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a b s t r a c t

Field experiments were conducted over 2 years in Yuma County, Arizona and Imperial County, California,
to evaluate if increased application rates of a commercial formulation of Coniothyrium minitans (Contans)
were effective against lettuce drop caused by Sclerotinia minor. The efficacy of C. minitans at varied appli-
cation rates were compared to two field isolates of Paenibacillus polymyxa and the chemical fungicide
Boscolid (Endura). Two applications of manufacture recommended rate of Contans (2.2 kg/ha) did not sig-
nificantly reduce the incidence of lettuce drop caused by S. minor, even though applications at this rate
have been shown to be very effective in controlling lettuce drop caused by Sclerotinia sclerotiorum. How-
ever, two applications of high rates of Contans (6.6, 8.8, or 11 kg/ha), one at planting and one at post-thin-
ning, significantly reduced the incidence of lettuce drop in most trials. Two isolates of P. polymyxa each
applied at a rate of 9.4 L/ha (109 cfu/ml) were not effective in reducing the incidence of lettuce drop. Two
applications of Endura, one at thinning and one at 4 weeks post-thinning, significantly reduced the inci-
dence of lettuce drop in Yuma County, AZ, but not in Imperial County, CA. In summary, successful man-
agement of lettuce drop caused by S. minor in desert ecosystem could best be achieved with high
application rates of C. minitans.

� 2010 Elsevier Inc. All rights reserved.

1. Introduction

Lettuce drop is one of the most common and destructive dis-
eases of lettuce throughout the lettuce producing states of United
States and other parts of the world, and causes substantial yield
loss every year (Chitrampalam et al., 2008; Melzer and Boland,
1994; Subbarao, 1998; Whipps and Budge, 1990). The disease is
caused by two closely related fungi, Sclerotinia sclerotiorum (Lib.)
de Bary and Sclerotinia minor Jagger and both fungi are found in
the major lettuce production areas of California and Arizona. S.
minor is the predominant species in the coastal valley of California,
whereas S. sclerotiorum is the predominant species in desert lettuce
production areas of Yuma County, AZ and Imperial County, CA
(Matheron and Porchas, 2004; Subbarao, 1998).

Both fungi produce sclerotia, which function as both survival
propagules and primary inoculum in subsequent lettuce crops. S.
minor infects lettuce primarily through mycelia produced during
eruptive germination of sclerotia. However, in addition to mycelial
infection, S. sclerotiorum may also infect lettuce by ascospores from

apothecia produced by carpogenic germination of sclerotia. Envi-
ronmental factors such as soil temperature and moisture deter-
mine the formation of apothecia and subsequent ascospore
production (Subbarao, 1998; Gerlagh et al., 2003; Wu and Subbar-
ao, 2002), but these factors are rarely optimal for the formation of
apothecia in desert lettuce production areas (Matheron and Por-
chas, 2004). Hence, lettuce drop in desert areas is almost always
driven by eruptive germination of sclerotia for both Sclerotinia
species.

Currently, there are no commercial lettuce cultivars with signif-
icant resistance to either Sclerotinia spp. (Subbarao, 1998).
Although, crop rotation of lettuce with broccoli, a non-host, re-
sulted in a significant reduction in number of sclerotia of S. minor
and subsequent incidence of lettuce drop (Hao et al., 2003), rota-
tion out of lettuce production for any length of time in most areas
of Arizona and California is often not justifiable due to the impor-
tance of lettuce to the agricultural economy in these two states. In
addition, Sclerotinia spp. have broad host ranges and extended sur-
vival in soil in the absence of hosts (Gerlagh et al., 1999; Subbarao,
1998). Thus, crop rotation is not a suitable management alternative
and current management strategies for lettuce drop rely heavily
on fungicide applications. However, fungicides currently recom-
mended for lettuce drop, such as dicloran (Botran), iprodione (Rov-
ral), and vinclozolin (Ronilan) have only provided a moderate level
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of control of lettuce drop in most situations (Matheron and
Matejka, 1989; Matheron and Porchas, 2004; Subbarao, 1998;
Chitrampalam et al., 2008). Moreover, Sclerotinia spp., have devel-
oped resistance to iprodione and vinclozolin under laboratory con-
dition (Hubbard et al., 1997). The heightened concern over
fungicide residue on lettuce crops, negative environmental effects
from frequent applications of fungicides, and a desire for higher
levels of disease control than that provided by currently available
fungicides (Matheron and Porchas, 2004), support the develop-
ment of non-chemical approaches.

