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ABSTRACT - Biological control is the reduction of inoculum
density or disease-producing activities of plant pathogens by
ot her organi sns, acconplished through environnmental manipul ations
or mass introduction of antagonists. Biocontrol agents exert
their effects on pathogens by conpeting for niches or other linmted
resources, production of antibiotics, exhibiting hyperparasitism and
i nduci ng fungi stasis. Devel oping conmercial biocontrol products is
a costly, time consum ng process requiring extensive testing at
several levels. Very few comercial biocontrol products are currently
available to control plant di seases. Although many bacteria and
fungi show promise as biocontrol agents, few are available for use or
are effective agai nst a wi de range of plant pathogens. For
bi ol ogi cal control to becone nore widely applicable in forest and
conservation nurseries, determned coomtnents by growers to pronote and
support greater research and devel opnent will be necessary.

Rel i ance on chemical pesticides has resulted in

| NTRODUCT! ON

Di seases may be inportant linmiting factors in
production of high quality seedlings in forest and
conservation nurseries. Many pathogens, well| adapted
to nursery conditions, may quickly cause unaccept abl e
| osses. Nursery managers have traditionally relied on
chem cal pesticides to control diseases. Such reliance
has sonetinmes |lead to repeated, w despread
applications of several toxic chenicals during the
seedling production cycle. Chemical pesticides were
initially fornulated for effectiveness on nany di fferent
types of pathogens. This broad spectrumefficacy often
resul ted in destruction of both beneficial and injurious
organi sns (Baker and Cook 1974). More recent chemicals
have been formulated with nore restrictive nodes of
action, being effective on relatively few targeted
organi sms (Thonson 1990). However, resistance to
these chem cal s by pathogens can devel op rapidly once
introduced into a cropping system (Staub 1991).
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greatly expanded production of quality stock when conpared
to periods before general use. However, recent problens
with pest resistance, toxicity to nontarget organisns,
envi ronnental contam nation, and other unforeseen effects
have greatly reduced the desirability of chenical
pesticides (Canpbell 1989). Covernnental agencies are
increasingly instituting restrictions on registration and
use of many chem cal pesticides widely used in the
past (Harman 1991). Recently, these restrictions
resulted in the loss of several inportant fungicides used

innurseries. Exanples include recent withdrawal Of
benonyl registration by the producer, restricted use of

chl orothal oni| because of groundwater contam nation,
non-regi stration of captan, and probable future | oss of

net hyl brom de because of its perceived damage to

strat ospheric ozone. Qoupled with increasi ng gover nnent al
regul ation is a general public dissatisfaction wth chem cal
use for production of food and fiber crops. Public
perceptions may or may not be based on reliable
information, but their inpact is often sufficient to
adversely affect chemical use by growers (Harman
1991). Recent public involvenent and disdain for
chemicals in agriculture will undoubtedly increase,
meki ng use of chemical pesticides difficult at best.

Because of these trends in chem cal pesticide
use, managers need to | ook el sewhere for neans to
control inportant pests in their nurseries. One of
the nost acceptabl e approaches to disease control is
use of naturally occurring



organi sns to reduce or suppress activity of

pat hogens (Lawson and Dienelt 1989). Bi ol ogical
control exists in nost "natural" plant ecosystens and
keeps introduced pat hogens w thin check (Baker 1987).
However, in our artificial systems of agricultural
fields or seedling nurseries, biological control usually
fails to function at high | evel s because of cropping
practices and nonocul tural systens. Therefore, to
enhance niocontrol in nurseries, specific steps must be
taken to pronote a biol ogi cal bal ance of organisnms so
di sease will be kept within acceptable limts.

Bi ol ogi cal control is defined as the reduction
of inoculumdensity or disease producing activities of
a pathogen or parasite in its active or dormant state,
by one or nore organisns, acconplished naturally or
t hrough mani pul ati on of the environnment, host, or
ant agoni st, or by nmass introduction of one or nore
ant agoni sts (Baker 1987; Canpbell 1989). Biol ogical

control usually has three objectives: 1)reduction of
pat hogen i nocul um t hrough decreased survival between
crops, decreased production or release of viable
propagul es, or decreased spread by nycelial growh; 2)
reduction of host infection by the pathogen; and 3)
reduction of disease severity (Axelrood 1991).

