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Abstract. Sclerotinia sclerotiorum (SC) is one of the most destructive soil-borne diseases in lettuce
cultivation. In the present study, the effectiveness of single and combined use of Coniothyrium minitans
(C) and Trichoderma harzianum (TH) as biological alternative to chemical SC control was investigated in
two lettuce fields in the 2018-2019 production seasons in the province of Mersin/Turkey. In both lettuce
trial plots, it was determined that the SC disease rates under single and combined use of C and TH were
significantly reduced when compared to both the control and application of chemical fungicide that
contained active substances Fluopyram + Pyrimethanil (Luna Tranquility). In all parcels where the
biological preparations were applied alone and in combination, the obtained results suggest that these
treatments may be a viable alternative to chemical methods. Thus, the highest impact on SC in both
lettuce trial fields was 80-86.05% in C (4 kg/ha) + TH combination, while the lowest effect was obtained
of only TH application with 54-60.47%. Analysis of the lettuce plant yield demonstrated that the
application led to a significant increase in the yield in all lettuce cultivation fields when compared to
control. The increase in yield ranged between 13-34% and 16-27% in the experimental fields and the
highest increase was obtained with Coniothyrium minitans (4 kg/ha) + Trichoderma harzianum co-
administration.

Keywords: Biological control agent, Lactuca sativa L., Sclerotinia sclerotiorum, Trichoderma
harzianum, yield

Introduction

Lettuce (Lactuca sativa L.), which is a popular agricultural produce worldwide, is a
cool climate vegetable that plays an important role in human nutrition. China is the
leader in lettuce production followed by the USA, India and Spain, respectively.
Different varieties are produced in different regions in Turkey with open field and
greenhouse cultivation of this vegetable varieties with edible leaves. Turkey is the
eighth largest lettuce producer in the world with 419 066 tons according to FAO
statistics (Anonymous, 2017). In Turkey, lettuce farming is most popular in the
Mediterranean, Marmara and Aegean regions.

The fungal diseases reduce the market value in the cultivation of lettuce, which has a
rich nutritive value. Sclerotinia sclerotiorum is the most important and most common
cause of fungal diseases that lead to major problems in lettuce cultivation fields. S.
sclerotiorum, a soil-borne pathogen, is a member of Sclerotiniaceae family of the
Helotiales group of the Discomycetes class. The host sequence of the disease agent is
quite extensive and it leads to root, trunk and fruit rot in about 400 plant species (Purdy,
1979; Elshestawi et al., 2017; Smolinska and Kowalska, 2018). The disease agent
spends the winter as sclerotium in the soil or in plant residues. The S. sclerotiorum
sclerotia, which are prevalent in temperate regions, were recorded to survive in the soil
for more than 10 years (Adams and Ayers, 1979; Clarkson et al., 2004). It was reported
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that the product losses due to white mold disease caused by Sclerotinia sclerotiorum
agent were up to 95% worldwide and in Turkey (Purdy, 1979; Young et al., 2001; Hao
and Subbarao, 2005; Chitrampalam et al., 2010). It was reported that the crops are
completely lost in completely infected fields and loses its market value due to losses in
crop size and weight in partially infected fields (Clarkson et al., 2014).

In several studies conducted on the control of Sclerotinia sclerotiorum disease agent,
it was reported that fungicide use harms the environment, as well as the reliability of the
products consumed fresh, and increased the tolerance of the diseases against fungicides.
In several studies, it was reported that mycoparasite fungi were effective against
Sclerotinia diseases. Among these, Coniothyrium minitans and Trichoderma spp. are
the most commonly used species (Turner and Tribe, 1976; Whipps and Budge, 1990;
Budge and Whipps, 1991, 2001; Jones and Whipps, 2002). In the control of sclerotia
diseases, it was emphasized that biological preparations were extremely important,
since their action paths are not similar to fungicides and they directly destroy the
sclerotia in the soil (Porter et al., 2002; Villalta et al., 2012). C. minitans produces
secondary metabolites such as macrosphelide A, benzo furanones and chromans, which
increase the colonization and degradation of S. sclerotiorum sclerotia and a wide range
of cell wall degrading enzymes such as chitinases and glucans (Giczey et al., 2001;
Tomprefa et al., 2011). Trichoderma fungi are highly competitive when compared to
other soil-borne microorganisms due to its rapid growth and abundant spore production.
The ability to secrete active compounds differs significantly among Trichoderma
species and isolates. Thus, the mechanisms used by Trichoderma spp. in biological
control vary based on the species, the pathogen and the host plant. In the case of
antifungal activity against S. sclerotiorum, Trichoderma’s mycoparasite properties play
an important role. Trichoderma enzymes that break down the cellular wall of the
pathogens were identified as chitinases, glucans, proteases and cellulases (Qualhato et
al., 2013; Lopez-Mondejar et al., 2011; Naher et al., 2018). It was reported that
Trichoderma species may be an important factor in the induction of plant growth and
yield, as well as the control of plant phytopathogenic fungi in various plant species
(Vinale et al., 2008; Bal and Altintas, 2008; Colak, 2007; Colak and Bigici, 2013; Elias
etal., 2016).

