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Abstract  
 
The focus of this study was to isolate, evaluate and characterize cocoyam rhizospheric actinobacteria collected from Mount Cameroon 
for their potential antagonistic activities against Pythium myriotylum, the causative agent of cocoyam root rot disease, and/or their 
ability to promote plant growth. Actinobacteria were isolated from soil samples by using serial dilution method. Dual culture assay was 
used to screen the isolates against fungal phytopathogens including P. myriotylum. The selected isolates were characterized 
morphologically, physiologically, biochemically and genetically. Furthermore, these isolates were subjected to in vitro production of 
various plant growth promoting (PGP) traits. Among the 287 isolates distributed into 12 distinct groups, PFK4, PFBOT7 and PFEL2 had 
high antagonistic effects against P. myriotylum and they were regarded as promising candidates for further study of their biocontrol 
ability. The identification of actinobacterial isolates was done using universal PCR of partial 16S rRNA sequences combined with 
bioinformatics and phylogenetic procedures. The results revealed that all these isolates belong to the genus Streptomyces spp. The 
isolate PFK4 showed 99% similarity with Streptomyces albulus while PFBOT7 showed 99% similarity with Streptomyces albus and PFEL2 
showed 98% similarity with Streptomyces gandoceansis based on their 16S rRNA gene sequences. In this study for the first time, we 
report S. gandocaensis strain for the biological control of Pythium myriotylum. The role of these isolates in Plant Growth Promotion 
(PGP) by in vitro production of PGP traits such as phosphate solubilisation, siderophore, indole-3-acetic acid (IAA), ACC deaminase and 
cell wall degrading enzymes production were also evaluated and showed as potential PGP agents. Concurrent production of PGP 
substances coupled with broad spectrum of antifungal and antibacterial activities of these three strains suggest their potential use as 
promising biocontrol and PGP tools for the development of an alternative control method for cocoyam cultivation. 
 
Keywords: Xanthosoma sagittifolium (cocoyam); Streptomyces; Mount Cameroon;

 
Biocontrol trait; Plant growth promotion. 

Abbreviations: ACC deaminase_1-aminocyclopropane-1-carboxylate deaminase. IAA_indole-3-acetic acid. PGP_Plant Growth 
Promotion. CRRD_Cocoyam Root Rot Disease. FAO_Food and Agriculture Organisation. PDA_Potato Dextrose Agar. CFU_Colony 
Forming Unit. ISP_International Streptomyces Project. HCN_Hydrogen Cyanide. GLM medium_Glucose-yeast extract Malt medium. 
 
Introduction  
 
Cocoyam (Xanthosoma sagittifolium (L.) Schott) is an 
important tuber crop consumed by more than 400 million of 
people in tropics and subtropics regions in the world (Reyes et 
al., 2005). The importance of cocoyam mostly relies on its 
edible tubers and leaves. It is a rich source of carbohydrates, 
essential amino acids, vitamins and mineral for human diet 
(Sefa–Dedeh and Agyir–Sackey 2004). Ranked among the six 
roots and tuber crops worldwide, cocoyam is consumed by 
millions of people in most tropical zones in Africa, America and 
Asia and has an annual production of about 10 million tonnes 

(FAOSTAT 2014). Despite its importance as a staple food in 
many countries, Cocoyam Root Rot Disease (CRRD), caused by 
P. myriotylum, is the most devastating disease of cocoyam. It is 
caused by distinct isolates of P. myriotylum capable of 
specifically infecting cocoyam (Perneel et al., 2006; Boudjeko 
et al., 2006). In Cameroon, this soil–borne pathogen is 
responsible for up 90 % loss of yield in some plantation 
(Nzietchueng 1983) and shifting cultivation practices. When 
this disease appears in one area, the future plantings have to 
be moved to another field because P. myriotylum in cocoyam is 
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difficult to control using classical control methods such as 
chemicals. Although the root rot disease and the causal 
pathogen have been well characterized (Boudjeko et al., 2005; 
Nyochembeng et al., 2007), knowledge of the reliable control 
measures for CRRD is still poor. Additionally, no resistant 
cocoyam variety has been developed yet. 
Field observations indicate that andosols (FAO soil 
classification system) of Mount Cameroon area are naturally 
suppressive to P. myriotylum on cocoyam and this suppression 
was significantly reduced following pasteurisation and 
treatment with fungicide and bactericide (Adiobo et al., 2007). 
Furthermore, population density of useful actinomycetes, 
fluorescent Pseudomonas and Trichoderma spp. were 
significantly higher after using andosols (Adiobo et al., 2007). 
In order to elucidate the possible contribution of these 
microbial groups to  Mount Cameroon andosol suppression, 
fluorescent pseudomonas (Pseudomonas CMR5c and CMR12a) 
strains antagonistic to P. myriotylum were isolated from 
healthy cocoyam rhizosphere and these strains were identified 
as novel and promising biocontrol agents of P. myriotylum on 
cocoyam (Perneel et al., 2007; Ma et al., 2016). Otherwise, in 
vivo pretreatment of cocoyam plants with strains of 
Trichoderma asperellum (strains PR10 and PR11) isolated from 
soil samples taken from the rhizosphere of cocoyam plants in 
Yaounde (Cameroon) could reduce P. myriotylum infection by 
50% (Mbarga et al., 2012). Actinomycetes, one of the more 
numerous microbial groups in suppressive andosols are 
common inhabitants of plant rhizosphere and plant surfaces 
(Doumbou et al., 2001; Sadeghi et al., 2017). Their ability to 
control plant-pathogenic Oomycetes has been widely reported 
(El-Tarabily et al., 2010; Yang et al., 2014).  
Actinobacteria are Gram positive, aerobic and mycelia-forming 
bacteria, characterized by a genome with a high G+C content. 
Actinobacteria are saprophytic or symbiotic microorganisms 
widely associated with plants (Palaniyandi et al., 2013; Mouafo 
Tchinda et al., 2016). Although actinobacteria have been 
successfully isolated from epigeous plant tissues (Mouafo 
Tchinda et al., 2016), the rhizosphere represents the main 
reservoir for the search of such microorganisms (Aouar et al., 
2012; Boudjeko et al., 2017). Some actinobacteria are plant 
growth promoting (PGP) and can promote growth directly by 
either facilitating resource acquisition (nitrogen, phosphorus 
and essential minerals), facilitating iron acquisition through 
siderophore production and/or modulating plant hormone 
levels (Schrey and Tarkka 2008, Lugtengberg and Kimilova 
2009). Streptomyces is the largest genus of actinobacteria, 
which are well-known for their ability to produce bioactive 
metabolites and lytic enzymes (Doumbou et al., 2001).  
Exploring the cocoyam rhizosphere from the andosols of 
Mount Cameroon could contribute to the better 
comprehension of suppressiveness of that particular sol soil 
and could provide new potential biocontrol agents for diseases 
management and productivity of cocoyam crops. This paper 
describes the isolation, identification, evaluation of 
antagonistic activities and plant growth promoting traits of 
Streptomyces sp with potential for biological control of 
cocoyam root rot disease, for further used for formulation of 
potential bio fungicides and /or bio fertilizers. 
 

