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IN T R O D U C T I O N

Biocontrol of plant diseases involves the use of an

o rganism or organisms to inhibit the pathogen and reduce

disease (11). There are many definitions for biological

control, however, the basic idea involves a strategy for

reducing disease incidence or severity by direct or indirect

manipulation of microorganisms (5, 62). Consequently,

understanding the mechanisms of biological control of plant

diseases through the interactions between biocontrol agent

and pathogen may allow us to manipulate the soil

environment to create conditions conducive for successful

biocontrol or to improve biocontrol strategies (18, 26).

Recently several methodologies for genetic analysis, such as

the approach of mutant analysis, have provided promise for

the study of mechanisms of biocontrol agents and their targ e t s

(96). Handelsman and Parke (1989) have suggested the

application of Koch's postulates to demonstrate a cause-eff e c t

relationship in the involvement of a particular mechanism in

biocontrol because it may not be adequate to demonstrate that

a mechanism exists in vitro (26). The following steps

suggested by Handelsman and Parke should be demonstrated

in either biocontrol agents or their targets to ascertain the role

of a particular mechanism. These steps are as follows: (i) the

activity must be associated with a strain that is effective as a

bioprotectant, or a metabolite must be identified in situ, such

as in the disease situation, (ii) the gene(s) coding for the

particular product or process must be cloned, (iii) the activity

of the mutant should be less effective than the wild-type

parent if the particular gene(s) is deleted, (iv) replacing the

gene(s) encoding for the activity should restore the biocontrol

a c t i v i t y, (v) mutants of the pathogen that are not affected by

the activity of the metabolite or process should be able to

incite disease in the presence of the biocontrol agent, and (vi)

restoring sensitivity of the pathogen to the activity should

reduce its ability to cause disease (26). In addition, other steps

such as transformation of the gene and expression in

heterologous organisms or induced over-expression in the

same bioprotectant also may be adequate to demonstrate the

particular mechanism.
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Biological disease control is an attractive alternative strategy for the control of plant diseases.

Meanwhile, it also provides practices compatible with the goal of a sustainable agricultural system.

Understanding the mechanisms of biological control of plant diseases through the interactions between

antagonists and pathogens may allow us to select and construct the more effective biocontrol agents and to

manipulate the soil environment to create a conducive condition for successful biocontrol. In the past

decade, the innovative applications of molecular techniques have broadened our insight into the basis of

biological control of plant diseases. Particularly, molecular approaches are useful in determining the relative

contributions of different genetic traits in complicated processes. Insofar as we know, the mechanisms of

biocontrol may involve and be divided into (i) antibiosis, (ii) competition, (iii) mycoparasitism, (iv) cell wall

degrading enzymes, and (v) induced resistance. However, these mechanisms of biological control are

probably never mutually exclusive. They may include one and more processes.
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Possible inhibition-processes of biocontrol agents to
plant pathogens

The mechanisms of biocontrol have been discussed and

reviewed in several papers and books (1, 11, 18, 19, 26, 41,

44) and mainly include antibiosis, competition,

mycoparasitism, cell wall degrading enzymes, and induced

resistance (52, 55). These mechanisms are probably never

mutually exclusive; these terms are meant to organize the

examples into general groups to facilitate comparisons. This

article is not an attempt to cover all the work on biocontrol

agents as I will cite only a few major studies that have

apparent evidence in biocontrol. The following paragraphs are

separately to describe the mechanisms of biological control of

plant diseases. The data are summarized in Table 1.

A n t i b i o s i s :

Antibiosis may be involved and play an important role in

plant disease suppression by certain bacteria and fungi. The

process has been defined as the interactions that involve a

low-molecular weight compound or an antibiotic produced by

a microorganism that has a direct effect on another

m i c r o o rganism (26, 93, 94). The role of antibiotics in

biocontrol has been studied by genetic analysis, e.g., mutants

that do not produce antibiotics to demonstrate a correlation

between antibiotic productivity and biocontrol activity. A few

systems have been throughly examined. For example, a

phenazine antibiotic (Phz) produced by P s e u d o m o n a s

f l u o rescens strain 2-79 has been implicated in control of take-

all of wheat caused by Gaeumannomyces graminis v a r. t r i t i c i

(26, 85, 93, 94). Phenazine could be isolated from roots of

wheat by strain 2-79 inoculation; results indicated that roots

with the antibiotic were healthier than roots without the

antibiotic (44, 94). Single-site Tn5 insertions were used to

make mutants defective in the production of the phenazine

antibiotic. All of these mutants were noninhibitory to G .

