
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Because of problems controlling Fusarium root disease with 
chemical fungicides (James and others 1988c), efforts have re-
cently focused on an integrated approach to reduce disease 
damage using cultural, biological and chemical methods of con-
trol. This paper discusses techniques that have either proven 
effective or hold promise for reducing losses from Fusarium root 
disease in container-grown conifer seedlings. Four aspects of an 
integrated pest management program have been identified. Each 
will be discussed under its appropriate heading. 
 
 
 

REDUCTION OF PATHOGEN INOCULUM 
 
 

To reduce infection levels, it is important to limit pathogen 
inoculum within and adjacent to the seedling growing environ-
ment. Since seed is often an important inoculum source in con-
tainer seedling operations (James 1986a, 1987b), steps to reduce 
amounts of seedborne Fusarium are necessary. Past evalua-
tions have indicated that most Fusarium is carried externally on 
seedcoats (James 1984,1985b, 1986b). Rarely does this fungus 
actually penetrate the seedcoat to infect seed endosperm or em-
bryo (Bloomberg 1966). Several types of chemicals have been 
tested to reduce seedborne Fusarium. Common surface steri-
lants like household bleach (active ingredient = sodium 
hypochlorite) and hydrogen peroxide are usually effective in re-
ducing levels of Fusarium on seed (Advincula and others 1983; 
Barnett 1976; James and Genz 1981). However, some problems 
with seedling toxicity and reduced seed germination have oc -
curred, especially with hydrogen peroxide (Edwards and Suther-
land 1979; James and Genz 1981). Bleach treatments have been 
more successful and are often used operationally by some nurs-
eries (Dumroese and others 1988; Wenny and Dumroese      
1987). Common fungicides applied directly to seed have limited 
utility, partly because they may adversely affect seed germination 
(Dick and others 1958; Peterson 1970; Shea 1959) and young 
seedling growth (Cooley 1983; Lock and others 1975). Perhaps 
one of the most effective and least toxic treatments is standard 
water, either heated or applied over seed as a running water rinse 
(Dumroese and others 1988). Water heated with microwaves    
was effective in eliminating Fusarium on seedcoats (James and 
others 1988b); however, care must be taken not to exceed 
temperatures lethal to seeds. Running water rinses for at least    
48 h have proven effective in reducing seedborne Fusarium with-
out adversely affecting seed germination  (Dumroese and others 
 

INTRODUCTION 
 
 

Diseases caused by Fusarium spp. are important limiting 
factors in the production of container-grown conifer seedlings in 
the western United States and Canada (James and Gilligan   1985; 
James and others 1987, 1989; Sutherland and others   1989). 
Several types of diseases associated with these  pathogenic fungi 
have been identified, including pre- and post-emergence damping-
off and cotyledon blight of young germinants, and root diseases of 
older seedlings (James 1986a, 1987b). 
 

Root disease is especially difficult to control because once 
symptoms appear on seedlings, their root systems are usually
extensively colonized with pathogenic fungi (James and others 
1987). Chemical fungicide applications are largely ineffective in 
reducing further damage (James 1986b) and trying to save these 
seedlings is usually unsuccessful (James and others 1988c). A 
more reliable approach is to prevent infection when seedlings are 
young. 
 

Several investigations (Bloomberg 1971, 1973; Hansen and 
Hamm 1988; James 1985c; James and others 1987) have shown 
that shortly after seeds germinate, germinants often become in-
fected with Fusarium. Pathogen inoculum may reside on or with-
in planted seed (James 1986a, 1987b), or on the inner walls of 
containers used to grow seedlings (James and Gilligan 1988b, 
1988c;James and others 1988a;Sturrock and Dennis 1988).  Once 
infected, seedlings may or may not display disease symptoms 
which result from decay of root systems, such as foliar chlorosis 
and necrosis or wilting (James and Gilligan 1988a; James and 
others 1987). Expression of disease symptoms in infected 
seedlings is enhanced by late season hardening and bud initiation 
stress (James and Gilligan 1985; James and others 1987). 
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Abstract - An integrated approach to management of Fusarium root disease   