Results  
 
pH, moisture and organic-matter of soil samples 
 
The properties of the soils are found in Table 1. The pH of the 
soil samples ranged from 6.25 to 7.61. The Kumba forest soil 
was slightly acidic (pH 6.25), Ekona Lelu 1 field and Ekona Lelu 
2 forest soils were slightly basic, with pH 7.61 and 7.53 
respectively; while Ekona fields and Boteva forest were neutral 
with pH 7.43 and 7.48 respectively. The moisture content of 
the soils ranged from 15.56 to 25.16 %. Ekona Lelu 1 field, 
Ekona Lelu 2 and Kumba forests had similar moisture contents, 
but differences were observed with the moisture contents of 
Boteva forest and Ekona field. The organic–matter of the soils 
ranged from 5.41 to 7.92. The organic-matter content of Ekona 
field was significantly different from those of the other 
localities (Table 1).  
 
Isolation of actinobacteria from cocoyam rhizosphere 
 
The total actinobacteria from the rhizosphere of cocoyam 
plants was from 0.005 10

6
 to 4.3 10

6 
CFU.g

-1
 dried soil on 

Bennett medium and 3.2 10
6
 to 7.8 10

6 
CFU.g

-1 
dried soil on 

GLM medium (Table 1). 287 actinobacteria were isolated from 
soil samples by dilution spread on GLM agar. Based on their 
morphological characteristics and frequency in different 
localities, these 287 actinobacterial isolates obtained were 
distributed into 12 groups of isolates (PEKO-1, PEKO-2, PEL1-1, 
PEL1-2, PFK1, PFK2, PFK4, PFBOT1, PFBOT2, PFBOT4, PFBOT7 
and PFEL2) (Table 2). The 12 isolates were divided into 2 
groups according to their growth rate. The colonies of PEKO-1, 
PEL1-1, PFK4 and PFBOT7 were observed after 2 to 3 days of 
incubation and were; therefore, the fast growing isolates. 67 
(about 23%) isolates were assigned to group PFK4, which was 
characterized by spiral spore chains, and as grey-white, brown-
white, green and white aerial mycelium on ISP2, ISP3, ISP4 and 
ISP5 media. 58 (about 20%) isolates were assigned to group 
PFBOT7, which was characterized by spiral spore chains, beige 
aerial mycelium on ISP2, ISP3, ISP4 and ISP5 media, and also 
orange and yellow substrate mycelium on ISP2, ISP3, ISP4 and 
ISP5 media. PEL1-2 group (14 isolates, about 54 %) was 
characterized by rectiflexible spores. PFBOT4 group (8 isolates, 
about 2%) and PFBOT7 group (58 isolates, about 20%) had 
isolates that did not produce diffusible pigments on ISP7 
medium. PFK1 group (8 isolates, about 2%), PFBOT2 (3 isolates, 
about 1%) and PFBOT4 (8 isolates, about 2%) displayed isolates 
specific to the forest (Table 2). In addition, the twelve isolates 
had different colours of aerial and substrate mycelium on ISP 
media (Table 3). Of the 12 isolates, only PEL1-2 was able to 
produce melanin pigment on ISP6 medium. Diffusible pigments 
were produced by isolates PEKO-1, PEKO-2, PEL1-1, PEL1-2, 
PFK1, PFK2, PFK4, PFBOT1, PFBOT2 and PFEL2 on ISP7 medium 
(Table 3).  
 
Antimicrobial activity of actinobacterial isolates  
 
The antifungal activity of the 12 distinct isolates determined by 
dual culture on PDA revealed that all the 12 isolates (100%) 
showed  antifungal  activity  (Fig 1). Isolates PFK4, PFBOT7 and  
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   Table 1. Soil properties (pH, moisture, organic matter) and number of colony forming units (c.f.u) per gram of dried soil sample.  

 
Geographical coordinates pH Moisture content (%) 

Organic-matter content (%) 10 6 c.f.u.g-1 dried soil 

Location  GLM Bennett 

Bonakanda  (04°12ʹ417ʺN, 009°16ʹ303ʺE) 7.57 ± 0.01 21.2 ± 0.58 7.13 ± 0.43 uncountable uncountable 

Boteva (04°13’159’’N, 009°17’132’’E) 7.48 ± 0.09a 15.56± 0.93b 7.92 ± 0.06a 7.8 4.3 

Ekona  (04°12’837’’N, 009°19’828’’E) 7.43 ± 0.05a 17.50 ± 0.78b 5.41 ± 0.20c 3.2 uncountable 

Ekona Lelu 1  (04°16’413’’N, 009°18’062’’E) 7.61 ± 0.05a 25.16 ± 0.92a 6.75 ± 0.26b 4.6 uncountable 

Ekona Lelu 2  (04°16’110’’N, 009°18’433’’E) 7.53 ± 0.08a 21.33 ± 0.29a 7.12 ± 0.10b 4.8 2.8 

Kumba  (04°30’716’’N, 009°18’433’’N) 6.25 ± 0.2b 19.76 ± 1.08ab 7.65 ± 0.10a 7.3 0.005 

Means within column followed by the same letter are not significantly different (P˂0.05) according to Turkey test. GLM culture medium used in this study was a reliable means of selectively screening for actinobacteria from soils of various types and most of the actinobacteria 
grew well and sporulated abundantly on the medium. 

