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Abstract 

 
Mulching represents a profitable technological step in crop production. Beside benefits, vegetal 

mulching technologies trigger also some phytosanitary risks. This disadvantage can be prevented trough 
bio-activation of the vegetal mulch by adding antagonistic beneficial bacteria. Three Bacillus strains were 
selected and used as bio-active agents in vegetal mulch, based on their antifungal properties and 
biofertilizer activity. The selected strains were analyzed for traits related with plant growth promotion 
and biocontrol of some fungal diseases. The results proved that the strains are competitive soil bacteria 
which can be successfully used for bio-activate the vegetal mulch. 
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Introduction 
 

Mulching represents a profitable technological step in crop production. Due to cultural 
and economical advantages in solving several agro-technical and environmental problems, 
mulching has considerably spread in agricultural technologies [1]. The mulch provides the 
improvement of the physical and chemical characteristics of the soil [2, 3], decreases soil 
erosion and compaction, improves soil structure, rain water infiltration [4] and water retention 
[5, 6], upholds soil moisture by reducing water evaporation from the field, helps maintain 
stable soil temperature [7, 8], suppress weed infestation [9] and attracts beneficial predators 
support [10, 11]. The organic mulch enhances soil biological activity, maintains a rich 
microflora and microfauna [12], efficiently accomplishing the nutrient cycling with minimal 
external inputs [13] and significantly increasing the amount of available phosphorus and 
potassium in the upper soil layer [14, 15]. The benefits of the mulching technology are 
reflected by the expansion of these agricultural practices both in sustainable cropping systems 
as in organic farming systems. Organic mulch with their characteristics offer great advantages 
for the maintenance and improvement of the agricultural environment but, also, it can 
generate phytosanitary problems that could be easily avoided using chemical treatments, 
biologically active compounds or antagonistic microorganisms.  

Bio-composite mulch technology designed by Research and Development Plant 
Protection Institute from Bucharest, Romania consists of a bioactive film applied in furrow on 
the mulch layer [1]. The bioactive film is conceived with a special formulation that optimizes 
some of the vegetal mulch characteristics. It contains useful microorganisms that can promote 
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plant growth by phytohormone production [16, 17] or making low soluble nutrients to be bio-
available [18, 19, 20], bio-controls various plant diseases or suppresses entomopathogenic 
attack in agricultural fields and helps plants minimize the negative effects of abiotic stress 
[21]. The benefits of the bioactive layer depend on the characteristic of the used 
microorganisms.  

Our target was to find beneficial bacteria with multiple beneficial effects for bio-
composite mulch technology. In this respect, several wild Bacillus strains were isolated and 
their characteristics which can improve vegetal mulch technology through bio-activation, 
were determined.  
 
Materials and Methods 
 

The bacterial strains used in this study were Romanian isolates of Bacillus pumilus 
(OS15 strain) and Bacillus amyloliquefaciens (OS17 and BW strains). These strains were 
isolated from onion rhizosphere (OS15 and OS17) and soil (BW), respectively, and were 
previously selected for their antifungal activity against several phytopathogenic fungi [22, 
23].  

Phytase production assay 
The phytase activity was tested on RHS semisolid medium [24], based on sodium 

inositol hexa-phosphate. This medium was designed to screen phosphorus bioavailability by 
hydrolyzing sodium phytate and releasing free phosphate. After incubation at 28°C for 2-5 
days, the samples were examined for the presence of bacterial growth at the edge of 
inoculation tubes containing semisolid medium. 

Decarboxilase detection assay  
The test was assessed by growing the bacterial strains on specific culture media (5.0 

g·L-1 bacto-peptone, 5.0 g·L-1 beef extract, 0.5 g·L-1 glucose, 5.0 mg·L-1 piridoxine, 2.0 
monochlorhydrate argininine, 20.0 g·L-1 phenol red, 15.0 g·L-1 agar, final pH 6.0± 0.2 at 
25°C). Bacteria with arginine decarboxilase activity change the medium pH and the pH-
indicator turns the color from yellow (in acid media) to red-fuchsia (in alkaline media).  

