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ABSTRACT 

Actinomycetes are aerobic Gram-positive bacteria, which are present in high 
population densities in soil environments, where they play an important role in 
reducing inoculum of plant pathogens. In this study on biological control of plant 
diseases using actinomycetes, a total of 187 strains were isolated from the 
rhizosphere of sesame and vegetable crops. Several of these strains had antagonistic 
potential against various fungal pathogens such as Fusarium oxysporum f.sp. sesami 
(Fos), causing vascular wilt on sesame; Phytophthora nicotianae, causing 
Phytophthora blight or black shank disease on sesame; P. capsici, causing fruit rot 
in watermelon, Colletotrichum gloeosporioides, causing anthracnose in chilli and 
Rhizoctonia solani in cabbage. For each pathogen, we selected strains showing 
large inhibition zones in dual cultures tests for evaluation of their ability to control 
the diseases in planta under greenhouse conditions. In experiments with Fos on 
sesame, soil drenching with suspensions of four individual actinomycete strains (3, 
6, 25, 79) or a mixture of these four strains at ten days intervals, resulted in 
significant reductions in disease incidence (72, 80, 68, 68 and 64% diseased plants, 
respectively) compared to the control (96% diseased plants) at 25 days after 
inoculation. For P. nicotianae on sesame, suspensions of actinomycete strains 8, 25, 
29, 51 and 89 were applied individually by soil drenching before sowing and 
combined with collar spraying at one day after pathogen inoculation. All strains 
significantly reduced the percentage of plant infection, with strains 8, 51 and 89 
consistently expressing high levels of disease reduction similar to treatment with the 
fungicide mancozeb. With respect to P. capsici on watermelon, spraying individual 
suspensions of strains 51, 22 and 120 twice before and after pathogen inoculation 
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significantly reduced fruit rot compared to the untreated control. Similarly, for C. 
gloeosporioides on chilli, spraying individual suspensions of five actinomycete 
strains one day before pathogen inoculation gave significant reductions in disease 
with lesion lengths on fruits ranging from 1.3 to 2.4 mm compared the untreated 
control (9.1 mm) at four days after inoculation. For R. solani in cabbage, soil 
drenching with suspensions of individual strains 4RM, 54 or 54RM significantly 
reduced fungal infection compared to the untreated control. Thus, percentages of 
infected plants were 33, 61 and 56, respectively, compared to 100% in the control 
treatment. In conclusion, these results clearly show that actinomycetes are 
promising agents for controlling fungal plant pathogens and in the future, the 
mechanisms by which the actinomycetes reduce disease will be investigated. 

KEYWORDS : Actinomycetes, biological control, plant diseases 

INTRODUCTION 

Fungal and oomycete pathogens are very important in plants, causing significant 
yield losses. In sesame, Fusarium wilt and Phytophthora blight are the most 
important diseases, often causing devastating losses. Fusarium wilt or vascular wilt 
caused by Fusarium oxysporum f.sp. sesami has been reported to cause serve yield 
losses in tropical countries (El-Bramawy et al. 2009, Tien et al. 2012). Likewise, 
Phytophthora blight also causes severe yield losses and the disease spreads very fast 
to cause epidemics under favourable conditions, e.g., in India and the Mekong Delta 
of Vietnam (Gemawat & Prasad 1964; Nguyen Thi My Khuyen 2011).  

Severe diseases, caused by fungi or oomycetes, are also found in other 
important crops. Examples are fruit rot disease in cucurbit plants caused by 
Phytophthora capsici, which commonly occurs under warm and humid conditions, 
where the disease can cause serve losses of up to 100% (Babadoost 2001). 
Furthermore, in vegetable crops such as brassicas, Rhizoctonia solani is an important 
pathogen, causing damping off and root rot (Agrios 2005). Likewise, Colletotrichum 
gloeosporioides, causing anthracnose of chilli, attacks leaves, stems and fruits as well 
as during post-harvest (Agrios 2005).  

