 1972}, This is due 10 the damage that it causes
W P radiara and the fact tha this wee is one of the mest
widely planted exotic species (Gibson 1972, Harringion and
Wingfield 1998). Considerable progress has been made in
reducing the impact of Dothistroms needle blight. This has
heen achieved through owstanding etforts in breeding for
disease tolerance and the judicious use of fungicide sprays
in areas where infections are severe (Carson and Carson
1989, fvory and Paterson 1969, Gibson 1972, 1979).

There are many Encalypins pathogens that are believed
to be introduced into areas where these trees are grown as
exotics (Ferreira 1989, Gibsen 1979). Perhaps the best
knows of these is Cryphonectriz canker caused by
Cryphonectria cubensis (Conradie, Swart and Wingtield
[990). This pashogen has seriously damaged plantations.
particularly ol £ grandis in South and Central America and
Africa (Alenas. Jeng and Hubbes 1983, Winglield. Swart
and Abear 1989, There is good evidence 10 suggest that
the pathegen is native 1o Indonesin (Hodges, Allenas and
Ferreira 1986, Myburgh, Winglield and Winglicld 999).
However. recent studies on the genetic diversity of populations
of the pathogen in South America (van Zyl eral. 1998 would
support the view that it has been present in that pars ol the
world for an extended period.  Considerable success has
been achieved at reducing the impact of Cryphenectria
canker through selection of discase iolerant clenes and
hybrids (Alfenas. Jeng and Hubbes 1983, Conradie. Swart
and Wingtield 1992).  Furthermere. ds RNA inlections
asseciated with hypovirulence have recently been found in
the pathogen and there i promise that hiological control of
the pathagen will be possible in some situations (van Lyl er
af. 19949

FUTURE PROPECTS FOR PATHGGENS

Exolic plastation orestsy 1s associated with tremendous
success in the tropies and southern hemisphere. [n my view,
the level of success is closely linked to the fact that these
trees have heen separated from the majority of their natural
enemics. 1 do not wish to imply that discases have nol been
anportant in these situations. This is certainly not the case
and some pathogens have caused very serivus damage to
plantuwtions (Gibson 1979, Harrington and Winglield 1998,
Ivory 19875, Indeed. in many areas. discases and insect pests
have had a very marked influence on the choice of species
ar clones that are planied (Winglicld 199401 What is evident,
however. is that the majority of pathogens that oceur on
pines. cucalypts and wattles i their arcas of origin hive not
as vet reached countries where they are grown as exoies.

In time. many new pathegens must be expected o move
from their arcas of origin to trees that are grown as exaotics
elsewhere in the world, Altheugh considerable efforts are
made w0 contral ke movement of pests and pathogens
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through gquarantine. the increasing movement of people and
products  between countries will render these efforts
increasingly diffieuit. Ultimately. many new pathogens will
cmerge in pew eavironments. The recent aew invasions of
pests and pathogens in countries with outstanding guarantine
programmes emphasise this view (Bright 1998). Clearly
striafegies Lo minimise risks due o new diseases wiil need
0 be devised and supporied.

The outstanding success achieved in dealing  with
debilitating diseases in the past raises hope for overcoming
similar probiems in the future. One of the best examples
of successfully overcoming the impact of a disease in exotic
plantation forestry in the southern hemisphere is that of
Dothistroma needle blight. The disease was first noted in
Tanzania in the late 1950°s and developed rapidly. making
successlul P oraediata establishment impossible (Gibson
1972). The disease then appeared and began Lo threaten P
rerdirer plantings in New Zealand in the early 19607, and
it fater spread 1o Australia, South America and Asia (Gibson
1979). A targe number of outstanding studies of the biciogy
of D. seprospora were condected in the two decades
subsequent o Hs first appearance in Africa {see references
in Gibson 19723 These have made U possible to overcome
the most serious impact of this disease in countries such as
Australin, New Zealund and Chile where P oradiaia is
extensively grown.  Thus. practical chemical  control
measures, closely linked to the biology of the pathogen
(Gadgil 1976, Gibson 1974) were successfully implemenied
and continue 1o be used today. Quistanding progress has also
heen made in breeding for disease tolerance (Carson and
Carson 1989, Ivory and Puterson 1969 and  today,
Dathistroma tolerant planting stock is generally deployed.
Dothistroma needle blight remains an important discase,
particularly in Austrahia, New Zealand and Chile. However.
losses can be managed und this achievement represents an
impressive success in exotic plantation forestry.