Polyamine (PA) production in leguminous mulch is a test performed by growing the 
bacterial strains on culture medium (0.5 g·L-1 glucose, 15.0 g·L-1 agar) with leguminous 
mulch extract (aqueous faze of sterilized macerate from 500 g·L-1 hairy vetch) in the presence 
of a pH indicator dye (phenol red 20.0 g·L-1), which turns in red color when PA synthesis is 
induced.  

Chitinase detection assay  
For chitinase production assay the bacterial strains were previously grown in a specific 

culture medium containing 0.625 g·L-1 ammonium citrate, 0.25 g·L-1NaCl, 0.375 g·L-1 
KH2PO4, 0.125 g·L-1 MgSO4

.7H2O and 0.375 g·L-1 Na2CO3 at pH 6.5–7.0, for 18h at 28oC, 
and 150 rpm. After three passages, aliquots of 0.1ml from the last subculture were utilized for 
inoculation of 4 ml of the same medium supplemented with 2% CC-RBB w/v (Colloidal 
Chitin stained with Remazol Brilliant Blue R®). Chitinolytic activity was quantified every 8h 
in four days, by measuring the optical density of the supernatant at 595 nm. A chitinolytic unit 
is equivalent with enzyme quantity that increases the absorbance with 0.01 units [25].  

Protease detection assay 
The proteolytic activity was examined by growing the bacterial strains on milk agar 

plates (5.0 g·L-1 peptone, 3.0 g·L-1 yeast extract, 100 mL·L-1 sterile non-fat milk, 12.0 g·L-1 
agar). After 10 days of incubation at 28ºC the presence of a halo around the bacterial colonies 
indicates a positive reaction in proteins breakdown.  
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Antifungal activity was examined by dual culture technique, against several soil borne 
fungi: Pythium debaryanum DSM 62946, Rhizoctonia solani DSM 63002 and Sclerotium 
cepivorum DSM 23654. This antifungal activity comes to complete the analysis previously 
performed with these bacterial strains against other phytopathogenic fungi such as Alternaria 
spp., Botrytis cinerea, Fusarium graminearum DSM 4527, F. oxysporum f.sp. radicis 
lycopersici ZUM 2407 and Sclerotium bataticola [23]. The mycelia inoculums (7mm in 
diameter) was placed in the middle of the Petri plate with PDA medium and the bacterial 
strains were streaked at 2.5 cm towards the fungal disc. Plates without bacteria served as 
control. Mycelia growth inhibition was evaluated after 5 days of incubation at 28°C. 
Antagonistic efficiency was biometrically evaluated using a modified version of Islam et al. 
[26] calculation, of which they determined the percentage of inhibition activity:  

100
RC

RI- RC% ×=E  

where: E (%) = antagonistic efficacy; RC = radius of the mycelia control colony (mm), RI = 
radius of the mycelia growth towards the interaction zone with the antagonism (mm). 

 
The antifungal properties of bacterial supernatant were studied only against Fusarium 

oxysporum f. sp. radicis lycopersici ZUM 2407, which causes foot and root rot of tomato 
plants. The method was applied for two days old fungal inoculums (7mm in diameter) placed 
in the middle of a Petri dish and liquid bacterial samples placed equidistantly in 4 points. The 
bacterial samples contained:  

-  20µl of 24h old liquid bacterial culture;  
-  40µl of filter sterilized culture supernatant (0.22µm filter);  
-  40µl of filter sterilized culture supernatant thermally treated at 100 ºC for 20 minutes; 
-  40µl of filter sterilized culture supernatant subjected to treatement with 200µl 
trypsine mL-1 sample (from a stock solution trypsine:TBS 1:1 w/v).  

Mineralization of lignocelullosic material 
Bacterial ability to mineralize the lignocelullosic material was evaluated similar to the 

method proposed by Constantinescu et al. [27]. A Strathkelvin Strathtox respirometer was 
used for evaluation the bacterial ability to mineralize lignocelullosic material. The vegetal 
substrate consisted of wheat straw, grinded to 1-2 mm granulation and gamma sterilized. This 
kind of lignocellulosic material was employed because it can release nutrients only after an 
enzymatic digestion. In order to create a favorable environment for biological activity, the 
substrate was wetted with a sterile suspension solution, consisting of saline phosphate buffer 
(PBS) that contains: 8.0 g NaCl; 0.2 g KCl; 1.44 g Na2HPO4; 0.24g KH2PO4 in 1L distilled 
water.  

