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 Sclerotinia sclerotiorum is one of the most important diseases of cucumber, which 

cause stem rot disease on this crop. Antagonistic bacteria are known as biocontrol 
agents for decreasing soil born diseases of plants. In this study at February 2012 , 120 

bacteria isolates were obtained from cucumber rhizospher and screened as potential 

biological control agents on S. sclerotiorum in vitro and in vivo conditions. Using dual 
culture method, 15 isolates belonging to the genus Bacillus showed remarkable 

inhibitory activities against S. sclerotiorum, and prevented the mycelial growth. 

Nonvolatile compounds of all promising isolates and volatile compounds of three 
isolates (PF1, PF2 and PF3) could considerably reduce the mycelial growth. The 

Greenhouse results indicated that three bacterial strains PF1, PF2 and PF3 could 

considerably control stem rot disease of cucumber resulted in S. sclerotiorum. This 
study has tried to introduce an effective biocontrol agent against S. sclerotiorum by 

antagonistic activity against phytopathogens. 
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INTRODUCTION 

 

 Sclerotinia sclerotiorum (Lib.) de Bary is the causal agent of white mold, stem and fruit rot diseases on 

more than 400 plant species, including cucumber, on which it causes fruit and stem rots [31,9]. The disease is 

clearly distinguished by the development of white cottiny mycelium on stem and fruit and resting sclerotia on or 

in infected tissues of host plant [4]. Three important characters; wide host range (64 families, 225 genera and 

361 species of plants), high potential virulence and long time survival of the sclerotia in an unfavorable 

environmental conditions introduces [9,37] it as one of the S. sclerotiorum, which primarily disperses by spores 

and usually forms sclerotia, can infect stems, leaves, flowers and easily spread to adjacent individuals [1]. Many 

researchers recorded the disease as stem rot, stem blight, fruit rot, timber rot and cottony rot depending on host 

[14]. In an intensive survey on six cucurbitaceous crops namelynetted melon, cucumber, pumpkin, summer 

squash, water melon and oriental melonrecorded as high as 30~70% disease incidences [23]. Because of  

significant economic damages on important crops, attempt to control this pathogen has received considerable  

attention. Biocontrol of plant pathogens using antagonistic fungi and bacteria plays a significant role [2]. 

Biocontrol via antagonists such as Epicoccum purpurascens [51] and Bacillus cereus [18] against this pathogen 

was reported previously. The Gram-positive bacteria in the genus Bacillus have potentially proper biological 

control agents against soil-borne plant fungi [48,32,34] reported that Erwinia herbicola and Bacillus polymixa 

inhibited the fungal growth of S. sclerotiorum There is a little information of bacterial biocontrol agents against 

S. sclerotiurom on cucumber [10]. However, some studies have  been shown to inhibit Sclerotinia pathogen in 

vitro and in vivo conditions. [22,18,48,49,44]. The aim of this study is therefore to isolate bacteria from the 

cucumber rhizosphere, screen them against S. sclerotiorum and introduce promising isolates for reducing 

cucumber stem rot in greenhouse condition.  
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MATERIALS AND METHODS 

 

Isolation of S. Sclerotiorum: 

 S. sclerotiorum isolates were isolated from cucumber plants grown in greenhouses in Varamin region, Iran 

(at November 2012). For isolation, a single sclerotia or infected host tissue, surface-sterilized by dipping in 2% 

sodium hypochlorite solution for 2 min, and then rinsed three times with sterile distilled water, using dry out 

blotter for 3 min, was aseptically transferred into potato dextrose agar (PDA) plates. The plates were incubated 

at 25 ± 2
°
C. Mycellial discs (diameter of 5 mm) taken from the edge of the actively growing colonies were 

transferred to the Petri dishes containing PDA to obtain pure cultures of the S. sclerotiorum. 