 
Fig 1. Antifungal activity of actinobacterial isolates  from different rhizospheric soils against and Pythium  myriotylum (A), Phytophthora megakarya (B), Fusarium  oxysporum (C), 
Colletrotichum gloeosporioides (D) and Phytophthora erythroseptica (E). Values with the same letter within group of bars are not significantly different at (P˂ 0.05) according to Turkey 
test.
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Table 2. Number and frequency of actinobacterial isolates from cocoyam rhizosphere at Ekona (Eko), Ekona Lelu 1 (EL1), Ekona Lelu 2 
(EL2), Kumba (Kum) and Boteva (Bot). 

Isolates Site samples Number of similar isolates Frequency (%) 

PEKO-1 Eko, EL1, EL2 27 9.41 
PEKO-2 Eko, EL1 5 1.74 
PEL1-1 EL1, EL2 22 7.66 
PEL1-2 EL1, EL2 14 4.87 
PFK1 Kum 8 2.79 
PFK2 Kum, EL2 12 4.18 
PFK4 Kum, Bot, Eko 67 23.34 
PFBOT1 Bot, Eko , EL1 32 11.15 
PFBOT2 Bot 3 1.05 
PFBOT4 Bot 8 2.79 
PFBOT7 Bot, Eko, EL1, Kum 58 20.21 
PFEL2 EL2, Kum, EL1 31 10.80 

Most isolates were presented at least in two localities excepted PFK1, PFBOT2 and PFBOT4. Whenever, isolate PFK4 was mostly represented with 23.34% of frequency follow by PFBOT7 with 20.21%. 
  

 
 

 
 
Fig 2. Antibacterial activity of actinobacterial isolates towards Agrobacterium tumefaciens (A) and Streptomyces scabiei EF-35 (B). 
Values with the same letter within group of bars are not significantly different at (P˂ 0.05) according  to Turkey test. 
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Table 3. Morpho-cultural characteristics of actinobacterial isolates grown on different media. 

n Isolates Aerial mycelium Substrate mycelium Pigment production Chain spore 
arrangement 

1 PEKO-1 Brown aerial mycelium on ISP2, ISP3, ISP4 
and ISP5 media. 

Brown-light, uncoloured, dark brown 
and white substrate mycelia on ISP2, 
ISP3, ISP4 and ISP5 media. 

Diffusible pigment on 
ISP7. 

Spiral 

2 PEKO-2 Green-white, green, brown and grey aerial 
mycelia on ISP2, ISP3, ISP4 and ISP5 media. 

Grey-dark, uncoloured, green, white 
substrate mycelia on ISP2, ISP3, ISP4 
and ISP5 media. 

Diffusible pigment on 
ISP7 

Spiral 

3 PEL1-1 Brown chocolate, brown-white aerial mycelia 
on ISP2, ISP3, ISP4 and ISP5 media. 

Dark grey substrate mycelium on ISP2, 
ISP3, ISP4 and ISP5 media. 

Diffusible pigment on 
ISP7. 

Spiral 

4 PEL1-2 Brown-yellowish, brown, grey, and grey-
white aerial mycelia on ISP2, ISP3, ISP4 and 
ISP5 media. 

Yellow, orange, uncoloured, grey 
substrate mycelia on ISP2, ISP3, ISP4 
and ISP5 media. 

Melanin and 
diffusible pigments 
on ISP6 and ISP7. 

Rectiflexible 

5 PFK1 Grey, brown, grey-white and white aerial 
mycelia on ISP2, ISP3, ISP4 and ISP5 media. 

Brown, dark brown and white 
substrate mycelia on ISP2, ISP3, ISP4 
and ISP5 media. 

Diffusive pigment on 
ISP7. 

Spiral 

6 PFK2 Green-yellowish, brown and yellow aerial 
mycelia on ISP2, ISP3, ISP4 and ISP5 media. 

Orange, yellow, and yellow substrate 
mycelium on ISP2, ISP3, ISP4 and ISP5 
media. 

Diffusible pigment on 
ISP7. 

Spiral 

7 PFK4 Grey-white, grey-greenish, grey and white 
aerial mycelia on ISP2, ISP3, ISP4 and ISP5 
media. 

Yellow and white substrate mycelia on 
ISP2, ISP3, ISP4 and ISP5 media. 

Diffusive pigment on 
ISP7. 

Spiral 

8 PFBOT1 Dark brown-dark, light brown aerial mycelia 
on ISP2, ISP3, ISP4 and ISP5 media. 

Orange, yellow substrate mycelia on 
ISP2, ISP3, ISP4 and ISP5 media. 

Diffusive pigment on 
ISP7. 

Spiral 

9 PFBOT2 Green, greenish, grey and green aerial 
mycelia on ISP2, ISP3, ISP4 and ISP5 media. 

Uncoloured, green-dark and dark 
brown substrate mycelia on ISP2, ISP3, 
ISP4 and ISP5 media. 

Diffusible pigment on 
ISP7. 

Spiral 

10 PFBOT4 Grey-yellowish, grey and yellow aerial 
mycelia on ISP2, ISP3, ISP4 and ISP5 media. 

Yellow and uncoloured substrate 
mycelia on YMEA, ISP3, ISP4 and ISP5 
media.  

None Spiral 

11 PFBOT7 Beige, Dark beige, light beige and light beige 
aerial mycelia on ISP2, ISP3, ISP4 and ISP5 
media. 

Orange, cream and uncoloured 
substrate mycelia on ISP2, ISP3, ISP4 
and ISP5 media. 

None Spiral 

12 PFEL2 Yellow-greenish, greenish, green-white and 
light beige aerial mycelia on YMEA, ISP3, ISP4 
and ISP5 media. 

Yellow, Dark brown, brown and 
uncoloured substrate mycelia on ISP2, 
ISP3, ISP4 and ISP5 media. 

Diffusible pigment on 
ISP7. 

