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Abstract 
The effect of temperature (18˚C - 30˚C), water activity (0.85 - 1) and pH (4 - 
9) was studied by dual culture technique on the antagonism of Bacillus amylo-
liquefaciens and Trichoderma harzianum to Colletotrichum acutatum, re-
sponsible of strawberry (Fragaria x ananassa (Weston) Duchesne ex Rozier) 
anthracnose. The antagonistic bacteria’s strains behave significantly and dif-
ferently according to the parameters studied. These results reveal useful in-
formation about the applicability of their biocontrol in agricultural culture 
with the change of environmental factors. 
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1. Introduction 

Strawberry (Fragaria x ananassa (Weston) Duchesne ex Rozier) is an important 
fruit crop, grown in Morocco in the areas of Souss, Gharb and Loukkos. A major 
constraint to the culture of strawberry is the low tolerance of this species to fun-
gal diseases [1]. The number of phytopathogenic fungi attacking this culture is 
vast, more than 50 genera [2], resulting in severe economic losses. Fungal dis-
eases can affect all parts of strawberry, but there are those who produce the 
crown rot, resulting in death of the plant, as anthracnose caused by Colletotri-
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chum spp. [3] [4] [5], especially C. acutatum, considered among the more de-
vastating phytopathogens. The control of fungal diseases attacking strawberry 
plants is mainly done by treatment of the soil and the plants using chemical pes-
ticides. The intensive use of fungicides leads to the accumulation of toxic com-
pounds potentially dangerous for humans and the environment, as well as in the 
induction of the resistance of phytopathogenic agents [6] [7] [8]. Biological con-
trol has received great attention as one of the non-hazardous pest management 
techniques against diseases caused by phytopathogenic fungi, including anth-
racnose [9]. The selection of the antagonists planned for the biological control of 
plant diseases usually involves examining a large number of microbial isolates to 
increase the probability of discovering a strain highly effective. The natural an-
tagonists on the surfaces of the host are promising components of protection of 
organic crops [10]. Antagonistic bacteria such as Bacillus subtilis [2] [11], B. 
amyloliquefaciens [9] and Pseudomonas fluorescens [12] or fungi such as Tri-
choderma harzianum [13] [14] or yeast such as Saccharomyces cerevisiae [12] 
[15] have been found effective for the control of the anthracnose disease under 
controlled research conditions. 

Some environmental factors can strongly influence the biological effectiveness 
of the antagonist against plant pathogens. Climate change and water conditions 
are among the crucial factors influencing microbial activity in natural systems 
[16]. Therefore it is reasonable to study the influence of temperature, pH and 
water activity on the in vitro antagonism of Bacillus amyloliquefaciens and Tri-
choderma harzianum. However, there is a lack of comparative information on 
the effects of these factors on potential biocontrol of B. amyloliquefaciens and T. 
harzianum against plant diseases. 

The objective of this study is to evaluate the effect of temperature, pH and 
water activity on the antagonism of Bacillus amyloliquefaciens and Trichoderma 
harzianum to Colletotrichum acutatum. 

2. Materials and Methods 
2.1. Fungal Pathogen Strain 

Strain Ca6 of Colletotrichum acutatum was isolated from naturally infected 
strawberry fruits presenting anthracnose symptoms. It was selected for its ag-
gressiveness among several isolates found in different strawberry cultivars. C. 
acutatum Ca6 originated from fields of strawberry plants of Loukkos (Larache, 
Morocco), developed well in Potato Dextrose Agar and was incubated ten days 
in 25˚C ± 2˚C before use. The identification was carried out by macroscopic and 
microscopic observations of the isolates using determination keys [17] [18]. 

2.2. Isolation of Antagonistic Bacterial Strains 

Nine bacterial strains were isolated by the method of serial dilutions from rhi-
zosphere soil and roots of strawberry plants taken from various agricultural 
zones of the Loukkos region (Larache, Morocco), and identified by Hamdache et al.  
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Table 1. Identification of antagonistic strains of Bacillus amyloliquefaciens [19].  

First name of strain Code of strain after identification Percentage of similarity Strain reference 

I1 B. amyloliquefaciens Bc1 99.8% (1014/1016 pb) LMG 22478 

I2 B. amyloliquefaciens Bc2 99.8% (1033/1035 pb) CR-502 

I3 B. amyloliquefaciens Bc3 100% (1030/1030 pb) CR-502 

I18 B. amyloliquefaciens Bc4 100% (1035/1035 pb) CR-502 

B3 B.amyloliquefaciens Bc5 99.9% (1020/1022 pb) LMG 22478 

B12 B. amyloliquefaciens Bc6 99.9% (1021/1022 pb) LMG 22478 

B24 B. amyloliquefaciens Bc7 99.9% (1019/1020 pb) LMG 22478 

RA9 B. amyloliquefaciens Bc8 99.9% (778/779 pb) LMG 22478 

RA12 B. amyloliquefaciens Bc9 99.9% (1035/1036 pb) CR-502 

 
[19]. A molecular identification revealed that the nine antagonistic bacterial isolates 
belong to the species Bacillus amyloliquefaciens. Strains at the beginning were 
noted by an arbitrary notation I1, I2, I3, I18, B3, B12, RA9 and RA12 (Table 1). 