To nore fully understand how bi ol ogi cal control
can be inplenmented in nurseries, a few basic concepts
shoul d be addressed. Mdst of .these consider
bi ol ogi cal bal ances and how such bal ances are di srupted
in our agroecosystens and nurseries. |In general, the
greater the conplexity of a biological conmnity, the
greater its stability (Baker 1987). In natural plant
systens, often a nyriad of microorganisns reside in the
soil or on plant surfaces which tend to "buffer”
plants from attack by pathogens. This buffering
ef fect may not always be successful, but the
conplexity of the systemis such that when a
pat hogen is introduced, particularly to the soil, it
has to conpete with a great many ot her organi sns and
may have difficulty in becom ng established.
Conversely, in a sinplified agricultural comunity, such
as forest and conservation nurseries, an introduced
pat hogen nmay successful |y establish because of generally
reduced conpetition |evels.

The biological world is a vast, interacting
network of living populations in a state of dynanmic
equilibrium reflecting changes in their physical
environnent and their relations to each ot her (Canpbell
1989). There is an equilibriumin which an individual
organismfollows its normal cyclic changes wi thout
significantly affecting the whole network, because of
conpensati ng changes in other conponents that maintain
the bal ance. Normally, an organismwill increase
until the limtations inposed by the biotic and
abi otic environment counterbal ances the rate of
i ncrease (Baker and Cook 1974). Wth such "checks
and bal ances" npst natural ecosystens keep individual
species within lints.

Anot her inportant concept is that plants in
their wild state are often adjusted to their
pat hogens (Canpbell 1989). Pressure from pathogens
whi ch evol ved in conjunction with their hosts has tended
to sel ect genotypes that have,
through nutations and resultant variability, sone neasure
of resistance.

However, use of chemical fertilizers and
pesticides, tillage and seeding practices, and
specialized crop varieties, although greatly
increasing food and fiber production, has greatly
di srupted bi ol ogi cal bal ances (Baker 1987). GConplex
comuni ti es have usual | y been repl aced with sinpl e ones,
sonetines resulting in disease probl ens absent in nore
bal anced ecosyst ens.

The remi nder of this paper will describe
mechani snms of bi ol ogical control, outline procedures
for devel opi ng bi ocontrol agents, and gi ve sone
exanpl es of potential uses of biocontrol agents in
forest and, conservation nurseries.

MECHANI SM5 OF BI OLOG CAL CONTRCL

Pat hogeni ¢ and non- pat hogeni ¢ ni croor gani sns
may occupy the same environnental niches (Axelrood
1991). Whichever becones established first usually
is able to resist colonization by other organisns.
For exanple, if a biological control agent is first
to col oni ze the rhizosphere, pathogens may be
excluded if all colonization niches are occupied.
Therefore, an inportant factor in effective biol ogi cal
control is to favor col onization or occupation by
non- pat hogens by controlling the time of introduction
and i noculumpotential of biocontrol agents (Canpbell
1989). Inoculum potential is defined as the sumof all
factors that contribute to the energy avail able for host
infection (Agrios 1969). In a nursery situation, if
a biocontrol agent is introduced before seedlings are
exposed to pathogens or if enough biocontrol inoculumis
present, initial colonization by the bi ocontrol agent nay
ef fectively exclude infection and establishment by
pat hogens.

Most m croorgani sms conpete with each other for
nutrients, water, oxygen, |light and space. Conpetition
occurs when two or nopre organisns require the sane
thing and use by one reduces the anpunt available to
the other (Baker and Cook 1974; Canpbell 1989). From
the standpoint of biological control, the goal is to
mani pul ate the grow ng environment so non-pat hogens are
favored over pathogens in conpetition for limting
factors (Canpbell 1989).

Antibiotics are produced by a wide variety of
m croorgani sns, particularly those in the soil
(Al exander 1971; Giffin 1972). Levels of
antibiotics are usually greater in soils or grow ng
nmedia high in organic matter with large
popul ati ons of m croorgani snms (Baker 1987).
Anti biotic production can al so be enhanced by
increasing soil carbon sources (Qiffin 1972).



