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CHAPTER 6 

Selection of the most effective rhizobacterial isolates as biocontrol and growth 

promoting agents in the sorghum rhizosphere 

___________________________________________________________________________ 

Abstract 

The screening of biocontrol and growth promoting rhizobacterial (PGPR) isolates originally obtained 

from the rhizosphere of sorghum in Ethiopia and from the rhizosphere and rhizoplane of grasses in 

South Africa rendered a number of bacterial isolates that showed the potential to be used as biocontrol 

and growth promoting agents.  However due to the large number of efficient isolates, a need arose to 

further select the best performing isolates. The best biocontrol agents were selected out of a total of 24 

effective isolates both from Ethiopia and South Africa. The screening procedure was based on the in-

vitro and in-vivo suppression of Fusarium oxysporum and Pythium ultimum, the root colonization 

ability of the bacterial isolates and selected modes of action including production of antibiotic 

substances and siderophores, chitinolytic activity and induction of systemic resistance in sorghum. 

According to these procedures five isolates from Ethiopia (KBE5-7, KBE5-1, KBE9-1, NAE1-7 and 

NAE5-7) and six isolates from South Africa (KBS5-F, KBS9-R, KBS6-H, KBS5-H, KFP9-K and 

KBE6-17) have been selected as the most efficient biocontrol isolates. Selection of the best performing 

growth promoting isolates was conducted on 12 efficient isolates based on root colonization 

efficiency, siderophore and indoleacetic acid (IAA) production, phosphate solubilization activity and 

bacterial growth profiles in liquid cultures. Two isolates from Ethiopia (KBE7-8 and KBE9-1) and 

five isolates from South Africa (KBS5-H, KBS5-F, KBS6-H, KBS9-B and NAS4-3) have been 

selected as the best growth promoting isolates. As the screening and selection results are entirely based 

on laboratory and greenhouse studies, this study warrants further screening and selection of the best 

isolates based on field tests and additional modes of action studies to ascertain their full potential as 

biocontrol and growth promoting agents. 

______________________________________________________________________________         

 

6. 1. Introduction 

 

In order for plant growth promoting rhizobacteria (PGPR) to be developed for commercial 

applications, an effective selection and screening procedure is necessary so that the most promising 

organisms are selected (Nelson, 2004). In selecting the isolation conditions and screening assays, it is 

important to consider host plant specificity or adaptation to a particular soil, ecosystem, climatic 

conditions or pathogens to be targeted (Nelson, 2004). Some of the most important approaches for  
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selection of microorganisms with the potential to control soilborne phytopathogens include isolating 

from soils that are suppressive to the pathogens, selection based on traits such as root colonization, 

ACC deaminase activity production of antibiotics and siderophores (Cattelan et al., 1999; Glick and 

Bashan, 1997; Weller et al., 2002)  On the other hand, selection of organisms with the potential to 

enhance plant growth in pathogen free systems must include isolation based on traits which are 

involved in the direct promotion of plant growth by PGPR such as nitrogen fixation, solubilization of 

phosphorus and iron, production of phytohormones such as auxins and cytokinins (Glick and Bashan, 

1997). 

 

Nakkeeran et al., (2005), reviewed that the selection of best antagonistic bacterial isolates plays a 

major role in commercialization of the isolates for disease management. Apart from the above criteria, 

selection of the best biocontrol and growth promoting isolates should also take into consideration of 

the genetic stability, shelf life, growth rate and consistency of the isolates in order to develop potent 

commercial products (Personal comm. with L. Korsten). Non target effect of the inoculated PGPR on 

other organisms is also worth considering for a biocontrol agent to be developed into a commercial 

product (Nelson, 2004).     

 

In this chapter an attempt was made to select only the best performing isolates taking into 

consideration the in-vitro and in-vivo results of the experiments done in chapters 2, 3, and 5 and the 

ability of the bacteria to show some of the major traits involved in the biological control of 

phytopathogens and growth promotion in plants. 