graminis v a r. tritici in vitro and were less suppressive to take-

all in greenhouse tests. Biocontrol ability was restored in the

mutant strains when antibiotic production was restored by

wild-type DNA introduced on a cosmid (85). Although

antibiotic production plays major role in suppression of the

take-all pathogen, it is not the only factor; some suppression

of the pathogen is retained by the nonproducing mutants (67).

Strain 2-79 also produces anthranilic acid, a substance that

may play a minor role in biocontrol (72). Similar results were

obtained with the P. fluore s c e n s strain I11 (77). However, the

mutants that demonstrated increased antibiosis

(overexpression) were equal to the wild-type strain in disease

suppression (77).

P. fluore s c e n s strain CHA0 produces a number of

antibiotic substances including 2,4-diacetylphloroglucinol
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Table 1.  Mechanisms of specific biocontrol agents for controlling plant pathogens 1

B i o c o n t r o l S t r a i n P o s s i b l e Ta rget pathogen C r o p Evidence for
a g e n t s P r o c e s s / m e t a b o l i t e i n v o l v e m e n t

A n t i b i o s i s

A g ro b a c t e r i u m A g ro b a c t e r i u m S t o n e Genetic analysis
r a d i o b a c t e r K 8 4 Agrocin 84 t u m e f a c i e n s fruits and roses in vivo

B a c i l l u s Iturin group Most fungi Va r i o u s Genetic analysis
s u b t i l u s c r o p s in vivo and vitro

E rwinia herbicola E h 1 0 8 7 β- l a c t a m E rwinia amylovora Rosaceous plants Genetic analysis
In vitro

P s e u d o m o n a s C H A 0 2 , 4 - d i a c e t y l - T h i e l a v i o p s i s W h e a t Genetic analysis
f l u o re s c e n s p h l o r o g l u c i n o l b a s i c o l a , o t h e r s t o b a c c o in vivo

( P h l )

P s e u d o m o n a s C H A 0 P y o l u t e o i n F u s a r i u m C u c u m b e r Genetic analysis
f l u o re s c e n s And Phl o x y s p o rum f s p . in vivo

c u c u m e r i n u m,
Phomopsis sclert i o i d e s

P s e u d o m o n a s C H A 0 H C N T h i e l a v i o p s i s W h e a t Genetic analysis
f l u o re s c e n s basicola, others t o b a c c o in vivo

P s e u d o m o n a s H v 3 7 a R 2 Oomycin A P y t h i u m C o t t o n Genetic analysis
f l u o re s c e n s u l t i m u m in vivo

1 . Modified primarily from a report of Harman and Hayes to the Office of Technology Assessment of the US Congress 1994, and
up-dated by C-T., Lo



(Phl), hydrogen cyanide, and pyloluteorin (38, 45, 65, 66) that

are involved in suppression of take-all disease of wheat

caused by G. graminis v a r. t r i t i c i, black rot of tobacco caused

by Thielaviopsis basicola, and other root diseases (38, 44). In

addition to mutation analysis as described above, the gene(s)

were also transferred into P. fluore s c e n s strain 2-29 that was

not normally a Phl producer. The resulting Phl-producing

transconjugants were shown to have more broad antibacterial

and antifungal activity than the parental strain (38).