Biological control is a viable alternative to chemical strategies
and substantial research has been conducted on evaluating biocon-
trol strategies for the management of Sclerotinia species in many
cropping systems (Subbarao, 1998; Budge and Whipps, 1991; Bre-
mer et al., 2000; Partridge et al., 2006b). Trichoderma-based bio-
control products have been tested against Sclerotinia spp. in both
greenhouse and field conditions (Chitrampalam et al., 2008; Phil-
lips, 1986; Whipps and Budge, 1990) and have resulted in varying
degrees of success from none to significant levels of control (Budge
and Whipps, 1991; Chitrampalam et al., 2008; Rabeendran et al.,
2006). Coniothyrium minitans and Sporidesmium sclerotivorum have
also been used for control of sclerotia-forming fungi in several
cropping systems (Adams and Fravel 1990; Subbarao, 1998; Chi-
trampalam et al., 2008; Bremer et al., 2000). However, to date only
C. minitans has been commercially available. Results from the
study by Chitrampalam et al. (2008) revealed that two applications
of a commercial formulation of C. minitans, Contans, at manufac-
turer recommended rates (2.2 and 4.4 kg/ha) significantly reduced
the incidence of lettuce drop caused by S. sclerotiorum and signifi-
cantly increased the yield in desert lettuce experiments. However,
in the same experiments C. minitans did not provide effective con-
trol against S. minor.

The reason for the inefficiency of C. minitans against S. minor in
lettuce is not known, although differences in the biology between
these two sister species may contribute. Under both laboratory and
field conditions, the number of sclerotia produced by S. minor is far
greater than that produced by S. sclerotiorum (Willetts and Wong,
1980). Thus, reported soil sclerotium populations for S. minor are
far greater than for S. sclerotiorum in most cropping systems (Aba-
wi and Grogan, 1979; Patterson, 1986). In addition, sclerotia
produced by S. minor are very small compared to those of S. sclero-
tiorum (Willetts and Wong, 1980). As the parasitism of individual
sclerotia by C. minitans is mainly dependent upon the detection
of sclerotial exudates by the mycoparasite (Partridge et al.,
2006b), the quantity of exudates from small sclerotia may not be
sufficient to facilitate optimal parasitism. Thus, if both enormous
numbers of sclerotia and small size contribute to reduced efficacy
of C. minitans against S. minor, then higher application rates of C.
minitans than those previously used for effective parasitism of S.
sclerotiorum may be required for effective control of this pathogen.

In addition to fungal mycoparasites, several bacterial species
have shown promise as biocontrol agents against Sclerotinia spp.
Paenibacillus polymyxa, previously known as Bacillus polymyxa, is
a common soil bacterium and has broad spectrum of anti-micro-
bial activities. Results from several laboratory studies showed the
potential biocontrol effect of P. polymyxa against several soilborne
pathogens including Pythium, Phytophthora, Fusarium, Rhizopus,
Aspergillus, and Sclerotinia spp. (Yang et al., 2004; Oedjijono et al.,
1993). In 2005, several isolates of P. polymyxa were recovered from
sclerotia of S. sclerotiorum collected from lettuce production fields
in AZ. Preliminary results on the effect of these isolates on S. minor
and other soilborne fungi in vitro indicated that they were more
efficient in inhibiting mycelial growth of Sclerotinia than commer-
cial strains of Bacillus subtilis used as the active agent in several
commercially available bacterial-based biocontrol products
(unpublished results). This suggested that these strains may have

additional utility in biocontrol strategies for lettuce drop manage-
ment programs in the southwest deserts.

