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Plantations of forest trees have been established
t h ro u gh o ut the worl d , pri m a ri ly to provi de stru ctu ra l

ti m ber and fiber for pulp. In the Nort h ern Hem i s ph ere ,p l a n-
t a ti ons tend to be of n a tive species gen era ted from seedl i n gs
in nu rs eri e s . Over the last cen tu ry, h owever, ex ten s ive plan-
t a ti ons of exo tic species have been establ i s h ed in many part s
of the tropics and the So ut h ern Hem i s ph ere . In these are a s ,
trees were initi a lly establ i s h ed in proven a n ce trials to iden ti f y
su peri or seed sources and gen etic materi a l . Su b s equ ent se-
l ecti on of de s i ra ble trees from the best performing proven a n ce s
l ed to the establ i s h m ent of s eed orch a rds and soph i s ti c a ted
breeding progra m s . In some cases, these breeding progra m s
h ave inclu ded hybri d i z a ti on of s pecies and large-scale vege-
t a tive prop a ga ti on of de s i ra ble gen o type s .

In both the tropics and the Southern Hemisphere, the
most wi dely establ i s h ed tree species in plantati ons are Pi nu s
L i n n aeu s , Eu c a lyptu s L’ Heri ti er, and Ac a ci a Mi ll er. Loc a l
land races—many of them natural hybrids resulting from
early progeny tests,others the result of artificial hybridiza-
tion between species (and land races) in all three genera—
h ave em er ged in co u n tries with long histories of exo ti c
p l a n t a ti on fore s try. This hybri d i z a ti on , both natu ral and
artificial, coupled with vegetative propagation,has made it
possible to produce highly productive clones with a wide
ra n ge of de s i ra ble tra i t s . Ba s ed on the devel opm ent of t h e s e
s pecies hybri d s ,l a r ge intern a ti onal companies have em er ged
and become important contributors to world timber and
pulp production. Most of these companies also contribute
to intern a ti onal ef forts to redu ce the logging of o l d - growt h
native forests.

Exo tic plantati on fore s try in the tropics and in the So ut h-
ern Hem i s ph ere is not tro u ble free . For ex a m p l e , f u n ga l
diseases caused by native fungal pathogen s , as well as
pathogens introduced with planting stock,have had a sig-

nificant impact on this indu s try (Gilmour 1967, G i b s on
1979, Florence et al. 1986, Hodges et al. 1986, Conradie et
a l .1 9 9 0 , Wi n gf i eld et al. 1 9 9 1 ,1 9 9 5 ) . More atten ti on has been
given lately to qu a ra n tine issu e s , but new pests and dis-
eases continue to appear in exotic plantations, posing a se-
rious threat to the productivity of plantations and thus to
the indu s tries that rely on them . The import a n ce of t h e
i m p act on , and threats to, n a tive plants have been little rec-
ognized.

In this article we look at the impact of pathogens on ex-
otic plantation forestry in the tropics and in the Southe rn
Hem i s ph ere . We de s c ri be the means of s pre ad and the po s-
s i ble ori gins of s everal pathogens to illu s tra te em er gi n g
trends, such as conflicts of interest between conservation
groups and fore s try com p a n i e s . We also discuss the rel a tively
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poor capac i ty of re s e a rch ers to adequ a tely
eva lu a te the magn i tu de of risks linked to the
introduction of pathogens.

Ori gin of exotic pa t h ogen s
Na tu ral and introdu ced pathogens are pre s en t
in exo tic plantati on s . Exo tic pathogens com-
m on ly en ter new areas via germ plasm. Roo t
p a t h ogen s , wh i ch tend to requ i re soil and
plant roots for their spre ad , h ave travel ed
less frequ en t ly bet ween con ti n ents because of
long-standing and strict quarantines on the
m ovem ent of s oi l . However, m a ny species of
s tem ,l e a f , and shoots pathogens have been in-
trodu ced into new areas with seeds and plant
debris associated with seed.