Among other bacteria, antibiotic agrocin 84 produced by

A g robacterium radiobacter strain K84 is one of best

described examples of biocontrol to control crown gall caused

by virulent A. tumefaciens strains (40). Several studies have

implicated agrocin K84 in the disease control process (26,
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Table 1.  (Continued)

B i o c o n t r o l S t r a i n P o s s i b l e Ta rget pathogen C r o p Evidence for
a g e n t s P r o c e s s / m e t a b o l i t e i n v o l v e m e n t

P s e u d o m o n a s 2 - 7 9 P h e n a z i n e - 1 - G a e u m a n n o - W h e a t Genetic analysis
f l u o re s c e n s carboxylic acid myces graminis in vivo

and Phl v a r. tritici

Pseudomonas 11 9 2 - 7 9 Anthranilic acid G. graminis var. W h e a t Genetic analysis
f l u o re s c e n s t r i t i c i in vivo

P s e u d o m o n a s P f - 5 P y o l u t e o r i n P. ultimum; R. C o t t o n Genetic analysis
f l u o re s c e n s and Phl solani, Erw i n i a c u c u m b e r in vivo

c a rotovora subsp.
a t ro c e p t i c a

S t re p t o m y c e 3 6 0 2 G e l d a n a m y c i n R. solani P e a D e m o n s t r a t e d
h y g ro s c o p i c u s in field
v a r. geldanus

C h a e t o m i u m C g - 1 3 C h a e t o m i n P. ultimum S u g a r b e e t In vitro
g l o b o s u m d e m o n s t r a t i o n

Tr i c h o d e r m a G l i o v i r i n P. ultimum C o t t o n Genetic analysis
(G l i o c l a d i u m) in vivo
v i re n s

Tr i c h o d e r m a G - 2 0 G l i o t o x i n P. ultimum C o t t o n Genetic analysis
v i re n s in vivo

Tr i c h o d e r m a Akyl pyrones Various fungi Va r i o u s A n t i b i o t i c s
harzianum, c r o p s i s o l a t e d
T. koningii in vitro

Tr i c h o d e r m a AT C C - P e p t a i b o l B o t rytis cinere a , G r a p v i n e A n t i b i o t i c s
h a r z i a n u m 3 6 0 4 2 a n t i b i o t i c s other fungi i s o l a t e d

C o m p e t i t i o n

P s e u d o m o n a s Genetic analysis
f l u o re s c e n s 3 5 5 1 S i d e r o p h o r e P. ultimum P o t a t o in vivo

P s e u d o m o n a s W C S S i d e r o p h o r e F u s a r i u m R a d i s h Genetic analysis
p u t i d a 3 5 8 o x y s p o ru m f. sp. in vivo

r a p h a n i

P s e u d o m o n a s N 1 R Vo l a t i l e P. ultimum P e a , In vitro
p u t i d a s u b s t a n c e s s o y b e a n d e m o n s t r a t i o n

E n t e ro b a c t e r Inactivation of P. ultimum C o t t o n Genetic analysis
c l o a c a e stimulants of pathogen c u c u m b e r in vivo

g e r m i n a t i o n

Tr i c h o d e r m Nutrients and Various fungi G r a p e v i n e Inferred from
h a r z i a n u m s p a c e in vivo activity

P h l e b i a Infection sites H e t e ro b a s i d i o n P i n e , In field
(P e n i o p h o r a) (F o m e s) c o n i f e r s d e m o n s t r a t i o n
g i g a n t e a a n n o s u m



44). Bacillus subtilis strains show broad suppression of

various plant pathogens by producing an antibiotic iturin in

vitro and in vivo (22, 63). Recently, the gene(s) encoding the

iturin has been cloned and identified by Matsuno et al. (63).

S i m i l a r l y, studies performed with nonproducing antibiotic

strains of E rwinia herbicola and with antibiotic-resistant

mutants of E. amylovora have also indicated that β- l a c t a m

antibiotic are important in the inhibition of E. amylovora b y

E. herbicola (37). S t reptomyces hygroscopicus v a r. g e l d a n u s

produces the antibiotic geldanamycin, which has been directly

purified from soil and demonstrated to effectively suppress

root rot of pea caused by Rhizoctonia solani in the field (79).

Numerous strains of E n t e robacter cloacae have also been

shown to be effective biocontrol agents in suppressing

P y t h i u m damping off of cucumber and cotton. One study has

also indicated that ammonia produced by the bacterium may

be involved in disease suppression in vitro (44).

A p p a r e n t l y, antibiotic production is not specific for

certain species.Different species may produce the same

antibiotics or secondary metabolites, while different strains of

the same species may possess quite different antibiotics or

toxic substances (see Table 1). For example, P. aure o f a c i e n s

strain 30-84 produces Phz while P. aure o f a c i e n s strain Q2-87

produces Phl (44). Pseudomonas fluorescens strain CHA0

produces Phl, hydrogen cyanide, and pyoluteorin (38, 45, 65,

66), while other strains of the same bacterial species may

produce oomycin A, phenazine-1-carboxylic acid, anthranilic

acid, and pyoluteorin (33, 42, 72).