The long term objective of our research is to develop biocontrol
strategies for management of lettuce drop caused by both Scleroti-
nia spp. in desert agroecosystems of Arizona and California. The
specific objective of this study was to evaluate if increased applica-
tions rates of commercially formulated C. minitans increased effi-
cacy against lettuce drop caused by S. minor. An additional
objective was to evaluate the efficacy of native P. polymyxa strains
against S. minor under field conditions.

2. Materials and methods

Field experiments were conducted at the University of Califor-
nia Desert Agricultural Research and Extension Center, Holtville,
CA, in 2006–2007 and 2007–2008, and at the University of Arizona
Yuma Agricultural Center, Yuma, AZ in 2007–2008 and 2008–2009
to evaluate different application rates of commercially available C.
minitans (Contans™) along with P. polymyxa strains against lettuce
drop caused by S. minor. Experiment sites were free from both let-
tuce cultivation and Sclerotinia disease in the previous 2–3 years.
This experiment utilized a randomized complete block design with
three replicate blocks. Sclerotia of S. minor produced in the labora-
tory according to methods described by Matheron and Porchas
(2004) were used as disease inoculum for all trials. Inoculum was
evenly broadcast by hand across the top of each bed immediately
before planting and was lightly incorporated into the top centime-
ter of soil during seeding. In California experiments, two levels of
sclerotia inoculum (1.45 and 14.5 g of sclerotia/40 m bed) and in
Arizona experiments, three levels of sclerotia inoculum (3.69,
7.25 and 14.5 g/40 m bed) were used to test the efficacy of differ-
ent treatments under different pathogen pressures. Uninfested
control treatments consisted of no inoculum and infested control
treatments consisted of no treatment. Crisphead (cv. Winterhaven)
lettuce, known to be very susceptible to lettuce drop, was used as
the host. Lettuce was planted on beds with 102 cm between bed
centers and two rows of lettuce spaced 30 cm apart per bed. Each
treatment plot consisted of four 10 m beds. Within each plot, all
beds received pathogen inoculum and/or biocontrol or chemical
applications, but only the center two beds were evaluated to fully
separate the effect of each treatment. Application rates tested for
Contans (C. minitans; Prophyta, Germany) in California experi-
ments were 2.2 and 11 kg/ha. As the results from our previous
study conducted at Arizona (Chitrampalam et al., 2008) and the re-
sults from the first year (2006–2007) of the CA experiment of the
current study revealed that the Contans at 2.2 kg/ha did not pro-
vide any significant control against S. minor, the recommended rate
of Contans (2.2 kg/ha) was excluded in Arizona experiment which
was conducted a year later. In Arizona, application rates were 4.4,
6.6, 8.8, and 11 kg/ha. Each rate of Contans was properly sus-
pended in 1.9 L of water in a sprayer and applied evenly across
the planting bed surface. Contans was applied twice, once immedi-
ately after planting and once after thinning at approximately
4 weeks post-emergence.

Paenibacillus polymyxa inoculum was prepared by collecting the
log phase culture grown in L media (tryptone 10 g, yeast extract
5 g, NaCl 5 g and D-glucose 1 g/L of water) at 25 �C. The raw bacte-
rial culture in L media was mixed with 1.9 L of water in a sprayer at
the rate of 9.4 l/ha with concentration of 109 cfu/ml and applied
evenly across the planting bed surface three times (immediately
after planting, at thinning, and at one month post-thinning). As P.
polymyxa-095 did not show any promise of control of lettuce drop
in 2006–2007 of California experiment, it was excluded from Ari-
zona experiment which was conducted a year later. A chemical
treatment consisting of two applications of Endura (a.i. = Boscolid)
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at 0.77 kg/ha at thinning and at one month post-thinning, was in-
cluded for comparison as a chemical standard recommended in
desert lettuce production.