 

Isolation of bacteria: 

 Bacteria were isolated from aerial parts of healthy and diseased cucumber plants grown in greenhouse (at 

(February 2012 )that are known to be infected by S. sclerotiorum. Plant samples were collected and then 

subjected to surface sterilization as described earlier. Then, they were placed on nutrient agar (NA) and 

incubated at 28 ± 2
°
C for 4 days. Pure bacterial cultures were obtained from them. The gram positive (G

+
) 

isolates which showed basic morphological, growth and biochemical characters of the genus Bacillus were 

selected and kept on nutrient agar at 4°C. For long term storage, all Bacillus isolates were kept at -80

C. These 

strains were also used in the present study. 

 

In vitro antagonistic activity: 

 Inhibition of mycelia growth of S. sclerotiorum by non-volatile compounds of the bacterial isolates was 

tested by using the dual culture technique as described by [3]. Three 20 μl drops from the 10
8
 cfu/ml suspension 

were equidistantly placed on the margins of potato dextrose agar (PDA) plates and incubated at 28
⁰
 C for 24 h. 

A 6 mm agar disc from fresh cultures of S. sclerotiorum was placed at the centre of the PDA plate for each 

bacterial isolate and incubated at 27 ± 1
⁰
C for seven days. The radii of the fungal colony towards and away from 

the bacterial colony were measured. The percentage growth inhibition was calculated using the following 

formula: 

 

 %Inhibition = (R – r) × 100 

               R 

 Where, r is the radius of the fungal colony opposite the bacterial colony and, R is the maximum radius of 

the fungal colony away from the bacterial colony (control without bacterial colony). Volatile compounds 

produced by bacteria were detected in a split plate experiment [24]. Radial growth of S. sclerotiorum on the 

fungal side was measured after 5 day of incubation at 27
⁰
C and the percentage of growth inhibition was 

calculated. 

 

Preparation of pathogen inoculum and greenhouse studies: 

  The ability of isolates to suppress cucumber Sclerotinia stem rot disease  was examined on Cucumis sativus 

L. Soltan cultivar. Seven surface sterilized (2.5% NaOCl, 3 min) seeds of Soltan cultivar seeded in polyethylene 

pots (8N cm in diameter) filled with a 1:1:2 mixture of peat, sand and soil from Varamin region, Iran. Then, the 

pots were transferred to the greenhouse (16 h of light and 25−27
o
C) watered at a three-day interval and kept for 

10 days. Ten days after seeding, pots were inoculated with 30 g of the potting mix that had been blended with 

white bean seed inoculum of S. sclerotiorum and drenched with 20 ml of bacterial suspensions (10
6
 cfu. mL

−1
). 

Then the pots watered and arranged in a randomized complete block design and incubated in condition 

mentioned above. The treatments in this experiment were: Pots inoculation with S. sclerotiorum and each of 

bacterial strains inoculation with S. sclerotiorum and mix of bacterial strains, inoculation only with S. 

sclerotiorum but no bacteria (CI) and control without microbial inoculation (C). After 3 and 4 weeks, percentage 

of the healthy plants was determined. After last assessment of disease severity, fresh and dry weight parameters 

of the plants were measured. The individual plant in the pot was the experimental unit.  

 

Statistical analyses: 
 Statistical analyses were carried out using the software package SAS (V. 9.1). A mean comparison was 

performed using the Duncan’s multiple range test. Correlations between volatile and non-volatile antifungal 

activities and root colonization ability with disease suppression were done by using the software SPSS (V. 10.1). 

 

RESULTS: 

Isolation and screening of antagonistic isolates: 

 According to the Table (1), among of the 120 bacterial isolates, 15 isolates exhibited a more than 30% 

inhibition of mycelia growth of S. sclerotiorum by non-volatile inhibitors. The maximum inhibition achieved by 

isolates PF, PF2 and PF3 (>30). Furthermore, volatile metabolites of three isolates PF1, PF2 and PF3 inhibited 
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the mycelial growth of S. sclerotiorum considerably (Table1). However, there were significant differences 

among the bacterial strains (P < 0.05). Growth inhibition of S. sclerotiorum by PF1 and PF2 was significantly 

greater (Table 2), but strain PF15 had less effect on the growth of the pathogen with non-volatile and Volatile. 