DISCUSSION

Forest managers have many tools at their disposal (o
minimise risks due to aew and emergent diseases. This
resource is also inereasing rapidly with the emergence of new
technologies. These include methods that make it possibie
1o propagate hybrids between species using vegetative
propagation, molecular marker aided selection of desirable
planting stock as well as opportunities linked o the
production ol fransgenic trecs,

One of the simplest means o reduce the impact of disease
is Lo plant a aumber ol different species ol trees. Thus, when
a discase does appear. timber would rersain avaitable during
the time when alternative planting stock is heing sought
White this approach is logical and relitively simple, it is also
asseciwted with disadvantages. Modern tree improvenent
is costly. Thus, where research and development funds
might be focused on asingle species. spreading this resource
across o wider base clearly restricts the extent of programmes
[ iprove wrees ol interest.
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Exctic plantation foresiry has changed  dramatically
during the course of the last century. Techrigues for tree
imprevement  including  those linked o selection and
breeding have been significantly refined and are increasingly
well understood. Thus. outstanding breeding programmes
have been established in many countries that have significant
exotic plantation resources (Zobel and Talbert 1984,
Planting stock 1s ol ap increasingly higher quadity and many
disease problems have already been overcome through
eifective selection and breeding.

Perhaps one of the most exciting developments in
contemporary plantation forestry has been the development
of methods {or vegetative propagation of trees (Ahuja and
Libby 1993). Currentdy. methods for vegetative propagation
are available for most genera and a wide range of species.
Admittedly, some species are much casier to propagate than
are others.  Yet methods are continucusly being improved
and this end is likely to continue in the future. Forestry
companies are now presented with the advantages of heing
able 10 select andd deploy clones with outstanding properties
which often include disease tolerance.

The relatively recent emergence of clenal hybrid stock
now aviilable in some species of pine and 2 large number
of Encalvptus species is an exciting development. Fast
growing hybrids with a wide array of desirable traits can now
be selected and multiplied through vegetative propagation.
Certainly, this approach has already led 1o the development
of Euncalvprmy planting stock that is tolerant to important
discases such as Cryphonectria canker (Alfenas. Jeng and
Hubhes 1983, Conradie. Swart and Wingfield 1992, van Zy]
and Wingfield 1999) and Coniothyrium canker caused by
Coniothveinm culuense (Wingfield. Crous and Coutinbe
19975, It is reasonable 1o expect that many other diseases.
inctuding these that are likely o appear in new environments
in the future. will be resolved through the selection of clonal
hybrids that display high degrees of tolerunce to them,

Because of relatively long rottions, tree diseases have
taditionally been considered dilficult or even impossible 10
resolve through wraditional breeding.  This situation has
changed substantially in recent years. Rotation lengths for
exotic plantation species have been significantly reduced
through the selection of Tast growing clones and hybrids,
Thus. five 1o seven year rotations in Encalypiny grown lor
pulp are common oday and. although not as shorl. pine
ratations for both pulp and solid woed production have been
significantly reduced. A consequence is that disease proh-
lems can be more cusily and rapidly avoided than was
possible in the past

Exotic plantation forestry is rapidly being influenced
through she application of molecular genetics (Rohinson

1999). Thus. accelerated breeding linked w0 genetic marker

aided selection ix already being used by various groups,
Traits of imeresi inchude diseases and it is reasenable to
expect that these developmems will lead 1o signilicam
improvemenis in disease avordanee, Tomust be anticipated
that significant linkage maps witl become available for most
plantation species in ihe future. These will have o very
pasitive impuct ea programnes linked o tree improvement

and selection ol disease tolerant planting swock.

The field of genpe discovery s advancing rapidiy wund
various geaes finked 1o disease tolerance are abready known.
Transgenic cucalypts and poplars containing new  and
desirable genes have been planted in winds.  Althougly a
number of hurdles have vet 1o be crossed. there scems little
doubt that such trees will reach the commercial markets in
coming years, These will include those transformed with a
variety of desirable genes. including discase tolerunce.

The biolegy and genetics of exotie forest free pathogens
is becoming increasingly well understood. Here, motecular
hiology technigues have significantly influenced cur ability
w unravel questions pertaining W the genetic diversity of
pathogens. Such knowledge makes i possible w determine
the origin of pathogens.  This in turmn
searching for biological control agents or where it is
necessary 1o refine quarantine measures ¢ reduce the
introductions of new pathogens.