in container-grown conifer seedlings includes reducing levels of pathogen inocu-
lum within the seedling growing environment, enhancing host resistance to infec -
tion and disease development, encouraging organisms competing with or antago-
nistic toward pathogenic Fusarium spp., and minimizing use of chemical 
fungicides whenever possible. Integrating these procedures into standard grow -
ing regimes should greatly reduce impact of Fusarium root disease. 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1988; James 1984, 1987a). Therefore, procedures are available 
for reducing seedborne Fusarium inoculum without adversely af -
fecting germination or establishment of young germinants. 
 

Seedling containers may accumulate Fusarium inoculum 
when reused several times without adequate cleaning (James   
and Gilligan 1988b, 1988c; James and others 1988a; Sturrock  and 
Dennis 1988). Contaminated styroblock and Ray Leach ® pine 
cells have been implicated as important inoculum sources for new 
seedling crops. Most Fusarium inoculum resides near the bottom 
of containers (James 1989b; James and others 1988a), probably 
existing on remaining organic debris, such as pieces of soil mix, 
roots and algal growth which is inadequately removed during 
cleaning. Most growers have used high pressure steam    for 
cleaning their containers, sometimes followed with immersion in a 
bleach solution. Although such operations reduce amounts    of 
Fusarium, enough inoculum usually survives to cause problems to 
the next crop (James and others 1988a). Recent investiga-  tions 
(James and Woollen 1989; Sturrock and Dennis 1988) have shown 
effective elimination of Fusarium on containers immersed  in hot 
water (68-80°C) for 3-10 minutes. A solubilized spreader such as 
R-11 or standard detergent is often added to water to ensure all 
container surfaces come into contact with hot wa-      ter. 
Styroblock containers probably require exposure to higher 
temperatures for longer durations than pine cells (James and 
others I988a). Another promising treatment is immersion of con-
tainers in sodium metabisulfite, a chemical used to kill yeast or-
ganisms in brewing (Sturrock and Dennis 1988). This chemical     
is toxic to fungi when mixed in a water solution. Major disadvan-
tages of this treatment are chemical toxicity to workers and prob-
lems of solution disposal after use. For these reasons, most 
growers are implementing some form of hot water immersion for 
cleaning their containers. 
 

Another possible source of Fusarium inoculum in container 
operations is the growing media Most pre-mixed peat/    vermiculite 
growing media are usually pathogen free (James 1985a). This 
media may contain high populations of potentially antagonistic 
fungi, such as Trichoderma spp. (James 1985a, 1989a). However, 
if Fusarium spp. are introduced into growing media, they may 
quickly colonize it and cause severe disease problems (James 
1985a; James and Gilligan 1984). Therefore, it  is important to 
prevent pathogen introduction into the media. If contamination is 
suspected, steaming the media (82°C for 30 min) will usually 
eliminate pathogens, while allowing some beneficial 
microorganisms to survive (Baker and Olsen 1959; Hartmann and 
others 1990). 
 

Keeping the growing environment clean is important in re-
ducing problems from Fusarium and other pathogenic             
fungi. Greenhouse interiors, including floors, walls, ceilings, and 
benches should be thoroughly cleaned and sanitized between 
crops. Organic debris, which may harbor Fusarium inoculum, 
should be eliminated as much as possible (James and others 
1987). Standard sterilants such as bleach or similar household 
products are usually effective in cleaning these surfaces. Unfor-
tunately, some greenhouses have dirt or gravel floors, surfaces 
nearly impossible to sterilize. Higher disease losses are expect-
ed in greenhouses without concrete floors (James and others 
1988c).  
 

Another potential inoculum source in container operations is 
irrigation water. Pathogen propagules may readily colonize    
some nursery water supplies, especially those from, or exposed   
to ponds, streams, or ditches. Well water is usually much less 
contaminated (Landis and others 1989). Although Fusarium spp. 
are not important water contaminates (Burgess 1981), propag-
ules of Fusarium may be carried in water and subsequently intro-
duced into crops (Cook 1981). 