The other tested species produced varying sizes of inhibition zones. 

 
Table 1: Inhibition of Sclerotinia sclerotiorum mycelial growth on potato dextrose agar by rhizobacterial isolates. 

Bacterial isolates 

 

Mycelial inhibition* (%) 

Non-volatile                  Volatile 

PF1 

PF2 

PF3 
PF4 

PF5 

PF6 
PF7 

PF8 

PF9 
PF10 

PF11 

PF12 
PF13 

PF14 

PF15 
Control 

57.33a** 

55.76ab 

54.31 bc 
48.27 de 

42.16 fj 

42.5 fh 
41.95 fi 

38.60 jdk 

38.49 jdl 
36.16 jm 

36.12 mjn 

35.33 mjo 
31.17 op 

23.27 qr 

18.40 str 
0 u 

23 a 

26 b 

27 cb 
17.18 de 

19 ef 

17.03 ej 
11 hi 

8.78 gk 

19.12 efj 
8 gl 

10 hg 

6 gm 
17 eh 

4 kl 

17 ei 
0 n 

*Mycelial inhibition (%) was calculated as (R−r)/R × 100, where R is mycelial growth away from the bacterial colony (the maximum 

growth of 
the fungal mycelia), r is mycelial growth towards the bacteria. 

**Values followed by the same letter were not significantly different at 5%, as determined by variance analysis followed by Duncan’s test. 

 

Effect of bacteria on S. sclerotiorum, using whole cucumber plants in greenhouse: 

 Bacterial strains that showed activity in in vitro test were further tested in in vivo conditions on cucumber. 

Lesion length and percentage prevention of the disease are presented in (Table 2). All tested bacterial strains 

inhibited the fungal growth. PF1, PF2, PF3, PF4, PF5, PF6, PF7, PF8, PF9, PF10, PF11, PF12 , PF13, PF14, 

PF15 totally inhibited the fungal growth and no fungal lesion was observed on plants treated with the bacterial 

strains. The other tested bacterial strains also reduced the fungal development on plants but there were some 

fungal lesions on leaves and stems of plants. The pathogenicity of the tested bacterial strains was also tested on 

cucumber plants. No bacterial lesions was observed, confirming that the bacterial strains were non pathogenic to 

cucumber plant. 

 
Table: Effects of bacterial strains on disease development stem rot on cucumber under greenhouse. 

Bacterial isolates 
 

The lesion length (mm) Percentage inhibition rates (%) 
 

Control 96.60 a* - 

PF1 49.60 b 44.12 

PF2 48.5 c 43.21 

PF3 39.17 d 51.17 

PF4 39.70 de 53.83 

PF5 38.61 e 52.96 

PF6 35.27 f 55.14 

PF7 27.20 j 68.40 

PF8 20.26 h 75.24 

PF9 16.41 hi 73.81 

PF10 15.32 ig 74.40 

PF11 12.5 k 83.51 

PF12 10.87 kl 87.27 

PF13 10.10 klm 88.17 

PF14 9.78n 88.40 

PF15 9.20 n 89.14 

*Means with different letters differ significantly 

 

Discussion: 

 In this study at February 2012, effects of antagonistic bacterial strains on S. sclerotiorum were tested in in 

vitro conditions. According to the results the use of bacteria, bacterial strains also inhibited the fungal growth on 

cucumber plants in in vivo testing. Results of in vivo and in vitro tests suggest that bacterial strains affected the 

fungus in varying degrees. Increased effects of bacterial strains in greenhouse in comparison with in vitro test 

indicate that some of the tested organisms performed much better in real environmental conditions. Similar 

results with ours were previously reported by other scientists B. subtilis and B. cereus strains reduced the 

mycelia growth of S. sclerotiorum and suppress the fungus in sunflower [50]. Application of B. cereus 
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suspension on pea plants reduced prior to sowing, S. sclerotiorum ascospor infections [18]. It is the first time 

that Bacillus sp. strain 15 bacterial strains were isolated and 3 of them showed antagonistic activity against S. 

sclerotiorum. These antagonistic strains were classified .These antagonistic bacterial strains genus Bacillus PF1-

PF2 and PF3 (Table 1). Additionally, 15 bacterial strains (Table 1), isolated from different plants were obtained. 