The bacterial strain tested was Bacillus amyloliquefaciens OS17. Bacterial biomass 
was taken from an overnight culture with sterile cotton applicators (Böttger, 94249 
Bodenmais/ Germany), and suspended in PBS inoculation fluid until the suspension reached 
the OD600nm = 0.3. Samples were prepared in Erlenmeyer flasks with 1% grinded wheat straw, 
4% bacterial inoculum in sterile PBS. Samples were incubated for two days, at 28°C with 
shaking (150 rpm).  

Samples were analyzed and compared with two controls: negative control without 
bacterial inoculum, and positive control where the bacterial strain was grown in usual 
nutritive medium (Luria Bertani broth). The negative control provides information on the 
maximum amount of oxygen that could be found in samples without biological activity. The 
positive control creates proper multiplication condition for the tested microorganism and 
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provides information regarding the respiration rate in proper feeding which is correlated to the 
highest biological activity of the tested strain. 

Samples were analysed with the Strethkelvin Strathtox respirometry system for 3 
hours and measurements were registered every second. The number of electrodes that were 
fitted on the Strathtox system permitted three repetitions of the tested samples along with the 
two references. The bacteria having the ability to mineralize lignocelullosic material 
developed an exponential multiplication phase correlated with increased oxygen consumption.  
 
Results and Discussions 

 
The bio-composite mulch with bio-active ingredients was designed by the Research and 

Development Plant Protection Institute from Bucharest, Romania, during the national project 
CEEX no. 132/2006 (acronym ASTARTE) and it consists in a bioactive film with beneficial 
bacteria applied in furrow on the mulch layer of mowed hairy vetch [1].    

For the selection and characterization of the bacterial strains several specific bio-assays 
were performed in order to detect plant growth promotion activity of these new strains and 
their mechanisms involved in biocontrol. Plant growth promotion ability was related to some 
enzymatic tests like phytase, decarboxylases and polyamines production. The biocontrol 
activity was revealed through antibiotics and hydrolytic enzymes production, known as 
biologically active compounds involved in plant pathogenic fungi suppression.  

 
Plant growth promotion ability expressed through some enzymatic assays 

 
Phytase activity induces phosphorus bioavailability by hydrolyzing sodium phytate and 

releasing free phosphate, a nutrient that is essential in plant nutrition for its energetic and 
structural role, also, it decreases plant vulnerability to phytopathogenic atac. This activity was 
detected only in OS15 and BW bacterial strains (figure 1). 

 

  
Figure 1: Phosphorus bioavailability with OS15 and OS17 strains  

 
It is known that polyamines may act in plants as signaling molecules that steer metabolic 

pathways in plant photosynthesis so fruits accumulate more nutrients [28]. Moreover, 
polyamine biosynthesis in plants can enhance their tolerance to abiotic stress [29, 30, 31] and 
increase drought tolerance by improving leaf water status and membrane properties [32]. 

Based on previously results with other bacterial strains (OSIM claimed patent – 
A/00529/2010) in these experiments hairy vetch mulch extract was included in culture 
medium and polyamine production by OS15, OS17 and BW strains was evaluated by the 
presence of a red halo around the bacterial growth (figure 2). It was shown that all the strains 
were able to modify the pH of culture medium as a measure of polyamine biosynthesis. 
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OS15 strain OS17 strain 
 

BW strain 

Figure 2. Polyamine production present on medium with hairy vetch mulch extract 
 

Arginine decarboxylase activity increases the accumulation of putrescine 
dihydrochloride, a precursor of polyamines in plants. In this way, the results obtained with 
mulch extracts were partially confirmed by detecting arginine decarboxylase activity: this 
activity was present in OS15 strain but not in OS17 and BW. The results could be explained 
by the fact that arginine decarboxylase is involved in putrescine synthesis and is one of the 
metabolic pathway of polyamines. The absence of this activity in two of the bacterial strains 
suggests the use of another pathway for polyamine biosynthesis than arginine decarboxylase.   
 

