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amping off, root rots and stem rots
are constant threats in greenhouse
production. These diseases are
caused by soilborne pathogens such
as Pythium, Phytophthora, Rhizoct-

onia, Thielaviopsis and Fusarium. Plant diseases
occur when both a pathogen and a susceptible
host are present in a favorable environment. In the
case of soilborne pathogens, the favorable envi-
ronment has to occur in the growing medium.

Water and nutrient management are two key fac-
tors in cultural management affecting the incidence
of disease. It is well known that overwatering pre-
disposes plants to root and stem rots caused by
Pythium or Phytophthora. Some soilborne
pathogens, like Phytophthora and Thielaviopsis,
can be effectively managed by controlling pH or
plant nutrition. Managing nitrogen nutrition can be
important, as high nitrogen can favor Phytophthora
and Pythium. A high proportion of nitrate-nitrogen
can reduce the incidence of Fusarium wilt, but a
high proportion of ammonium-nitrogen can reduce
the incidence of Thielaviopsis.

Biological Activity
Another aspect of the growing medium that

can have an effect on disease incidence is bio-
logical activity. Soilless potting mixes (SPM) are
used for practically all greenhouse crops. In
most regards, the adoption of soilless mixes has
been beneficial, as the soil-based mixes they
replaced were a source of pathogens. However,
soilless mixes may also lack the beneficial
microbes that help keep pathogens in check in
field soil. Soil-based mixes that are pasteurized
to suppress pathogens, weeds and insects also
lack a full complement of beneficial microbes. 

Microbial inoculants (MI) are preparations con-
taining living microorganisms that can be added to
soil and soilless growing media to enhance beneficial
microbial activity. Some MIs are labeled as biocon-
trols to reduce the incidence or severity of plant dis-
eases. MIs include fungi, bacteria and actinomycetes.
The mechanisms by which the beneficial microbes
can reduce the incidence of disease include the pro-
duction of antibiotics, direct parasitism, competition
and activation of host plant resistance. 

Biocontrols In The Greenhouse
The biocontrols currently available for use in

greenhouse production growing media include
three products containing strains of the bacterium
Bacillus subtilus: Companion (B.s. GB03), Rhapsody
(B.s. QRD 713) and Subtilex (B.s. MBI600). Products
containing fungi include PlantShield and
RootShield, both containing Trichoderma harzianum
T-22, and SoilGard, containing Gliocladium virens
GL21. Three products containing actinomycetes are
Actinovate Fe and Actinovate M, both containing
Streptomyces lydicus WYEC 108, and Mycostop,
containing Streptomyces griseoviridis K21. Several
other products have been registered with the U.S.
Environmental Protection Agency for control of
soilborne diseases in greenhouse crops but are not
currently on the market. 

Several biocontrols are approved for use in
certified organic production systems, and they
are generally recommended for integrated pest
management programs. Many growers use them
routinely as an alternative to preventative appli-
cations of chemical fungicides. However,
remarkably little evidence is available to show
that biocontrols are truly effective at reducing the
incidence of plant disease.

Over the past 10 years, we have conducted
numerous controlled trials with a variety of bio-
controls, plant species, potting mixes and
pathogens. In some cases, disease control with
biocontrols was as good as the standard chemical
treatment. In other cases, biocontrols failed to
control disease or even were associated with
increased disease incidence. Similar results have
been reported from other research trials. 

Comparing Biocontrols
Our two most recent greenhouse trials have

examined the interaction of biocontrols and pot-
ting mixes on blackleg disease of seed-propagated
geraniums caused by Pythium ultimum. In the first
trial, we compared three biocontrols: Actinovate
Fe, Companion and RootShield.