These strains were also used in the present study. Some of the tested bacteria appear to be promising as a 

biocontrol agent against the fungus. In vitro results suggest that there is antagonism between the bacterial 

strains. Additionally, most of the bacterial strains caused loss of viability of fungus sclerotia or reduced its 

mycelial growth. All the tested fungal and bacterial isolates caused significant inhibition in mycelial growth of 

S. sclerotiorum in dual culture studies (Table2). Maximum growth inhibition was caused by PF1 (89.14%) PF2 

isolate (88.40%), PF3 (88.17.42%). Minimum inhibition was shown by PF15 (44.12.40%). However, increasing 

mycelia growth of the fungus that was treated with B. brevis strain and B. coagulans strain suggests that 

enzymes produced by bacterial strains may create a suitable environment for the fungus. Bacterial strains also 

inhibited the fungal growth on cucumber plants in in vivo testing. Results of in vivo and in vitro tests suggest 

that bacterial strains affected the fungus in varying degrees [31]. Increased effects of bacterial strains in 

greenhouse in comparison with in vitro test indicate that some of the tested organisms performed much better in 

real environmental conditions. Among the bacterial genera used in biocontrol, Pseudomonas and Bacillus 

species are the most widely studied [17,38,45]. Similar results with ours were previously reported by other 

scientists’ B. subtilis and B. cereus strains reduced the mycelia growth of S. sclerotiorum and suppress the 

fungus in sunflower [50]. Application of B.cereus suspension on pea plants reduced prior to sowing, S. 

sclerotiorum ascospor infections [18]. The mechanisms by which they protect plants against pathogens are 

diverse and include competition, antibiosis, degradation of fungal pathogenicity factors, and induced systemic 

resistance [17,13]. Correlation analyses in this study indicate that disease incidence is significantly correlated 

with the inhibition activity by non-volatile compounds. Previous studies on biocontrol of S. sclerotiorum 

showed that many fungal and bacterial species totally or partially inhibited fungal development of the fungus in 

vivo and in vitro conditions. Biocontrol of S. sclerotiorum showed that many fungal and bacterial species totally 

or partially inhibited fungal development of the fungus in vivo and in vitro conditions. Some of them are 

Coniothyrium minitans Epicoccum purpurascens, Trichoderma virens, Trichothecium roseum [19], Epicoccum 

nigrum, Trichoderma viride [21,26] Fusarium spp., Penicillium spp., Glioclodium roseum [16] Glioclodium 

catenulatum, Trichoderma hamatum [39,25], Sporidesmium sclerotiorum [28], Streptomyces spp. [5,40], 

Talaromyces flavus [26], Trichoderma harzianum [12], P. putida, P. fluorescens [11,36], Bacillus licheniformis 

[41], B. cepecia [30], Bacillus amyloliquefaciens [15], Ulocladium atrum, Ulocladium atrum [20] Bacillus 

lenthimorbus, Enterobacter pyrinus, Stenotrophomonas maltophila, Staphylococcus cohniicohnii [42]. Bacteria 

of the genus Bacillus are known as producers of different number of secondary metabolites with the properties 

against bacteria, fungi and yeast growing on traditional microbiological media [32,7,35,34]. The results of this 

study have shown that biological control of S. sclerotiorum with soil isolated microorganisms is possible. Three 

bacterial strains, bacillus sp. namely (PF1, PF2 and PF3) have proven to be effective in inhibiting mycelia of S. 

sclerotiorum. 
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