Spiral 

 

 
 
Fig 3. Scanning electron microscopy (SEM) of selected actinobacterial isolates isolated from cocoyam rhizosphere in south-west 
localities in Cameroon showing spiral spore chain morphology (Arrow), x 7.000.(A) PFK4 (B) PFBOT7, (C) PFEL2. All selected isolates 
presented smooth arrangement of spore chains 
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Table 4. Extracellular enzymes activities and plant growth-promoting  properties of antagonistic actinobacterial isolates from cocoyam 
rhizosphere 

Proprieties PFK4 PFBOT7 PFEL2 

Lytic enzymes production 

Protease 
 

+++ 
++ 
 

+++ 

Chitinase 
 

++ ++ ++ 

Lipase 
 

++++ +++ +++ 

Cellulase 
 

− + ‾ 

Pectinase 
 

+ + − 

Plant growth promoting traits 
 
Phosphate solubilization 
 

+ + + 

Siderophore 
 

+++ +++ ++ 

ACC deaminase 
 

++ +++ + 

HCN production 
 

+++ ++ − 

Protease, chitinase, lipase, cellulase and pectinase production; phosphate solubilization, siderophore were recorded as follows: −: no growth; +: halo zone of 1-20 mm; ++: halo zone of 21-40 mm; +++: halo 
zone of 41-60 mm; ++++, halo zone of 61-80 mm and above. Phosphate solubilization, Siderophore and ACC deaminase were recorded as follows: (−) no growth; (+) little growth; (++) medium growth, (+++) 
good growth. For HCN production, the following rating scale was used: − = no color change, + = light reddish brown, ++ = medium reddish brown, +++ = dark reddish brown.  

 

 
Fig 4. Quantitative evaluation of biocontrol and plant growth-promoting traits. (A): β-1,3- glucanase activity of antagonistic 
actinobacterial isolates; (B): Auxin production by actinobacterial isolates from cocoyam rhizosphere; all the isolates were grown in the 
presence of L-tryptophan (0.2 %), and auxin production was measured after 7 days. (C) Ammomia production by antagonistic 
actinobacterial isolates. Data are averages of three independent replicates. Values with the same letter within group of bars are not 
significantly different at (P˂ 0.05) according to Turkey test. 
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          Table 5. Morphological, physiological and biochemical characteristics of three antagonistic actinobacterial isolates. 

Parameters PFK4 PFBOT7 PFEL2 

Morphological characteristics 

Aerial mycelium ( ISP2) grey-white beige Yellow-greenish 
Melanin pigment (ISP6) − − − 
Diffusive pigment (ISP7) + − + 
Spore chain arrangement spiral spiral spiral 
Spore surface

a
 smooth smooth smooth 

Physiological characteristics 
Growth at temperature ◦C/ with

b
 

 4°C − − − 
30°C +++ +++ +++ 
37°C +++ +++ ++ 
45°C − +++ − 
50°C − − ‾ 

Growth at pH 
pH 5.0 ++ ++ ++ 
pH 7.0 +++ +++ +++ 
pH 9.0 +++ +++ +++ 
pH 11.0 − − − 

Salinity (% NaCl)
c
 

2 +++ +++ +++ 
4 +++ +++ +++ 
6 − +++ + 
8 − ++ + 
10 − ++ + 

Antibiotic tolerance 
d
 

Streptomycin (10 mg/ml) ++ +++ ++ 
Rifampicin (15 mg/ml) + − − 
Chloramphenicol (25 mg/ml) +++ ++ +++ 

Carbon source utilization
e
 

D-Galactose + + + 
D-Maltose +++ + +++ 
Sucrose + +++ +++ 
Mannitol + +++ +++ 

Nitrogen source utilization
f
 

L-valine +++ + + 
Glycine ++ + + 
Methionine + − − 
L-cysteine + − + 

Biochemical characteristics 
g
  

Arbutin + + + 
Esculin + + + 
Starch + + + 
Gelatin + + + 
Catalase + + + 
Nitrate reductase + − − 
Oxidase + + + 
Urease + + + 

a All strains presented smooth spore ornamentation excepted Streptomyces sp PFK4. b All strains were positive for growth at  30 ºC and 37º C, at pH 5, 7, 9  and negative for growth at 4 ºC and 50 ºC. 
c All strains were positive for growth in  2, 4% NaCl  and only PFBOT7 and PFEL2 were able to growth in 8 and 10 % NaCl.  d All strains were resistant for Streptomycin (10 mg/ml) and Chloramphenicol 
(25mg/ml) but were sensible for Rifampicin (15 mg/ml) except PFK4.  e All strains were positive for degradation of all carbon source tested.  f All strains were positive for degradation of all nitrogen source 
tested excepted PBOT7 and PFEL2 which were negative for methionine and L-cysteine for PFBOT7. g All strains were positive for degradation of arbutin, esculin starch, gelatin, catalase, oxidase and urase, 
only isolate PFK4 was positive for nitrate reductase production. (−) no growth; (+) little growth; ( ++) medium growth, (+++) good growth. 
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Fig 5. Phylogenetic tree of selected isolates, PFK4, PFBOT7, PFEL2 and the closest Streptomyces species showing phylogenetic 
relationships based on partial 16S rRNA sequences using neighbor-joining method. Bootstrap percentages based on 1000 resampling 
are listed at nodes. Bar 0.0100 substitutions per nucleotide position. 
 
 
PFEL2 showed more than 50% of inhibition against P. 
myriotylum (Fig 1A). These three isolates also showed 
antifungal  activities against  P. megakarya. The percentage of 
growth inhibition was found to be about 100%, 69% and 39% 
for PFK4, PFBOT7 and PFEL2, respectively (Fig 1B). On the 
other hand, the percentage of growth inhibition was found to 
be about 89%, 71% and 50% for PFK4, PFBOT7 and PFEL2 in 
the case of  F. oxysporum (Fig 1C). These three isolates were 
also found to exhibit antifungal activity against C. 
gloeosporioides. The percentage of growth inhibition was 
found to be about 63%, 59% and 34% for PFK4, PFBOT7 and 
PFEL2 respectively (Fig 1D). As shown in Fig 1E, isolates PFK4, 
PFBOT7 and PFEL2 showed the highest percentage of growth 
inhibition, of about 98%, 88% and 67% against P. 
erythroseptica. 
All the 12 groups of actinobacterial isolates showed 
antagonistic activity against A. tumefaciens. The inhibition 
zone  ranged  from 15 mm to 59 mm. Isolate  PFK4 showed the  
 