Root pa t h ogen s . Root diseases in exotic
p l a n t a ti ons are caused predom i n a n t ly by na-
tive pathogen s . Nevert h el e s s ,t h ere are som e
i n triguing examples of root diseases of exo ti c
p l a n t a ti on trees caused by pathogens that are in all likel i h ood
also introdu ced . One of these is Rhizina root disease, c a u s ed
by Rhizina undu l a t a ( F i g u re 1), wh i ch can be ex trem ely
damaging in southern Africa (Gibson 1979,Germishuizen
1984). This pathogen is specific to conifers and is thought
to be native to boreal regions (Booth and Gibson 1972). It
is generally accepted that R. undulata was introduced into
p l a n t a ti ons in sout h ern Af rica via con t a m i n a ted soi l , perh a p s
when the area was first colonized by Europeans, who in-
troduced pine trees together with their mycorrhizal associ-
a te s . Exo tic Pi nu s and Eu c a lyptu sp l a n t a ti on fore s try wo u l d
not have been po s s i ble in So uth Af rica wi t h o ut the acc i den t a l
i n trodu cti on of mycorrh i z ae . Cl e a rly, t h ere was a con com i-
tant introdu cti on of p a t h ogen s , of wh i ch R . u n du l a t a i s
most likely only one example.

Pa t h ogens of a b oveground tree pa rt s . A number of
diseases appeared during the early stages of establishment
of exotic species in the tropics and in the Southern Hemi-
s ph ere . The pathogens were most likely introdu ced wi t h
early planting stock,seeds, or cones, when very little atten-
tion was given to risks associated with disease.

Many needle- and leaf-infecting pathogens were recog-
nized relatively early in the establishment of exotic planta-
ti on s . E a rly reports of n eedle diseases on pine inclu ded
s pecies of Lop h od erm i u m ,Cycl a n eu s m a , and the import a n t
p a t h ogen Dot h i s troma septo s po ra ( G i b s on et al. 1 9 6 4 ,
Gilmour 1967, E dw a rds and Wa l ker 1978, G i b s on 1979,
Mi llar and Mi n ter 1980, Roux 1984). For ex a m p l e , in the last
century D. septospora caused millions of dollars’ worth of
losses in the P. radiata industry in New Zealand, Australia,
Chile, Kenya,and other countries where this tree is planted
as an exotic. Some possibly exotic pathogens of Eucalyptus
s pecies that appe a red early in the process of p l a n t a ti on 
e s t a bl i s h m ent were Myco s p h a erell a ( Doi d ge et al. 1 9 5 3 , Pa rk

and Keane 1982, Crous and Wingfield 1996, Crous 1998),
Phaeophloeospora (Heather 1967, Chipompha 1987, Crous
et al. 1 9 8 9 ,1 9 9 7 ) , and Au l o graphina eu c a lypti( Doi d ge et al.
1 9 5 3 , Wa ll and Keane 1984). These pathogens have also
been found in Au s tra l i a , wh ere Eu c a lyptu s is native ,i n d i c a ti n g
that they were most likely introduced from that country.

Sp h a eropsis sapineais one example of an introdu ced
pathogen of exotic trees with a now cosmopolitan distrib-
uti on . In many co u n tries this opportu n i s tic pathogen is
con s i dered rel a tively unimport a n t , of s i gn i f i c a n ce on ly
where pines are growing under st ress (Van der B yl 1933,
Minko and Marks 1973, Wingfield and Knox-Davies 1980,
Brown et al. 1 9 8 1 , Sw a rt and Wi n gf i eld 1991). In So ut h
Af ri c a , h owever, wh ere high ly su s cepti ble species (Pi nu s
pa tu l a and P. ra d i a t a) are planted , regular hail damage to tree s
and the ubi qu i tous occ u rren ce of S .s a p i n e aas an en dophyte
in healthy trees (Sw a rt and Wi n gf i eld 1991, Smith et al.
1 9 9 6 ,S t a n oz et al. 1997) has led to mill i ons of do ll a rs’ wort h
of losses each year (Figure 2; Zwolinski et al. 1990). Obvi-
o u s ly, the sign i f i c a n ce of a pathogen in its natu ral ra n ge has
little predictive value as to its aggressiveness in exotic situ-
ations.

Pa t h ogens of ti m ber produ ct s . Little is known about
the intercontinental spread of pathogens that infect solid
wood produ ct s . Sapstain fungi , wh i ch cause disco l ora ti on of
ti m ber (Figure 3), i n clu de pathogens su ch as S . s a p i n e a,
which is widespread throughout areas where exotic pine is
grown . Ot h er sapstain fungi , su ch as Op h i o s to m as pec i e s ,a l s o
have spread from native pine-growing areas to exotic plan-
tations. Four species (Orthotomicus erosus,Ips grandicollis,
Hyl a s tes angustatu s , a n d H .a ter) of p i n e - i n fe s ting bark bee-
tles have appe a red in plantati ons out s i de the native ra n ge of
pines and are vectors for sapstain fungi (Wi n gf i eld and

Fi g u re 1. The root pa t h ogen of p i n e , Rhizina undu l a t a, wh i ch was proba bly
i n trodu ced into the Sou t h ern Hem i s p h ere with co n t a m i n a t ed so i l .