VWen host plants are stinulated to produce exudates
fromtheir roots, antibiotic production is al so
increased, probably as a result of conpetition anmong

m croorgani sns for this food source (Rovira 1970).
Antibiotics are very diverse chemcally and either nmay
have specific effects against particular target organi sns or
may affect a wi de range of organisns (Al exander 1971;
Canpbel | 1989). In general, antibiotics cause a
reduction or cessation of growth or sporul ation of

pat hogens or reduce spore germ nation (Jackson
1970). Unfortunately, sone potential pathogens are
less affected by antibiotics than others. For

exanpl e, Fusariumspp. are little affected by many
antibiotics produced in the soil, conpared to Pythium
spp. which are usually quite sensitive to antibiotics
produced by a wide array of fungi and bacteria
(Canpbel | 1989). Many biocontrol agents are
specifically selected for their ability to produce
anti biotics when introduced into a cropping system
(Baker 1991). Their efficacy against certain target
pat hogens depends on pathogen responses to their
antibiotics as well as soil factors that may influence
amounts of antibiotics produced. In sone cases,
introduced antagoni sts may thensel ves be antagoni zed
and nade ineffective by the production of antibiotics
fromother mcroorganisns, including pathogens (Adans
1990; Barnett 1964; Canpbell 1989).

Many potential biocontrol agents exhibit
parasitismon a target pathogen. If the biocontrol
agent is a fungus, it may be a nycoparasite
(parasitic on another fungus). In such cases, the
pat hogen becones the food
source. Mycoparasites usually produce either
chitinase or cellul ase, degradative enzymes whi ch break
down cell wall components of host fungi (Barnett
1964). Probably the best known nycoparasites are in
the genus Trichodernm (Papavizas 1985). These fungi
either penetrate resting structures such as sclerotia
and chl anydospores or parasitze grow ng hyphae of
pat hogens (Papavi zas 1985). Sone fungi, such as
Giocladiumvirens, are nycoparasites and produce
antibiotics effective in restricting pathogen activity
(Barnett 1964; Bryan and MGowan 1945). Mycoparasites nmay
al so be useful in invading existing pathogen |esions
on hosts, not to control the present infection, but
to reduce pat hogen spore production and therefore
limt inoculumfor the next infection cycle (Canpbell
1989). Other free-living, soilborne fungal parasites
i nclude nmany speci es of ampebae, mnute i nsects such as
Col | enbol a, and nenmt odes (Boosalis and Mankau 1970;
McE. Kevan 1970). The collective effect of these
parasites varies fromsite to site, although their
efficacy can be -ihanced by mass introductions as
wel | as manipul ation of the soil environnent.

Fungi stasis is characteristic of many soils.
It is the inposition of dormancy on fungal spores
due nmostly to nutrient limtation (Giffin 1972;
Jackson 1970). Most soil-borne plant pathogens
produce resting structures of various kinds that
remain dornant in the soil

until nutrients are available (A exander 1971; Giffin
1972). Such nutrients can be supplied by addition of
organic nmatter to soil and by exudates produced from
roots of potential host plants (Canpbell 1989;
Rovira 1970). The saprophytic soil nmicroflora in the
soi|l may reduce avail able carbon | evels and inpose
fungi stasi s on pat hogens, preventing spore germnation
and subsequent infection (Jackson 1970). The practical
use of fungistasis involves nanipul ation of carbon
status to encourage devel opnent of a |arge conponent of
i%pégg)hyt es and to limt buildup of pathogens (Canpbell