Several studies were conducted globally that aimed to discover alternatives to
fungicides in sclerotia diseases. Porter et al. (2002) preferred control with biological
preparations in the control of Sclerotinia diseases and utilized Coniothyrium minitans
and Trichoderma spp. species. Their findings were more successful when compared to
fungicidal and Metham sodium applications. Villata et al. (2012), in a study conducted
with biological preparations of T. hamatum 6sr4, C. minitans A69 and C. minitans in
lettuce, reported that biocontrol agents could be used as an effective management tool
against S. minor, the factor for white mold disease, in lettuce cultivation. Matheron and
Porchas (2003) used Boscalid and Iprodion in lettuce cultivation fields against S.
sclerotiorum and S. minor, which lead to white rot disease, while Coniothyrium
minitans (Contans) was used as biological control agent. It was reported that their
effectiveness was 33-38% and 52%, respectively in lettuce fields contaminated with S.
sclerotiorum, and 53-35-32%, respectively in S. minor infected fields. Chitrapalam et al.
(2008) conducted a two-year field study at Yuma County to investigate the effects of
several biological agents against the disease induced by Sclerotinia species. Commercial
formulations of biological preparations such as Trichoderma harzianum (Plantshield,
Supersivit), Gliocladium virens (Soilgard), Coniothyrium minitans (Contans) and
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Bacillus subtilis (Companion), and a chemical fungicide, Iprodione (Rovral) were
evaluated and compared against Sclerotinia sclerotiorum and S. minor. In the study, it
was found that using the preparations once was not sufficient, however it was
determined that the severity of the disease decreased when the administrations were
conducted twice. At the end of the study, Coniothyrium minitans (Contans) biological
preparation provided the most effective control against Sclerotinia sclerotiorum.

The preparation that contains Coniothyrium minitans isolate is a mycoparasite
fungus species that was not certified in Turkey, however used successfully in the
control of white mold disease in the USA and G8 countries with the commercial brand
of Contans WG in greenhouses and fields. However, in Turkey, no studies were
conducted to assess the success criteria for these biological preparations in the control
of white mold disease induced by Sclerotinia sclerotiorum in lettuce fields
(Anonymous, 2017). In Turkey, several studies were conducted on the prevalence of S.
Sclerotiorum disease agents, which determined the mycelial fitness groups (MFG), and
in-vivo and in-vitro biological control opportunities (Carkacit and Maden, 1986; Aksay
et al., 1991; Mert-Turk and Mermer, 2004; Colak, 2007; Coskun and Yildiz, 2017,
Soylu et al., 2017). In studies on the prevalence of disease factor in lettuce conducted in
Turkey, the prevalence was determined as 82.5% in Canakkale (Mert-Tiirk and Mermer,
2004), 25-57.1% in Hatay province and districts (Soylu et al., 2017), 3.3% in Adana
province Karatag district, 10.6% in Tarsus district and 4.6% in Osmaniye province
(Colak and Fidan, 2018). However, the studies on the control of the disease agent with
biological control agents in the field are rather recent, and the effectiveness of the
Coniothyrium minitans biological preparation on Sclerotinia sclerotiorum was
investigated for the first time in the present study. Studies on the parasite effect on
sclerotia and reduction of apothecia density of Trichoderma harzianum that we tested in
control of S. sclerotiorum were mostly conducted in greenhouse and laboratory
conditions (Bal and Altintas, 2008; Geraldine et al., 2013; Smolinska et al., 2016). The
number of studies on the antagonistic activity of Trichoderma in the field is very limited
(Knudsen et al., 1991; Zeng et al., 2012a; Geraldine et al., 2013).