Marasas 1980,1983,Stone and Simpson 1987, Wingfield et
al. 1988, Schowalter and Filip 1993).

One of the most fascinating wood dec ay fungi that infect
exo tic pine plantati ons in the So ut h ern Hem i s ph ere is Amy -
l o s tereum are ol a tu m. This fungus is an obl i ga te sym bi ont of
the wood wasp Sirex noctilio (Figure 4), which was first in-
trodu ced to New Zealand around 1900 (Gourl ey 1951,
Gilmour 1965, Chou 1991). The wasp appe a red in Au s-
tralia in 1961 (Gaut 1970, Ta l bot 1977, Neumann and Mi n ko
1981, Madden 1988) and subsequently became established
in Brazil (1980s), Argentina (1985), Uruguay (1980), and
So uth Af rica (1994) (Ba x ter et al. 1 9 9 5 , Tri be 1995). It is likely
that new introductions of S.noctilio and A.areolatum have
occurred with the transport of wood products. It is partic-
ularly interesting that S.noctilio remained in Australia and
New Zealand for an extended period of time without be-
coming establ i s h ed in other So ut h ern Hem i s ph ere co u n tri e s .
Yet the time span bet ween its appe a ra n ce in So uth Am eri c a
and So uth Af rica was very short , su gge s ting a mu l ti p l i c a tive
effect whereby a greater distribution and an increase in in-
ternational trade accelerated the spread.

The recent discovery of the wilt pathogen Cera to c ys ti s
fimbriata on Eucalyptus (Figure 5) in the Republic of the
Con go and in Brazil (Roux et al. 2000) and on Ac a cia mearn -
s i i in So uth Af rica (Roux et al. 1999) provi des another 

example of a pathogen that may have travel ed on wood
produ cts or perhaps on sap-feeding insects assoc i a ted wi t h
wood products. This view is supported by the fact that an
i s o l a te of the fungus from A .m e a rn s i iin So uth Af rica is more
closely related to isolates from South America than it is to
isolates from the Congo. Congolese isolates of C.fimbriata
a re also cl o s ely rel a ted to isolates from a wi de ra n ge of h o s t s
in South America.

Exclusion of pa t h ogens throu gh
q u a ra n ti n e
Because deva s t a ting tree diseases—for ex a m p l e , Dutch el m
disease (caused by Op h i o s toma ulmi and O. n ovo  - u l m i) ,
ch e s tnut bl i ght (from Cryp h o n e ctria pa ra s i ti c a) , and pine wi l t
( c a u s ed by the nem a tode B u rs a p h el en chus xyl op h i l u s ) —
i n f l i ct great co s t s , both financially and in terms of t h eir im-
p act on eco s ys tem s , govern m ents have insti tuted qu a ra n ti n e
m e a su res to minimize outbre a k s . Fu rt h erm ore , i n tern a-
ti onal plant qu a ra n tine measu res have been con s i dera bly re-
f i n ed and improved du ring the co u rse of the last cen tu ry, a l-
t h o u gh ef forts to fac i l i t a te intern a ti onal trade have prob a bly
i n c re a s ed the risks (Ca m pbell 2001). De s p i te bold attem pt s
to prevent the spre ad of f u n gal pathogen s , n ew diseases
con ti nue to appear and qu a ra n tine reg u l a rly fails to ex-
clude tree pathogens.

There are many possible reasons for the failure of plant
quarantine measures to exclude pathogens. Clearly, devel-
oped co u n tries with outstanding qu a ra n tine reg u l a ti on s ,
s tri ct ly mon i tored borders , and the capac i ty to con trol port s
of en try have the best ch a n ces of excluding pathogen s . If t h ey
share borders with countries with poorer border control,
however, they have little hope of effective quarantine. The
so-called weakest-link-in-the-chain concept applies—that
is, whole continents might be negatively affected by poor
quarantine measures in a small number of countries.