2.3. Fungal Antagonist Strain 

Trichoderma harzianum (TR) strain was isolated from soil into PDA (Potato 
Dextrose Agar) plates using spread plate technique. Litter materials were cul-
tured in PDA plates for the isolation. The TR strain was isolated into pure cul-
ture on PDA. The identification was carried out by macroscopic and microscop-
ic observations [20]. 

2.4. Effect of Environmental Factors 

The potential of biological control of the nine strains of Bacillus amyloliquefa-
ciens and the strain of Trichoderma harzianum was assessed. The inhibition of 
Colletotrichum acutatum Ca6 according to the variation of some factors (tem-
perature, pH, activity of the water) was evaluated by calculating the percentage 
of inhibition of mycelial growth on Petri dishes by dual culture technique on 
PDA. The antagonist and the phytopathogen were put on the opposite sides of 
Petri dish at the same distance from the periphery. A completely randomized 
experimental device was used with three replicates for each antagonist. 

2.4.1. Effect of Temperature 
The inoculated dishes were incubated in the dark at 18˚C; 23˚C; 25˚C; 27˚C and 
30˚C for 7 days. 

2.4.2. Effect of Water Activity 
The water activity (aw) represents the availability in open water for the bio-
chemical reactions for the development of microorganisms. Different values of 
activity of the water have been tested (1; 0.95; 0.90 and 0.85) by the addition of 
glycerol in PDA [19] [21], which will attach a part of the water and make it un-
usable to microorganisms. The same technique of dual culture has been fol- 

https://doi.org/10.4236/aim.2017.711058


R. Es-Soufi et al. 
 

 

DOI: 10.4236/aim.2017.711058 732 Advances in Microbiology 
 

Table 2. pH values and buffers used [19]. 

pH 4 4.5 5 5.5 6 6.5 7 7.5 8 9 

Buffer Trizma MES Pipes Mops Bicine 

 
lowed. After seven days of incubation in the dark at 25˚C, the PIGR (Percentage 
of Radial Growth Inhibition) has been calculated. 

2.4.3. Effect of pH 
To assess the effect of pH on the inhibition of mycelial growth by antagonistic 
bacteria, the following pH, acid, neutral, and basic, have been tested: 4; 4.5; 5; 5.5; 
6; 6.5; 7; 7.5; 8 and 9 (Table 2). The medium PDA has been stamped, according to 
the desired pH, by different buffers. Using a pH meter, the pH has been adjusted 
by addition of HCl to the pH acids and NaOH to the basic pH. The boxes were 
incubated at 25˚C. The PICR is calculated after seven days of incubation. 

2.4.4. Percentage of Inhibition of Radial Growth 
After the incubation period, the radial growth of the pathogens was measured 
and the percent inhibition (1) of mean radial growth was calculated relative to 
the control as follows: 

( ) 100PIGR T C T= − ×                      (1) 

PIRG: Percent Inhibition of Radial Growth of pathogen’s mycelium; 
T: Radial growth of control agent; 
C: Radial growth of the pathogen in the presence of the antagonist.  

2.4.5. Statistical Analysis 
All analyses were conducted in triplicates. The percent of inhibition of mycelial 
growth of the phytopathogenic agent by the antagonists have been subjected to 
an analysis of variance (ANOVA) using the software STATISTICA for Windows 
v.6. The statistical significance of the results was determined by performing a 
test of Duncan’s multiple range (p < 0.05). Results were expressed as mean ± 
standard deviation. 

3. Results 
3.1. Dual Culture Technique 

Bacillus amyloliquefaciens strains and Trichoderma harzianum provide inhibi-
tory effects on the mycelial growth of the phytopathogenic strain (Figure 1). The 
inhibition of development of Colletotrichum acutatum isolate varies within B. 
amyloliquefaciens strains. 

3.2. Effect of Temperature 

The percent inhibition of mycelial growth by Bacillus amyloliquefaciens differs 
according the isolates and the temperatures studied. Isolate Bc2 is the most ef-
fective and presents the highest percent inhibition (Figure 2), whereas Bc5 has 
the lowest percent inhibition at all tested temperatures. Trichoderma harzianum 
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Figure 1. In vitro mycelial growth of Colletotrichum acutatum in PDA (a); dual culture 
between the antagonists and the phytopathogen in PDA (b, c and d); Inhibition of growth 
of C. acutatum by Trichoderma harzianum TR (b) and Bacillus amyloliquefaciens (isolate 
I2 (Bc2) (c) and isolate B3 (Bc4) (d)). 

 

 
Figure 2. Effect of temperature on growth inhibition of Colletotrichum acutatum Ca6 by 
nine Bacillus amyloliquefaciens strains. 

 
presents a very high efficiency on the inhibition of radial growth of Colletotrichum 
acutatum with an inhibitory effect exceeding 70% at all tested temperatures 
(Figure 3). 