S. sclerotiorum is a disease agent difficult to control due to the resistant structures
created by the disease agent in the soil. Currently, the losses due to the rapid
degradation of the fungicides in the soil range between 5% and 40% in the control of
the disease (Chitrampalan et al., 2011). The majority of the chemicals used in control
aim to protect the parts of the host plant that are above the ground, especially the
flowers, from ascospore infection. Thus, the application time should be carefully
selected and the green parts should be covered with medication for an effective
chemical control. In this context, due to the residual risks caused by the use of
chemicals in control, the research on possibilities of biological control became popular
in recent years. In biological control studies, it was observed that the studies mostly
focused on the parasite infection of sclerotia mainly by mycoparasite fungi. The present
study investigated the effectiveness of single and combined applications of
Coniothyrium minitans and Trichoderma harzianum, which are biological agents
alternative to chemical control, in the control of white mold disease (Sclerotinia
sclerotiorum) that causes economic damages in lettuce cultivation.
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Materials and methods
The study area

Control experiments were set up under producer conditions in the study lettuce fields
to determine the effectiveness of Coniothyrium minitans (strain CON/M/91-08, 1 x 102
CFU/kg, Contans, Bayer) and Trichoderma hazianum (Trichoderma harzianum Rifai
race KRL-AG2 (TH, T-22 Planter Box, 1x10’ CFU/g, Bioglobal) biological
preparations against white mold disease. Yonca 80 lettuce variety was used as material.
For this purpose, field experiments were set up in two lettuce fields in Mersin province
Kazanli (KA) and Demirhisar (DE) regions that are naturally inoculated and in which
the disease was prevalent in the previous cultivation season in the 2018-2019 cultivation
season. However, for homogenous distribution of the disease agent in all experiment
plots, artificial inoculation (25 g/m?) was conducted with Sclerotinia sclerotiorum (SC)
after the soil was plowed and ready for seeding. For this purpose, SC region isolate
obtained from lettuce plant was used in field trials. The SC isolate was incubated in
PDA for 10 days at 25 °C and the disks obtained from the SC isolate were inoculated to
humidified and sterilized wheat medium (1000 g wheat + 800 ml water) in Erlenmeyer
flasks and allowed to incubate another 10 days at 25 °C. The inoculum developed in the
incubation was broken down and 25 g was applied per 1 square meter experimental soil.
Then the soil was processed with a rotovator at a depth of 5-10 cm to allow
homogenous distribution of the inoculum in the soil (Chitrampalam et al., 2008;
Elshestawi et al., 2017). Lettuce seedlings were planted in the fields of sandy loam soil
structure in a distance of 40 cm on the row and between rows. The experiment was
designed in 4 replicates for each application and 20 lettuce plants per replicate (total 80
plants) based on randomized blocks experimental design.

Biological preparation and fungicide application

Coniothyrium minitans and Trichoderma harzianum biological preparations were
applied to the soil via absorption immediately after the lettuce seedlings planted.
Biological preparations were applied to the plant for the second time as recommended
in the thinning period after the initial single and combined applications. For this
purpose, Coniothyrium minitans (C) biological preparation was applied in
recommended three doses (C2: 2 kg/ha, C3: 3 kg/ha; C4: 4 kg/ha), while Trichoderma
harzianum (TH) biological preparation was applied in the recommended (50 g/100 It/T-
22) dose. In the study, Luna Tranquility SC (125 g¢g/L Fluopyram + 375 g/L
Pyrimethanil/SC, Bayer) was used as a chemical fungicide which was used extensively
in Sclerotinia sclerotiorum control in lettuce fields. Luna Tranquility SC was applied
once in the thinning period on green sections in a single dose of 100 It/da as
recommended in manufacturer’s instructions (Table 1). A row of safety lanes was left
between the application plots. The control plot plants were applied only water (without
biological preparat and fungicide) (Elsheshtaewi et al., 2017). In the harvest, the plants
were evaluated as sick and healthy.

At the end of the count, percentage of infected and non-infected plants were
determined among the plants divided as sick and healthy and the percentage of the
impact of the treatments were evaluated with Abbott’s formula (% effect = [control (%)
— application (%) / control (%)] x 100) and statistical analyzes were conducted
(Karman, 1971). The analyses of variance and mean values were compared with the
LSD test (P: 0.05).