One step in assessing risk and devel oping appropri a te
qu a ra n tine stra tegies is to find out wh et h er a parti c u l a r
p a t h ogen is alre ady pre s ent in a co u n try. This approach en-
sures that no new pathogens are introduced into a country
but overl ooks the fact that pathogens are repre s en ted by pop-
u l a ti ons of i n d ivi du a l s . The introdu cti on of ad d i ti onal gen o-
types of a pathogen could have undesirable consequences,
as is the case with S. sapinea, which consists of three mor-
ph o types (De Wet et al. 2 0 0 0 ) . Morph o type C is mu ch more
virulent than morphotypes A and B, but even morphotype
A is re s pon s i ble for large-scale losses in So uth Af rica (De Wet
et al.2000). The introduction of a more virulent morpho-
type should be avoi ded at all co s t s . Gre a ter nu m bers of
p a t h ogen gen o types wi ll vi ti a te the du ra bi l i ty of d i s e a s e
tolerance in selected trees and, where sexual reproduction
occ u rs , l e ad to gre a ter gen etic divers i ty of the pathogen
( Mc Donald and Mc Dermott 1993), wh i ch would com p l i c a te
disease control.

Recent studies of S. sapineain South Africa have yielded
i n triguing inform a ti on on the gen etic divers i ty of t h i s
p a t h ogen . Con tra ry to ex pect a ti on for an introdu ced 
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Fi g u re 2. Di e - ba ck of pine in South Africa foll owing hail
d a m a ge ,c a u s ed by the oppo rtu n i s tic pa t h ogen S .s a p i n ea,
wh i ch has be en repea te dly introdu ced into the cou n try on
se e d .



fungus, the population of this asexual pathogen in South
Af rica has a high level of gen etic divers i ty (Smith et al.
2000). In contrast, genetic diversity was very limited in the
pop u l a ti on of S . s a p i n e a f rom In don e s i a , wh ere pines—
and thus probably the pathogen—are native (Smith et al.
2000). The only reasonable explanation for the genetically
diverse population of S. sapinea in South Africa is that the
fungus has been introdu ced into the co u n try repe a tedly
and from a wi de ra n ge of co u n tries du ring the past cen tu ry.
Im ported pine seed was most likely the veh i cle for these in-
trodu cti on s . In terms of qu a ra n ti n e , the pre s en ce of t h e
fungus in the country would have reduced the significance
of S .s a p i n e aas a pri ori ty. The con s equ en ce of l ower perceived
risk is the introdu cti on of l a r ge nu m bers of gen o types of t h e
p a t h ogen and a sign i f i c a n t ly heavi er bu rden in terms of
disease management strategies.

The advent of m o l ecular tools to iden tify pathogens is al-
ready increasing the capacity to evaluate risks. There are
many examples of pathogen species previously believed to

repre s ent single taxa that are now known to com prise more
than one and som etimes large nu m bers of s pecies 
( O’ Don n ell et al. 1 9 9 7 , Ha rri n g ton and Wi n gf i eld 1998,
Ni ren berg and O’ Don n ell 1998, Wi t t huhn et al. 1 9 9 8 ) . Su ch
information is crucial in developing meaningful strategies
for pathogen exclu s i on . Wi t h o ut the aid of m o l ecular too l s ,
s c i en tists would be unable to correct ly iden tify many spec i e s ,
which would mean that pathogens might be allowed into
co u n tries wh ere they did not previ o u s ly occ u r. The need to
use such sophisticated tools to identify pathogens compli-
cates the process of quarantine implementation, but in the
l ong run the ben efits of the too l s — m ore acc u ra te pathogen
i den ti f i c a ti on at the species and pop u l a ti on level s — wi ll far
outweigh any such complications.

Co n f l i cts of i n tere s t
Although the establishment of exotic tree plantations can
confer many economic and ecological benefits, these trees
can also have nega tive ef fects on envi ron m en t s . Ma ny spec i e s
of exo tic trees used for plantati on devel opm ent have the ca-
p ac i ty to become serious weeds that damage sen s i tive native
ecosystems. For example, Pinus radiata, P. contorta, and P.
p i n a s ter, wh i ch were introdu ced as plantati on tree s ,a re con-
sidered to be serious invaders in various parts of the world
(Kay 1994, Richardson and Higgins 1998). Their invasive-
ness can be reduced through the introduction of seed-in-
vading pests and pathogens (Kay 1994, Brockerh of f a n d
Kay 1998), yet this approach presents a conflict of interests
between the forestry industry and environmentalists. Re-
solving such conflicts will be difficult, given that little in-
form a ti on is ava i l a ble abo ut how to eva lu a te risks assoc i a ted
with the introdu cti on of bi o l ogical con trol agen t s . In c re a s ed
k n owl ed ge and mu l ti p a rty com m i tm ent to su s t a i n a bi l i ty of
plantations,as well as the environment, will be demanded
in the future.