3.3. Effect of Water Activity 

The inhibition of mycelial growth of Colletotrichum acutatum is important in 
the presence of the isolate Bc2 and low in the presence of Bc5 (Figure 4). Tri-
choderma harzianum has a high potential of radial growth inhibition of the 
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phytopathogenic agent that increases with the water activity (Figure 5). 

3.4. Effect pH 

The pH presents a large effect on the antagonistic potential of Trichoderma har-
zianum (Figure 6) and Bacillus amyloliquefaciens (Figure 7). Among the bac-
terial isolates, Bc2 shows a large inhibitory effect on the growth of Colletotrichum 
acutatum; contrariwise, Bc5 has the lowest inhibitory effect (Figure 7).  

 

 
Figure 3. Effect of temperature on growth inhibition of Colletotrichum acutatum Ca6 by 
Trichoderma harzianum. 

 

 

Figure 4. Effect of water activity on growth inhibition of Colletotrichum acutatum Ca6 
by nine Bacillus amyloliquefaciens strains. 

 

 

Figure 5. Effect of water activity on growth inhibition of Colletotrichum acutatum Ca6 
by Trichoderma harzianum. 
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Figure 6. Effect of pH on growth inhibition of Colletotrichum acutatum Ca6 by Tricho-
derma harzianum. 

 

 

Figure 7. Effect of pH on the inhibition of radial growth of Colletotricum acutatum Ca6 
by nine antagonistic bacterial strains. 

 
The percent of growth inhibition of the phytopathogen by the fungal antagonist 
increase by the pH values up to neutral pH 7, and then start to decrease in alka-
line pH (Figure 6 and Figure 7). 

4. Discussion 

Biological control is an alternative to the use of phytochemicals in involving bi-
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ological products in the control of plant diseases. In this study, we found that 
Bacillus amyloliquefaciens and Trichoderma harzianum provide inhibitory ef-
fects on the development of Colletotrichum acutatum, the phytopathogenic 
agent of the anthracnose of strawberry (Fragaria x ananassa). Biological control 
of Colletotrichum species has been demonstrated in other studies using Tricho-
derma species [13] and Bacillus species [9]. This study shows that T. harzianum 
grows faster than C. acutatum Ca6 strain. This rapid growth suggests a mycopa-
rasitism, at least in the experimental conditions tested, and gives Trichoderma 
an important advantage in the competition for nutrients and space with phyto-
pathogenic fungi [22]. Biological control is important in crop production disease 
control [23] [24]. Bacillus subtilis and B. amyloliquefaciens have been used in 
commercial biological control products due to their potential of biocontrol and 
high stability in harsh environmental conditions caused by spore forms [25]. 

The environmental factors play an important role, since they affect the bio-
logical life of the microbial species and the physiology/metabolism of pathogen 
antagonist and host plant [26] [27]. Several species antagonists of Bacillus spp. 
have shown efficiency in the fight against the anthracnose of multiple hosts [9] 
[28] [29] [30] [31]. 

The inhibition of mycelial growth of Colletotrichum acutatum by the Bacillus 
amyloliquefaciens strains tested and by changing the temperature, water activity 
and pH, shows that the potential of biological control varies from an isolate to 
the other. Bacillus amyloliquefaciens isolates have a different effect on mycelial 
growth of the phytopathogen. Bc2 shows a great effect compared to other iso-
lates, Bc5 has a weak influence on radial growth. Trichoderma harzianum has a 
large antagonistic effect on the mycelial growth of the phytopathogenic agent. 
Hamdache et al. [19] have worked on the same bacterial strains to fight against 
Botrytis cinerea and have found that strain Bc7 has an efficiency of upper con-
trol against Botrytis cinerea compared to other strains to the different conditions 
tested, while strain Bc4 is the least effective. For the control against Colletotrichum 
acutatum we found that the isolate Bc2 is the more efficient compared to other 
isolates and Bc5 the less effective to the different conditions tested.  

B. amyloliquefaciens show good antifungal activity on various plant patho-
gens, can be effectively used for controlling phytopathogens including Colletotrichum 
acutatum [32]. Trichoderma harzianum also has a great potential of biocontrol 
against anthracnose caused by C. acutatum [13] [33] [34]. 

Temperature has a great influence on the development of microorganisms as 
well as their biological activity. All bacterial isolates represent a large inhibitory 
effect of radial growth at 25˚C. Studies have been made on the influence of en-
vironmental parameters on the development of Colletotrichum acutatum and 
have found that the optimal values of the temperature is 25˚C ± 2˚C [35] [36] 
[37], Bc2 is the most effective among the other isolates and Bc5 the least effec-
tive. The fungal antagonist has a great inhibitory effect at all temperatures stu-
died, and rises by increasing the temperature. Trichoderma harzianum has high 
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efficacy at 33˚C or lower against Sclerotium rolfii, another phytopathogenic 
agent, and produces secondary metabolites and mycotoxins at high temperatures 
that will help control plant pathologies [38]. Antagonistic activity in vitro of T. 
harzianum to B. cinerea is more effectively at a near-optimal 25˚C is consistent 
with a more rapidly increasing conidial respiratory rate at the higher tempera-
ture [39] [40]. The optimum temperature for radial growth of Trichoderma spp. 
is between 25˚C and 30˚C [41].  