 
 
 
highest inhibition zone (59 mm), followed by PEL1-2 (42 mm), 
PFK2  (35 mm) and PFEL2 (32 mm). The lowest inhibition zone  
was observed by isolate PEKO-2 (about 7 mm) (Fig 2A). In the 
case of S. scabiei EF-35, most (8 out of 12) isolates showed 
inhibition zones, which were ranged from 8 mm to 35 mm. The 
highest inhibition zones were shown by isolate PFK4 (35 mm), 
followed by PFK1 (23 mm), (PFK2 19 mm) and PFEL2 (13 mm) 
(Fig 2B). The three isolates which previously showed high 
antagonistic activities against P. myriotylum, P. megakarya, F. 
oxysporum , C. gloeospioides and P. erythroseptica also 
showed antibacterial activity against A. tumefaciens and 
Streptomyces scabiei, the two bacteria tested. Isolate PFK4 
showed the highest inhibition zone against the two bacteria 
tested. Three isolates, PFK4, PFBOT7 and PFEL2, were 
considered as active isolates due to their stronger antagonistic 
activities (more that 50% of inhibition) against P. myriotylum, 
the causal agent of cocoyam root rot disease and other fungi 
and bacterial pathogens.  

a b 

c 
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Morphological, microscopic, physiological and biochemical 
characters of selected isolates 
 
The selected isolates (PFK4, PFBOT7 and PFEl2) showed good 
growth on ISP2 and ISP4 media and produced different colours 
of aerial and substrate mycelium on ISP media. None isolate 
were able to produced melanin pigment on ISP6 medium. Of 
the selected isolates, PFK4 and PFEL2 produced diffusive 
pigment on ISP7 medium. The electron microscopy scan 
images of the three isolates showed aerial mycelia with spiral 
spores chains. All selected isolates presented smooth 
arrangement of spore chains (Fig 3).  
The selected isolates showed good growth at temperature 
between 25°C and 37°C, whereas none of them grew at 4 °C 
and 50 °C. Only isolates, PFBOT7 and PFEL2 were able to 
growth at 45 °C. The actinobacterial isolates grown under a 
gradient of pH (5-11) indicated that all the isolates grew at the 
different pH tested with an optimum growth at pH 7.0 and 9.0. 
However, isolates PFK4 and PFBOT7 at pH 5.0 showed a good 
growth. Isolates PFK4, PFBOT7 and PFEL2 showed a very good 
growth at pH 9.0. But none of these isolates were able to 
growth at pH 11. The actinobacterial isolates were able to 
grow up to 10%. NaCl concentrations of 6, 8 and 10% was 
discriminatory for the isolate PFK4. However, isolates PFBOT7 
and PFEL2 showed good grown for all NaCl concentrations 
tested. All the actinobacterial isolates, were found resistant to 
antibiotics penicillin (10 mg/L); chloramphenicol (25 mg/L), 
streptomycin sulphate (10 mg/L), erythromycin (10 mg/L) 
(except PFEL2). Only isolate PFK4 was found resistant to 
antibiotic rifampicin (15 mg/L). A part of the results of 
biochemical reaction of the test selected isolates through 
conventional method; all the isolates were found to be positive 
to catalase, oxidase, nitrate reductase, urease activities, gelatin 
liquefaction, starch, casein, arbutin and aesculin degradation. 
The summary of morphological, physiological and biochemical 
characters of the antagonistic selected isolates are 
represented in Table 5. 
 
Extracellular enzyme activities  
 
Production of extracellular enzymes by microorganisms plays 
an important role in the management of plant pathogens as 
well as holds enormous economic potential. In view of 
extracellular enzymes all the 3 isolates selected from the 
antimicrobial screening were tested for their extracellular 
enzyme production like protease, chitinase, lipase, cellulase, 
pectinase and β-1, 3-glucanase activity. The selected 
actinobacterial isolates PFK4, PFBOT7 and PFEL2 were positive 
for protease as shown by clearing zone around colonies. All 
isolates were positive for chitinase production and formed 
clear halo zone around the colonies. Chitin degrading activity 
was found to be high in isolates PFK4 and PFEL2 which 
exhibited a colloidal chitin degradation zone of 39 and 34 mm, 
respectively (Table 4). These selected isolates were also 
positive for lipase production. Lipid degrading activity was 
found to be high in isolates PFBOT7 and PFEL2, which exhibited 
a tween 80 degradation zone of 53 and 43 mm, respectively. 
Out of 3 isolates, only PFBOT7 exhibited cellulase activity. All 

the 3 isolates produced pectinase except PFEL2 (Table 4). All 
selected isolates showed positive β-1, 3-glucanase activity. 
Isolate PFBOT7 showed the maximum β-1, 3-glucanase (23.49 
U) when compared to other actinobacterial isolates (Fig 4A).  
 
Plant growth-promoting traits of antagonistic isolates 
 
All the selected isolates were able to solubilize inorganic 
phosphate and were identified as potential phosphate 
solubilizing isolates based on a clear halo zone around the 
colony on Pikovskaya’s medium. Siderophore production was 
detected in all antagonistic actinobacterial isolates on CAS agar 
medium forming orange halo zone around colonies (Table 4). 
All the selected isolates were also positive for IAA production. 
Quantitative range of IAA production was found from 12.28 to 
14.61 μg.ml

-1
 (Fig 4B). Isolate Streptomyces sp. PFBOT7 and 

Streptomyces sp. PFK4 produce the most IAA, with 14.61 μg.ml
-

1 
and 13.89 μg.ml

-1
, respectively. All the selected isolates were 

positive also for the production of ammonia at levels ranging 
from 477.66 to 630.90 mg.ml

-1
(Fig. 4C). Isolates Streptomyces 

sp. PFBOT7 and Streptomyces sp. PFK4 produced the highest 
amount of ammonia with 631 mg.ml

-1
 and 624 mg.ml

-1
, 

respectively. 
Among the 3 selected isolates, 2 isolates (Streptomyces sp. 
PFK4 and Streptomyces sp. PFBOT7) were positive for HCN 
production. Isolate Streptomyces sp. PFK4 exhibited the 
highest amount of HCN production as indicated by a dark 
brown color on the filter paper. All the selected antagonistic 
isolates were positive for ACC deaminase production by good 
growing on DF salts minimal agar medium supplemented with 
ACC. Isolates Streptomyces sp. PFBOT7 and Streptomyces sp. 
PFEL2 were positive for nitrogen fixation by showing good 
growth on Jensen medium, which is very poor in nitrogen 
(Table 4).  
 