Biological control of weeds in general has many positive
aspects, but it can also have serious negative consequences.
These probl ems usu a lly em er ge because of i n com p l ete
k n owl ed ge of the bi o l ogy of t a r get spec i e s , of the bi o l ogi c a l
control agent, and of the environment in which control is
desired.

A recent study on biological control of the Sirex wood
wasp in the So ut h ern Hem i s ph ere high l i ghts the com p l i c a ted
nature of this form of control (Slippers et al.2001). Popu-
l a ti ons of S .n o cti l i owere sign i f i c a n t ly redu ced with the use
of the para s i tic nem a tode Del a d enus siri ci d i col a (Tayl or
1978, Neumann et al.1987, Haugen 1990, Bedding 1995).
In ad d i ti on to being a para s i te of Si rex l a rvae , this nem a tode
feeds on the Amyl o s tereum are ol a tu m f u n gal sym bi ont of t h e
wasp du ring a mycetoph a gous part of its life cycle (Bed d i n g
and Akhurst 1974, Bedding 1995). Researchers recently re-
ported, however, that the introduction of D. siricidicola to
South Africa and to countries in South America led to the
accidental introduction of a genotype of A. areolatum that
is different from the one carri ed by the wasp (Sl i ppers et al.
2001). This new genotype of the fungus was apparently in-

February 2001 / Vol. 51 No. 2 � BioScience 137

Articles

Fi g u re 3. Evi d en ce that va ri ous spe cies of sapstain fu n gi
h ave spread outside their native ra n ges toget h er wi t h
a s so ci a ted inse ct s , su ch as ba rk be et l e s , and now cause
co n s i d era ble losses to sof twood indu s tri e s .



troduced into Australia with the nematode during the de-
velopment of the biological control program for Sirex, and
it was not recogn i zed that it differed from the fungus gen o-
type introdu ced with the insect . The sign i f i c a n ce of t h i s
oversight is difficult to assess because the fungal symbiont
of S .n o cti l i o is not a pri m a ry pathogen . However, it may be
l i n ked to poor establ i s h m ent of the nem a tode in So ut h
Africa and to other negative consequences that cannot yet
be predicted (Slippers et al. 2001).

Fu tu re threats to exotic pl a n t a ti o n s
Exo tic plantati on fore s try has ben ef i ted from high produ c-
tivity, which is linked primarily to the absence of pests and
pathogens in native ranges (Bright 1998). Although many
p a t h ogens have gradu a lly appe a red in these plantati on s ,
losses have been small rel a tive to what they might have
been. New diseases,caused by exotic and apparently native
p a t h ogen s , con ti nue to appe a r. All indicati ons are that they
will continue to do so. For example,three of the four most
i m portant pathogens of Eu c a lyptu s in So uth Af rica were
unknown or very rare only a decade ago (Wingfield et al.
1989, Smith et al. 1994, Wingfield et al. 1997).

Com p a red with the nu m ber of p a t h ogens found wi t h
forest tree species in their native ra n ge s , rel a tively few
pathogens have reached their host trees in their exotic sit-
uations.Of course,some pathogens might not be suited to
a reas wh ere trees have been planted as exo ti c s . Tree sel ecti on ,
and parti c u l a rly hybri d i z a ti on bet ween spec i e s , wi ll also
h ave an impact on the su s cepti bi l i ty of trees to som e
pathogens. Nonetheless,it is reasonable to exp ect that new
pathogens will continue to appear over time and that prof-
itability of plantations will be significantly affected.

In ad d i ti on to introdu ced pathogens in the So ut h ern
Hemisphere, various native pathogens infecting exotic tree
s pecies have em er ged over the last cen tu ry. An important ex-
ample is Eu c a lyptus ru s t , c a u s ed by Pu cc inia psidii, a l s o

known as guava rust fungus (Knipscheer and Crous 1990,
Co utinho et al. 1 9 9 8 ) . This pathogen is native to Cen tral and
South America, where it is found on a wide range of native
Myrtaceae,and it has recently also infected exotic Eucalyp -
tu s s pecies in So uth Am erica (Dianese et al. 1 9 8 4 , Co uti n h o
et al. 1998). Puccinia psidii now threatens exotic eucalypt
p l a n ti n gs el s ewh ere in the worl d . Perhaps of gre a ter con cern
is the threat to native Myrtaceae in Australia, which repre-
sents a center of diversity for this important plant family
(Coutinho et al. 1998).