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 17(6):15687-15701.
http://www.aloki.hu e ISSN 1589 1623 (Print) ¢ ISSN 1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeer/1706_1568715701
© 2019, ALOKI Kft., Budapest, Hungary



Colak Ates: Effect of Coniothyrium minitans and Trichoderma harzianum in the biological control of white mold disease
(Sclerotinia sclerotiorum) in lettuce (Lactuca sativa L.)
- 15691 -

Determination of the effect of applications on the yield and certain physical
properties

In the study, when the lettuce in the experimental fields were ready for harvest, 10
plants were removed from each replicate to represent the average in all application plots
and mean marketable head weight (kg/plant), root weight (g), root length and crown
diameter (mm) were measured. After the weights of the plants harvested from each plot
were determined, the mean plant weight (kg/plant) and parcel yield (kg/da) were
calculated. For this purpose, marketable head weight (kg/plant) was determined after
poor quality leaves and the roots were removed using precision scales. Crown diameter
(mm) was measured by a digital caliper (SC Mitutoyo, Japan), which was sensitive to
0.02 mm, using the plants harvested from inoculated fields. Mean root length (cm) and
weight (g) were determined by measuring from the crown (cm) and by weighing with a
precision scale (g) after the plants were harvested and washed without damaging the
roots (Tiizel et al., 2011).

Table 1. Information on products tested against white mold disease in lettuce

Active ingredient Product name | Formulation type |Application rate

Coniothyrium minitans
(strain CON/M/91-08, 1 x 10*? CFU/kg)

Contans  |Wettable granule-WG 2-4 kg/ha

Luna Suspension

125 g/L Fluopyram + 375 g/L Pyrimethanil Tranquility concentrate-SC 100 ml/da
Trichoderma harzianum Rifai race KRL-AG2, | T-22 Planter
1 x 107 CFU/g Box Wettable powder-WP| 50 g/100 It

Results and discussion
The effects of biological preparation applications on White mold disease

The data obtained in the studies conducted to demonstrate the efficiency of single
and combined use of biological agents Coniothyrium minitans and Trichoderma
harzianum that are alternatives to chemical control of white mold disease (Sclerotinia
sclerotiorum) that causes significant economic damages in the cultivation of lettuce,
which is an edible vegetable are presented in Table 1. Table 1 demonstrated that the
differences between the applications in both trial fields were statistically significant
(P < 0.05). The disease infection rates in control plots in both lettuce trials were 62.50%
and 53.75%. It was observed that the rate of disease rate significantly decreased in both
single and combined use of Coniothyrium minitans and Trichoderma harzianum when
compared to both the control and chemical fungicide use. In this context, the lowest
infected plant rate was 12.5% in C4 + TH applied plots among the biological
preparation applications in SC control when compared to control and pesticide
applications and that was followed by C3 (3 kg/da) + TH and C4 (4 kg/da) applications
(Table 1). Certain studies also reported that a combination of certain antagonists could
lead to a higher level of protection, however improved control could not be observed in
all cases (Spadaro and Gullino, 2005). The success of biological preparations could
differ based on the soil type, type of biological agent, plant interactions and disease
pathogen (Celar, 2002; Smolinska and Kowalska, 2018). It was reported that high soil
moisture is important in degradation of the sclerotia in the soil by C. minitans
(Trutmann et al., 1980). Budge et al. (1995) successfully integrated C. minitans and
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Trichoderma virens combinations in S. sclerotiorum control in greenhouse studies. The
greatest decrease in the number and viability of sclerotia was obtained with the
combination of C. minitans and Trichoderma virens in the second harvest, while in the
third harvest the only significant reduction was achieved with C. minitans applications.
In another study, T. harzianum T-22 isolate (PlantShield) protected the soybean against
S. sclerotiorum and reduced the disease severity index by 38.5% in the field crops
(Zeng et al., 2012a). Gerlagh et al. (1999) reported that mycoparasite C. minitans had
the potential to keep soil contamination at low levels in crop rotations in various
sclerotiorum-sensitive crops.