DEVELCPI NG Bl OLOG CAL CONTROL AGENTS

The first step is isolating potential
bi ocontrol agents. This process usually enconpasses
screeni ng suscepti bl e host plants w thout di sease even
though they are susceptible and the pathogen is present in
sufficient nunbers to induce di sease (Axelrood 1991).
Al t hough many potential organisnms can be isol ated
fromthe rhizosphere of such plants, very few pass
the scrutiny of tests required for being considered a vi abl e
bi ocontrol agent (Canpbell 1989). Mich recent effort
has been concentrated on devel opi ng bi ocontrols for root
di seases because such diseases are difficult to detect,
assay and treat chemically, and have few existing,
effective control measures (Baker 1987). Past
experience indicates that certain genera of nicroorgani sns
have greater potential for being effective biocontrol
agents, e. g. the bacterial genera Pseudonpbnas,
Bacillus, and Enterobacter (Hoitink and others 1991;
Schroth and Hancock 1982), and the fungal genera
Trichoderma, diocladium Penicillium Chaeton um
and Pvthium (Adanms 1990; DiPietro and others 1992;
McLaren and others 1989; Papavizas 1985). I|sol ates
selected for further testing should not be adapted to the
high nutrient conditions of normal |aboratory culture if
they are expected to eventually survive and grow in
natural environnents. Fast grow ng organisns are
usual ly preferred as well as those
that grow well on relatively cheap nedia so that at
| ater stages in devel opment there will be no problem
finding econom c fernentation systems. Most sel ected
i solates are spore fornmng so the inoculum may have
relatively long shelf life (Canpbell 1989).

After isolation, selected organisns are screened
for their potential as biocontrol agents agai nst sel ected
pat hogens. Two types of tests are usually instituted
at this stage: in vitro tests which evaluate
inhibition or lysis of pathogens in culture plates or. on
glass slides, and in vivo tests in which a host plant
is introduced into the system (Canpbell 1989). In'
vitro tests are quick and relatively easy to perform
These tests are suitable for selecting organisns
with a particular node of action. However, they are
of ten poor predictors of the activity of organisns in
natural environnents. The nobst widely used test is to
identify




anti biotic producers by inoculating the pathogen
onto an agar plate with the potential antagonist

i nocul ated nearby (Axelrood 1991; Canpbell 1989). The
degree of inhibition of pathogen growth, in relation
to growth in the absence of potential biocontrol agents,
is used as a neasure of effectiveness. In vivo tests
approach a nore natural situation. In these tests, a
host plant is infected with the pathogen to be
control |l ed and the potential biocontrol agent is applied to
the plant (or adjacent environnment) after an
appropriate incubation. The anpbunt of disease is
conpared with an unprotected control or with a healthy
pl ant. Organisns that pass both these types of tests
are ready for further eval uations.

It is inportant to find out how, when, where and
under what conditions selected biocontrol organisns
work (Baker and ook 1974; Bol and 1990; Canpbel | 1989).

To do this, detailed investigations are required.
The first step is to properly identify test

organi sms. This may be relatively easy for nost
fungi, but often very difficult for bacteria and
Actinonycetes because so few of these organi snms have
been adequately characterized fromnatural environnents
(Schroth and Hancock 1982). Once identified, it is
important to elimnate any organi sns pathogenic on hunmans,
aninmal s or other plants because such organi sns coul d
not be used in any practical program of biol ogical
control. Selected biocontrol agents have to pass the
sanme environnmental tests which chemcal pesticides
undergo (Canpbell 1989). If selected agents have
been genetically engineered, there are strict controls
nandated for testing and rel ease (Harman 1991). Most
genetically engineered organi snms for cn ol ogical
control would likely have had severa changes made; they
woul d be unlikely to occur naturally and their

behavi or in natural environnments unpredictable.
Delivery systens also have to be devel oped for sel ected
bi ocontrol agents. Several approaches including
encapsul ation of inoculumin gels, providing nutrients
(such as bran), and devel opi ng extended vi ability of
material are inmportant (Knudsen and Bin 1990; Lawson
and Dienelt 1989). The aimis to preserve

m croorganismyviability while allow ng convenient
handling and distribution tothe correct place. Tests
nmust al so be made to quantify inoculumdensity of the
agent for effective biocontrol (Dinond and Horsfall
1970). In addition, fermenter studies are needed to
di scover the best way to mass produce the organi sm
while maintaining its effectiveness (Canpbell 1989).
Sel ect ed organi sms should be genetically stable so
that they naintain the desired properties through all
testing and production phases (Harnan 1991).