Sprinkler irrigation was used for the duration of all experi-
ments. All other cultural practices standard for desert lettuce pro-
duction in Arizona were applied for each trial including pre-plant
applications of the herbicide Kerb (a.i. = pronamide; Dow Agro-
Sciences, Indianapolis, IN), pre-plant and supplemental fertiliza-
tion, and manual thinning and weeding as needed. At plant
maturity and harvest, the numbers of asymptomatic healthy, let-
tuce plants from the center two beds were recorded and the inci-
dence of lettuce drop was calculated based upon the number of
asymptomatic healthy heads in uninfested control plots.

2.1. Statistical analysis

Disease incidence (DI) for each plot was calculated by subtract-
ing the number of asymptomatic heads at harvest from the number
of heads in the non-inoculated control plots, then dividing by the
number of heads in the non-inoculated control plots. Analysis of
variance was performed on values of DI for each treatment using
Sigmastat software package (Systat Software Inc., San Jose, CA,
USA). Treatments on plots with varying density of sclerotial inocu-
lum were analyzed separately. A v2 test for homogeneity of vari-
ance for data from each year in each location was carried out to
test whether the 2 years of data from Yuma and from Holtville
experiments could be combined as single data sets.

3. Results

3.1. California trials

The v2 test for homogeneity of variance revealed that the data
between the 2 years were significantly different (P = 0.001) and
so the data sets were analyzed separately. In 2006–2007, the inci-
dence of lettuce drop in control plots with low and high inoculum
levels were 5% and 56%, respectively. In the experiment with low
sclerotial inoculum, neither the application of biocontrol products
nor chemical application resulted in a difference in lettuce drop
incidence relative to the control plots (Table 1). However, two
applications of the high rate of Contans and two application of
Endura resulted in a lower incidence of disease (1% and 2%, respec-
tively), but were not significantly different (P = 0.941 and 0.979,
respectively) compared to infested control plots. In plots with high
level of sclerotia inoculum, only two applications of the high rate of
Contans resulted in significantly lower incidence of disease (16%)
compared to infested control plots (56%). The incidence of disease
in plots treated with either P. polymyxa-011, Contans (recom-

mended rate), or Endura was neither significantly different from
that of the control plots nor from the high Contans application
(Table 1).

In 2007–2008, the incidence of lettuce drop in control plots
with low and high sclerotia inoculum was 1% and 23%, respec-
tively, which were considerably lower than that of the 2006–
2007 experiment. With low inoculum level, neither the application
of biocontrol products nor the application of Endura resulted in a
significant difference in lettuce drop incidence relative to the con-
trol plots (Table 1). At the high inoculum level, plots treated with
either low or high rates of Contans (2.2 or 11 kg/ha) or Endura re-
sulted in lower disease incidence (11%, 12%, and 11%, respectively)
compared to control plots, but these differences were not statisti-
cally significant (P = 0.413, 0.438, and 0.388, respectively). In addi-
tion, there was no significant difference in the disease levels
between the low and high rate of Contans at either low
(P = 0.963) or high S. minor inoculum levels (P = 0.388) (Table 1).

3.2. Arizona trials

The v2 test for homogeneity of variance revealed that the data
between the 2 years were not significantly different (P = 0.9887)
and the data sets were combined and analyzed as one data set.
The disease incidence in the control plots containing low (3.69 g
sclerotia/40 m bed), medium (7.25 g sclerotia/40 m bed), and high
(14.5 g of sclerotia/40 m bed) level of inoculum were 20%, 38%,
and 53%, respectively (Table 2). In plots containing low level of S.
minor inoculum, two applications of high rate of Contans (6.6 and
11 kg/ha) and two applications of Contans (4.4 kg/ha) combined
with one application of Endura resulted in a significantly less
incidence of disease (5%, 2%, and 3%, respectively) compared to
the infested control plots. The incidence of disease from other
treatments including the fungicide Endura were not significantly
different from either control plots or from the treatments that
significantly reduced the incidence of disease.