Molecular identification  
 
In order to determine the identity of the antagonistic potential 
isolates, their 16S rDNA were sequenced and analyzed. Partial 
16S rRNA nucleotide sequences (1425, 1428 and 1419 
nucleotides) of PFK4, PFBOT7 and PFEL2, respectively, were 
submitted to Gen-Bank and NCBI and accession numbers were 
obtained as follows: PFK4: KY400017, PFBOT7: KY400018 and 
PFEL2: KY400019. The phylogenetic and genomic data 
indicated that all antagonistic isolates based on neighbor-
joining method matched with Streptomyces sp. genus (Fig 5). 
The strains were referred to as Streptomyces sp. PFK4; 
Streptomyces sp. PFBOT7 and Streptomyces sp. PFEL2. Using 
16S rRNA gene sequence, the isolate PFK4 showed 99% 
similarity with Streptomyces albulus (KJ778868.1); PFBOT7 
showed 99% with Streptomyces albus (DQ026669.1) and PFEL2 
showed 98% with Streptomyces gandoceansis (KR303715.1).  
 
Discussion 
 
The focus of this study was to isolate, evaluate and 
characterize cocoyam rhizospheric actinobacteria collected 
from cocoyam rhizosphere from Bonakanda, Boteva, Ekona, 
Ekona Lelu 1, Ekona Lelu 2 and Kumba localities of South-West 
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region in Cameroon for their potential antagonistic activities 
against P. myriotylum, the causative agent of cocoyam root rot 
disease, and/or their ability to promote plant growth. In these 
localities, cocoyam are continuously grown for long time 
without root rot disease if the plot is not pre-infected. In the 
present study, actinobacterial isolates were more abundant in 
Kumba and Boteva soils, which have a high organic-matter and 
low moisture contents, slightly acidic and neutral pH, 
respectively. These findings could be attributed to the fact that 
the content of mineral nutrients such as Ca, K, Mg and N was 
higher in andosols from Mount Cameroon region. Soil organic 
matter content influences soil functions such as moisture 
retention, infiltration and nutrient retention and release, 
which may affect density of soil microbial populations. 
Through enrichment technique and selective media, a total of 
287 strains were isolated from the rhizosphere on GLM 
medium and distributed into 12 distinct groups of isolates 
based on their morphological characters. All of 12 isolates 
(100%) representatives of each group were active against the 
fungal phytopathogens tested. This percentage was higher 
than those reported by many authors studying the activity of 
soil actinomycetes (Aouar et al., 2012; Palaniyandi et al., 2013). 
Out of 12 distinct rhizospheric actinobacterial isolates, 3 of 
them namely PFK4, PFBOT7 and PFEL2 exhibited high 
antagonistic efficiency against P. myriotylum and other fungi 
and bacteria pathogens tested. About 54% of isolates of 
andosols of Mount Cameroon were assigned to groups PFK4, 
PFBOT7 and PFEL2. These isolates, based on taxonomical and 
16S rRNA sequence were belonged to Streptomyces sp. genus. 
This result confirms the abundance of Streptomyces in telluric 
ecosystems compared to the other genera of actinobacteria 
(Kitouni et al., 2005; Aouar et al., 2012). There are several 
reports indicating that rhizosphere is a very selective 
environment and microorganisms growing in this environment 
has low diversity. Therefore, they are ideal for use as 
biocontrol agents since the rhizosphere provides the front line 
defense for roots against attack by pathogen (Gracia et al., 
2001; Maleki et al., 2010).  
The three selected isolates were screened for different PGP 
traits such as phosphate solubilisation, siderophore 
production, IAA synthesis, ammonia (NH3), HCN and lower 
ethylene plant levels by synthetizing 1-aminocyclopropane-1-
carboxylate (ACC) deaminase activity and were found to be 
showing excellent PGP activities (Husen et al., 2011; Passari et 
al., 2015; Nguyen et al., 2016). Among some beneficial 
rhizosphere microorganisms, Streptomyces are mainly known 
to stimulate the growth of several annual crops. 
Streptomycete sp. have also received too much attention as 
biocontrol agents (Palaniyandi et al., 2011; Baz et al., 2012). In 
this study, we have detected that all the antagonistic 
actinomycetes produced ammonia. The amount of ammonia 
(NH3) produced ranges between 477 to 631 mg.ml

-1
. The 

ranges in our finding is higher than that reported by Passari et 
al. (2015), where the ammonia production ranged from 5.2 to 
54 mg.ml

-1
.  The isolates, PFK4, PFBOT7 and PFEL2 produced 

different colours of aerial and substrate mycelium and were 
characterized by spiral spore chain morphology. These 
morphocultural characteristics and chain morphologies are 
typical of Streptomyces and related genera (Shirling and 