After the above tests have been nade, the few
remai ning potential biocontrol agents should be tested in
the field under natural conditions to determnine their
efficacy (Canpbell 1989). Such tests are very
important to verify that organisns selected work well
outside the

| aboratory or greenhouse. Field tests are usually
conducted on experinental plots established under
nornmal crop grow ng conditions and often require | arge
nunbers of replicates of

each treat nent because of the great variability
encountered under natural conditions. Specialized
tests to evaluate effects of environnental factors,

i nocul um concentration, mxed inocul a cropping systens or
other factors are also usually installed in the field.
One of the main problems with field tests is know ng
if the test organismis still part of the

experinent, i.e., that it survived, grew, and

col oni zed host tissues. Precise detection techniques
that are designed for a particul ar organi smnust be
devel oped (Bol and 1990). Although field trials are
time consum ng, expensive, and often tedious, they
are an integral part of the devel opnent of

bi ocontrol agents. As m ght be expected, the nunber
of potential biocontrol agents that are consi dered excel | ent
inlaboratory tests is very large, but the nunber that are
useful in conmercial operations is very small.

The final steps in devel opment of biocontrol
agents involve patenting, production, and conmerci al
distribution (Canpbell 1989). Patenting is inportant
because bi ol ogi cal products nust be protected from
ot her possible producers so that the research and
devel opnent noney spent can be recovered from sal es.
Most patenting laws require that the product has
novelty and that it has not been previously used, talked
about or published in any way which would allow
anyone to gain a know edge of it. Patenting usually
allows a nonopoly for 20 years. In practice, usually
the production process, cultivation techniques for the
m crobe, and the particular product formulation are
patented; the organismitself is often difficult to
patent (Canpbell 1989).

Only five commercially prepared biological control
formul ations are currently, or are being regi stered for
use in the United State (table 1). Two of these
(GL-21"R and Mycostop®R ) have potential for
control of root diseases in seedling nurseries.

Bl OCONTROL OF DI SEASES OF SEEDS
AND SEEDLI NGS

In this section, we will discuss sone actual and
potential uses of biological control agents to control
di seases of seed and seedlings in agricultural
systenms. Possible applications to forest and
conservation nurseries will be included.

In order to control root diseases in nurseries
wi t hout use of general biocide funigants, growers need
to pronote the formati on of pathogen suppressive soils.
These are defined as soils (or grow ng nedia) which
are inhospitable to some plant pathogens so that



Table 1.

Commercial formulations of biglogical control agents registered for
use on crop plants in the United States

Trade Name Organism(s)

Diseases and Pathogens Controlled

Galltrol-A Agrobacterium

radiobacter
(Strain 84)

GL-21 Microbial
Fungicide

Gliocladium virens
(Isolate GL-21)

Binab-T Trichoderma harzianum
Trichoderma

polysporum

Mycostop Streptomyces

grigeoviridis

Clandosan Chitin-based polymer

Crown gall caused by Agrobacterium
tumefaciens (developed for orna-
mentals) .

Root diseases caused by Pythium and
Rhizoctonia (developed for bedding
plants, ornamentals and food
crops) .

Decay caused by basidiomycetes on
trees (developed as a dry wet-
table formulation for applica-
tion to tree wounds) .

Damping-off and root disease
caused by Fusarium, Phomopsis,
and Alternaria (developed as a
seed and soil treatment for
ornamentals) .

Nematode diseases (stimulates
mycoflora to produce chitinase
which destroys nematodes; label
for ornamentals, greenhouse crops
and forest tree nursgeries).

1
From Locke 1992.

ei ther the pathogens cannot establish, or if they
establish, they fail to produce disease, or they
establish and cause disease at first but dimnish
with continued culture of the crop (Huber and

Schnei der 1982). Suppressiveness is often an
inherent characteristic of sone soils which can be
transferred to other soils or inactivated by
treatnent at high tenperatures or with pesticides (Baker
1987). Unfortunately, a soil suppressive to one

pat hogen or even one race of a pathogen nay not be
equal | y suppressive to other pathogens. Experience
has shown that suppressiveness can often be increased
by repeated plantings of the same (susceptible) crop so
that the disease is at first worse, then gradually

| essens (Baker and Cook 1974). Under such
circunstances, suppressiveness increases over tine and
can renmain high indefinitely unless soil is treated with
heat or pesticides to renove the suppressive characteristic
(Baker 1987; Huber and Schnei der 1982). Soil
suppressiveness is related to total bionass and
mcrobial activity (Baker 1987). Factors such as food
source conpetition, hyperparasitism antibiotic
production, and niche conpetition are all involved in
di sease suppression (Baker 1968; Kuack 1989; Liu and
Baker 1980).