 

6. 2. Materials and Methods 

 

6. 2. 1. Selection of effective biocontrol isolates 

 

To make a selection of the best biocontrol isolates, results of the in-vitro and in-vivo antagonistic 

activities were compared. Isolates showing in-vitro and in-vivo inhibition of both Fusarium oxysporum 

and Pythium ultimum were selected in preference to those with inhibition ability against only one 

pathogen. An isolate with inhibition potential against only one pathogen has been selected if it 

rendered a disease suppression of more than 80 % in the in-vivo experiment.  Isolates which met these 

criteria were further compared in terms of additional criteria based primarily on the ability of the 

bacterial isolates to show the major traits commonly expressed during antagonism in the rhizosphere, 

at least those tested in this particular study. These included the ability to colonize the 

rhizoplane/rhizosphere at or beyond the threshold level of concentration needed by a rhizobacteria to 
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achieve a high rhizosphere competence. As most of the effective isolates maintained their initial 

inoculum concentration (108 cfu/ml) in the rhizosphere and/or on the roots, the selection favoured 

those isolates with concentration between 7-8 log10 cfu/g. Isolates rendering a root colonization level 

below 7 log10 cfu/g were not selected. Production of antibiotic substances in culture was the other 

criteria we used. To simplify the selection process, criteria were chosen in such a way that an isolate 

that produced antibiotic substances against only one of the two pathogens i. e. F. oxysporum or P. 

ultimum or not at all should also test positive for at least one trait among chitinolytic activity, 

siderophore production and induction of systemic resistance in sorghum. On the other hand an isolate 

positive for antibiosis against both pathogens but negative for siderophore production, chitinolytic 

activity and induction of systemic resistance was selected based on its ability to colonize the 

roots/rhizosphere at a higher level and its ability to result in significant in-vitro and in-vivo inhibition 

against either of the pathogens.  

 

6. 2. 2. Selection of effective plant growth promoting isolates 

 

For selection of the best growth promoting isolates in pathogen free soil, the selection was based on 

criteria such as the ability of the rhizobacterial isolates to colonize the rhizoplane/rhizosphere 

sufficiently and result in significant growth promotion. For isolates from the rhizosphere of grasses in 

South Africa, due to the many isolates which fulfilled these criteria, additional criteria were included 

viz. the ability of the isolates to produce the phytohormone IAA, to solubilize phosphate and produce 

siderophores which are thought to be the direct modes of action in the enhancement of plant growth by 

rhizosphere bacteria. 

 

As most of the effective isolates from South Africa fulfil at least one of the above criteria, we also 

took into consideration the growth pattern of the bacterial isolates over a 48 hour period in a broth 

culture medium, comparing the mean generation time and the growth rate constants. The mean 

generation time or doubling time (g) is the average time required for all components of the culture to 

double and is calculated from the following equation (Hardy, 2002). 

 

log 10 Nt = log 10 N0 + g log10 2 

g = (log Nt – log N0) / log 10 2 

Where N0 is the number of cells at time zero and Nt is the number of cells at time t. 

 

During the exponential growth phase, a bacterial culture mimics that of a first order chemical reaction, 

i.e. the rate of increase of cells is proportional to the number of bacteria present at that time. This 
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constant of proportionality (µ) is an index of growth rate and is called the growth rate constant which 

can also be determined from the following equation (Hardy, 2002). 

lnNt – lnN0 =  µ(t – t0 ) 

 

This can be simplified into,  

log 10Nt – log 10 N0 = (µ / 2.303) (t – t0) 

µ = (log 10Nt – log 10 N0) 2.303 / t – t0 

 

Whenever isolates performed the same for all the other criteria, comparison of the mean generation 

time and the growth rate constant was used to exclude bacterial isolates with higher generation time 

and a lower growth rate constant.   

 

6. 3. Results 

 

6. 3. 1. Selection of effective biocontrol isolates 

 

Ten isolates from sorghum rhizosphere in Ethiopia have been initially selected based on their in-vitro 

and in-vivo suppression of both F. oxysporum and P. ultimum (Table 6. 1). An additional four isolates 

which were effective against only one of the two pathogens but which resulted in an in-vivo disease 

suppression of ≥ 80% were also selected.  Selection out of the 14 best performing isolates was further 

conducted based on their ability to colonize the roots at a concentration of 7-8 log cfu g -1. The final 

selection which was based on the ability of the isolates to produce antibiotics, siderophores and show 

chitinolytic activity resulted in five Ethiopian isolates viz. B. stearothermophilus (KBE5-7), B. cereus 

(KBE5-1), Chromobacterium violaceum (KBE9-1), B. subtilis (NAE1-7), and B. circulans (NAE5-7) 

being selected as the best performing biocontrol isolates (Table 6. 1). 

 

Similarly, seven isolates initially isolated from the rhizosphere of grasses in South Africa have been 

selected based on their in-vitro and in-vivo suppression of both F. oxysporum and P. ultimum. Six 

other isolates which were effective against only one of the two pathogens but which resulted in an in-

vivo disease suppression of ≥ 80% were also selected. Of the 13 isolates, ten isolates which colonized 

the roots at a concentration between 7-8 log cfu g-1 were selected. As with selection of the Ethiopian 

isolates, the final selection, which considered the ability of the isolates to produce antibiotic 

substances, siderophores or show chitinolytic activity, resulted in selection of the final six isolates as 

the best performing biocontrol isolates. These isolates were Pseudomonas fluorescens (KBS6-17), 
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Chryseomonas luteola (KBS5-F), B. cereus (KBS5-H), S. marcescens (KBS9-R, KBS6-H) and B. 

cereus (KFP9-K) (Table 6. 2). 