The role of antibiotic production by antagonistic fungi

has been less studied than with bacteria. One reason may be

that these substances have merely been identified, and the role

has not yet been elucidated clearly by molecular approach.

The role of antibiosis in biocontrol fungi has been considered,

h o w e v e r. Gliocladium (now Tr i c h o d e r m a) v i re n s, which

controls damping off of cotton caused by P. ultimum ,

produces gliovirin. Mutant analysis has been used to

demonstrate that the antibiotic gliovirin plays a role in

biocontrol (18, 32). In addition, the importance of gliotoxin
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Table 1.  (Continued)

B i o c o n t r o l S t r a i n P o s s i b l e Ta rget pathogen C r o p Evidence for
a g e n t s P r o c e s s / m e t a b o l i t e i n v o l v e m e n t

Cell-wall degrading
E n z y m e s

S e rr a t i a C h i t i n o l y t i c Va r i o u s S o y b e a n Genetic analysis
m a rc e s c e n s e n z y m e f u n g i h e t e r o e x p r e s s i o n

Tr i c h o d e r m a AT C C - C h i t i n o l y t i c Va r i o u s Pea, soybean In vitro
h a r z i a n u m 3 6 0 4 2 e n z y m e s , f u n g i d e m o n s t r a t i o n

G l u c a n a s e s

M y c o p a r a s i t i s m

C o n i o t h y r i u m M y c o p a r a s i t i s m S c l e ro t i n i a S u n f l o w e r In field
m i n i t a n s s p p . d e m o n s t r a t i o n

P y t h i u m M y c o p a r a s i t i s m Pythium s p p . Va r i o u s In vitro
n u n n c r o p s d e m o n s t r a t i o n

S p o r i d e s m i u m M y c o p a r a s i t i s m S c l e r o t i n i a L e t t u c e In field
s c l e ro t i v o ru m m i n o r d e m o n s t r a t i o n

Tr i c h o d e r m a M y c o p a r a s i t i s m Various and Various crops In vitro
v a r i o u s s p p . numerous fungi d e m o n s t r a t i o n

Induced re s i s t a n c e

P s e u d o m o n a s W C S I n d u c e d Va r i o u s R a d i s h Genetic analysis
f l u o re s c e n s 3 7 4 r e s i s t a n c e p a t h o g e n s

P s e u d o m o n a s C H A 0 I n d u c e d To b a c c o To b a c c o In vitro
f l u o re s c e n s r e s i s t a n c e necrosis virus d e m o n s t r a t i o n

P s e u d o m o n a s S 9 7 I n d u c e d P. syringae pv. B e a n In vitro
f l u o re s c e n s r e s i s t a n c e p h a s e o l i c o l a d e m o n s t r a t i o n

P s e u d o m o n a s I n d u c e d P. syringae pv. C u c u m b e r In field
p u t i d a r e s i s t a n c e l a c h r y m a n s d e m o n s t r a t i o n

Binucleate R h i z o c t o n i a B N R - I n d u c e d Rhizoctonia solani S o y b e a n In vitro
A G - K r e s i s t a n c e A G - 4 D e m o n s t r a t i o n



produced by Trichoderma virens in the suppression of

Pythium damping-off of cotton seedlings has also been

confirmed recently by mutational analysis (16,96). Other

antibiotics from fungi are listed in Table 1. For example,

chaetomin is produced by Chaetomium globosum, peptaibols

are produced by Trichoderma harzianum, and pyrones are

produced by Trichoderma spp. (15,19,21,80). However, the

roles of these antibiotics have not yet been demonstrated in

vivo by genetic analysis.