Knowledge pertaining to the genetic diversity of puthogen
popuiations should be an essential component of programmes
aimed at breeding for discase tolerance. Where pathogen
populations are genetically diverse. durability of disease
tolerance in planting stock can be expected o be limited.
[n contrast. introduced pathogens represeated by genetically
uniform populations should be more easily managed through
breeding and selection,

Many successes bave been recorded in the field of
biological control of inscet pests found in exolic forest
plantations. Successes linked 1o biological control of fungal
pathogens included outstanding work on the biological
control of the root pathogen Heterohasidion annosunr in
European plantations  (Harrington and Wingficld 1998,
Rishbeth 19517, In the tropics and Seuthern Hemisphere.
biological control successes are fimited to nursery situations,
This is Hkely w change in the future. For example, as viral
infectons of fungal pathogens linked o hyvpovirulence (Nuss

i1s useful when

19921 are better understood. it should become possible 1o
produce isolates al fungal pathogens infected with viruses
or partial viral genomes that confer hypovirukence. and that
are alse able 1w sprewd effectively  through pathogen
populations.  Such o developmient would signilicantly
enhance our ability ta reduce the impact of pathogens.

CONCLUSIONS

There are many examples of hugely successful forestry
eperations hased on exotic plantation development. The lact
that these successes have been built on the foundations of
many decades of research. including intensive breeding and
selection. is commonly everlooked. New lorestry venlures.
based on the perceived cuse of establishing plantations of
exotic trees. have inomany cises led o disappointing
outcomes.  Failures during the carly phase of developmens
of exatic plantations ave commondy been inked 1o serious
prohlems with pests and diseases. These include diseases
caused by both native and exotic pathogens. The Tact that
there are few alternutives o the relatively slow process of



establishing species and provenance trials lor the selection
of desirable planting stock is ofien not considered. This
work must he fellowed by breeding programmes and
uitimately high-vielding. discase tolerant trees including
clones and hybrids can emerge,

Diseases have had a remendous impact on plantations
of exotic forest irees in every part of the tropics and Scuthern
Hemisphere where such piantations have been established.
In mosl cases, through many years of intensive breeding and
study. these problems have been overcame. or significanty
reduced. It is certainly true to say that, as vel, a relatively
small number of pathogens of Pl spp.. Eucalvptus spp.
and Acactea spp. have ertered countries where these trees are
grown as exolics. This is in comparison to the large numbers
of pathogens known on these trees in their native ranges.
Some of these pathogeas will never find a conducive
environment in which to develop in the exotic situations,
However, there certainly will be some that will have a
debilitating impact.

Opponenlts of exotic planrtation forestry commonly argue
for the establishment of planttions of native trees. From
a pathology standpoint. this view is naive and tends to
overlook the complexities of pathogen biology.  Where
nitive species are established in plantations. pests and
diseases often devastaie them.  These plaptations are
generally represented by ptanting stock that s, genctically,

more uniform than that in native stands. Huge numbers of

pests and pathogens are alse present on the native relatives
ol these plantation wees and they usually cause very heavy
fosses in the plantation trees.  The genetic diversity of
pathogens s usually great in native stands and thus, the
durability of discase tolerance in plantations of these trees
is much more limited than in the exotic situation. Thus
tremendous opportunities are gained from separating desiruble
plaatation species from their natural enemiecs.

In many parts of the world, plantation development is
seen as an alternative o logging of native forest. Plantations
are also destrable due 1o the role that they can play as carbon
sinks. From a pathology standpoint. the most productive and
healthy planiations are likely to be those ol exatic specics.
While capitalising on the opportunities o grow relatively
disease lree trees, responsible forestry  groups should
carelully consider negative aspects of selected species. such
as their ability o escape from plantations as weeds.

The ahility o avoid diseases through planting exotic
species will be greater in the carly years of plantation
development. They will diminish as pathogens are gradualty
introduced inte these exotic situations.  This Tact might
sound an alarm lor some prospective plasatation developers.
Whut is perhaps more importast 1o recognise is the Tact that
tremendous opportunities exist whereby disease problems
can be overcome,  Deployment ol ¢ reasonably broad
diversity of species and planting stock should ensure that
crippling tosses do net oceur. Furthermore, the development
of locu! land races of destrable species. hybridisation and
cloning and the development of (ransgenic plantation trees.
will all help w overcome problems such as those associated
with disease.
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Exotic plantation forestry has a great deal o offer human
kind. Centemporary plantation development based on exolic
species is reliant on intensive research and development.
Successful programmes are technologically sophisticated
and demand  sigaificant financial inputs o overcome
problems such as damage due 1o disease.  Yet with the
necessary inputs. these preblems can be overcome. There
is thus every reason o feel positive about exotic plamation
forestry and w promote it strongly.