 

6. 3. 2. Selection of effective plant-growth-promoting isolates 

 

Amongst the isolates from Ethiopia, only three isolates viz. B. cereus (KBE7-8), B. cereus (KBE5-1) 

and C. violaceum (KBE9-1) resulted in significant growth promotion and two of these i.e. KBE7-8 and 

KBE9-1  were selected as the best performing plant growth promoters based on additional criteria 

including root colonization, phosphate solubilization, indoleacetic acid and siderophores production. 

Nine isolates from South Africa which resulted in significant growth promotion in sorghum and 

showed abilities to successfully colonize the roots produce indole acetic acid and/or siderophores, 

and/or to solubilize phosphate were further compared by monitoring their growth pattern in broth 

media (Table 6.3; Fig. 6. 1). The nine best isolates from the Nylsvlei Nature Reserve in South Africa 

displayed some variation in their growth rate and mean generation time in liquid culture over a 48 hour 

period. Compared to the rest of the isolates, cultures of KBS5-F, KBS5-H, KBS6-H and NAS4-3 reach 

a stationary phase at a cell density of about 9 log cfu ml -1 after 24, 16, 16, 16  hours respectively. All 

four isolates rendered a relatively lower generation time ranging between 23 – 46 min. and higher 

growth rate constants between 0.8 – 1.4. Based on their growth rate and mean generation time, the 

final selection of the following five isolates was made as the best performing plant-growth promoting 

South African isolates: C. luteola (KBS5-F), B. cereus (KBS5-H), S. marcescens (KBS6-H), S. 

maltophilia (KBS9-B) and B. cereus (NAS4-3).  

 

6. 4. Discussion 

 

The aim of the present study was the selection of a few best performing bacterial isolates as biological 

control and plant growth promoting agents that can further be used in future for field trials, registration 

and commercialization applications. 

 

In this selection process, the initial strategy was to identify the best performing biocontrol isolate 

based on the consistency of inhibition results between the in-vitro and greenhouse experiments. 

Isolates which fulfilled this criterion were further selected according to their ability to show important 

modes of action directly involved in biocontrol activity. Although an attempt was not made to conduct 

a qualitative study for antibiotic production by the rhizobacterial isolates, the antibiotic substances 

produced in the culture filtrates of two Ethiopian isolates viz. B. subtilis (NAE1-7) and C. violaceum 

(KBE9-1) and one South African isolate S. marscesens (KBS9-R) were effective against both F. 
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oxysporum and P. ultimum. Several studies have demonstrated that many of the antibiotics produced 

by biocontrol agents have broad spectrum activity. For example the antibiotic diacetylphloroglucinol 

(DAPG) produced by several strains of Pseudomonas fluorescens have been shown to have activity 

against a wide range of plant pathogenic fungi (Keel et al., 1992; Thomashow and Weller, 1996). 

Zwittermycin A is another antibiotic produced by a strain of Bacillus cereus which adversely affects 

the growth and activity of a wide range of phytopathogenic fungi particularly Phytophthora and 

Pythium spp. (Silo-Suh et al., 1998).  The three isolates which produced antibiotic substances in 

culture filtrates against F. oxysporum and P. ultimum in the current study also resulted in significant 

inhibition of the two pathogens in the dual culture assay. Of the three isolates that tested positive for 

antibiotic production, B. subtilis (NAE1-7) tested negative for the production of siderophores and 

chitinolytic activity unlike S. marcescens (KBS9-R) and C. violaceum (KBE9-1). The selection of B. 

subtilis (NAE1-7) as one of the best performing isolates was favoured as this isolate resulted in 

significant in-vitro and in-vivo suppression of the two pathogens and was also found to colonize the 

sorghum roots successfully.  

 

Three isolates obtained from sorghum rhizosphere in Ethiopia viz. B. stearothermophilus (KBE5-7), 

B. cereus (KBE5-1) and B. circulans (NAE5-7) and seven isolates from the rhizosphere of grasses in 

South Africa viz. B. cereus (KFP9-A), B. cereus (NAS4-3), S. maltophilia (KBS9-B), B. cereus 

(KBS9-H) and B. cereus (KBS5-H), P. fluorescens (KBS6-17) and C. luteola (KBS5-F)  produced 

antibiotic substances active against only F. oxysporum. These isolates were selected as the best 

performing biocontrol isolates as each of the isolates tested positive for production of siderophores and 

chitinolytic activity or resulted in significant in-vitro and in-vivo suppression of the target pathogens.  