Biocontrol activity related to hydrolytic enzymes production 
 
The utilization of microorganisms in the obtaining of biopreparates useful in plant 

protection is based on the abilities of biosynthesis of several compounds, like hydrolytic 
enzymes, biosurfactants, lipopeptides etc. Among the most important characteristics of 
antagonistic bacteria is the chitinase, cellulase and protease production.      

The chitinolytic activity is a significant characteristic of biological control agents since 
chitin is the main polysaccharide present in the structure of fungal cell wall and insect 
exoskeleton. All the three bacterial strains used in experiments were able of chitin degradation 
after 3-4 days of incubation (figure 3). 

 
Figure 3. Chitinolytic activity of selected bacteria  
 

Another important characteristic of antagonistic bacteria is the degradation of cellulose. 
Cellulose is present in Oomycetes fungal cell wall, plant pathogens. In our previous study [23] 
it was shown that BW, OS15 and OS17 were able to degrade carboxymethyl cellulose, 
proving a potential inhibitory action against Pythium and Phytophthora . 



Bacillus strains useful in improving vegetal mulch technology trough bio-activation 
 

Romanian Biotechnological Letters, Vol. 17, No. 5, 2012 7615 

Proteolytic activity was revealed in all tested strains and quantified by measuring the 
hydrolysis halo at different incubation time for 10 days (figure 4). 
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Figure 4. Bacterial enzymatic digestion of casein from milk 

 
These results regarding the enzymatic activity (chitinolytic, cellulolytic and proteolytic) 

involved in bio-control together with the antifungal activity previously performed [23] with 
these bacterial strains against some phytopathogenic fungi (Alternaria spp., Botrytis cinerea, 
Fusarium graminearum DSM 4527, F. oxysporum f.sp. radicis lycopersici ZUM 2407 and 
Sclerotium bataticola) reveal that these strains have a grate potential of biocontrol activity 
against other more  soilborne plant pathogens such as Pythium debaryanum DSM 62946, 
Rhizoctonia solani DSM 63002 and Sclerotium cepivorum DSM 23654. Growth inhibition of 
this three more soilborne phytopathogenic fungi is presented in table 1. 

These results suggest that the antifungal properties against several soilborne plant 
pathogens are associated with the biochemical characteristics of these three bacterial strains 
studied.   

 
Table 1. Bacterial antagonistic activity against several soilborne phytopathogenic fungi 

Phytopathogenic fungi Bacterial 
strain 

Efficacy 
(%) 

Clear inhibition 
space (mm) 

OS15 57% 2 
OS17 43% - Pythyum debaryanum 

DSM 62946 BW 43% - 
OS15 71% - 
OS17 69% 1 Rhizoctonia solani 

DSM 63002 BW 77% 1 
OS15 64,3% 4 
OS17 59,5% 3 Sclerotium cepivorum 

DSM 23654 BW 62% 3 
 
For a better characterization of these three bacterial strains into biocontrol activity we 

also analyzed the antifungal properties of bacterial supernatant against Fusarium oxysporum f. 
sp. radicis lycopersici ZUM 2407. This fungal pathogen produces tomato foot and root rot. 
Since Fusarium oxysporum f. sp. radicis lycopersici is a relatively new pathogen in our 
country (reported for the first time in 2002 [33] and tomato plant are highly cultivated in 
Romania we look into complete our biocontrol activity against this fungi. Our previously 
results [23] showed that OS15, OS17 and BW strains manifested in vitro an antagonistic 
efficacy of 55.2%, 65.5% and 63% respectively against this pathogen.  