ACKNOWLEDGEMENTS

fam grateful to my colleagues, Dr Teresa Coutinho and Prof.
Brenda Winglield, for their advice and for reviewing the
manuscript for me. I also acknowledge the long standing
support for forest pathology research that has been provided
to me by the South African forestry indusiry. the South
African National Research Foundation and forestry groups
clsewhere in the world.

REFERENCES

Anwa, MR and Lmsey.WJ. (eds) 1993 Clonal forexoy. |
Genetics and biochemisiry. H, Conservation and application.
Springer-Vering, Berlin.

Avrmnas, AC. Jena, Roand Huesses, M. 1983 Virulence of
Cryphonectria cubensis on Eucalvpiny species differing in
resistance.  Ewropean Jowrnal of Forest Pathology 13; ¥79-
RiEAT

Brigut, C. 1998 Life our of bounds. Bioinvasion in a borderiess
world. W.W. Norton.  New Yerk. 287 pp.

Broornavser, LW, and Pererson. GW. 1971 Iafection of
Austrian. Scots and Ponderosy pines by Diplodia pinea.
Phyviopathology 61: 409-414.

Carson. Soand Carsos, M.JL 1989 Breeding for resistance in forest
trees — a quantitalive genetic approach. Annnal Review of
Phviopathology 27: 373-345.

Cuou. CK.S. 1977 Effect of tree age on Dipfoida pinea infection
of Pinus radiata. Plani Disease Reporter 61 101-103.
Coxrabig, E.. Swarr, W, and WixarigLp, M., 1990 Cryphonectria
canker of Lncalvprms, an important disease in plantation
forestry in South Africa. South African Foresiry Jowrnal 152:

43-48.

Coxgae, B Swanr, W and WisoreLp, M 1992 Suseept-
ibility of Fucalvpius grandis 1o Cryphonectria cubensis.
Evropean Jowrnal of Forest Pathology 220 312315,

Couvrisna, T AL WineriELp, ML Avrenas, AC and Crous, PV,
1998 Eucalyptus rust: & disease with a potential for serious
international implications.  Plant Disease 82: 819-825,

Crouvs. PW. and Wivgrern, MJ. 1993 A monograph of
Cylindrocladivon including anamorphs of  Caloneciria.
Myvcoravon LI 341435,

Crovs, P Wingemn, MU Momasaeo, 0 and Yuas, ZK
1998 New foltar pathogens of Evcalvpres from Australia and
Indonesia. Mycological Research: 327,

Crovs, PW Praies, Adand WisaeisLo, M2 1991 The genera
Cylindrocladinm and Cvlindrocladiolla in South Alrica. with
spectal reference to forestry nurseries, Sowh Afvican Forestry
owrnad 157 6Y-83.



168 M.J. Wingfield

FerrelRA, FA. 1989 Paelogia Florestal,  Pricipais Doencas
Floreestais no Brasil Vicosa Sociedade de Investigacoes
Florestais. 370 pp.

Gapcie. P 1976 Effect of environment on infection ol Pinees
radiata by Dotistroma pini. Proceedings of Working Panty
56.02.04, XVI TUFRO World Congress. Oslo.

Gsoxn, LAS. 1972 Dothistroma needle blight of Pinus radiata.
Annual Review of Phyvtopathology 18 51-72.

Ginson. LAS. 1974 Impact and contrel of Dothistroma blight
of pines.  Ewrapean Journal of Forest Pathology 4: 89-1040.

Greson, LAS. 1979 Diseases of forest trees widely grown as
Exotics in the Tropics and Sonthern Henisphere, Part [l The
genus Pinus. Kew: Commonweaith Mycological Institute.
and Oxford: Commeonwealth Foresiry Institute. University of
Oxford.

GiLsoug, LW, 1966 The pathology of forest trees in New Zealand.
The fungal. bacterial and algal pathogens. New Zealand Forest
Service. Forest Research [nstitute Technical Paper Number 48.

Hagrrington, T.C. and WiscrieLb, M. 1998 Diseases and the
ecology of indigenous and exotic pines. Jn: Richardson, DM,
(ed.) Fcology and biogeography of Pinus.  Cambridge
University Press. Cambridge. pp. 381- 404

Hooces., C.5. Awnrgnas. AC, and  Fereema, FA. 1986
Censpecificity of Cryphencctria cubensis and - Endothia
cugeniae.  Myeologia 78: 542-548.