Geranium seed was sown in 98-cell trays in
Premier PGX plug mix either uninoculated or inoc-
ulated with the products according to label recom-
mendations. The seedlings were transplanted to 41⁄2-
inch square pots containing about 30 cubic inches
of potting mix. The potting mixes for growing on
were Fafard 3B and Berger BM-3 either uninocu-
lated or inoculated with Actinovate Fe,
Companion or RootShield at label rates. �
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Top: Effect of Pythium on geraniums: This shows early
symptoms include stunting and chlorosis. Left, infected plant;
Right, control. Middle: Advanced symptoms of blackleg disease
on geranium. Bottom: Effect of biocontrols on the growth of
vinca in two potting mixes: foreground, Pro-Gro PX-1;
background, Berger BM-3. No pathogen was applied. 
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The favorable environment for soilborne pathogens has to occur 
in the growing medium: Read on to understand how biological controls 
and soilless potting media affect soilborne pathogens in the greenhouse.
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A group of uninoculated mix pots was drenched
with Banrot as a chemical control. The potting mix
in half the pots was infested with Pythium ultimum
var ultimum, using a strain isolated from a geranium
with blackleg disease found in the University of
Connecticut Floriculture Greenhouse. We moni-
tored plants for occurrence of disease, and har-
vested the shoots 12 weeks after transplanting
when the crop was in full flower. MIs were enu-
merated in samples of SPM collected at intervals
throughout the trial. Pythium was enumerated in
samples of infested SPM at the final harvest.

Only a few plants in this trial showed symptoms
of blackleg disease. However, in Fafard 3B, Pythium
significantly reduced shoot fresh weight in the
uninoculated, Companion and RootShield treat-
ments. Root appearance and shoot fresh weight
were not affected by Pythium or MI treatment in
Berger BM-3 (see Figure 1, below). Enumerations

showed that all three MIs persisted in both SPM for
the duration of the trial, although populations
decreased over time. Pythium counts were similar
in Berger BM-3 and Fafard 3B in the uninoculated
and Actinovate Fe treatments. Treatment with
Banrot completely eliminated the pathogen in both
mixes. In Berger BM-3, Companion and RootShield
also eliminated Pythium, but neither MI treatment
had any effect in Fafard 3B. 

The results of this trial show that MIs can per-
sist for up to 12 weeks and can suppress Pythium
in SPM. However, this was irrelevant to the out-
come because suppression occurred only in the
non-conducive potting mix in which the pathogen
had no effect on plants in the uninoculated control. 

The Second Trial
Last year, we conducted another trial with the

same MIs and six SPM: Berger BM-3, Fafard 3B,

Premier HP, Sungro SB400, Metro-Mix 360 and
Metro-Mix 360 Coir. Procedures were identical to
the previous trial except we used PlantShield
instead of RootShield. We also measured water
retention and air-filled porosity at container
capacity in the SPM. 

Incidence of blackleg and mortality was signifi-
cant in this trial. Some mortality occurred in three
non-infested SPM inoculated with Actinovate Fe
(see Figure 2, opposite). Even with Pythium infes-
tation, no blackleg disease occurred in Premier HP
in any treatments. None of the treatments were
significantly different from the control in any
SPM. In infested Berger BM-3, low (8 percent)
mortality occurred in the Actinovate Fe and
Banrot treatments. The highest mortality, ranging
from 17 to 50 percent, occurred in Metro-Mix 360.

Although the data were insufficient to establish a
correlation, the greatest incidence of disease
occurred in the SPM with the lowest air-filled
porosity, and the least incidence of disease occurred
in the SPM with the highest air-filled porosity. 

Why No Consistent Control?
Why have biocontrols failed to provide consis-

tent control in our trials? One possibility is that the
level of pathogen used was unrealistically high and
was, therefore, able to simply overwhelm the bio-
controls. However, the level of mortality was rela-
tively low even in SPM most conducive to disease,
and in non-conducive SPM, no mortality occurred
even with the level of Pythium that was added.

Biocontrols might fail because the environmen-
tal conditions are unfavorable either for persis-
tence or activity. The observation that MI persisted
in different SPM for 12 weeks argues against the
first possibility. However, the observation that MI
were able to suppress Pythium in Berger BM-3 but
not Fafard 3B suggests that environmental condi-
tions might have inhibited the activity of the MI
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Figure 1. Effect of biocontrols and Pythium infestation on shoot fresh weight of geranium ‘Score Scarlet’ grown in two potting mixes:
F3B, Fafard 3B and BM3, Berger BM-3. (CHK, uninoculated control; ACT, Actinovate FE; BAN, Banrot drench (chemical control);
COM, Companion; RS, RootShield)

Shoot Fresh Weight 
In BM3 Mix ‘05
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even though the populations of both MI and
pathogen were similar in the two SPM. 