Anot her concept sonetinmes used in biol ogica
control is "cross protection". This practice
involves protection of a host from di sease by
inoculating a strain or isolate closely related to the
pat hogen, such as an avirulent strain

(Baker 1987; Ogawa and Kommda 1984). The
mechani sns of action involve conpetition for
infection sites and perhaps "induced resistance."

I nduced resistance is increased host resistance
caused by stimulation of host defense systens after
inocul ati on with non-pathogens (Mandeel and Baker 1991
Van Peer and ot hers 1991). Such resistance often
entails stinmulation of chenical defense nmechanisns
naturally inherent in plants. Cross protection has
been successfully exploited to control Fusarium
oxvsporum caused wilt in a nunber of crop plants by
inocul ating them wi th non-pathogenic strains of the
fungus prior to introduction of pathogenic strains
(Mandeel and Baker 1991; Ogawa and Komada 1984). The
concept :.ar; also been successfully used in protection
agai nst certain viral pathogens by inocul ating host plants
wi t h non-pat hogeni ¢ strai ns (Baker and Cook 1974; Canpbel
1989). Commercial use of cross-protectionis limted by
concern that the antagoni st may nutate to a virul ent
form to a form pathogenic to another crop, or to a
strain ineffective in biological control (Baker 1987)

One of the nobst pronising nmethods of
i ntroduci ng biocontrol agents into cropping systens
is on seed (Harman 1991). Many target pathogens
attack seed or young gerninating seedlings, so that
addi ng biocontrol agents at this stage may be
useful. Miuch of the current technology for seed
treatnent wth biologicals cones from successes of

inocul ating | egune seed



wi th Rhi zobi um spp. (Harman 1991; Schroth and
Hancock 1982). This "bacterization", amending seed
with bacterial fornul ations, has been successful in
several agricultural systems. Exanples include
Bacillus subtilis and Streptonvces sp. applied to
wheat seeds to stimulate seedling growth and reduce
effects of Rhizoctonia solani (Price and others
1973), and B. subtilis and the fungus Chaetonmi um

gl obosum tc control Fusariumin corn (Min and
Konmmedahl 1968). There have been no reported
successes in treating forest tree seed with

bi ol ogicals to control danping-off or root diseases.

The genera of fungi npbst commonly eval uated for
potential as biological control organisns are Trichoderma
and Giocladium Several species of Trichoderns,
including T_. hamatum T. harzianumand, to a | esser
extent, T. koningii, T. polysoorumand T. viride,
have all been used agai nst danpi ng-off caused by
several pathogens in the |aboratory, greenhouse, and
field (Papavizas 1985).

Giocladiumvirens has been produced
comercially (table 1) and used for control of
several pathogens in different agricultural systens.
An alginate prill fornulation was recently tested
agai nst Fusari um associ at ed di seases of contai ner -grown
Dougl as-fir seedlings and shown to be ineffective in
reducing seedling i nfection by fusaria (James and
ot hers unpublished). These tests also indicated that
,there nay be sone phytotoxic effects exhibited by G.
virens, at least at the inoculumdosages used. This
fungus is known to produce netabolites capabl e of
eliciting toxic responses in host plants (Jones and
others 1988; Wight 1951). d.iocladiumal so produces
antibiotics (Howell 1991; Howel | and Stipanovic 1984) and
is parasitic on nmany other fungi, including sone plant
pat hogens (Bryan 1944; Papavizas 1985; Roberts and
Lunsden 1990). Metabolites toxic to

~.>3%include gliotoxin and gliovirin. These a:

capabl e of directly killing hyphae and propagul es of many
different fungi in the soil (Howell and Stipanovic
1983). This fungus al so produces enzynes whi ch degrade
cell walls of certain fungi (Papavizas 1985).