C o m p e t i t i o n :

This process is considered to be an indirect interaction

whereby pathogens are excluded by depletion of a food base

or by physical occupation of site (61).Generally, nutrient

competition has been believed to have an important role in

disease suppression, although it is extremely difficult to

obtain conclusive evidence. Biocontrol by nutrient

competition can occur when the biocontrol agent decreases

the availability of a particular substance thereby limiting the

growth of the pathogen. Particularly, the biocontrol agents

have a more efficient uptake or utilizing system for the

substance than do the pathogens (26, 30, 69). For example,

iron competition in alkaline soils may be a limiting factor for

microbial growth in such soils (47). Some bacteria, especially

fluorescent pseudomonads produce siderophores that have

very high affinities for iron and can sequester this limited

resource from other microflora thereby preventing their

growth (57). A few studies have demonstrated that

siderophore biosynthesis in P. fluore s c e n s plays a role in

pathogen suppression (12, 47, 56, 57).  For example,

Schippers and coworkers have demonstrated that siderophores

are involved in the biocontrol of minor pathogens of potato

when they use a single Tn5 insertion to inactivate both the

pyoverdine production (Pvd-) and plant growth promotion

phenotypes of P. putida strain WC358 (6). Similarly, P.

f l u o rescens 3551 controls Pythium damping-off of cotton,

while Pvd- derivatives do not control this disease (56).

H o w e v e r, some studies have also found siderophores to play

little or no role in disease control, particularly with P y t h i u m

species (23,39,76). For example, Paulitz and Loper obtained

Tn5 mutants of P. putida strain N1R, which is deficient in

pyoverdine production, and showed no reduction in ability to

protect cucumber from Pythium damping off (70). Lam and

G a ffney have thus suggested that the role of siderophores in

biocontrol should be viewed with caution because some

strains may synthesize a variety of antifungal compounds

under iron-limited conditions (44). More recently, Leeman et

al. have reported that iron-chelating salicylic acid produced

by selected P. fluore s c e n s strains at low iron availability may

be involved in the induction of systemic resistance to

Fusarium wilt of radish. They thus suggested that the role of

siderophore-mediated competition for iron in the suppression

of disease by fluorescent Pseudomonas spp . might need

reevaluation (46).

Competition for specific substances or stimulants for

germination of microorganisms may also occur in soil since

most resting structures of microbes cannot germinate without

specific stimulants due to soil fungistasis (43). Infection of

plants by pathogens occurs only after dormancy is broken in

the presence of stimulants from plant hosts. Consequently,

microbes including pathogens may compete for specific

stimulants of germination that may come from germinating

seeds or growing roots. These factors may include fatty acids,

or their peroxidation products (30), or volatile components

such as ethanol and acetaldehyde (20,48,75). Generally, seeds

are more vulnerable to infection of Pythium spp. during the

first 6-12 hr of seed germination. After that, however,

developing seedlings become less susceptible to P y t h i u m

infection (30). Thus, the volatile molecules produced by seeds

and/or roots may be particularly important in stimulating

"rapid response" pathogens such as Pythium spp. due to

extension-speed of the substances. Nelson (68) has reported

that germination of sporangia of Pythium spp. is evident

within 2 hr after exposure to volatiles from germinating

cotton and other plant seeds. Maximum germination occurs

following 8 hr of exposure to volatiles. Norton and Harman

also observed approximately 60-fold increases in populations

of P. ultimum after exposure to volatiles from aged pea seeds

in soil (71). In addition, C1 6- C1 8 fatty acids also stimulated the

germination of endoconidia and chlamydospores of

Thielaviopsis basicola in vitro (73). Harman et al. have also

proposed that the volatile peroxidation products of

unsaturated fatty acids may be the active stimulants for fungal

germination, since as little as 200 mg/L of 2,4- hexadienal in

aerial solution stimulated germination of Alternaria alternata

conidia (28).

C o n s e q u e n t l y, a biocontrol agent can provide plant

protection by efficient interception of these stimulating

factors before pathogens can use them (17, 69, 75).Molecular

evidence shows that strain E6 of E n t e robacter cloacae

inactivates the fatty acid that stimulates Pythium s p p .

germination, thereby protecting seeds (88). Elad and Chet

have also proposed that some bacterial strains may catabolize

exudate components that are responsible for stimulating

General mechanisms of action of microbial biocontrol agents 1 5 9



oospore germination of Pythium spp.; these effective strains

do not produce inhibitory metabolites and do not directly

interact with oospores of Pythium spp. (17). In other studies,

stimulant inactivation may also play a role for other

biocontrol agents such as E n t e robacter cloacae, Tr i c h o d e r m a

h a r z i a n u m, or Pseudomonas putida; pea, cotton, and soybean

seeds developed significantly lower levels of ethanol and

acetaldehyde during germination when treated with these

bioprotectants as compared with untreated seeds (20, 69, 74).