In plots containing medium level of sclerotia inoculum (7.25 g
of sclerotia/40 m bed), the plots treated with either 6.6, 8.8, or
11 kg/ha Contans resulted in significantly lower incidence of dis-
ease than the infested control plots (Table 2). There was no signif-
icant difference in lettuce drop suppression among the Contans
treatments. Treatment with two applications of Endura alone and
two applications of Contans (4.4 kg/ha) combined with one appli-
cation of Endura also significantly decreased the incidence of dis-
ease compared to the infested control. The incidence of disease
in plots treated with P. polymyxa-011 combined with Endura was

Table 1
Effect of different biocontrol and chemical products on lettuce drop incidence in plots
infested with different level of sclerotial inoculum of Sclerotinia minor in Holtville, CA.

Treatments Percent disease incidence

2006–2007 2007–2008

Ia IIb Ia IIb

Untreated infested control 5.2a 55.9a 1.2a 22.9a
P. polymyxa-011 7.9a 30.7ab 0.0a 23.5a
P. polymyxa-095 4.6a 45.3a 0.0a 27.2a
Contans 2.2 kg/ha 2.5a 39.5ab 2.2a 11.3a
Contans 11 kg/ha 1.0a 16.1b 0.0a 11.6a
Endura 2.0a 34.1ab 0.0a 11.0a

Column with different letters are significantly different according to Tukey’s test
(P < 0.05).

a Plots contained low level of sclerotial inoculum (1.45 g of sclerotia/40 m bed).
b Plots contained high level of sclerotial inoculum (14.5 g of sclerotia/40 m bed).

Table 2
Effect of different biocontrol and chemical products on lettuce drop incidence in plots
infested with different level of sclerotial inoculum of Sclerotinia minor in Yuma, AZ in
combined 2007–2008 and 2008–2009 trials.

Treatments Percent disease incidence
Sclerotial inoculum level (g of sclerotia/
40 m bed)

3.69 7.25 14.5

1. Untreated infested control 19.5a 38.4a 52.6a
2. Contans 4.4 kg/ha 15.1ab 29.7ab 37.3ab
3. Contans 6.6 kg/ha 5.3b 17.5b 35.3b
4. Contans 8.8 kg/ha 8.9ab 22.5b 34.0b
5. Contans 11 kg/ha 2.3b 22.3b 25.9b
6. Paenibacillus polymyxa-011 14.8ab 39.7a 45.9ab
7. Endura 8.4ab 22.0b 22.0b
8. Combined treatment 2 and 7 3.2b 22.3b 27.8b
9. Combined treatment 2 and 6 9.9ab 28.1ab 47.4ab
10. Combined treatment 6 and 7 8.8ab 25.7ab 33.1b

Column with different letters are significantly different according to Tukey’s test
(P < 0.05).
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neither significantly different from that of control plots (P = 0.222)
nor from that of plots that yielded significantly lower disease inci-
dence (P = 1.000) (Table 2).

In plots containing high level of sclerotial inoculum, two appli-
cations of the fungicide Endura yielded the lowest incidence of dis-
ease (22%) followed by the highest rate of Contans (26%) and
Contans combined with Endura (28%), and all were significantly
different from the control (53%). Plots treated either with 6.6 and
8.8 kg/ha of Contans were also significantly different from the con-
trol (35% and 34%, respectively). There was no significant differ-
ence between any of the Contans treatments. The incidence of
disease from plots treated with P. polymyxa-011 combined with
one application of Endura (33%) was also significantly lower than
that of the control. Treatment of P. polymyxa alone or combination
with Contans did not significantly reduce the incidence of disease
compared to the control (Table 2).