Some Fusarium spp. pathogenic to conifer seedlings may 
also colonize other hosts. For example, greenhouse weeds may be 
infected with Fusarium oxysporum Schlecht., which is pathogenic 
to conifer seedlings (James and others 1987,      1989). Weeds just 
outside greenhouses may also serve as hosts to Fusarium spp. 
(Landis and others 1990). It is important that these other hosts 
which serve as inoculum reservoirs be eliminat-ed. 
 

A final way of reducing amounts of Fusarium inoculum within 
the growing environment is periodic removal of diseased 
seedlings. Several pathogenic Fusarium species produce spore-
containing structures called sporodochia on above-ground por-
tions of diseased seedlings (Nelson and others 1983). Spores 
released from these structures may be disseminated via irrigation 
splash and air currents to infect nearby seedlings (Burgess 1981; 
Cook 1981). Therefore, if diseased seedlings are removed be-
fore sporodochia form and release spores, threat to other 
seedlings is reduced. Dead seedlings left in greenhouses may  
also become colonized by other pathogens, such as Botrytis,
thereby enhancing potential of these pathogens to cause greater 
problems (Landis and others 1990). Diseased seedlings should  be 
carefully removed, placed in bags and removed to disposal areas 
that will not threaten nursery seedlings. 
 
 
 

ENHANCE HOST RESISTANCE 
 
 

Most conifer species are susceptible to Fusarium root infec -
tion at some level, but disease expression by infected seedlings 
varies greatly among different species and among individuals of    
a single species. For example, although ponderosa pine   
seedlings are often infected with Fusarium spp., they rarely dis -
play disease symptoms (James and Gilligan 1988a). However, 
Douglas-fir (James and others 1987), Engelmann spruce (James 
and Gilligan 1985), and western larch (James 1985c) seedlings 
display disease symptoms much more commonly. 
 

Several factors probably influence level of disease expres -
sion of infected seedlings. These might include seedling mois-
ture stress (Bloomberg 1976), greenhouse temperatures (espe-
cially extremes) (Bloomberg 1976; Tint 1945b), and nutrient levels 
within seedlings and the growing media (Bloomberg 1985; Tint 
1945a). Seedlings infected with Fusarium often display disease 
symptoms toward the end of the growth cycle when they are water 
and nutrient stressed to initiate bud set (James and others 1987, 
1988c). From a disease expression standpoint, it is probably 
important to limit both water and nutrient stress to the least  
amount necessary to initiate bud set. Recent work (Montville and 
Wenny 1990) indicates nutrient stress may be unnecessary for bud 
initiation, and foliar applied fertilizers can be used to reduce 
nutrient stress during periods of reduced moisture applica-
tions. If infected seedlings are stressed for prolonged periods,  
they will probably become diseased, i.e. fungi colonizing their   
roots become active and “pathogenic,” eliciting disease expres -
sion (Bloomberg 1971). Temperature may be very important in 
disease expression since most pathogenic Fusarium spp. are 
considered warm weather fungi. That is, they grow more rapidly 
(Booth 1971; Nelson and others 1983) and are more pathogenic 
(Bloomberg 1976; Tint 1945b) when temperatures are             high. 
Bareroot stock often displays disease symptoms when am-bient 
temperatures exceed certain thresholds (Bloomberg 1971, 1973, 
1976), particularly in July and August. Fortunately, green-house
temperatures can be regulated during most of the growing 
season. However, if seedlings are moved outdoors to shade 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

houses, temperature control is lost. Since this usually occurs in 
conjunction with moisture and nutrient stress to enhance bud set 
(Landis and others 1989), Fusarium root disease often becomes 
most apparent after seedlings are placed outside and tempera-
tures become warm (James and others 1987, 1988c). Keeping
seedlings cool with irrigation may help alleviate this problem. 