In the present study, the statistical analyzes conducted on the data obtained in KA
plot trials demonstrated that the lowest infected plant rate was obtained with Luna
(11.25%), C4 +TH (12.50%) and C3 + TH (15%) applications, while the highest
infected plant rate was obtained with TH application (28.75%). In DE plot, the lowest
infected plant rate was obtained with Luna (6.25%), C4 + TH (7.50%) and C3 + TH
(8.75%), while the highest infected plant rate was obtained with TH application
(21.25%). The most successful alternative to chemical applications was obtained with
C4 +TH application (86.5%) in DE plots, followed by C3 +TH and single C4
application with 83.72% (Fig. 1). Chitrampalan et al. (2008) investigated the action of
Trichoderma harzianum (Plantshield), Gliocladium virens (Soilgard), Coniothyrium
minitans (Contans), Bacillus subtilis (Companion) biological preparations and the
fungicide with Iprodione (Rovral) active agent in control of Sclerotinia sclerotiorum
and S. minor disease agents that are destructive in lettuce cultivation. It was reported in
the study that single applications of biological preparations and fungicide were not
effective in the control of disease agents. It was reported that twice Coniothyrium
minitans application during the planting and post-thinning periods reduced Sclerotinia
sclerotiorum incidence and improved the yield. There was no significant decrease in
disease rates in other biocontrol products. The study findings demonstrated that
Coniothyrium minitans (Contans) was the most effective application in control of S.
sclerotiorum induced white mold disease in lettuce. These findings were consistent with
the present study. Similar to the current study, it was reported that successful results
were achieved with twice application of biologic preparations in disease control in
several studies (Chitrampalam et al., 2010). The effects of single application of Contans
(Coniothyrium minitans) and in combination with Radix (Trichoderma asperellum and
Trichoderma gamsii), Kraft pine lignin and Rovral were compared in disease control in
naturally S. Sclerotiorum-infected lettuce greenhouses. Single application of 4 kg/ha
Contans had a negative effect on sclerotia viability, however did not reduce the disease
incidence in lettuce. In the study, the highest impact on disease rate in different harvest
periods was obtained in the third harvest and the lowest disease rate was obtained with
Contans + lignin application (4.7%). In the study, this was followed by Contans + lignin
+ Radix application with a 6.7% rate among biological applications when compared to
chemical combinations. In the study, it was reported that the significant decrease in
sclerotia viability that was observed in the soil treated with Contans could be due to the
long incubation time, repeated application, different climatic conditions and the use of
different varieties (Van Bendeneden et al., 2010).

Commercial Luna was successful as a standard fungicide in the control of Sc in
lettuce trial fields. However, significant losses in lettuce due to white mold despite
excessive fungicide applications continue today. Chitrampalam et al. (2011)
investigated the effectiveness of C. minitans (Contans) application in different doses
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and times on white mold in lettuce in 2011. In field experiments, lower sclerotia was
detected in all Contans applications when compared to Endura chemical fungicide and
control applications. It was found that the disease rate was low in other applications
similar to Endura fungicide application plots. As a result of the study, it was reported
that Contans use to lower the sclerotia count in the soil was the key to long-term success
in white mold disease control and Endura fungicide application was also useful to
protect the plant from disease infection. The findings of the study were consistent with
our findings.

' nn\\m\uu\w”

Figure 1. Sclerotinia sclerotiorum which causes white mold disease in lettuce, black sclerotia,
white mycelium and brown, soft, watery decays in lettuce leaf in control plant

In our study, the impact rates of the applications in disease control demonstrated that
the highest effect was obtained with Luna chemical application in the field experiments
(Table 2). In both field experiments where the biological preparations were applied
alone and in combination, hopeful results that may be an alternative to the success of
the chemical applications were obtained. Thus, the highest effect was obtained with C4
+ TH application (80-86.05%), while the lowest effect was obtained with TH
application (54-60.47%). The low variation among the effects of biological agents on
the disease in both experiment fields was due to the fact that, as stated by Howel (2003),
the biological control factor was dependent on the pathogen and host plant interaction
and the presence of other microorganisms in soil microflora. The studies on parasite
infection of Trichoderma isolates and S. sclerotiorum induced sclerotia and on reduction
of apothecia concentration were mostly conducted in greenhouse and laboratory
conditions (Inbar et al., 1996; Matroudi et al., 2009; Smolinska et al., 2016). In a study
conducted in greenhouse, Inbar et al. (1996) determined that Trichoderma harzianum
applications reduced white mold disease by 46-72% in lettuce when compared to
control plants. However, the number of studies on antagonistic activity of Trichoderma
in field conditions is quite limited (Knudsen et al., 1991; Zeng et al., 2012a; Geraldine
et al., 2013). The effects of biological control agents Coniothyrium minitans
CON/M/91-08, Trichoderma harzianum T-22, Bacillus subtilis QST 713 and
Streptomyces lydicus WYEC 108 on Sclerotinia sclerotiorum production and sclerotia
survival were investigated under controlled conditions. In the study, it was determined
that C. minitans decreased apothecia and sclerotia by 81.2% and 50%, respectively,
while Trichoderma harzianum decreased apothecia and sclerotia by 80.5% and 31.7%,
respectively (Zeng et al., 2012b). Budge and Whipps (1991) investigated the effects of
Coniothyrium minitans, Trichoderma harzianum (HH3) and Trichoderma sp (Bl) in
Sclerotinia sclerotiorum induced disease control in two lettuce greenhouses and in a
celery greenhouse. It was found that single C. Minitas applications reduced white mold
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disease in lettuce and improved marketable yield. In the study, it was found that the
tested Trichoderma species had no significant effect on the disease and had virtually no
effect on the survival of sclerotia. In the study, the lowest S. sclerotiorum disease rate in
lettuce was obtained with C. minitas application (48.2-50.3%) in the first and second
harvest when compared to control (90.3-58.5%), and it was followed by T. harzianum
Rifai (HH3) isolate application (62.8-56.2%). These findings were similar to the present
study findings. In the study, the significant gradual reduction of sclerotia count in time,
especially in the second lettuce crop, led to the idea that sclerotes caused an attack by
natural microflora and micro-fauna. Huang et al. (2000) reported that C. minitans spore
suspension spray during bean plant flowering reduced white mold disease rate by 56%.
In the study conducted by application of C. minitans on the upper soil before soybean
seeding, it was determined that the application reduced the S. sclerotiorum disease
severity index by 68% and the sclerotia count in the soil by 95.3% (Zeng et al., 2012a).