O her fungal genera commonly tested for use as
bi ol ogi cal control agents include Penicillium
(tel eonorph: Tal aronvces), Chaetom um Epicoccum
Sporidesni um and non-pat hogeni c speci es of Pvthium
Tal aromyces flavus has potential as a biocontrol
agent agai nst a wi de range of soilborne plant
pat hogens (MLaren and others 1989; Spink and Rowe
1989). Chaet omi um has been shown to effectively control
di seases i nduced by Pythium (Di Pietro and others 1992)
and Alternaria sp. (Vannacci and Harnan 1987).
Epi coccum pur purascens has potential as a biocontrol
of Sclerotinia diseases (Zhou and Reel eder 1990).
Sporodesmi um scl eroti orum has al so di spl ayed
excellent efficacy in controlling Sclerotinia
di seases (Adans 1990). Pvthium nunn effectively
control s pathogenic species of Pythiumon several
agricul tural crops (Adans 1990; H ad and ot hers

1985). Unfortunately, none of these have been
tested for efficacy against diseases in forest and
conservation nurseries.

Fungi may be introduced into cropping systens
on seed (Harman 1991), as spore suspensions
(Papavi zas 1985) and as pellets or prill directly onto
or incorporated within soil or growi ng nmedia (Lawson and
Di enelt 1989). One major problem particularly with seed
treatnents, is the induction of rhizosphere conpetence
by biocontrol agents, defined as the ability of the agent
to grow and proliferate in the host plant
rhi zosphere (d eason and others 1987). This is the
zone where protection agai nst pathogens is critical.
Most isolates of introduced biocontrol fungi are not
rhi zosphere conpetent (Beagl e-Ri staino and Papavi zas
1985; Chao and others 1986). However, recent work has
shown that benonyl-resistant strains of Trichodernma
exhibit the ability to proliferate in the rhizosphere
(Ahnad and Baker 1987; Baker 1991). This is particularly
true if |ow dosages of benonyl are introduced which
reduces conpetition from ot her benonyl -tol erant
organi sns, allow ng benonyl -resistant Trichoderma to
devel op unrestricted, thus offering greater protection
agai nst pat hogens.

Streptonvces spp. are filanmentous bacteria that
readily produce a wide variety of antibiotics
ef fective agai nst many soil m croorgani snms (Al exander
1971). Some nenbers of this genus cause plant diseases,

e.g. potato scab caused by Q. scabies (Agrios 1969).
However, nwv-y are soil saprophytes and aggressive
conpetitors wth other nicroorgani sns (A exander 1971;
Giffin 1972). An isolate of S. griseoviridis
obtained fromlight-col ored Sphagnum peat in Finland
has been shown to be antagonistic toward several plant
pat hogenic fungi (Tahvonen and Avi kai nen 1987). A
commerci al preparation of this bacteriumis marketed
as Mycostop (table 1). It is a powdery formulation
produced by fernentation and freeze-drying. This
fornmulation is applied as a seed dressing and in
solution as a soil drench. Tests have shown that it
is effective in controlling danping-off caused by
Fusarium blight caused by Alternaria, and powdery
m I dew on foliage (Tahvonen and Avi kai nen 1987). The
formul ation has been shown effective on several greenhouse
and field crops such as carnation, cauliflower,
sweet pepper, and wheat. However, recent trials on
cont ai ner-grown coni fer seedlings indicated that at
the levels o pathogen and antagoni st tested,
Mycostop was ineffective in controlling Fusarium
associ at ed danpi ng-of f of Douglas-fir (Janes and

ot hers unpublished). Results indicated a possible
slight delay of danping-off in Streptonvces-treated
seedlings, but no lasting protection was seen.

O her genera of bacteria which have shown
prom se as biocontrol agents include Bacillus,
Ent er obacter, and Pseudonpnas. Bacillus subtilis is
one of the nost promsing bacterial inoculants




for control of seedling blight on several different
crops (Canpbell 1989; Loeffler and others 1986). This
bacterium often survives soil pasteurization because
of its ability to formresistant spores, and shows
greatest efficacy when soil noisture levels are high
(Baker and Cook 1974). Enterobacter cloacae is a
common i nhabitant of seed coats of many plants; it
has been shown to effectively control Pvthium danping
of f when inocul ated onto seed (Harman 1991). Several
speci es of Pseudonmpnas show nmuch pronise as

bi ocontrol agents. Especially prom sing are the

fl uorescent pseudononads that not only produce
antibiotics (Schroth and Hancock 1982),

but al so successfully conpete for available iron, utilizing
the mneral and restricting devel opnent of pathogens
because of iron-limting conditions (Loper and Buyer
1991). Although several of these bacteria show

prom se, none have been devel oped comercially for
Hse as biocontrol agents, other than Mycostop .