Chemical control of diseases is the main method employed by farmers: 
However, this method sometimes fails to protect the plants from disease due to 
development of fungicide resistance in the pathogens. In addition, fungicides pose a 
hazard for human health and the environment. Biological control based on the use of 
beneficial microorganisms for controlling plant diseases is a promising disease 
control strategy, which is considered an important aspect of integrated pest 
management in agricultural production (Raupach & Kloepper 1998; Yuliar et al. 
2015). Actinomycetes are rhizobacteria present in high population densities in soil 
and they possess different mechanisms to reduce pathogen inoculum. Actinomycetes 
can produce various types of antibiotics, inhibiting different types of pathogens. 
They also secrete extracellular hydrolytic enzymes such as chitinases, glucanases and 
proteinases, which can degrade components of pathogen cell walls as well as 
nematode eggs (Boukaew et al. 2013; Choudhary et al. 2014; Evangelista-Martinez 
2014).  

In this study, we isolated actinomycetes from the rhizosphere of vegetable 
crops and screened them for antagonistic ability against the pathogens F. oxysporum 
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f.sp. sesami and Phytophthora nicotianae on sesame, against P. capsicum on 
watermelon, against Rhizoctonia solani on cabbage, against Colletotrichum 
gloeosporioides on chilli. Initially, in vitro tests were performed and promising 
strains with high antagonistic potential were further evaluated for ability to control 
the diseases caused by the pathogens under greenhouse conditions. 

MATERIALS AND METHODS 

Isolation of actinomycetes 

Actinomycetes were isolated from rhizosphere soil of vegetables and sesame from 
different field in the Can Tho and An Giang provinces in Vietnam. Four 4 g soil was 
added into a centrifuge tube containing 40 ml sterile distilled water. The tube was 
shaken for 30 min to release microorganisms and 50 ml suspension from dilution of 
10-3 and 10-4 were spread on plates containing chitin agar medium, a selective 
medium for actinomycetes (1 g colloidal chitin extract from 10 g crude chitin, 0.7 g 
K2HPO4, 0.5 g KH2PO4, 0.5 g MgSO4x7H2O, 0.01 g FeSO4, 0.001 g ZnSO4). Plates 
was incubated for 3 days and single actinomycete colonies were transferred to tubes 
containing mannitol soya flour (MS) medium (20 g soya flour, 20 g D-mannitol, 15-
20 agar, 1000 ml distilled water, pH 7.0). 

Dual culture tests of effect of isolated actinomycetes on fungal pathogens 

The antagonistic ability of 187 strains of actinomycetes was tested in vitro against a 
range of fungal pathogens: Fusarium oxysporum f.sp. sesami (Fos), causing vascular 
wilt on sesame; Phytophthora nicotianae causing Phytophthora blight or black shank 
on sesame; P. capsici causing fruit rot in watermelon; Colletotrichum 
gloeosporioides causing anthracnose in chilli and Rhizoctonia solani causing 
damping off in cabbage. Plates containing ISP2 medium (4g yeast extract; 4g 
glucose; 10g malt extract; 17g agar; 1000ml distilled water, pH 7.0) were inoculated 
in the middle with a 5 mm plug from a 7 day old culture of the individual fungal 
pathogens. Subsequently, the actinomycete strains were inoculated in the margin of 
the plates, two strains on each plate at opposite sides of the fungal pathogen. The 
plates were incubated at room temperate for 4-5 days and inhibition zones of the 
fungal pathogen for each actinomycete strain were measured. Initially, only one test 
was performed for each strain and for those resulting in inhibition zones, a second 
test was performed with four replications (Table 1). 

