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Abstract This study was conducted to determine the compatibility of Contans� (Coniothyrium

minitans) with fungicides against Sclerotinia sclerotiorum. Results showed that both Contans�
and Topsin� significantly reduced the disease incidence caused by S. sclerotiorum by 90% and

95% survival plants, respectively when they were individually applied and compared to control.

While, soil application of Contans� and Sumisclex mixture was the most effective in suppressing

the white rot disease incidence that produced 100% survival plants, application of C. minitans com-

bined with the reduced doses of fungicides would be advantageous in saving labor cost, thus

increasing production efficiency of bean.
� 2016 Production and hosting by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

White mold, caused by Sclerotinia sclerotiorum (Lib.) de Bary,

considers a serious problem with a large number of beans
(Phaseolus vulgaris, L.) growing under agricultural areas and
low tunnels in Ismailia governorate, Egypt (Elgorban et al.,

2013; Hatamleh et al., 2013). Many challenges facing the man-
agement strategies of bean white rot for instance, S. sclerotio-
rum has a wide host range reaching approximately to more

than 400 species and more than 200 genera of higher plants
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(Figueirêdo et al., 2010), beside it is well known that it is very
difficult to completely eradicate the tolerant reproduction
structures (sclerotia) produced by this pathogen. There are

many reports of serious loss due to this fungus on the bean
(Partyka and Mai, 1961). Lately; this disease caused consider-
able yield loss in Ismailia, Egypt. An integrated disease man-

agement strategy includes biological controls, and fungicides,
is highly desired to ensure efficient control of bean white rot
(Clarkson et al., 2006). As high propagates of biocontrol agent

are required for disease control, it is important that the bio-
agent is compatible with standard crop management practices
including organic amendments, fertilizers and fungicides.
Dicarboximide and triazole groups have provided good con-

trol of bean white rot. However, these chemicals now become
less effective through inconsistent control and enhanced micro-
bial degradation (Slade et al., 1992; Tyson et al., 1999). Conio-

thyrium minitans is considered as a promising biocontrol agent
for white rot disease because it is found to effectively colonize
senescent tissues (Huang, 1977), persist and spread in soil gen-

erally and in the rhizosphere specifically (McQuilken et al.,
1995), in addition to suppressing the viability of new sclerotia
produced on infected plants (McLaren et al., 1996; Huang

et al., 2000). C. minitans and growth traits offer an important
source in selecting and breeding for this disease. This hyper-
parasitic fungus can damage the sclerotia of S. sclerotiorum
in soil plus suppressing the growth of mycelia and sclerotia

in diseased crops through mycoparasitism. Soil application
during solid preparations of C. minitans at planting time com-
pletely suppressed the production of apothecial under canopies

of artificially infested host and non-host crops (McLaren et al.,
1996). Spore suspension applications C. minitans to crops
infected with Sclerotinia also decreased the apothecial produc-

tion up to 90% during rotation of the crops susceptible to
S. sclerotiorum, including carrots (Gerlagh et al., 1999). The
present study aimed to evaluate the compatibility between

C. minitans and most common fungicides used in the
production of greenhouse beans in Egypt and to evaluate the
effectiveness of the integrated control of S. sclerotiorum, which
could be achieved by applying this fungus in combining with

reduced fungicides application.

2. Materials and methods

2.1. Pathogenic fungus

S. sclerotiorum was used in the present study and it was iso-
lated from sclerotia on diseased green beans (P. vulgaris, L.)
from Ismailia governorate, Egypt. The purified fungal isolates

were identified by Plant Pathology Department, Faculty of
Agriculture, Mansoura University according to Kora (2003).
PDA slants from the fungus were kept in 4 �C for further

experiments.

2.2. Fungicides

All tested, commercial fungicides formulations were registered

to be used in bean glasshouse in Egypt. Fungicides at recom-
mended doses were used in vivo. The tested fungicides were
as follows; Thiophanate-methyl (Topsin� M 70% WP);

MefenoxamTM (Ridomil gold�); (Captan� – 50% WP);

Procymidone (Sumisclex� 50 WP); Pencycuron (Monceren�
DS) and Tolclofos-methyl (Rizolex� 500 WP).

2.3. Effect of Contans� WG and fungicides on the bean white
rot disease incidence caused by S. sclerotiorum

2.3.1. Fungi and inoculum production

Pots (30 � 25 � 30 cm) containing sterile soil (sand:loamy
sand:compost, 1:2:1; 4 kg/pot) were planted with bean seeds

(5 seeds/pot). Contans� WG (0.01 g/pot, each gram contain-
ing 1 � 109 cfu/g) equivalent to recommended field rate appli-
cation (4 kg/ha) was added into potting soil 5 days before

sowing. S. sclerotiorum inoculum used for this experiment
was produced by autoclaving 25 g of wheat grains and 50 ml
of water in 250-ml flasks for 20 min at 121 �C, then inoculating
each flask with three disks (3-mm) agar plugs cut from 5 days

old S. sclerotiorum culture then all flasks were incubated at
20 �C for three weeks before use as a source of infection.
The inoculum was added at 1% (w/w) to pots after 48 h from

Contans� application. Pots were arranged in a glasshouse in
complete randomized design with four replicates. Treatments
were as follows; non-infested, infested, Contans�, Topsin�
M 70, Ridomil gold�, Captan� – 50% WP, Sumisclex� 50
WP, Monceren�DS and Rizolex� 500 WP, the fungicide used
in this phase of the study was applied with the manufacturer’s
recommended dose (powder diluted in water). All fungicides

applied as soil drenching 5 days after sowing.

2.4. Influence of using combination of Contans� WG and low
doses of fungicides on white rot development in bean plants under
greenhouse conditions

Plastic pots (30 � 25 � 30 cm) were filled with sandy loam soil

and infested with S. sclerotiorum as previously mentioned. Con-
tans� WG was applied as mixing the product with the surface
layer of soil equivalent to recommended field rate (4 kg/ha).

All fungicides treatments were applied as soil drenching at
one or two times (0.5 g/l). Each fungicide treatment was applied
directly to the soil using a plastic 1 L trigger bottle with a spray
nozzle. Two control treatments were used: one of them was just

water without fungicide and another one was absolute control.
Each pot was placed in a separate drip tray, which was posi-
tioned on a glasshouse bench using a randomized complete

block design and 0.5 cm of vermiculite was added to the
top of each pot to prevent excessive drying of the soil.
The glasshouse temperature was monitored and it was set

at 20 ± 2 �C. Pots were irrigated as necessary. The number of
survival healthy plants was recorded after 15, 30, 45 and
60 days. Influence of low doses of fungicides on the viability

of Contans� WG was evaluated by taking soil samples from
all treatments after 15, 30, 45 and 60 days to determinate the
population ofC.minitans in the soil according to a colony form-
ing unit (cfu) assay method described by Whipps et al. (1989).

2.5. Statistical analysis

Data collected were statistically analyzed by the Statistic Anal-

ysis System Package (SAS institute, Cary, NC, USA). Differ-
ences between treatments were studied using Fisher’s Least
Significant Difference (LSD) test and Duncan’s Multiple
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