4. Discussion

This study demonstrated that lettuce drop caused by S. minor
could be successfully managed with the commercial biocontrol
product Contans (C. minitans) in desert agroecosystem. However,
the rate of application of Contans required to manage S. minor in
the field was much higher than that previously reported to manage
S. sclerotiorum (Chitrampalam et al., 2008). Only the increased rates
of Contans effectively suppressed S. minor at both locations when it
was applied twice during the crop cycle: once at planting and once
at thinning. Although the same type of sclerotial inoculum was
used in 2006–2007 and 2007–2008 in California experiment, the
disease incidence induced by S. minor in 2007–2008 was three
times lower than that of in 2006–2007. As the weather factors ob-
served in 2007–2008 at Imperial County, were similar to that ob-
served in 2006–2007 (Anonymous, 2008b), and the sclerotia
inoculum used at Imperial County, were also from the same sclero-
tia source that induced substantial disease in Yuma experiment in
2007–2008, the effect of weather factor and efficiency of sclerotia
inoculum for low disease incidence was discounted. The difference
was perhaps more likely due to poor field management in 2007–
2008 (untimely irrigation, ineffective weeding, etc.) which may
have hindered both S. minor and C. minitans growth resulting in
low disease incidence and suboptimal disease suppression even
with high rates of Contans.

The results from this study were consistent with the result
from Chitrampalam et al. (2008) and reiterated that the recom-
mended rates of Contans (2.2 and 4.4 kg/ha) was insufficient to
control lettuce drop caused by S. minor. The reason for the re-
quired higher level of Contans required to suppress S. minor could
be due to a combination of (1) poor survivability or infectivity of
C. minitans in desert ecosystems at the time of planting, (2) the re-
duced amount of exudates released from small size sclerotia that
stimulate C. minitans parasitism, and/or (3) a much greater num-
ber of sclerotia produced by S. minor compared to S. sclerotiorum.
Results from previous study showed that mycoparasitic activity of
C. minitans was as high as 98% at temperatures ranging from 14 to
22 �C and the activity decreased dramatically to 9% at tempera-
tures >28 �C (McQuilken et al., 1997). The average maximum air
temperature in lettuce production areas in both Yuma and Impe-
rial County during lettuce planting and at the time of first appli-
cation of biocontrol was 26–27 �C (Anonymous, 2008a,b), which
is comparatively higher than the temperature favorable for C. min-
itans growth and sclerotial parasitism (Partridge et al., 2006a).
Thus, the higher temperature prevalent in lettuce production field
at the time of application of biocontrol product might reduce sur-
vival and subsequent establishment of C. minitans population in
the soil.

Additionally, C. minitans cannot grow saprophytically in soil and
requires the attraction to and parasitism of sclerotia in soil for opti-
mal survival. Attraction to and parasitism of sclerotia in soil is
mainly dependant upon stimulants exuded from sclerotia, and to
some extent soil microfauna (Grenadine and Marciano, 1999; Par-
tridge et al., 2006b; Williams and Whipps, 1995). As S. minor pro-
duces small size sclerotia, the amount of stimulants exuded from
these sclerotia are likely less than that from sclerotia of S. sclerotio-
rum, which are much larger and likely release more exudates. Thus,
the potential of C. minitans for effective attraction to and parasit-
ism of sclerotia of S. sclerotiorum via exudates may be higher at
the recommended rates of Contans (2.2–4.4 kg/ha), even consider-
ing exposure to high temperatures and low C. minitans survivabil-
ity. However, under the same condition, the potential of C. minitans
for effective attraction to and parasitism of sclerotia of S. minor
may be greatly reduced. In addition, the direct contact between
sclerotia and C. minitans spores is very critical for infection (Budge
and Whipps, 1991: Partridge et al., 2006b). Therefore, the increase
in application rate of C. minitans (6.6–11 kg/acre) could possibly in-
crease the quantity of surviving C. minitans inoculum and maxi-
mize the chance of contact between C. minitans spores and the
smaller S. minor sclerotia, subsequently increasing the chance of
effective parasitism. Furthermore, as the temperature at the time
of planting in the lettuce production areas of Yuma and Imperial
are not optimal for C. minitans survival, whereas the temperature
at the time of thinning is more favorable, one application of a high
rate of Contans at the time of thinning may alone be sufficient to
successfully manage lettuce drop caused by S. minor. However, fur-
ther studies would be needed to support these hypotheses. Previ-
ous studies have shown that C. minitans can successfully
parasitize the sclerotia of S. minor and subsequently reduced the
incidence of disease in lettuce and peanut under very specific con-
ditions (Isnaini and Keane, 2007; Rabeendran et al., 2006), thus, the
potential for enhancing Contans performance in specific applica-
tions or application window is quite possible.