The water activity has a remarkable way on the mycelial growth, which is op-
timal between 0.95 and 1. The activity of water has also been favorable to inhibit 
the growth of Verticillium dahliae and Rhizoctonia solani by Trichoderma har-
zianum [42]. At 37˚C the optimal growth of B. amyloliquefaciens was at aw 
0.960 [43] [44], this antagonist has inhibited the growth of A. flavus and F. verti-
cillioides at aw = 0.99; 0.97; 0.95 and 0.93 [45] and inhibited the growth and af-
latoxin B1 production by Aspergillus section Flavi at aw = 0.982 [46]. Maximal 
growth rates of T. harzianum were observed at aw 0.997 [16] [47], the optimal 
aw values for mycelial growth and in vitro enzyme activities were similar [16]. 
The in vitro enzyme activities of T. harzianum were also affected by aw, but sig-
nificant enzyme activities were measured for most of the enzymes even at aw 
values less than the limit of mycelial growth [48]. 

Bacillus amyloliquefaciens and Trichoderma harzianum were influenced by 
pH, which was low at acid pH, and increased by increasing pH values to 7 (neu-
tral pH) and then began to decrease in alkaline pH. Colletotrichum musae, agent 
to anthracnose of the banana tree, develops at an optimal pH equal to 4.5 [49]. 
The tolerance of B. amyloliquefaciens to grow under different pH-temperature 
was studied by Gotor-Vila et al. [43]; they have found that the optimum growth 
was observed at 37˚C and pH 5-7 [50]. B. amyloliquefaciens has exhibited sig-
nificantly low activities of starch-degrading enzymes and high resistance to low 
pH [51]. The crude lipopeptides of B. amyloliquefaciens were insensitive to pH 
variation. The activity was not affected at pH 2 to 11, and was reduced at pH 12 
[52] [53] which means variation of pH affect the antifungal activity of this anta-
gonist. T. harzianum were able to grow on a wide range of pH from 2 to 6, and 
the optimal growth was observed at pH 4, the mycelial growth ceased at pH 8 
and 7, also pH had an effect on the in vitro of enzymes activities of T. harzianum 
[16]. Jackson et al. [54] have found that optimum biomass production Tricho-
derma harzianum occurred at pH 4.6 - 6.8. 

5. Conclusion 

The antagonists behave differently depending on the environmental parameters. 
We found that isolate Bc2 show more efficiency compared to other bacterial 
strains, and that Trichoderma harzianum always inhibits the development of the 
pathogen despite the change in the factors studied. However, other parameters 
could be considered to develop and improve the control efficiency by these an-
tagonists in order to acquire a viable biological control system against the brown 
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spot disease caused by Colletotrichum acutatum. Adaptation of biocontrol po-
tential of the antagonists studied to environments with different temperature; aw 
and pH characteristics seems to be an important mechanism of evolution enabl-
ing the effective competition for nutrients under a wider range of these envi-
ronmental parameters. 

References 
[1] Garrido, C., Carbú, M., Fernández-Acero F.J., González-Rodríguez, V.E. and Can-

toral, J.M. (2011) New Insights in the Study of Strawberry Fungal Pathogens. Genes. 
Genomes, Genomics 5 (Spec. Iss. 1), 24-39. 

[2] Maas, J.L. (1998) Compendium of Strawberry Diseases. Second Edition, St Paul, 
Minn.: APS Press, 98 p. 

[3] Barclay Poling, E. (2008) Anthracnose on Strawberry: Its Etiology, Epidemiology, 
and Pathology, Together with Management Strategies for Strawberry Nurseries: In-
troduction to the Workshop. HortScience, 43, 59-65. 

[4] Tanaka, M.A.S. and Passos, F.A. (2002) Caracterização patogênica de Colletotrichum 
acutatum e C. fragariae associados à antracnose do morangueiro. [Characterization 
of the Pathogenic: Colletotrichum acutatum and C. fragariae Associated with 
Strawberry Anthracnose.] Fitopatologia Brasileira, 27, 484-488.  
https://doi.org/10.1590/S0100-41582002000500008 

[5] Smith, B.J. (2008) Epidemiology and Pathology of Strawberry Anthracnose: A 
North American Perspective. HortScience, 43, 69-73. 