Disease reducing ability of actinomycetes in planta 

F. oxysporum f.sp.sesami (Fos) on sesame  

The experiment followed a completely randomized design with seven treatments: 
four treatments with individual actinomycete strains (3, 6, 25 and 79); a mixture of 
the four strains; the fungicide benomyl and a non-treated control. There were five 
replications for each treatment, one replication constituting a pot with five plants. 
Fos was cultured on potato dextrose agar (PDA) medium for 7-10 days and conidial 
suspensions for inoculation of 5x105 conidia/ml were prepared. Actinomycetes were 



182 Recent Trends in PGPR Research for Sustainable Crop Productivity 

cultured on MS medium for 7 days. Cell suspensions were harvested and the 
concentrations determined by diluting and spreading on MS medium to give a final 
concentration of 108 cfu/ml. Actinomycetes were applied by soil drenching with 5 ml  
suspension/plant at 10 day intervals, starting at 10 days after sowing. Pathogen 
inoculation took place by soil drenching at 30 days after sowing with 5 ml conidial 
suspension/plant. Autoclaved soil was used for the experiment. Disease was recorded 
when symptoms started to appear as percentage of infected plants in each pot at 5 
days intervals. Furthermore, the area under the disease progress curve (AUDPC) was 
calculated. 

Phytophthora nicotianae on sesame  

The experiment followed a completely randomized design with seven treatments: 
five treatments with individual actinomycete strains (98, 25, 29, 51 and 89); a 
mixture of the five strains; spraying with the fungicide mancozeb and a non-treated 
control. There were five replications for each treatment, one replication constituting a 
pot with 10 plants. Actinomycetes were applied twice: initially by soil drenching 
before sowing with 107 cfu/g soil (each pot contained 3 kg of soil) and subsequently 
by spraying cell suspensions at the collar position at one day after inoculation (dai) 
with the pathogen, with 100 ml/pot. Pathogen inoculation was conducted by pipetting 
5 ml zoospore suspension of P. Nicotianae (5x104 zoospores/ml)onto each plant at 
20 days after sowing. As a fungicide treatment, mancozeb was sprayed with 100 
ml/pot at one day before pathogen inoculation. Disease was recorded as percentage 
of infected plants at 3, 7 and 11 dai. 

Phytophthora capsicion watermelon 

The experiment followed a completely randomized design with five treatments and 
was conducted on detached fruits: three treatments with spray application of three 
individual actinomycete strains (22, 51 and 120, with 108 cfu/ml. Application took 
place twice: at one day before and one day after pathogen inoculation); spraying with 
the fungicide dimethomorph; spraying with the fungicide ethaboxam (both 
fungicides were applied twice: one day before and one day after inoculation) and a 
non-treated control. The pathogen was inoculated by wounding the fruits at their 
middle with a bundle of needles, followed by placing a plug of P. capsici (5 mm in 
diameter) at the wounded site. The fruits were incubated at room temperature (25oC) 
in nylon bags with a plug of wet cotton. Disease was recorded by measuring the 
diameter of fruit lesions at 48, 60 and 72 hours after inoculation (hai). 

Colletotrichum gloeosporioides on chilli  

The experiment followed a completely randomized design with six treatments and 
was also conducted on detached fruits: five treatments with spray application of five 
individual actinomycete strains (4RM, 21RM, 54RM, 55RM or 58RM, with 108 
cfu/ml. Application took place at one day before pathogen inoculation and a non-
treated control treatment. The pathogen was inoculated by wounding the fruits at 
their middle with a bundle of needles, followed by spraying with a conidial 
suspension (5x105 conidia/ml) at the wounded site. The fruits were incubated at room 
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temperature (25oC) in nylon bags with a plug of wet cotton. Disease was recorded by 
measuring the diameter of fruit lesions at 4, 5 and 6 dai. 

Rhizoctonia solani on cabbage 

The experiment was conducted under greenhouse condition following a completely 
randomized design with four treatments and seven replications: three treatments with 
individual actinomycete strains (4RM, 54 and 54RM) and a non-treated control. 
Actinomycetes were applied by soil drenching with cell suspensions (108 cfu/ml) and 
the pathogen was inoculated by mixing well the soil with a plate of R. solani (3 day-
old culture), in which the cabbage seeds were sown. Disease was recorded as 
percentage of infected plants with damping off symptom at 6,10 and 14 dai. 

Data analysis 

Treatment mean in each experiment were compared using Duncan’s Multiple Range 
Test. Data were analysed by the statistical software MSTATC. 