Recently, Endura has been recommended for the control of let-
tuce drop caused by S. minor and results from a previous study re-
vealed that it significantly improved lettuce drop control
(Matheron and Porchas, 2004). In this study, Endura served as a
standard fungicide at both locations, however, the fungicide signif-
icantly suppressed the lettuce drop in only one location. Reasons
for the differential performance of Endura with different location
are not known. However, it has been suggested in the previous
study that the half life of any active ingredients in the field de-
pends on the interaction of several factors, of which hydrolytic
and photochemical breakdown, microbial conversion and decom-
position, and movement of the active ingredients are considered
as the major factors. Slade et al. (1992) also found that the efficacy
of the fungicides against Sclerotium cepivorum in onion were signif-
icantly lower in non-sterile soil than that in sterilized soil and the
reduced efficacy was related to the presence of microbes in the
non-sterile soil. Moreover, microbial degradation of fungicides is
often exacerbated by high soil pH >6.5 (Subbarao, 1998). As the
pH (>7) and soil types (silty clay loam) are relatively similar at both
experimental locations (Anonymous, 2010a,b), the reason for the
differential performance of Endura at these two locations could
possibly be due to the difference in the soil microbial diversity
and population.

Paenibacillus polymyxa is a common soil bacterium and en-
hances plant growth either indirectly by secreting diffusible
metabolites, fixing atmospheric nitrogen, living as an endophyte,
and, most importantly, antagonizing deleterious plant pathogens
by producing antifungal and antibacterial metabolites (Dijkster-
huis et al., 1999; Choong-Min et al., 2005). Although both isolates
of P. polymyxa successfully inhibited the growth of both Sclerotinia
spp. in vitro (data not shown), they did not control S. minor in field
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conditions. Reasons for the ineffectiveness of P. polymyxa against S.
minor in field condition are not known. As both isolates of P. poly-
myxa grow well at 30 �C, the higher temperature prevalent in
Yuma and CA at the time of lettuce production was likely not the
reason for the ineffectiveness. In previous studies on bean, a strain
of P. polymyxa isolated from the senescent blossoms of bean was
shown to inhibit both mycelial and ascospore growth of S. sclerotio-
rum in vitro, but was ineffective in controlling white mold under
field conditions. It was presumed that this ineffectiveness was
due to its inability to replace native epiphytic bacterial population
and flourish as an epiphyte (Yuen et al., 1991) and, thus, suggested
that resident microbial communities play a critical role in the effi-
cacy of this potential biocontrol agent. In this study, the soil micro-
bial communities at the experimental plots were not characterized
and the survival of P. polymyxa after the application were not
determined, thus, the impact of native soil microbial community
on P. polymyxa survival and disease suppression cannot be dis-
counted. Formulation is also very critical for the success of any bio-
control agent in the field, and protects the antagonist from
desiccation and increases their stability and viability in the field
(Zidack and Quimby, 2002). In this study, P. polymyxa was applied
as an aqueous log phase culture as opposed to a more exacting
commercial formulation, which could also be one of the possible
reasons for its failure in the field.

In summary, results from this study clearly demonstrated that
the management of lettuce drop caused by S. minor is possible
using the biocontrol agent C. minitans, but requires different strat-
egies than the management of lettuce drop caused by S. sclerotio-
rum. Additionally, the fungicide Endura was not consistently
effective against S. minor. Future studies will focus more on the
environmental conditions that contribute to optimal survival of
C. minitans inoculum following application, and on the factors that
contribute to optimal parasitism of sclerotia of Sclerotinia species
in soil in desert agroecosystems.
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