[6] Mari, M. and Guizzardi, M. (1998) The Postharvest Phase: Emerging Technologies 
for the Control of Fungal Diseases. Phytoparasitica, 26, 59-66.  
https://doi.org/10.1007/BF02981267 

[7] Janisiewicz, W.J. and Korsten, L. (2002) Biological Control of Postharvest Diseases 
of Fruits. Annual Review of Phytopathology, 40, 411-441.  
https://doi.org/10.1146/annurev.phyto.40.120401.130158 

[8] Conway, W.S., Leverentz, B., Janisiewicz, W.J., Blodgett, A.B., Saftner, R.A. and 
Camp, M.J., (2004) Integrating Heat Treatment, Biocontrol and Sodium Bicarbo-
nate to Reduce Postharvest Decay of Apple Caused by Colletotrichum acutatum and 
Penicillium expansum. Postharvest Biology and Technology, 34, 11-20.  
https://doi.org/10.1016/j.postharvbio.2004.05.011 

[9] Mochizuki, M., Yamamoto, S., Aoki, Y. and Suzuki, S. (2012) Isolation and Charac-
terisation of Bacillus amyloliquefaciens S13-3 as a biological Control Agent for 
Anthracnose Caused by Colletotrichum gloeosporioides. Biocontrol Science and 
Technology, 22, 697-709. https://doi.org/10.1080/09583157.2012.679644 

[10] De Costa, D.M. and Erabadupitiya, H.R.U.T. (2005) An Integrated Method to Con-
trol Postharvest Diseases of Banana Using a Member of the Burkholderia cepacia 
Complex. Postharv. Postharvest Biology and Technology, 36, 31-39.  
https://doi.org/10.1016/j.postharvbio.2004.11.007 

[11] Ashwini, N. and Srividya, S. (2014) Potentiality of Bacillus subtilis as Biocontrol 
Agent for Management of Anthracnose Disease of Chilli Caused by Colletotrichum 
gloeosporioides OGC1. 3 Biotech, 4, 127-136.  
https://doi.org/10.1007/s13205-013-0134-4 

[12] Vivekananthan, R., Ravi, M., Ramanathan, A. and Samiyappan, R. (2004) Lytic En-
zymes Induced by Pseudomonas fluorescens and Other biocontrol Organisms Me-

https://doi.org/10.4236/aim.2017.711058
https://doi.org/10.1590/S0100-41582002000500008
https://doi.org/10.1007/BF02981267
https://doi.org/10.1146/annurev.phyto.40.120401.130158
https://doi.org/10.1016/j.postharvbio.2004.05.011
https://doi.org/10.1080/09583157.2012.679644
https://doi.org/10.1016/j.postharvbio.2004.11.007
https://doi.org/10.1007/s13205-013-0134-4


R. Es-Soufi et al. 
 

 

DOI: 10.4236/aim.2017.711058 739 Advances in Microbiology 
 

diate Defence against the Anthracnose Pathogen in Mango. World Journal of Mi-
crobiology and Biotechnology, 20, 235-244.  
https://doi.org/10.1023/B:WIBI.0000023826.30426.f5 

[13] Freeman, S., Minz, D., Kolesnik, I., Barbul, O., Zveibil, A., Maymon, M., Nitzani, Y., 
Kirshner, B., Rav-David, D., Bilu, A., Dag, A., Shafir, S. and Elad, Y. (2004) Tricho-
derma Biocontrol of Colletotrichum acutatum and Botrytis cinerea and Survival in 
Strawberry. European Journal of Plant Pathology, 110, 361-370.  
https://doi.org/10.1023/B:EJPP.0000021057.93305.d9 

[14] Shovan, L.R., Bhuiyan, M.K.A., Begum, J.A. and Pervez, Z. (2008) In Vitro Control 
of Colletotrichum dematium Causing Anthracnose of Soybean by Fungicides, Plant 
Extracts and Trichoderma harzianum. International Journal of Sustainable Crop 
Production, 3, 10-17. 

[15] Palaniyandi, S.A., Yang, S.H., Cheng, J.H., Meng, L. and Suh, J.W. (2011) Biological 
Control of Anthracnose (Colletotrichum gloeosporioides) in Yam by Streptomyces 
sp. MJM5763. Journal of Applied Microbiology, 111, 443-455.  
https://doi.org/10.1111/j.1365-2672.2011.05048.x 

[16] Kredics, L., Manczinger, L., Antal, Z., Pénzes, Z., Szekeres, A., Kevei, F. and Nagy, 
E. (2004) In Vitro Water Activity and pH Dependence of Mycelial Growth and 
Extracellular Enzyme Activities of Trichoderma Strains with Biocontrol Potential. 
Journal of Applied Microbiology, 96, 491-498.  
https://doi.org/10.1111/j.1365-2672.2004.02167.x 

[17] Smith, B.J. and Black, L.L. (1990) Morphological, Cultural, and Pathogenic Varia-
tion among Colletotrichum Species Isolated from Strawberry. Plant Disease, 74, 
69-76. https://doi.org/10.1094/PD-74-0069 

[18] Talhinhas, P., Sreenivasaprasad, S., Neves-Martins, J. and Oliveira, H. (2002) Ge-
netic and Morphological Characterization of Colletotrichum acutatum Causing 
Anthracnose of Lupins. Phytopathology, 92, 986-996.  
https://doi.org/10.1094/PHYTO.2002.92.9.986 

[19] Hamdache, A., Ezziyyani, M., Badoc, A. and Lamarti, A. (2012) Effect of pH, Tem-
perature and Water Activity on the Inhibition of Botrytis cinerea by Bacillus amylo-
liquefaciens Isolates. African Journal of Biotechnology, 11, 2210-2217. 