Gotlllieb 1966). PFK4 and PFBOT7 showed good growth in the 
presence of 10% NaCl. They were also able to grow in the 
presence of crystal violet (0.0001%); at pH of 4.5 to 9.5, 
temperatures of 28 °C and 37 °C, while isolate PFBOT7 was 
able to grow at 45 °C. The ability of actinomycetes to tolerate 
abiotic stress, including pH, temperatures, salinity and other 
inhibitors had been reported (Aouar et al., 2012; Mouafo 
Tchinda et al., 2016). Additionally, biochemical characteristics 
showed that all the three active isolates were positive for the 
degradation of arbutin, easculin and starch, and negative for 
the degradation of xanhin. All the

 
strains were positive for the 

degradation of maltose and sucrose except PFBOT7 and PEL1-2 
respectively, and were positive for all the sources of nitrogen 
tested.  Among the 287 isolates PFK4, PFBOT7 and PFEL2 were 
more representative and show growth promotion and 
biocontrol potential. Comparing with 16S rRNA gene sequence, 
the isolate PFK4 showed 99% similarity with Streptomyces 
albulus (KJ778868.1); PFBOT7 showed 99% with Streptomyces 
albus (DQ026669.1) and PFEL2 showed 98% similarities with 
Streptomyces gandoceansis (KR303715.1). S. albulus are 
known for their ability to produce Ɛ-polylysine, which exhibits 
antimicrobial activity against yeast, fungi and bacteria (Yoshida 
et al., 2003; Jianjun et al., 2012; Wu et al., 2015). S. albus has 
been isolated from diverse environments including sponges, 
sea sediments and insects and have been reported as 
biocontrol agents against fruit and vegetable pathogens (Ian et 
al., 2014; Hanshew et al., 2014). Analysis of extracts derived 
from Streptomyces gandocaensis strain, which was isolated 
from marine sediment in Costa Rica, resulted in the discovery 
of an antibiotics cahuitamycins, new inhibitors of biofilm 
formation (Park et al., 2016). To the best of our knowledge, 
this is the first report where S. gandocaensis strain could be 
applied for the biological control. Further investigations are 
required to determine the mechanism involve and to confirm 
these findings. 
 
Materials and methods 
 
Soil samples  
 
Soil samples were collected from the rhizosphere of healthy 
cocoyam plants in Boteva, Ekona, Ekona Lelu 1, Ekona Lelu 2 
and Kumba in the South-West region, following the method 
described by Barakate et al. (2002). Five samples were taken 
from the rhizosphere of each locality with an auger (up to 
15cm deep) after removing 3cm of the soil surface. Each 
sample was taken independently from the rhizosphere of five 
healthy cocoyam roots along the diagonal of the field. The soil 
samples were first mixed and after removing dirt, 500 g of soil 
were put in plastic polyethylene bags, tightly closed and kept 
at 4 °C during transportation to the Laboratory. The soil 
samples were then air-dried at room temperature for 10 days, 
sieved with a 0.8 mm mesh and stored at room temperature. 
 
Measurement of soil properties 
 
The properties of the soil were analysed according to the 
method of Lee and Hwang (2002). To determine the soil pH, 1g 
of air-dried soil was suspended in 10 ml of distilled water and 
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vigorously mixed to ensure uniformity. After being left to settle 
for 30 min, the pH was measured in the supernatant of the soil 
suspension. The moisture content was measured by drying 10 
g of air-dried soil sample overnight at 105°C, to reach a 
constant weight. To determine organic-matter content, air-
dried soil samples were dried to constant weight at 105°C and 
then ashed at 450°C for 16 h; organic-matter content was 
calculated as the average difference between dry and ash 
weights for each soil sample. The above soil properties were 
measured in 3 replicates. 
 
Isolation and enumeration  
 
The actinobacteria population in the rhizospheric soils of the 
cocoyam (Xanthosoma sagittifolium) plants was determined by 
serial dilution method. One gram of soil treated with CaCO3, 
was suspended in 9 ml of sterile physiological water (NaCl, 9 
g.l

-1
). Inocula consisting of 0.1 ml of dilutions 10

-3
, 10

-4
, 10

-5 
of 

soil sample suspension were spread on GLM culture media 
(yeast extract 3 g.l

-1
, malt extract 3 g.l

-1
, peptone 5 g.l

-1
, 

glucose 10 g.l
-1

, agar 20 g.l
-1

) and Bennett culture media (yeast 
extract 1 g.l

-1
, beef extract 1 g.l

-1
, casamino acids 2 g.l

-1
, glucose 

10 g.l
-1

, agar 15 g.l
-1

); both at pH 7.0. The two culture media 
were supplemented with 40 μg.ml

-1
 of nystatin and 10 μg.ml

-1
 

of nalidixic acid and incubated at 28 °C  for four weeks (Kitouni 
et al., 2005). The treatments consisted of three dilutions for 
each of the 5 soils on GLM and Bennett media. The number of 
colony forming units (CFU.g

-1
) per gram of dried soil was 

calculated for each sample using plates that yielded 30-300 
colonies. Distinct actinobacterial colonies were recognized 
according to morphological and macroscopic aspects by light 
microscopy (magnification × 100). They were collected, 
subscultured on ISP2 agar medium for purification. The 
isolated colonies were kept in 20% glycerol at -20 °C   as stock 
culture. 
 
Antifungal and antibacterial activities 
 
According to their morphological and microscopic 
characteristics, the isolates were divided into 12 groups and 
screened for antagonism against five phytopathogenic fungi: P. 
myriotylum, Phytophthora erythroseptica (the causal agent of 
pink rot of potato), P. megakarya (causal agent of black pod 
disease in cocoa), Fusarium oxysporum and Colletotrichum 
gloeosporioides (causes anthracnose in yam) by dual culture in 
vitro assay (Soares et al., 2006). The antibacterial activity of the 
isolates was evaluated against two bacteria pathogens: 
Agrobacterium tumefaciens (causal agent of crown gall disease 
on Medicago sativa) and Streptomyces scabies EF-35 (causal 
agent of scab lesion on potato) using the agar diffusion 
method (Zhao et al., 2012).  
 
 
 
Extracellular enzymes production  
 
The proteolytic activity of actinobacterial isolates was 
determined on Skim Milk Agar medium. The isolates were 
streaked and incubated at 28 °C for 5 days (Sessitsch et al., 

2004). The chitinase activity of the isolates was assessed on 
colloidal chitin agar medium containing 2% colloidal chitin as 
described by Murthy and Bleakley (2012). Lipase production 
was evaluated on lipase agar medium according to (Smiberg 
and Krieg 1994). Cellulose and pectin degrading enzymes were 
detected using Yeast Extract Peptone Agar medium and Potato 
Dextrose Agar (PDA) medium supplement with 1% pectin, 
respectively, as described by Hu et al. (2008). All the 
treatments were replicated three times. The β-1,3-glucanase 
test was done as per the protocols of Gopalakrishnan et al. 
(2014) on Tryptic Soy Broth (TSB), supplemented with 1% 
colloidal chitin (w/v). 
 