RESULTS 

Isolation and screening for antagonistic ability of actinomycetes against fungal 
pathogens. 

A total of 187 actinomycetes were isolated from the rhizospheres of sesame 
and vegetable crop, with 12.0-15.6% of the strains possessing antagonistic ability 
against the tested fungal pathogens, i.e., Fusarium oxysporum f.sp. sesami (Fos), 
causing vascular wilt on sesame; Phytophthora nicotianae, causing Phytophthora 
blight or black shank disease on sesame; P. capsici, causing fruit rot in watermelon, 
Colletotrichum gloeosporioides, causing anthracnose in chilli and Rhizoctonia solani 
in cabbage. For each pathogen, several promising actinomycete strains showed large 
inhibition zones against individual fungal pathogens (Table 1) and these were chosen 
for testing of their ability to control diseases in planta. Thus, four strains (3, 6, 25 
and 79) were tested for their ability to control Fos under greenhouse conditions. Five 
strains (8, 25, 29, 51 and 89) were tested against P. nicotianae in sesame. Three 
strains (51, 22 and 120) were tested against P. capsici in detached watermelon fruits. 
Five strains (4RM, 21RM, 54RM, 55RM and 58RM) were tested for ability to 
control anthracnose (caused by Colletotrichum gloeosporioides)in detached chilli 
fruits and three strains (4RM, 54 and 54RM) were tested against R. solani (causing 
damping off) in cabbage under greenhouse conditions.  

Disease reducing ability of actinomycetes in planta 

F. oxysporum f.sp. sesami (Fos) on sesame 

Soil drenching with individual actinomycete strains or a mixture of four strains at 10 
day intervals could significantly reduce percent plants with vascular wilt compared to 
the control and almost to the same level as treatment with benomyl at 25 dai (Table 
2). AUDPC of each treatment was also significantly lower than the control and 
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benomyl treatments. Fig. 1 shows examples of the amount of disease for each of the 
treatments. 

Table 1. Antagonistic ability of promising actinomycetes against fungal pathogens. 

Strain Inhibition zones (mm) of individual fungal pathogens 
 Fusarium 

oxysporu  
(4 dai)1 

Phytophthora 
nicotianae   

(4 dai) 

Phytophthora 
capsici   
(4 dai) 

Colletotrichum 
gloeosporioides 

(4 dai) 

Rhizoctonia 
solani    
(1 dai) 

3 8.3 6.8 9.8 -2 --3 

6 8.0 - 7.8 - -- 
8 - 13.5 10.5 - -- 
22 1.0 10.3 12.5 - -- 
25 6.3 12.0 - - -- 
29 - 10.8 - - -- 
51 - 12.5 15.5 - -- 
54 - - - - 5.6 
79 7.3 - - - -- 
89 - 11.3 - - -- 
120 - 7.5 11.8 - -- 
4RM 2.1 - - 7.4 7.5 
21RM 6.4 6.4 11.5 8.0 -- 
54RM - - - 8.4 6.3 
55RM - - - 8.2 -- 
58RM - - - 7.8 -- 
1 dai: days after inoculation; 2 -: no inhibition zone; 3--: not tested 

Table 2. Effect of actinomycete strains on vascular wilt of sesame, caused by 
Fusarium oxysporum f.sp. sesami, under greenhouse conditions. 

 Per cent infected plants (%) AUDPC 

Actinomycete 10 dai 15 dai 20 dai 25 dai 30 dai  
Strain 3 20.0 a 44.0 abc 60.0 ab 72.0 bc 88.0 ab 1150 b 
Strain 6 20.0 a 28.0   bc 60.0 ab 80.0  b 88.0 ab 1110 b 
Strain 25 20.0 a 36.0 abc 56.0   b 68.0 bc 92.0 a 1080 b 
Strain 79 28.0 a 40.0 abc 52.0   b 68.0 bc 92.0 a 1100 b 
Mixture (3,6,25,79) 44.0 a 52.0   ab 52.0   b 64.0 bc 80.0 ab 1150 b 
Benomyl 12.0 a 24.0     c 40.0   b 52.0   c 60.0 b 760 c 
Control 28.0 a 56.0     a 76.0   a 96.0  a 96.0 a 1450 a 
Means in a column marked with the same letters are not significantly different at P< 0.05. 
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Fig 1.Vascular wilt of sesame caused by F. oxysporum f.sp. sesami after treatment with the 
individual actinomycete strains 3, 6, 25 or 79 or a mixture of them. Benomyl and an 
untreated control treatment were included for comparison. Images recorded at 25 dai. 