In the present study, it was concluded that combined use of Contans (4 kg/da)
+ Trichoderma harzianum (50 g/100 It, T-22) that included Coniothyrium minitans
biological agent could an alternative to chemical applications in control of the white
mold disease that leads to losses in market value of the lettuce crop, as well as
significant yield losses (Fig. 2).

& G

C. minitas +T. harzianum " LUNA Tranquility SC ) Control
| (4kg/da) (SOmI/100t) i Fluopyram + Pyrimethanil [ g Sclerotinia sclerotiorum

Figure 2. An image from the most effective C. minitas and TH applications to control white
mold disease in lettuce parcel

Determination of the effect of the applications on the yield and certain physical
properties

The data on the effects of the single and combined use of Coniothyrium minitans and
Trichoderma harzianum biological preparations in control of SC disease agent that
causes significant yield losses in lettuce cultivation on marketable mean head weight
(kg/plant), yield (kg/da), root weight (g), root length (cm) and crown diameter (mm) of
Iceberg lettuce cultivar are presented in Table 3.

Analysis of the lettuce plant yield demonstrated that KA and DE resulted in
significant yield increases in lettuce cultivation. The increase in yield ranged between
13-34% and 16-27% in the experimental fields and the highest increase was obtained
with 7560-6701 kg/da C4 + TH application and the lowest was obtained with control
with 5640-5240 kg/da. An important parameter in yield and quality in lettuce cultivation
is marketable head weight. The effects of biological preparation applications on
marketable head weight were found to be statistically significant. In the study, an
increase was observed in marketable head weight with all combined Coniothyrium
minitans and Trichoderma harzianum applications. The highest marketable head weight
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was obtained with combined C4 + TH (1.260-1.117 kg/plant) application in both
experimental plots, followed by Luna chemical application (1.257-1.107 kg/plant).
Chitrampalam et al. (2008) did not report statistically significant differences between
the lettuce head weigh and yield with Trichoderma harzianum (Plantshield),
Gliocladium virens (Soilgard), Coniothyrium minitans (Contans) and Bacillus subtilis
(Companion) biological preparation applications used to control S. sclerotiorum in
lettuce. However, in both lettuce locations, it was found that the twice Coniothyrium
minitans application in planting and thinning periods effectively suppressed S.
sclerotiorum, thus indirectly increasing the lettuce head weight. These findings were
followed by Gliocladium virens, Trichoderma harzianum and Bacillus subtilis
applications. These findings were consistent with the findings of our study.