Regarding the antagonism between bacterial supernatants and Fusarium oxysporum f. 
sp. radicis lycopersici ZUM 2407, the results revealed a certain expression of the samples 
(table 2). Relating to OS15, antagonistic activity and clear inhibition zone was shown only by 
bacterial suspension (figure 5a). An explanation could by that antifungal compounds are 
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attached to bacterial cell wall and could not be released in the media. Because the antifungal 
compounds are not present in the culture supernatant the filtered samples of OS15 did not 
express antifungal activity. Concerning OS17, bacterial samples inhibited the mycelia growth; 
especially non-filtered suspension manifested a clear inhibition zone. Filtered bacterial 
supernatant ant those thermally and trypsin treated also express antifungal activity but weaker 
than the suspension with bacterial cell (figure 5b). This may be due to the nature of antifungal 
compound released from the cells. Similar results were obtained whit BW samples. 
 
Table 2. Antifungal activity of bacterial supernatant against  
Fusarium oxysporum f.sp. radicis lycopersici ZUM 2407, after 5 days of incubation 

Bacterial 
strain Bacterial sample Efficacy 

(%) 
Clear inhibition 

space (mm) 
Bacterial suspension 34,2 1 

Bacterial filtered supernatant 14,2 − 
Bacterial filtered supernatant trypsin 

treated  
18,8 − BW 

Bacterial filtered supernatant 
thermally treated 

14,5 − 

Bacterial suspension 44,1 3 
Bacterial filtered supernatant 4,1 − 

Bacterial filtered supernatant trypsin 
treated  

6,6 − OS15 

Bacterial filtered supernatant 
thermally treated 

6,5 − 

Bacterial suspension 47,5 3 
Bacterial filtered supernatant 15,5 − 

Bacterial filtered supernatant trypsin 
treated  

13,1 3 OS17 

Bacterial filtered supernatant 
thermally treated 

15,6 1 

 

   
Figure 5. Bacterial antifungal activity against  
Fusarium oxysporum f.sp. radicis lycopersici ZUM 2407 

 
Mineralization of lignocelullosic material 
 
The ability to mineralize the lignocelullosic material was analyzed because it is related 

to the bio-conversion of the vegetal wastes from the mulch and the possibility of the selected 
strains to survive in natural environments. 

a b
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The bacteria having the ability to mineralize lignocelullosic material can use this as 
nutrient and can develop bacterial growth on it, this being correlated with increased oxygen 
consumption (needed for respiration).  

With the Strathkelvin Strathtox respirometer we can determine the quantity of oxygen in 
samples. If there is biological activity in samples a respiration process is present and oxygen 
form sample is consumed, thus the more biological activity increases, less oxygen remains in 
sample. This way, the ability of OS17 strain to mineralize lignocelullosic material was 
revealed by respirometry since its biological activity and multiplication rate is correlated with 
increased oxygen consumption.  

 

 
Figure 6: Respiratory rates of OS17 strain reported with Strathkelvin Strathtox respirometer when analyzing the 
ability to mineralize lignocellulosic material, along the 3 hours of incubation. NC = negative control 
(uninoculated lignocellulosic sample); PC = positive control (bacterial strain grown in usual nutritive medium - 
Luria Bertani broth); R1÷R3 = repetition of OS17 strain grown on lignocellulosic material. 

 
The mineralization of lignocellulosic material test performed at Strathkelvin Strathtox 

respirometry system, showed that the respiration rate of OS17 increased over the analyzed 
time, and after three hours the quantity of oxygen decreases to 0.46 mg O2/L (figure 7). This 
means that the bacterial strain could grow on the moistened wheat straw by mineralizing the 
lignocellulosic material.  
 
Conclusions 

 
Bacterial strains OS15 of Bacillus pumilus, OS17 and BW of B. amyloliquefaciens 

revealed various enzymatic activities correlated with plant growth promotion and antifungal 
activity. Correlated to their antagonistic activity against several soilborne phytopathogenic 
fungi these strains can be considered as biocontrol agents with grate potential into diminish 
fungal infections in plants. Study performed on leguminous mulch extract showed that the 
selected bacterial strains have the ability to produce polyamines which may steer metabolic 
pathways in plant photosynthesis or enhance plant tolerance to abiotic stress. The 
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bioconversion of lignocellulosic wastes from vegetal mulches can be improved by B. 
amyloliquefaciens OS17 inoculation. Research performed on these bacterial strains proved 
that they are competitive rhizobacteria which can be successfully used to bio-activate the 
vegetal mulch.  
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