Thus, with the identification of specific pathogen stimulants,

it should be possible to determine the role of microbial

metabolism of these stimulants in biocontrol by examining

mutants that can no longer metabolize them.

Microbes may also compete for physical space (site) and

nutrients for growth.For example, spraying pine sumps with

spore suspensions of Peniophora (now P h l e b i a) g i g a n t e a

prevents infection by H e t e robasidion (F o m e s) a n n o s u m.

Because the pathogen cannot gain a foothold for

establishment on the host, the biocontrol agent can thus

reduce the disease severity of root rot of pine (11, 62).

Although there may be some antagonism (e.g., antibiosis)

between the two fungi, the primary mechanism may be

simply competition for the physical occupation of specific

infection sites (62).Thus, the competition for infection site

also plays a role in biological control of plant diseases.

P a r a s i t i s m :

This process involves the direct utilization of one

o rganism as food by another (26, 62). Fungi that are parasitic

on other fungi are usually referred to as mycoparasites (5).

Many mycoparasites occur on a wide range of fungi and some

of them have been proposed to play an important role in

disease control (1, 52, 62). For example, Darluca filum ( n o w

S p h a e rellopsis filum) was described by Saccardo as a parasite

of some rust fungi, especially Puccinia and U romyces ( 8 4 ) .

Weindling in 1932 observed Trichoderma lignorum (T. viride)

parasitizing hyphae of Rhizoctonia solani and suggested

inoculating soil with Trichoderma spores to control damping

o ff of citrus seedling (92). This and other Tr i c h o d e r m a

species were observed to parasitize Rhizoctonia bataticola

and Armillaria mellea (5,55). More recently T. harzianum a n d

T. hamatum have been marketed as wound dressings for

ornamental and forest trees and decay inhibitors for utility

poles (1,62). Other mycoparasites include P y t h i u m

o l i g a n d rum and Pythium nunn for parasitizing various

Pythium spp.; Coniothyrium minitans and S p o r i d e s m i u m

s c l e ro t i v o rum that parasitize various sclerotia forming fungi

also have been used in disease control (1, 84).

Mycoparasitism is a process by which biocontrol fungi

may attack pathogenic fungi (61). Generally, mycoparasitism

can be described as a four-step process (8, 26, 30, 44, 52, 86):

The first stage is chemotropic growth. The biocontrol fungi

grow tropistically toward the target fungi that produce

chemical stimuli. For example, a volatile or water- s o l u b l e

substance produced by the host fungus serves as a

chemoattractant for parasites. However, the lack of available

data for statistical comparison of different conditions or host-

parasite combinations is a limitation to understanding the

phenomenon (13). The next step is recognition. Lectins of

hosts (pathogens) and carbohydrate receptors on the surface

of the biocontrol fungus may be involved in this specific

interaction (35, 36). The third step is attachment and cell wall

degradation. Mycoparasites can usually either coil around

host hyphae or grow alongside it and produce cell wall

degrading enzymes to attack the target fungus (8, 30). These

enzymes such as chitinases and b-1,3-glucanase may be

involved in degradation of host cell walls and may be

components of complex mixtures of synergistic proteins that

act together against pathogenic fungi (15, 29, 51, 52, 58, 59,

61). The final step is penetration. The biocontrol agent

produces appressoria-like structures to penetrate the targ e t

fungus cell wall (8,13).

Evidence for these processes in Trichoderma spp. and

other fungi has been presented. Most of these events have

been described from in vitro studies even though

mycoparasitic structures have been observed in situ on seeds

(34, 55). Recently, a lectin from S c l e rotium rolfsii has been

isolated and proven to play an important role in recognition

(34). However, the biochemical basis for this phenomenon is

not understood. Similarly, cell- wall-degrading enzymes have

also been shown to be involved in the inhibition of pathogenic

fungi. The gene(s) for some of those enzymes has (have) been

isolated (29, 31, 59, 61).