Under field conditions, Knudsen et al. (1991) found that Trichoderma isolates
contributed to an increase in lettuce head weight by releasing Trichoderma isolates to
the soil for S. sclerotiorum sclerotia infection, and the experiments reduced the infection
by 100%. In a study, Bal and Altintag (2008) investigated the effects of Trichoderma
harzianum on lettuce plant development. It was determined that T. harzianum
applications did not lead to a significant increase in lettuce yield and root growth.
Rabeendran et al. (2000) reported that two Trichoderma harzianum isolates applied to
the lettuce plant in the field increased the yield significantly. It was reported in several
studies that various Trichoderma species increased the growth, development and plant
yields at different rates in studies conducted with different plants. Trichoderma species
are not only found on plant root surfaces, but also in various parts of the plant
endophytically. It was also reported that these endophytic species promoted plant
growth and protected the plant against biotic and abiotic factors (Bae et al., 2009
Poldma et al., 2002; Altintas and Bal, 2005; Elad et al., 2006; Druzhinina et al., 2011).

In the present study, the effects of single and combined Coniothyrium minitans and
Trichoderma harzianum biological agent application in lettuce cultivation were
statistically significant on lettuce root weight, root length and root diameter. When
compared to the control application, the root weight increased in all applications in both
experimental plots. The highest root weight was obtained in the KA plot with C4 + TH
and Luna applications (45.59 g — 44.87 g) and in the DE plot, with C3 + TH and TH 3
+ TH and C4 + TH applications (48.47 g — 46.59 Q).

When compared to the control application, the highest increase in the root length in
all applications in both experimental plots was 32-31%. The highest root length
measurements were 18.82 cm with Luna and 18.61cm with C4 + TH applications. In
DE parcel, the highest root length of 18.80 cm was obtained with combined C4 + TH
biological preparation application, followed by C3 + TH application with 18.21 cm.
Yedidia et al. (2001) reported that Trichoderma harzianum increased the root length in
cucumber plant by 75% and root area by 95% in a study they conducted. In another
study on the effects of Trichoderma harzianum on the development of lettuce plant, it
was determined that TH application did not significantly increase the root growth in
lettuce (Bal and Altintas, 2008).

The effects of the single and combined use of biological preparations compared to
the control and chemical application (Table 2) demonstrated that the application led to
an increase in crown diameter of the lettuce in KA and DE plots by 18% to 36%,
respectively. The increase in crown diameter in both experimental plots was obtained in
all plots where Coniothyrium minitans and Trichoderma harzianum were applied in
combination. The highest increase in KA plot in crown diameter was obtained with C4
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+ TH and C3 + TH applications (31.44 mm — 31.35 mm), while it was obtained with C4
+ TH application (37.30 mm) in DE plot, followed by combined C3 + TH application
(35.48 mm). The crown diameter was determined as 26.54-27.29 mm in the two
experimental plots, respectively.

Table 2. Lettuce white mold disease of applications in the control against the disease
incidence and effect

Experiment area KA Experiment area DE
Treatments - — - —
Disease incidence (%) | %o Effect Disease incidence (%0) % Effect
Cc2 26.25 cd 58.00 20.00b 62.79
C3 17.50 abc 72.00 10.00 a 81.40
C4 16.25 abc 74.00 8.75a 83.72
TH 28.75d 54.00 21.25b 60.47
C2+TH 25.0 bed 56.00 11.25a 79.07
C3+TH 15.00 ab 76.00 8.75a 83.72
C4+TH 1250 a 80.00 7.50 a 86.05
Luna 11.25a 82.00 6.25 a 88.37
Control 62.50 e - 53.75¢ -
Lsd 0.05 9.703 7.463

C2: Contans application of 2 kg/ha; C3: Contans application of 3 kg/ha; C4: Contans application of
4 kg/ha; TH: Trichoderma harzianum application of 50 g/100 It; Luna application of 100 mi/da;
Control: only water (without biological preparat and fungicide)

Table 3. Effect of applications and some plant physical properties

Marketable Root collar
mean head Yield Root weight Root length diameter
Treatments weight (kg/da) (9) (cm) (mm)
(kg/plant)

KA DE KA DE KA DE KA DE KA DE
c2 1.063c | 1.013b | 6375¢c | 6075ab [36.13de| 37.79d |18.43abc| 15.04e |28.84de | 32.10e
C3 1.117bc|1.043ab| 6702bc | 6260ab | 39.20c | 40.60c |18.14abc|16.32cd|29.47cd | 33.08d
C4 1.120bc|1.027ab | 6720bc | 6160ab | 36.52¢ | 40.73c | 18.57ab | 17.41b | 29.60c | 34.72¢
TH 1.167b |1.073ab| 7002b | 6435ab | 40.93b | 36.95d |17.83abc| 17.34b | 30.52b | 31.27f