[20] Flegel, T.W. (1980) Semipermanent Microscope Slides of Microfungi using a Sticky 
Tape Technique. Canadian Journal of Microbiology, 26, 551-553.  
https://doi.org/10.1139/m80-095 

[21] Maouni, A. (2002) Principaux Agents Fongiques des poires pourries en 
conservation: Biologie, physiologie et application de quelques moyens de lutte 
chimique. [Main Fungal Agents of Rotting Conserved Pears: Biology, Physiology 
and Application of Some Techniques of Chemical Control.] Thèse Doct. 
Phytopathol. Fac. Sci. Tétouan, Maroc, 152 p. 

[22] Barbosa, M.A.G., Rehn, K.G., Menezes, M. and Mariano, R.L.R. (2001) Antagonism 
of Trichoderma Species on Cladosporium herbarum and Their Enzymatic Charac-
terization. Brazilian Journal of Microbiology, 32, 98-104.  
https://doi.org/10.1590/S1517-83822001000200005 

[23] Han, K.S., Kim, B.R., Kim, J.T., Hahm, S.S., Hong, K.H., Chung, C.K., Nam, Y.G., 
Yu, S.H. and Choi, J.E. (2013) Biological Control of White Rot in Garlic using 
Burkholderia pyrrocinia CAB08106-4. Research in Plant Disease, 19, 21-24.  
https://doi.org/10.5423/RPD.2013.19.1.021 

[24] Kim, S.T. and Yun, S.C. (2011) Biocontrol Activity of Myxococcus sp. KYC 1126 
against Phytophthora Blight on Hot Pepper. Research in Plant Disease, 17, 121-128.  

https://doi.org/10.4236/aim.2017.711058
https://doi.org/10.1023/B:WIBI.0000023826.30426.f5
https://doi.org/10.1023/B:EJPP.0000021057.93305.d9
https://doi.org/10.1111/j.1365-2672.2011.05048.x
https://doi.org/10.1111/j.1365-2672.2004.02167.x
https://doi.org/10.1094/PD-74-0069
https://doi.org/10.1094/PHYTO.2002.92.9.986
https://doi.org/10.1139/m80-095
https://doi.org/10.1590/S1517-83822001000200005
https://doi.org/10.5423/RPD.2013.19.1.021


R. Es-Soufi et al. 
 

 

DOI: 10.4236/aim.2017.711058 740 Advances in Microbiology 
 

https://doi.org/10.5423/RPD.2011.17.2.121 

[25] Kwak, Y.K., Kim, I.S., Cho, M.C., Lee, S.C. and Kim, S. (2012) Growth Inhibition 
Effect of Environment-Friendly Farm Materials in Colletotrichum acutatum in Vi-
tro. Journal of Bio-Environment Control, 21, 127-133. 

[26] El-Ghaouth, A., Smilanick, J.L., Brown, G.E., Ippolito, A. and Wilson, C.L. (2001) 
Control of Decay of Apple and Citrus Fruits in Semicommercial Tests with Candida 
Saitoana and 2-Deoxy-D-Glucose. Biological Control, 20, 96-101.  
https://doi.org/10.1006/bcon.2000.0894 

[27] Lahlali, R., Hamadi, Y., El Guilli, M. and Jijakli, M.H. (2011) Efficacy Assessment of 
Pichia guilliermondii Strain Z1, a New Biocontrol Agent, against Citrus Blue Mould 
in Morocco under the Influence of Temperature and Relative Humidity. Biological 
Control, 56, 217-224. 

[28] Govender, V., Korsten, L. and Sivakumar, D. (2005) Semi-Commercial Evaluation 
of Bacillus licheniformis to Control Mango Postharvest Diseases in South Africa. 
Postharvest Biology and Technology, 38, 57-65. 

[29] Kim, P.I., Ryu, J., Kim, Y.H. and Chi, Y.T. (2010) Production of Biosurfactant Li-
popeptides Iturin A, Fengycin, and Surfactin A from Bacillus subtilis CMB32 for 
Control of Colletotrichum gloeosporioides. Journal of Microbiology and Biotech-
nology, 20, 138-145. 

[30] Zheng, M., Shi, Z., Shi, J., Wang, Q. and Li, Y. (2013) Antimicrobial Effects of Vola-
tiles Produced by Two Antagonistic Bacillus Strains on the Anthracnose Pathogen 
in Postharvest Mangos. Biological Control, 65, 200-206. 