Na tive pathogens affecting exo tic trees and exo ti c
pathogens introduced to new areas often have no apparent
i m p act initi a lly (Bri ght 1998). Su ch low levels of d i s e a s e
could reflect either low levels of susceptibility in planting
stock or an environment that is unfavorable to pathogens’
e s t a bl i s h m en t . An o t h er ex p l a n a ti on ,h owever, is that initi a l
low levels of disease might reflect an establishment or in-
c u b a ti on peri od for the pathogen du ring wh i ch it is su bj ect
to natural selection, followed by multiplication of virulent
genotypes. As Bright (1998, p. 26) commented, “An exotic
m ay spend dec ades as an innocuous good citi zen in its new
home before some subtle adaptation or shift in the ecolog-
ical dynamic tri ggers an ex p l o s ive inva s i on .” Bri ght su gge s ted
also that exotic weeds in the United States may not be dis-
covered until about 30 years after their introduction or af-
ter they have spre ad abo ut 4000 hect a re s . The threat of n ew
and exo tic pathogens is therefore likely to be undere s ti-
mated, which could create a false sense of security among
foresters.

Co n clusions 
All available assessments show that the movement of plant
m a terial and their assoc i a ted pathogens is a trend that shows
no signs of a b a ti n g. Ra t h er, the introdu cti on of n ew
p a t h ogens and pests appe a rs to be increasing de s p i te ef-
forts to improve qu a ra n tine guidel i n e s . Cl e a rly, the in-
creased movement of people and products throughout the
world is the major factor influ encing this trend (Bri gh t
1998).

The worl dwi de trend in fore s try has been to establ i s h
plantations of rapidly growing trees with desirable proper-
ties. Such plantations have the advantage of reducing the
h i gh ly unde s i ra ble practi ce of l ogging native and old-growt h
forests that still too often supply timber and pulp mills. To
s a tisfy the need for wood , m a ny mill i ons of h ect a res of
plantation trees have b een established, particularly in the
tropics and in the So ut h ern Hem i s ph ere ,l a r gely thro u gh the
introduction of exotic species and genotypes. The need for
ti m ber has also sign i f i c a n t ly incre a s ed the movem ent of
logs and other wood products between countries and con-
tinents.

Al t h o u gh the ju s ti f i c a ti on for establishing plantati ons of
exo tic tree species has gen era lly been based on po s i tive
pri n c i p l e s , t h ere have been significant nega tive con s e-
qu en ce s — n a m ely, the introdu cti ons of pe s t s , p a t h ogen s ,
and weed plants into new areas. The use of molecular tools
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Fi g u re 4. Male (left) and female (ri ght) Si rex noc ti l i o
woodwasps wh i ch , toget h er with their sym bi otic fu n g u s
Amyl o s tereum areo l a t u m, h ave be en introdu ced into
va ri ous cou n tries in the Sou t h ern Hem i s p h ere on wood
produ ct s .



has provi ded new insights into the movem ent of su ch pe s t s
and diseases and the influence that this movement has on
local populations of these organisms. For example, well-
k n own diseases thought to be assoc i a ted with a singl e
pathogen introduction now appear to be caused by large
numbers of genotypes. This high diversity in introduced
pathogen populations illustrates the inefficiency of quar-
a n tine ef fort s . Moreover, t h ere is evi den ce of i n c re a s i n g
numbers of pathogens of native plants that have b ecome
ad a pted to rel a ted plantati on tree spec i e s . These “n ew ”
p a t h ogens now thre a ten plantati on tree species wh ere these
trees are native. In addition, well-intentioned efforts to es-
tablish biological control of insect pests of trees have led to
the acc i dental introdu cti on of n ew pathogen gen o type s .
Finally, efforts to implement effective biological control of
p l a n t a ti on trees that have also become weeds are giving ri s e
to conflicts of interest between forestry and environmental
organizations. The risks that are associated with the intro-
du cti on of pests and pathogens of these plants are vi rtu a lly
impossible to assess.

The need to prom o te gre a ter understanding of the impact
of i n trodu ced pests and pathogens of p l a n t a ti on trees is
u r gen t .E f forts to ach i eve that understanding should ad d re s s
not on ly the losses that might acc rue to forest indu s tries but
also the fact that plantation forestry is associated with the
evo luti on of n ew pathogens and an incre a s ed movem ent of
forest fungi between continents.
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