Phytophthora nicotianae on sesame 

Soil drenching before sowing and spraying the collar with suspensions of individual 
actinomycete strains (8, 25, 29, 51 or 89) one day after pathogen inoculation could 
reduce disease incidence significantly compared to the control (Table 3). Three 
strains (8, 51 and 89) showed the largest disease reductions, with an effect 
comparable to the fungicide mancozeb. Fig. 2 shows examples of the disease levels 
for the strains 8, 51 and 89 in comparison to treatments with mancozeb and the non-
treated control. 

Table 3. Effect of actinomycete strains on Phytophthora blight of sesame caused by 
Phytophthora nicotianae under greenhouse conditions. 

 Percent infected plants (%) 

Actinomycete 3 dai 7 dai 11 dai 13 dai 
Strain 8 10.0  abc 21.7     c 23.3   c 23.3    d 
Strain 25 10.0  abc 33.3 abc 38.3   c 41.6   cd 
Strain 29 8.3  abc 26.6   bc 38.3 bc 43.3 bcd 
Strain 51 3.3    bc 21.6     c 33.3   c 36.6   cd 
Strain 89 0.0      c 15.0     c 21.6   c 23.3    d 
Mixture (8,25,29,51,89)  23.3      a 50.0   ab 68.3   a 70.0   ab 
Mancozeb 5.0  abc 20.0     c 30.0   c 35.0   cd 
Control 23.3     a 60.0     a 75.0   a 80.0     a 
Means in a column marked with the same letters are not significantly different at P< 0.05. 
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Fig 2. Phytophthora blight, caused by Phytophthora nicotianae, after treatment with the 
individual actinomycete strains 8, 51 or 89. The fungicide mancozeb and an untreated 
control treatment were included for comparison. Images recorded at 11 dai. 

Phytophthora capsici on watermelon  

Spraying actinomycete suspensions (108 cfu/ml) of three strains (22, 51 or 120) twice 
at one day before and one day after inoculation significantly reduced infection by P. 
capsici on detached watermelon fruits at the three time points recorded (Table 4). 
Spraying with the fungicides dimethomorph and ethaboxam twice at one day before 
and one day after inoculation completely protected the fruits from fungal infection. 
Fig. 3 shows fruit symptoms for actinomycete strains 22, 51 and 120 in comparison 
to treatments with dimethomorp and ethaboxam as well as a non-treated control. 
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Table 4. Effect of actinomycete strains on fruit rot, caused by Phytophthora capsici, 
on detached watermelon fruits 

Diameter of fruit lesions (mm)  
Actinomycete 48 hai 60 hai 72 hai 
Strain 22 12.8 c 29.2 d 36.8 d 
Strain 51 6.1 d 37.1 c 44.6 c 
Strain 120 22.9 b 47.3 b 53.4 b 
Dimethomorph 0.0 e 0.0 e 0.0 e 
Ethaboxam 0.0 e 0.0 e 0.0 e 
Control 31.8 a 52.6 a 64.3 a 
Means in a column marked with the same letters are not significantly different at P< 0.05. 

 

Fig 3. The effect of three different actinomycete strains (22, 51 or 120) on reduction of fruit 
rot caused by Phytophthora capsici in detached watermelon fruits at 60 h after 
inoculation. The fungicides dimethomorp and ethaboxam and an untreated control 
treatment were included for comparison.  
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Colletotrichum gloeosporioides on chilli  

Spraying actinomycete suspensions (108cfu/ml) of five strains (4RM, 21RM, 54RM, 
55RM and 58RM) at one dai on detached fruits reduced anthracnose severity (fruit 
lesion diameters) significantly compared to the control at 4,5 and 6 dai (Table 5). 
Fig. 4 shows fruit symptoms for actinomycete strains 58RM, 21RM, 4RM, 54RM 
and 55RM in comparison to a non-treated control. 