[31] Živković, S., Stojanović, S., Ivanović, Ž., Gavrilović, V., Popović, T. and Jelica, B. 
(2010) Screening of Antagonistic Activity of Microorganisms against Colletotri-
chum acutatum and Colletotrichum gloeosporioides. Archives of Biological 
Sciences, 62, 611-623. https://doi.org/10.2298/ABS1003611Z 

[32] Martinez, A.S.C., del C. Orozco, M.M., Martinez-Pacheco, M.M., Farias-Rodriguez, 
R., Govindappa, M. and Santoyo, G. (2012) Isolation and Molecular Characteriza-
tion of a Novel Strain of Bacillus with Antifungal Activity from the Sorghum Rhi-
zosphere. Genetics and Molecular Research, 11, 2665-2673.  
https://doi.org/10.4238/2012.July.10.15 

[33] Delgado, J.J., Sousa, S., Gonzalez, F., Rey, M. and Llobell, A. (2006) ThHog1 Con-
trols the Hyperosmotic Stress Response in Trichoderma harzianum. Microbiology, 
152, 1687-700. https://doi.org/10.1099/mic.0.28729-0 

[34] Mercado, J.A., Barcelo, M. P.C., Rey, M.C.J.L., Munoz, B.J., RuanoRosa, D., Lopez, 
H.C., de los Santos, B., Romero, M.F., et al. (2015) Expression of the 
β-1,3-glucanase Gene bgn13.1 from Trichoderma harzianum in Strawberry In-
creases Tolerance to Crown Rot Diseases but Interferes with Plant Growth. Trans-
genic Research, 24, 979-989. https://doi.org/10.1007/s11248-015-9895-3 

[35] Fernando, T.H.P.S., Jayasinghe, C.K. and Wijesundera, R.L.C. (2000) Factors Af-
fecting Spore Production, Germination and Viability of Colletotrichum acutatum 
Isolates from Hevea brasiliensis. Mycological Research, 104, 681-685.  
https://doi.org/10.1017/S0953756200002483 

[36] Grahovac, M., Inđić, D., Vuković, S., Hrustć, J., Gvozdenac, S., Mihajlović, M. and 
Tanović, B. (2012) Morphological and Ecological Features as Differentiation Crite-
ria for Colletotrichum Species. Žemdirbystė (Agriculture), 99, 189-195. 

[37] Miles, T.D., Gillett, J.M., Jarosz, A.M. and Schilder, A.M.C. (2013) The Effect of En-
vironmental Factors on Infection of Blueberry Fruit by Colletotrichum acutatum. 
Plant Pathology, 62, 1238-1247. https://doi.org/10.1111/ppa.12061 

https://doi.org/10.4236/aim.2017.711058
https://doi.org/10.5423/RPD.2011.17.2.121
https://doi.org/10.1006/bcon.2000.0894
https://doi.org/10.2298/ABS1003611Z
https://doi.org/10.4238/2012.July.10.15
https://doi.org/10.1099/mic.0.28729-0
https://doi.org/10.1007/s11248-015-9895-3
https://doi.org/10.1017/S0953756200002483
https://doi.org/10.1111/ppa.12061


R. Es-Soufi et al. 
 

 

DOI: 10.4236/aim.2017.711058 741 Advances in Microbiology 
 

[38] Mukherjee, P.K. and Raghu, K. (1997) Effect of Temperature on Antagonistic and 
Biocontrol Potential of Trichoderma sp. on Sclerotium rolfsii. Mycopathologia, 139, 
151-155. https://doi.org/10.1023/A:1006868009184 

[39] Elad, Y., Zimand, G., Zaqs, Y., Zuriel, S. and Chet, I. (1993) Use of Trichoderma 
harzianum in Combination or Alternation with Fungicides to Control Cucumber 
Gray Mould (Botrytis cinerea) under Commercial Greenhouse Conditions. Plant 
Pathology, 42, 324-332. https://doi.org/10.1111/j.1365-3059.1993.tb01508.x 

[40] Hjeljord, L.G., Stensvand, A. and Tronsmo, A. (2001) Antagonism of Nu-
trient-Activated Conidia of Trichoderma harzianum (Atroviride) P1 against Botry-
tis cinerea. Phytopathology, 91, 1172-1180.  
https://doi.org/10.1094/PHYTO.2001.91.12.1172 

[41] Naar, Z. and Kecskes, M. (1995) A Method for Selecting Trichoderma Strains An-
tagonistic against Sclerotinia minor. Microbiological Research, 150, 239-246. 

[42] Santamarina, M.P. and Roselló, J. (2006) Influence of Temperature and Water Ac-
tivity on the Antagonism of Trichoderma harzianum to Verticillium and Rhizocto-
nia. Crop Protection, 25, 1130-1134. 

[43] Gotor-Vila, A., Teixido, N., Sisquella, M., Torres, R. and Usall, J. (2017) Biological 
Characterization of the Biocontrol Agent Bacillus amyloliquefaciens CPA-8: The 
Effect of Temperature, pH and Water Activity on Growth, Susceptibility to Antibio-
tics and Detection of Enterotoxic Genes. Current Microbiology, 74, 1089-1099. 
https://doi.org/10.1007/s00284-017-1289-8 

[44] Mossel, D.A.A., Corry, J.E.L., Struijk, C.B. and Baird, R.M. (1995) Essentials of the 
Microbiology of Foods: A Textbook for Advanced Studies. Wiley, New York.  