Another cause for biocontrol failure would be
that environmental conditions were more favor-
able for the pathogen. Conditions in the growing
medium clearly favored Pythium in some SPM but
not others. It appears that some SPM are simply
more conducive to the development of disease. A
level of Pythium infestation that caused disease in
some SPM was completely ineffective in others. 

Using Microbial Inoculants 
Although the main reason for using MI is dis-

ease suppression, some benefits have been
obtained in the absence of disease pressure. A
striking example occurred in a trial we conducted
with vinca grown in two potting mixes (Berger
BM-3 and SunGro PX1) with three biocontrols
(Deny, Burkholderia cepacia, no longer marketed;
RootShield; and SoilGard) and untreated controls.
The plants grown in untreated SunGro PX1 were
stunted and chlorotic with symptoms that strongly
resembled iron deficiency. Plants in the treated
SunGro PX1 were larger and greener, although
even in the Deny treatment, they were still smaller
and paler than the plants grown in Berger BM-3.
In Berger BM-3, the control plants did not show
any signs of stress, but the plants grown in inocu-
lated mix were significantly larger. SoilGard had
the greatest positive effect. 

If biocontrols were consistently beneficial by
alleviating non-biological stress and stimulating
plant growth, growers could justify using them
even if they did not consistently suppress disease.

Unfortunately, a subsequent experiment showed
that biocontrols could actually be harmful. In this
trial, poinsettias were grown in three different
potting mixes with different biocontrols. The
trial was conducted at a commercial greenhouse.
In previous years, the grower had experienced
persistent problems with root rot in large pots.
We didn’t observe any incidence of disease in
this trial, nor did we see any benefits from the
biocontrols. However, plants in all three SPM

inoculated with SoilGard were noticeably stunt-
ed compared to the control. This effect was most
pronounced in Berger BM-3.

Evaluating the performance of biocontrols is
complicated. It is impossible for a research trial
to test all possible combinations of potting
mixes, pathogens and plant species not to men-
tion that the greenhouse environment is contin-
ually changing. The results of our trials show
that growing medium characteristics are the �
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Figure 2. Effect of soilless potting mixes, biocontrols and Pythium infestation on mortality of geranium from blackleg disease. 

Soilless Potting Media Effects
Treatment

Soilless Pythium Uninoculated Banrot Actinovate Fe Companion PlantShield

% Mortality

Berger BM-3 - 0b 0b 17a 0b 0b

+ 0a 8a 8a 0a 0a

Fafard 3B - 0 0 0 0 0

+ 8ab 17ab 0b 0b 25a

Premier HP - 0 0 0 0 0

+ 0 0 0 0 0

Metro-Mix 360 - 0a 0a 50b 0a 0a

+ 17a 50a 42a 33a 42a

Metro-Mix 360 Coir - 0a 0a 33a 0a 0a

+ 25ab 33a 17ab 0b 8b

SunGro SB400 - 0 0 0 0 0

+ 25ab 0b 8b 8b 33a

Numbers within a row followed by the same letter are not significantly different (Fisher’s LSD; P=0.05)
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most important factor determining
whether or not disease occurs.

Alleviation of non-biological
stress or growth stimulation can
occur with MI, but plant injury is
also possible. The most important
lesson from our research is that
growers have to be capable of eval-
uating MI in their own situations.
Statistically replicated trials may
not be necessary, but it is impossi-
ble to tell if a product is doing any
good without a control. 
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Figure 3. Effect of biocontrols on the number of Pythium propagules in two potting mixes cropped
with geraniums and infested with Pythium at an initial level of about 2x106 propagules per liter.
(CHK, uninoculated control; ACT, Actinovate FE; BAN, Banrot drench (chemical control); COM,
Companion; RS, RootShield)

Effect of SoilGard on poinsettias grown in Berger BM-3 potting mix. Left, control; Right, SoilGard.
Similar results were obtained in two other potting mixes. 
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