 
Early literature dealing with damping-off of conifer seedlings 

(Rathbun 1922; Rathbun-Gravatt 1925; Spaulding 1914; Tint 
1945a) emphasized the importance of regulating nutrient applica-
tions during periods when young germinants are susceptible to 
damping-off fungi. Adding nutrients (especially nitrogen) during 
seedling emergence but before stem lignification enhances 
damping-off losses by making seedlings more succulent. Added 
nutrients may also promote growth of pathogenic fungi (Landis  
and others 1989). Therefore, it is important to regulate fertilizer 
during the critical stage of seedling establishment and promote 
rapid lignification of germinant stems. 

 
 
 

ENCOURAGE COMPETING AND ANTAGONISTIC ORGANISMS 
 
 
Fusarium spp. compete with a wide range of microorgan-

isms in natural soil. Several different types of organisms will com-
monly occupy the same niches as Fusarium, i.e. root cortical cells 
and rhizospheres. If nonpathogenic organisms occupy these    
sites first, pathogenic Fusarium spp. may be excluded and there-
fore unable to infect and elicit disease. In addition, many soil 
microorganisms produce antibiotics which give them competitive 
advantages (Baker and Cook 1974; Brian and McGowan 1945; 
Papavizas 1985; Weindling and Emerson 1936). Antagonism and 
competition are important in the balance of organisms colo-
nizing organic substrates in soil. If specific microorganisms that 
display both competitive and antagonistic properties can be intro-
duced into nursery systems, it is possible to exert biological con-
trol on pathogenic organisms such as Fusarium (Baker and Cook 
1974). 

 
Several types of organisms have potential as biological 

control agents of pathogenic fungi. Bacteria in the genus Pseu-
domonas and actinomycetes in the genus Streptomyces  are po-
tentially important biocontrol agents (Baker and Cook 1974;  Brown 
1972). Perhaps the most widely studied group of     potential 
biocontrol agents are fungi in the genera Trichoderma and 
Gliocladium (Papavizas 1985). Several of these fungi suc -cessfully 
compete with, are antagonistic toward, and parasitize plant 
pathogenic fungi. Trichoderma spp. are often very fast growing and 
rapidly colonize substrates, thus excluding  pathogens such as 
Fusarium spp. Several of these fungi are also parasitic on other 
fungi including plant pathogens (Ayers and Adams 1981; Hubbard 
and others 1983; Papavizas 1985). Re-cently, special strains of 
Trichoderma have been genetically engi-neered to be more 
effective biocontrol agents (Stasz and others 1988). When 
introduced on seed or within the growing medium, these strains 
rapidly colonize the rhizosphere and may exclude host invasion by 
plant pathogens (Harman and Taylor 1988; Har-man and others 
1989). Unfortunately, these engineered biocon- trol agents are yet 
to be tested for their efficacy to control Fusarium root disease in 
container-grown conifer seedlings. However, such evaluations are 
planned.  

 
Another interesting possibility for biocontrol involves inocu-

ating nursery seedlings with nonpathogenic strains of Fusarium
(especially F. ozysporum) to exclude invasion of host roots by 
pathogenic strains. This “cross protection” has been effective in 
several agricultural systems (Damicone and Manning 1982; Davis 
1967). The rationale behind this approach is that sites commonly 

colonized by pathogens can just as easily be colonized by non-
pathogenic (saprophytic) strains of the fungus. Since many 
Fusarium spp. are rapid colonizers of root cortical tissues (Booth 
1971; Nelson and others 1983), by introducing nonpathogenic 
strains, these sites can be occupied preferentially by desirable 
organisms. Of course, it is important that strains of Fusarium
used for biocontrol are nonpathogenic under all potential condi-
tions for host production. Pathogenicity tests with Fusarium spp. 
isolated from conifer seedlings have identified several non-
pathogenic strains (James and others 1989), but these strains 
have yet to be tested for their ability to “cross protect” hosts from 
pathogenic strains. 