CONCLUSI ONS

Bi ol ogi cal control is probably the nornal

situation in natural, undisturbed plant

ecosystens. In nost cases, conpetition anobng the
nyriad of organisns associated with plants limt dom nance
by a few. However, in agroecosystens,

this "biological balance" has often been drastically
upset either by grow ng extensive nonocultures or by
introduci ng broad spectrumpestici des that disrupt

mi croorgani sm popul ati ons. Pathogens often find
these di srupted ecosystens conducive for their

devel opnent. Therefore, the primary goal of

bi ol ogi cal control should be either to reestablish
the bal anced microbial community or suppress

activity by pathogens by introducing organisns that
can effectively limt pathogen activity.

Recent restrictions governing the contanination
of agricultural environnents by chem cal pesticides
has pl aced greater enphasis on finding alternative
treatnents for disease. Biological control, being nore
"natural", is a widely-accepted alternative to
traditional chem cal pesticides. Unfortunately,
there are sone di sadvantages of biocontrol that shoul d be
realized. Biocontrol methods are often not as
effective in conpletely elimnating disease as chemi cal s
have been (Canpbell 1989; Baker and Cook 1974).
Growers nust realize that disease |osses may be
greater, sonetimes significantly greater, under regines
enphasi zi ng biological control. Stock quality may al so
suf fer under non-pesticide growing regimes. This is
especially true for bare-root nurseries where there
is less control of environnental variables. However,
i n greenhouse nurseries, reduced chemcal usage may be
easier to inplenent while maintaining stock quantity
and quality because of nore control of the
envi ronment and pat hogen introductions (Dunroese and
ot hers 1990). The concept of "acceptable
| osses” will beconme nore inportant as pest
managenent

approaches an integrated system rather than
relying strictly on chenicals.

Anot her serious problemfacing inplenentation of
bi ol ogi cal control in forest and conservation nurseries
is the lack of avail able organisns for testing. As
seen in table 1, very few commercial preparations are
avail able for growers to use. Also, prelimnary tests
of some of these (GL-21"R and Mycostop”R ) indicate
that they may be ineffective against pathogens on
tree seedlings (Janes and ot hers unpublished). The
nost appropriate alternative is to devel op bi ocontrol
systens directly fromforest seedling systens so that
candi dat e biocontrol organi sns woul d have a greater chance
of working in our nurseries. However, research
support for nursery diseases in general and biol ogical
control in particular is alnost totally |acking.
Unl ess nore enphasis and resources are directed
toward this needed research, we will have to continue
to rely on products devel oped for other agricultural crops.
If these products are not effective in forest and
conservation nurseries, we should not be surprised
since they were not devel oped with our crop in mnd.

Future efforts in devel opi ng biologicals for
control of plant diseases will npbst certainly focus
on genetic engineering (Baker 1991). Extensive
investigations are underway to understand the
nol ecul ar basis for di sease and antagoni sm by
di fferent organisnms. Techniques are available to
desi gn m croorgani sns that produce the nmetabolites
needed to effectively control pathogens. These

approaches will certainly produce new organi sns that work
better in controlling pathogens than the ones currently
avai |l abl e. However, there will be sone inherent

probl ens associated with using such new organi sns,
such as effective tracking once released into the
environnent, and reducing the potential for unforeseen side
effects (non-target effects) of rel eased organi sns (Canpbel |
1989). However, if these problenms are adequately
overcone, the future for manufacturing new biol ogical
control organi sns shoul d be bright.

Wth regards to forest and conservation
nurseries, the future holds pronise for greater enphasis on
bi ol ogi cal control to linmt damage from di seases.
Qur cropping systens are ideally suited for
i npl enenting integrated pest managenment whi ch shoul d
include sone |evel of biological control. However,
it will take a determned commtrent fromgrowers if
successes are to be achieved. The extent of that
commitment and support for greater research and devel opnent
wi |l govern the success of biological control in the
future.
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