Another mycoparasitic fungus, S p o r i d e s m i u m

s c l e ro t i v o ru m, is a biotrophic parasite and is often found only

on sclerotia of plant pathogenic fungi such as S c l e ro t i n i a

minor and S c l e rotium cepivorum (the causal agents of lettuce

drop) (3, 26). In field experiments, the evidence has shown

that mycoparasitic activity is consistently correlated with a

reduction in pathogen inoculum density and a reduction in

disease incidence (1, 2).

Cell-wall degrading enzymes:

Extracellular hydrolytic enzymes produced by microbes
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may also play a role in suppression of plant pathogenic fungi.

Chitin and b-1,3-glucans are major constituents of many

fungal cell walls (44). Several studies have demonstrated in

vitro lysis of fungal cell walls either by chitinase or b-1,3-

glucanase alone or in combination (29, 44, 58, 59, 61).

R e c e n t l y, genetic evidence for the role of these enzymes in

biocontrol has been obtained. A chitinase (ChiA) deficient

mutant of S e rratia marcescens was shown to have reduced

inhibition of fungal germ tube elongation and reduced

biocontrol of Fusarium wilt of pea seedling in a greenhouse

assay (44). Furthermore, when ChiA from S. marc e s c e n s w a s

inserted into the nonbiocontrol agent Escherichia coli, the

transgenic bacterium reduced disease incidence of Southern

blight of bean caused by S c l e rotium rolfsii (82). Similarly,

Trichoderma harzianum was transformed with ChiA from S .

m a rcescens (27). The transformed strains were more capable

of overgrowing S c l e rotium rolfsii in vitro than the original

strain from which it was derived. More recently, several

species of transgenic plants containing the gene for

endochitinase from T. harzianum have been produced by

Harman and coworkers (28). These transgenic plants als, have

increased resistance against plant pathogenic fungi (60).

These results indicate that these enzymes play a role in

biocontrol and the biocontrol ability of some microbes may be

improved by transformation with chitinolytic enzymes.

Induction of systemic re s i s t a n c e :

The inducible resistance in plants to a variety of

pathogens is known as systemic acquired resistance (SAR).

SAR may be induced by inoculating plants either with a

necrogenic pathogen or nonpathogen or with certain natural

or synthetic chemical compounds (41, 44, 81, 83). These

defense responses may include the physical thickening of cell

walls by lignification, deposition of callose, accumulation of

antimicrobial low-molecular-weight substances (e.g.,

phytoalexins), and synthesis of various proteins (e.g.,

chitinases, glucanases, peroxidases, and other pathogenesis-

related (PR) proteins) (24, 25, 41, 81, 83).

This defense system is also triggered when plants are

colonized by plant growth- promoting rhizobacteria (PGPR)

(83) and a few binucelate Rhizoctonia (BNR) AG-K (78).

R e c e n t l y, many strains of PGPR have been shown to be

e ffective in controlling plant diseases by inducing plant

systemic resistance (4, 9, 49, 50). Similarly, Paromarto et al.,

also implied that induced resistant is the mechanism of

biocontrol of Rhizoctonia solani on soybean by BNR (78).

Plants colonized by these strains are more resistant to foliar

diseases, even though the PGPR is present only on roots

(90).Strain CHA96 is a mutant of strain CHA0 that is

defective in the production of antibiotics and the suppression

of black root rot of tobacco. Maurhofer et al. (1994) reported

that strain CHA96 could induce PR-proteins (e.g.,

endochitinases and b- 1,3-glucanases) in the intercellular fluid

of leaves and thus could increase resistance to TNV as did the

wild-type strain (64). van Peer et al. also found increased

amounts of phytoalexins in P. fluore s c e n s strain WCS417r-

inoculated plants when compared to nonbacterized plants

after challenge inoculation (89). Although induced systemic

disease resistance has been studied mainly in laboratories and

greenhouses, some recent reports have indicated that

microbial-induced SAR can protect crops from pathogen

infection under field conditions by treatment of these

beneficial microorganisms (14, 87, 90).