Plant growth promoting properties 
 
The selected antagonistic actinobacteria were evaluated for 
Plant Growth Promoting (PGP) traits including phosphate 
solubilisation, siderophore production, Indole Acetic Acid (IAA), 
ammonia (NH3), ACC deaminase activity, hydrogen cyanide 
(HCN) production and nitrogen fixation. Phosphate 
solubilisation was evaluated by the method of Senthilkumar 
and Swarnalakshmi (2009). The siderophore production in the 
individual isolates was studied using the Chrome Azurol S (CAS) 
agar as described by Khamna et al. (2009). IAA was assayed, 
based on the colorimetric method described by Bano and 
Mussarat (2003). The antagonistic actinobacterial isolates were 
tested for the production of ammonia using the method 
described by Cappuccino and Sherman (2008). Actinobacteria 
strains were cultured in DF salts minimal agar medium 
containing 3 mM filter–sterilized 1-aminocyclopropane-1-
carboxylic acid (ACC). Observation for growth and sporulation 
was made after 6 days of incubation at 28 °C . The strains that 
were able to grow on this medium were considered ACC 
deaminase-positive (Penrose and Glick 2003). Hydrogen 
cyanide production was evaluated according to the method of 
Lorck (1948). Nitrogen fixation by antagonistic rhizospheric 
actinobacterial isolates was screened according to the method 
of Jensen (1942).  
 
Taxonomical characterization of isolates 
 
Morphological characteristics  
 
All actinobacterial isolates were preliminarily identified using 
morphological characteristics after being cultured on various 
International Streptomyces Project (ISP) media including 
substrate and aerial hyphae on ISP2, ISP3, ISP4 and ISP5, 
melanoid or diffusible pigments production on ISP6 and ISP7 
(Shirling and Gottlieb 1966), on Bennett and Glucose-
asparagine. The production of melanin and diffusible pigments 
were determined on ISP6 and ISP7, respectively (Shirling and 
Gottlieb 1966). The colour of the colony was determined using 
the inter-society Colour Council-National Bureau of Standard 
(ISCC-NBS) colour chart. The morphology of spore-bearing 
hyphae and spore surface ornamentation of isolates were 
determined on ISP2 medium, using the cover-slip method and 
scan electron microscopy, as described by Williams et al. 
(1983) and Shimizu et al. (2002) respectively. 
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Physiological and biochemical characteristics  
 
The four active isolates (PEL1-2, PFK4, PFBOT7 and PFEL2) 
were examined for tolerance to salinity, the ability to grow 
under a range of pH and temperature, the ability to use to 
utilize different carbon or nitrogen sources. The isolates were 
streaked on ISP2 medium with various concentrations of NaCl 
ranging from 0 to 10% (w/v), in order to evaluate their 
tolerance to NaCl using the method of Gordon and Barnett 
(1977). The plates were incubated at 28 °C  and the presence 
or absence of growth was recorded after 7 and 14 days. 
Tolerance to temperature and pH was tested on ISP2 as 
recommended by Williams et al. (1983). The assimilation of 
carbohydrates and nitrogen was studied using ISP9 medium 
containing different carbohydrates (1%) as described by 
Shirling and Gottlieb (1966) and nitrogen (0.1% w/v) as 
described by Williams et al. (1983).  
The antagonistic selected actinobacterial isolates were 
evaluated for several biochemical tests including nitrate 
reductase, catalase activity, oxidase test, gelatin liquefaction, 
urea hydrolysis, starch, arbutin and easculin hydrolysis (Shirling 
and Gottlieb 1966; Aouar et al., 2012). Treatments were 
replicated 3 times.  
 
Sequencing of the 16S rRNA gene and phylogenetic analysis  
 
Genomic DNA of antagonistic actinobacterial isolates was 
extracted by DNA extraction using Bacterial DNA Extraction Kit 
(Spin–column) following manufacturer’s instructions. PCR 
amplification of 16S rDNA gene were conducted using 
universal primers F 8/20 and R/1541 (Monciardini et al., 2002). 
PCR conditions were: 3 min at 95°C, followed by 35 cycles of 30 
sec at 95°C, 30 sec at 62°C, and 90 sec at 72°C and final 
extension at 72°C for 5 min. PCR products were sequenced by 
first Base Laboratories Sdn. Bhd., Selangor, Malaysia. The 
obtained sequences were analysed using the BLAST (Basic 
Local Alignment Search Tool) program from Genbank database 
(http://www.ncbi.nlm.gov/BLAST). The resultant of 16 rRNA 
sequences were aligned by Clustal Omega and the tree was 
constructed with MEGA software version 7.0 (Kumar et al., 
2016). The topologies of the neighbor–joining phylogenetic 
trees were evaluated in boostrap analyses of 1,000 replicates. 
The distances between sequences were calculated using the 
Kimura three-parameter (K3P) model (Kimura, 1981). 
 
Statistical analysis 
 
The data were analysed using graph pad prism software, 
version 6.01. The visual indication of data dispersion on bar 
and line graphs was achieved by means of standard errors of 
the mean. Data were subjected to the analysis of one-way 
analysis of variance ANOVA. All numeric differences in the data 
were considered significantly different at the probability level 
of P ˂ 0.05  according to Tukey test. 
 
Conclusion 
 
Among the 287 Streptomyces isolates from cocoyam 
rhizosphere in Mount Cameroon Region PFK4, PFBOT7 and 

PFEL2 had high antagonistic effects against P. myriotylum, the 
most devastating disease of cocoyam. We used 16S rRNA gene 
sequence and  isolates PFK4 and PFBOT7 showed 99% 
similarity with with Streptomyces albulus and Streptomyces 
albus, respectively, and PFEL2 showed 98% similarity with 
Streptomyces gandoceansis. Concurrent production of PGP 
substances coupled with broad spectrum of antifungal and 
antibacterial activities of these three strains suggest their 
potential use as promising biocontrol and PGP tools for the 
development of an alternative control method of cocoyam 
cultivations. In this study, we report S. gandocaensis strain for 
the first time as biological controller of Pythium myriotylum. 
Further investigations are required to confirm these findings. 
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