C2+TH |1.153b|1.050ab| 6920b | 6300ab |35.24de|38.52cd | 17.46c | 16.08d | 27.69f |33.32d

C3+TH |[1.113bc|1.057ab|6678bc | 6340ab |40.29bc| 48.47a | 17.53bc | 18.21a | 31.35a | 35.48b

C4+TH |1.260a | 1.117a | 7560a | 6701a | 45.59a |46.59ab| 18.61a | 18.80a | 31.44a | 37.30a
LUNA | 1.257a|1.107ab| 7542 a | 6640ab | 44.87a | 44.20b | 18.82a |17.03bc| 28.58e | 36.09b

Control {0.940d| 0.873c | 5640 d | 5240c | 34.53e | 36.04d | 14.17d | 14.31e | 26.54g | 27.299

Lsd 0.05 | 0.057 | 0.084 [341.984(508.269| 1.641 | 2.670 | 0.959 | 0.754 | 0.704 | 0.729

C2: Contans application of 2 kg/ha; C3: Contans application of 3 kg/ha; C4: Contans application of

4 kg/ha; TH: Trichoderma harzianum application of 50 g/100 It; Luna application of 100 mi/da;
Control: only water (without biological preparat and fungicide)
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Discussion

Although certified chemical fungicides are available in Turkey, especially in control
of white mold disease in lettuce, the number of disinfestations or doses are increased
due to the severity of the disease. This does not improve the control success, as well as
causing environmental pollution and residual product threatens human health and
disrupts the balance of nature. The emergence of plant resistance to agents used in these
products is one of the most important problems induced by chemical control. The best
way to limit the application of pesticides used in Sclerotinia sclerotiorum control in
lettuce is cultivation of resistant varieties. However, due to the specific character of the
disease induced by this pathogen, breeding programs had a limited success (Uloth et al.,
2014). Today, in the absence of disease-resistant varieties, the research on environment-
friendly methods such as biological methods have intensified for long-term destruction
of Sclerotinia sclerotiorum in the soil.

In this context, the present study findings suggested that the use of Contans that
contains Coniothyrium minitans biological agent (4 kg/da) + Trichoderma harzianum
(50 g/100 1t/T-22) combination could be an alternative to chemicals in control of white
mold disease that leads to market value losses and significant losses in the yield,
especially in highly infected fields in lettuce cultivation. It was observed that several
studies were conducted worldwide on biological control of white mold disease induced
by Sclerotinia sclerotiorum disease agent. In both field and greenhouse experiments
conducted to determine the impact of Coniothyrium minitans as a biological control
agent against white mold disease, it was determined that single use of the biological
preparations were not sufficient, however twice application of the agent significantly to
reduces the severity of the disease (Chitrampalam et al., 2008).

The application of biological methods to control plant pathogens is known to be safer
for the environment when compared to the use of pesticides. Chemical control of
Sclerotinia sclerotiorum is quite difficult since ascospores can infect any part of the
lettuce head. Also, it is more difficult to prevent after the presence of apothecia in the
plant (Patterson and Grogan, 1985). Biological control methods may be partially
sufficient to completely reduce the populations of plant disease pathogens. The
complete destruction of the disease in the soil can only be possible if the pathogen
concentration is already low in the soil. The most successful method, thus, is the
combined application of antagonistic fungi with strong parasitic properties such as C.
minitas and Trichoderma genus fungi (Smolinska and Kowalska, 2018).

However, in order to ensure a long-term and effective biological control in soil-
borne diseases such as plant pathogens, especially Sclerotinia sclerotiorum, crop
rotation, the use of resistant varieties, solarization (soil disinfection) and taking all
cultural measures in combination are important (Subbarao, 1998; Villata et al., 2012;
Colak Ates et al., 2019). Therefore, an integrated approach that adopts multiple control
measures could provide sustainable control against sclerotia. In the success of such a
strategy, selection of agricultural and crop management practices that reduces the
accumulation of pathogen inoculum and the risk of disease propagation is important
(Koike et al., 2003).
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Conclusion

In this study, it was concluded that Contans containing Coniothyrium minitans
biological agent (4 kg/da) + Trichoderma harzianum (50 g/100 It/T-22) could be an
effective alternative to chemicals in the control against white mold disease by
Sclerotinia sclerotiorum. Furthermore, S. sclerotiorum in areas where the risk of disease
is very high, in order to prevent high S. sclerotiorum levels, very detailed control studies
with biological preparations and existing fungicide applications and at different
application doses are required.
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