The chemical compounds that induce resistance of plants

to pathogens may include polyacrylic acid, ethylene, salicylic

acid and acetyl salicylic acid, various amino acid derivatives,

the herbicide phosphinotricin, and harpin produced by

E rwinia amylovora (7, 41, 81, 91). Recently, Leeman et al.

have also found that the lipopolysaccharide with the O-

antigenic side chain produced by strain WCS374 of P.

f l u o rescens is involved in induction of systemic resistance in

radish to Fusarium wilt (46). P. fluore s c e n s strain CHA0

e ffectively controlled take-all of wheat caused by G. graminis

v a r. tritici and has been found in the root cortex. This strain

can produce metabolites that may result in enhanced stress for

the plant when the metabolites are delivered into the plant

cells (64, 66). It is known that stress can induce defense

mechanisms against pathogens (64). However, the hypothesis

should be proved by genetic analysis such as heterologous

expression, which shows that inducing ability may be

transferred to other potent strains as an additional

complementary mode of action, and gene mutation, which

knocks out the ability and leads to less disease control.

Conclusion and perspectives

A successful biocontrol requires considerable

understanding of cropping system; disease epidemiology; the

b i o l o g y, ecology, and population dynamics of biocontrol

o rganisms; and the interactions among these variables (52,

55).  Understanding the mechanisms or activit ies for

antagonist-pathogen interactions will be one of important

steps because it may provide a reasonable basis for selection

and construction of more effective biocontrol agents (26, 53,

54). Over the past few years, the novel applications of
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molecular techniques have broadened our insight into the

basis of biological control of plant diseases. New molecular

approaches have been available for assessment of interaction

between the antagonist and pathogen, ecological traits of

antagonists in rhizosphere and improving the efficacy of

bacterial, fungal and viral biocontrol agent (55).

C o n s e q u e n t l y, there has been a significant increase in the

number of biological disease control agents registered or on

the market worldwide in the last few years (51, 54, 95). For

example, there currently are approximately 30 bacterial and

fungal products for control of foliar, soil-borne and post-

harvest diseases (10, 95).

C u r r e n t l y, the Department of Agriculture in the USA has

posted four agriculturally motivated movements, which can

use biocontrol for solving disease problems. Particularly, the

mandate to convert  a large percentage (75 %) of US

agriculture to integrated pest management (IPM) requires

biocontrol technologies to reduce chemical pesticide usage.

Biological control will thus be an alternative strategy for the

control of plant diseases given the history of fungicides in the

near future. However, other methods in IPM for crop disease

control are st i l l  necessary in various environmental

conditions, because an agroecosystem is a variable and

functioning system that includes several factors that influence

disease and crop development (62). Consequently, for

economic threshold, other control strategies of IPM besides

biological control should be also considered and applied to

e ffectively reduce the disease development and the yield loss

of crops in the different crop systems.
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摘　　要

羅朝村. 1 9 9 8. 微生物防治作物病害之一般作用機制 . 植病會刊 7 : 1 5 5 - 1 6 6. (1 . 台中縣、農業試驗所植

物病理系. 2 . 連絡作者：電子郵件 c t l o @ w u f e n g . t a s i . g o v. t w；傳真 0 4 - 3 3 3 8 1 6 2 )。

生物防治是目前一極具吸引力的作物病害防治替代策略；亦是執行永續農業體系目標發展的重

要步驟之一。由於作物病害生物防治主要是在利用一或多種有益微生物來減少病害，因此瞭解病害

生物防治的機制，特別是拮抗微生物與病原菌間的相互作用，將有助於吾人去管理或創造一個適合

環境，以利生物防治的成功或改進生物防治策略。近年來，由於生物技術被引入病害生物防治機制

的探討，使得人們對於拮抗微生物如何抑制病原菌的複雜過程；特別是不同的遺傳基因特性等，有

了更深一層的瞭解。根據目前研究所知，病害生物防治的主要機制過程，大略可被區分為 (i) 抗生作

用 (ii) 競生作用 (iii) 微寄生作用 (iv) 分解酵素作用 (v) 誘引作物產生抗性等。至於每一種拮抗微生物

對病原菌的有效作用，則可能含著上述一種以上的作用過程。

關鍵詞：生物防治、抗生作用、競生作用、微寄生作用、分解酵素作用、誘引作物產生抗性