Table 5. Effect of actinomycete strains in reducing anthracnose, caused by 
Colletotrichum gloeosporioides in detached chilli fruits. 

Lesion length on chilli fruits (mm) Actinomycete 
4 dai 5 dai 6 dai 

Strain 4RM 1.3 b 4.3 b 9.6 b 
Strain 21RM 1.8 b 4.8 b 10.9 b 
Strain 54RM 2.4 b 6.2 b 11.0 b 
Strain 55RM 2.0 b 6.3 b 9.9 b 
Strain 58RM 1.3 b 5.3 b 11.7 b 
Control 9.1 a 15.4 a 24.5 a 

 

Fig 4. Fruit rot, caused by Colletotrichum gloeosporioides, in detached chilli fruits after 
treatment with the individual actinomycete strains 58RM, 21RM, 4RM, 54RM or 
55RM in comparison to a non-treated control. Images recorded at 4 dai. 
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Rhizoctonia solani on cabbage 

Soil drenching of actinomycete suspensions (108 cfu/ml) of three strains (4RM, 54 
and 54RM) significantly reduced damping off in cabbage. Thus, after actinomycete 
treatment, there were 32.9-60.8% diseased plants compared to 100% for the 
untreated control at 14 dai (Table 6 and Fig. 5). 

Table 6. Effect of actinomycete strains in reducing damping off in cabbage, caused 
by Rhizoctonia solani, under greenhouse conditions. 

Percentage of infected plants (%) Actinomycete 
6 dai 10 dai 14 dai 

Strain 4RM 7.9   c 22.9 c 32.9 c 
Strain 54 16.0   b 38.7 b 60.8 b 
Strain 54RM 13.5 bc 33.9 b 56.2 b 
Control 27.4   a 66.9 a 100.0 a 
Means in a column marked with the same letters are not significantly different at P< 0.05. 

 

Fig 5. Damping off in cabbage, caused by Rhizoctonia solani, after treatment with the 
individual actinomycete strains 4RM, 54RM or 54, compared to an untreated control 
treatment. Images recorded at 14 dai. 

Collectively, the results presented here show that actinomycetes expressing 
antagonistic ability against fungal plant pathogens can also reduce disease incidence 
and severity in planta. Furthermore, several of the tested actinomycete strains were 
able to inhibit infection by at least one or more fungal pathogens. Previously, a 
versatile effect of actinomycetes in reducing fungal diseases has been reported 
(Evangelista-Martinez 2014; Kanini et al. 2013). In addition, to their potential for 
producing metabolites inhibiting fungal infection, they could also be envisioned to 
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induce host plant resistance (Zhao et al. 2012). Furthermore, actinomycetes possess 
an important characteristic, i.e., they can survive better in the phyllosphere than other 
types of biocontrol organisms since they belong to a group of bacteria with a high 
G+C content, which will help them to survive the UV irradiation in the phyllosphere 
(Gnanamanickam & Immanuel 2007). 

CONCLUSION  

Actinomycetes are beneficial bacteria present commonly in soil and rhizosphere. 
They constitute a promising group of potential biological control agents for fungal 
plant pathogens. Among 187 actinomycete strains isolated from the rhizosphere of 
vegetables and sesame crops, several strains showed efficacy in reducing infection of 
Fusarium oxysporum f.sp. sesame and Phytophthora nicotianae in sesame, P. capsici 
in watermelon, Colletotrichum gloeosporioides in chilli and Rhizoctonia solani in 
cabbage. These results clearly show that actinomycetes are promising agents for 
controlling soil- and air-borne fungal pathogens. The effect of these promising 
actinomycete strains in controlling the diseases under field conditions needs to be 
investigated as well as the precise mechanisms responsible for the disease reductions.  
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