Hoon, LA, Reprern DB and Kur GAC 1991 Armillaria in
planted hosts.  for Shaw 111 C.G. and Kile, G.A. (eds.)
Armillaria root discase, U5, DA, Forest Service. Agriculture
Handbook No. 691, Washington D.C.

lvory, MLH. 1987 Diseases and disorders of pines in the tropics.
Oxlord Foresiry Institute, QOverseas Rescarch Publication
Number 31

Tvory. M.H.. and Paterson, D.N. 1969, Progress in breeding Pinres
radiata resistant o Dothistroma needie blight in East Africa.
Silvae Genetica 19 38-42,

Lestig., JF 1993 Fuagal vegetative compatibility. Annnal Review
af Plviopathotogy 312 127- 150,

Margks, G.C.and Mivko, G, 1969 The pathogenicity of Diplodia
pinea w0 Pinus radiaia D. Don. Awstralian Jowrnal of Botany
17 1-1%

McDoxawp, BJA, 1997 The population geneiics of fungi. Tools
and technigues.  Phytopathalogy B7: 448-453.

Myveura, H.. Wingriaep, B.D. and Wrerro, MJo 1999
Phylogeny of Crhphonectria cnbensis and allied  species
inferred from DNA analysis.  Myvcologia 91 243-250.

Nuss, DL, 1992, Bielogical control of chestnut blight. An
example of virus-mediated attenuation of fungal pathogenesis.
Microbiological Reviews 56. 561-376.

PeTERsoN, G.W. and Wysexa, 05, 1968 Diplodia tip blight of
pines in the central Great Plains: Damage and centrol. Plant
Disease Reporter 52: 359-360.

Risuperd, J. 1931 Observations on the biclogy of Fones annosus,
with particular reference to East Anghian pine plamations. 1L
Sport production. stump infection. and suprophytic activity in
stumps.  Annals of Botany {(Londony 15 1-22,

Ropivson, C, 1998, Making forest biotechnology a commercial
reality, Nature Biotechnology 170 27-34. ’
Suaw, C.G.and Kk, GA. (eds) 1991 Arwillario root discase.
United States Department of Agriculture. Forest Servige

Handbook No. 69 Washingion D.CL 233 pp

Saori Hoo Wisorien, ML Crovs, PW.oand Covrisao, T AL 1996
Sphaeropsis sapinea and Borrvosphaeria dothidea endophytic
in Pinns spp and Lwcalvpius spp. in South Advica. South
African Jowrnal of Borany 62 86-88.

Stanosz. G..o S DR Gurisitter, MUA, and Staxosz. J.C,
1997, Persisience of Spheaeropsis supined on or in asympiomatic
stems of red pine nursery seedlings, Mycofogio 89: 525-330.

Swarr, W and Wincrizeo, M. J0 19910 Biology and control of
Sphaeropsis sapinea on Pinus species in South Africa. Plant
Disease 75 761-766.

Van Zyve, LM and Wixcsiero, ML 1999, Wound response of
Fucalypies  clones after ineculation with  Cryphoneciria
cubensis. European Jowrnal of Forest Pathology 29: 161-167.

Vas Zve. LML WisoreLp, ML, Avmesas, ALC. and Crous, PW.
1998 Population divessity amongst Brazilian isolaes of
Cryphoneciria cubensis. Forest Ecology and Management
112 4147,

Vax Zvl, LML Wisosern, ML Avrenas, ALCL and Crous, PW,
1999 Hypovirulence detected in Brazlian isolmtes of
Cryphonectria cubensis. Plant Pathology 48; 267272

Wisgreen, ML 19900 Current status and future prospects of
forest pathology in South Alvica. Sowth African Jowrnal of
Science 86: 60-62,

WisGrieLD, M., Crous, PW.oand Covnixae. TAL 19497 A serious
canker disease of Eucofvpins tn South Africa caused by a now
species of Comiothyrinem.  Mycopathologio 136: 139-145

WisarenD, ML Swarr. W and Apear. B.. 1989, First record
of Cryphoneciria cankerof Fucafvpres in South Africa.
Plvtophylacrica 210 311-313

Zouer. B, and Tacserr. 3. 1984 Applied forest trec improvement.
John Wiley & Sons. New York, 305 pp.