[45] Etcheverry, M.G., Scandolara, A., Nesci, A., Vilas Boas Ribeiro, M.S., Pereira, P., 
Battilani and Paola (2009) Biological Interactions to Select Biocontrol Agents 
against Toxigenic Strains of Aspergillus flavus and Fusarium verticillioides from 
Maize. Mycopathologia, 167, 287-295. https://doi.org/10.1007/s11046-008-9177-1 

[46] Bluma, R.V. and Etcheverry, M.G. (2006) Influence of Bacillus spp. Isolated from 
Maize Agroecosystem on Growth and Aflatoxin B1 Production by Aspergillus Sec-
tion Flavi. Pest Management Science, 62, 242-251.  
https://doi.org/10.1002/ps.1154 

[47] Valero, A., Sanchis, V., Ramos, A.J. and Marin, S. (2007) Studies on the Interaction 
between Grape-Associated Filamentous Fungi on a Synthetic Medium. Internation-
al Journal of Food Microbiology, 113, 271-276. 

[48] Kredics, L., Antal, Z. and Manczinger, L. (2000) Influence of Water Potential on 
Growth, Enzyme Secretion and in Vitro Enzyme Activities of Trichoderma harzia-
num at Different Temperatures. Current Microbiology, 40, 310-314.  
https://doi.org/10.1007/s002849910062 

[49] De Costa, D.M. and Chandima, A.A.G. (2014) Effect of Exogenous pH on Devel-
opment and Growth of Colletotrichum musae and Development of Anthracnose in 
Different Banana Cultivars in Sri Lanka. Journal of the National Science Foundation 
of Sri Lanka, 42, 229-240.  
https://doi.org/10.4038/jnsfsr.v42i3.7396 

[50] Padan, E., Bibi, E., Ito, M. and Krulwich, T.A. (2005) Alkaline pH Homeostasis in 
Bacteria: New Insights. Biochimica Et Biophysica Acta-Biomembranes, 1717, 67-88. 

[51] Hyunsu, S. and Kim, M.-D. (2016) Antipathogenic Activity of Bacillus amyloliquefaciens 
Isolated from Korean Traditional Rice Wine. Han’guk Misaengmul-Saengmyongkong 
Hakhoechi, 44, 98-105. 

[52] Zhang, S.M., Wang, X.M., Meng, L.Q., Li, J., Zhao, X.Y., Cao, X., Chen, X.L., Wang, 

https://doi.org/10.4236/aim.2017.711058
https://doi.org/10.1023/A:1006868009184
https://doi.org/10.1111/j.1365-3059.1993.tb01508.x
https://doi.org/10.1094/PHYTO.2001.91.12.1172
https://doi.org/10.1007/s00284-017-1289-8
https://doi.org/10.1007/s11046-008-9177-1
https://doi.org/10.1002/ps.1154
https://doi.org/10.1007/s002849910062
https://doi.org/10.4038/jnsfsr.v42i3.7396


R. Es-Soufi et al. 
 

 

DOI: 10.4236/aim.2017.711058 742 Advances in Microbiology 
 

A.X. and Li, J.F. (2012) Isolation and Characterization of Antifungal Lipopeptides 
Produced by Endophytic Bacillus amyloliquefaciens TF28. African Journal of Mi-
crobiology Research, 6, 1747-1755. 

[53] Zouari, I., Jlaiel, L., Tounsi, S. and Trigui, M. (2016) Biocontrol Activity of the En-
dophytic Bacillus amyloliquefaciens Strain CEIZ-11 against Pythium aphaniderma-
tum and Purification of Its Bioactive Compounds. Biological Control, 100, 54-62. 

[54] Jackson, A.M., Whipps, J.M. and Lynch, J.M. (1991) Effects of Temperature, pH 
and Water Potential on Growth of Four Fungi with Disease Biocontrol Potential. 
World Journal of Microbiology and Biotechnology, 7, 494-501.  
https://doi.org/10.1007/BF00303376 

 
 

https://doi.org/10.4236/aim.2017.711058
https://doi.org/10.1007/BF00303376

	Assessment of the Effect of Environmental Factors on the Antagonism of Bacillus amyloliquefaciens and Trichoderma harzianum to Colletotrichum acutatum
	Abstract
	Keywords
	1. Introduction
	2. Materials and Methods
	2.1. Fungal Pathogen Strain
	2.2. Isolation of Antagonistic Bacterial Strains
	2.3. Fungal Antagonist Strain
	2.4. Effect of Environmental Factors
	2.4.1. Effect of Temperature
	2.4.2. Effect of Water Activity
	2.4.3. Effect of pH
	2.4.4. Percentage of Inhibition of Radial Growth
	2.4.5. Statistical Analysis


	3. Results
	3.1. Dual Culture Technique
	3.2. Effect of Temperature
	3.3. Effect of Water Activity
	3.4. Effect pH

	4. Discussion
	5. Conclusion
	References