 
Ectomycorrhizal fungi may display antagonism toward some 

plant pathogenic fungi (Marx 1972; Sinclair and others 1975;  
Stack and Sinclair 1975). Mycorrhizal symbionts usually colonize 
fine root tips and provide a physical barrier to pathogen coloniza-
tion; these symbionts may also produce antibiotics which restrict 
development of some pathogens (Marx 1972; Stack and Sinclair 
1975). Most young container-grown seedlings are nonmycorrhizal, 
but infection increases towards the end of the growth cycle, 
especially if seedlings are placed outside where mycorrhizal in-
oculum is more available. However, it is possible to inoculate 
seedlings with mycorrhizae a few weeks after germination (Castel-
lano and others 1985; Sinclair 1974). Specific mycorrhiz al sym-
bionts have been developed for specific conifer species. These 
symbionts may improve seedling performance and be antagonis-tic 
toward potential plant pathogens. Since not all mycorrhizal  fungi 
are equally beneficial to particular hosts, it is important to introduce 
those organisms best adapted to specific hosts (Castel-lano 1987). 
Although some inoculation of container-grown seedlings has been 
successful (Castellano and others 1985; Marx and others 1982), 
much more work is needed to evaluate specific responses of some 
conifer species and effects of mycorrhizal symbionts on plant 
pathogens. 

 
 
 

MINIMIZE CHEMICAL FUNGICIDES 
 
 
Previously, many growers have attempted to control Fusari-

um root disease by using chemical fungicides once disease 
symptoms are apparent. As mentioned earlier, such an ap-  proach 
has been largely unsuccessful because once disease symptoms 
are seen, seedling roots are often completely colo- nized with 
pathogenic fungi. In general, most fungicides are    more effective 
in preventing infection than curing infected seedlings (DeIp 1980). 
Although fungicides may be effective dur-ing the damping-off 
phase, they are usually ineffective later in the growth cycle when 
seedlings are several months old (James and others 1988c). For 
example, benomyl is commonly used against damping-off (Landis 
and others 1990), but is ineffective against Fusarium root disease 
later in the growing season (Shrimpton and Williams 1989). 
Further, most pathogen inoculum is concentrat-  ed near the 
bottom of plugs in container-grown seedlings (James  1989b) and 
it is unlikely that fungicides readily penetrate through-out the root 
zone in sufficient concentrations to be effective  against 
pathogens. 

 
Another potential problem from fungicide usage is develop-

ment of resistance to specific chemicals by pathogenic fungi 
(Dekker 1976; DeIp 1980). Resistance has been demonstrated   
for several plant pathogenic fungi, especially those subjected to 
consistently high doses of a specific fungicide. Although foliar 
pathogens most commonly develop resistance, some root 
pathogens have also become resistant to certain chemicals 

 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(Dekker 1976; Georgopoulos and Zaracovitis 1967). By minimiz-
ing exposure of pathogenic fungi to chemical fungicides, selec -
tion pressures for fungi to develop resistance are reduced. 
 

An integrated management program for Fusarium root dis-
ease should discourage indiscriminate use of fungicides for the 
reasons discussed above. When used, they should be for a 
specific purpose (such as to control damping-off if losses are 
relatively high). Experience has shown that much pesticide use    is 
unnecessary and does not reduce disease (Dumroese and others 
1990). Reducing fungicide use will also reduce costs of       
seedling production, problems with worker exposure to potential-
ly toxic chemicals, and potential problems with contamination of 
nursery sites and nearby groundwater. 
 
 
 

CONCLUSIONS 
 
 

Fusarium root disease of container-grown conifer seedlings 
can be satisfactorily controlled by implementing an integrated 
approach to disease management. Such an approach should be 
designed to prevent initial infection by pathogenic fungi. This     
can be done most effectively by reducing levels of pathogen 
inoculum within and adjacent to the growing environment, provid-
ing growing conditions more beneficial to the growth of host   
plants than pathogenic fungi, encouraging proliferation and de-
velopment of competing and antagonistic organisms, and mini-
mizing use of chemical fungicides. Integrated disease manage-
ment using these approaches should help growers reduce losses 
from Fusarium root disease while placing less emphasis on chem-
ical control. 
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