Strains KBS5-F and KBS6-17 which inhibited F. oxysporum and P. ultimum respectively both in-vitro 

and under greenhouse condition were capable of producing siderophores, while strain KBS5-H 

produced chitinase on chitin agar medium.  

 

Siderophore production by rhizobacteria has been reported to be responsible for biocontrol activity of 

various PGPR strains.  This biocontrol activity of siderophore producing rhizobacteria involves the 

suppression of deleterious rhizosphere microorganisms in some cases and suppression of known soil 

borne pathogens (Scher and Baker, 1982). The selection of siderophore producing isolates KBS5-F 

and KBS6-17 is therefore based on the fact that siderophore production is an important mechanism by 

which some strains of bacteria protect plants against root pathogens (Becker and Cook, 1988).       

 

Lysis is a very efficient antifungal mode of action by many strains of rhizobacteria (Chet et al., 1990). 

Selection of effective biocontrol isolates having strong chitinolytic activity is therefore another 
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important strategy because chitinases inhibit fungal spore germination, germ tube elongation and lyse 

hyphal tips (Ordentlich et al., 1988). Chitinolytic activity by isolate KBS5-H in our study was 

probably the mode of action responsible for the 100 % suppression of P. ultimum as this isolate was 

negative for siderophore production and antibiotic substances against this pathogen.   

 

Whether a bacterial isolate is producing antibiotics, siderophores, or has a strong chitinolytic activity, 

the ability of the rhizobacteria to colonize the plant rhizosphere is more important. Inconsistent 

performance of PGPR in the field emanates from poor rhizosphere competence which comprises 

effective root colonization combined with the ability to survive and proliferate along growing plant 

roots over a considerable period of time in the presence of indigenous microflora (Weller, 1988; 

Lugtenberg and Dekker, 1999). Landa et al. (2004), also indicated that inconsistency in disease 

suppression by introduced bacteria is due to limited rhizosphere colonization irrespective of other 

modes of action. 

 

In the selection process in the current study, we also considered the root colonization ability of the 

rhizobacterial isolates. The ability to colonize roots is a highly variable phenomenon among different 

groups of rhizobacteria, a characteristic reflecting their ability to compete for ecological niches in the 

rhizosphere. In this study, we have observed that most of the isolates effective in the biocontrol 

activity against F. oxysporum and P. ultimum colonized the root at a higher concentration (between 7-

9 log cfu/g). This is an interesting result because Bull et al. (1991) and Parke (1990), reported that root 

colonization by rhizobacteria is correlated with disease suppression in only a few instances. 

 

In the current selection study for the best biocontrol and growth promoting isolates, 13 isolates (more 

than 60 %) selected based on the various criteria (Tables 6. 1, 6. 2 & 6. 3) belong to members of the 

endospore forming Bacillus spp. The spore forming ability of these isolates is important as one of the 

commercialization criteria. Because of their ability to survive for extended periods of time ensuring 

superior shelf life characteristics at the end, they can be readily adaptable to commercial formulation 

and field applications (Bai et al., 2003). All 13 isolates have been shown to be genetically stable as 

evidenced by their unchanging cultural and microscopic morphology and consistency of the in-vitro 

and in-vivo test results over an extended period of time.   

 

Most of the PGPR based products that became commercially available in the past contain strains of 

Bacillus spp. as other non-spore forming species failed due to lack of long term viability (Kloepper et 

al., 2004). According to the report by Mathre et al. (1999), Bacillus spp. may be the only genus of 

bacteria that meets the shelf life standard required by a commercial microbial product. In addition to 
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long term viability, strains of Bacillus spp. have become commercially successful due to their ability 

to effectively colonize plant roots, produce antifungal compounds, and secrete volatile substances that 

can directly stimulate plant growth (McSpadden and Fravel, 2002). 

 

Commercialization of PGPR is mainly focused on Bacillus species rather than other efficient 

biocontrol strains such as pseudomonads (Kloepper et al., 2004). However, control of soilborne 

pathogens and enhancement of plant growth has been achieved by Bacillus, Pseudomonas, Serratia 

and Azosprillum species (Montesinos, 2000) but not to the extent as Bacillus spp. Such Gram-negative 

strains as P. fluorescens, P. syringae and B. cepacia are also being commercialized (Montesinos, 

2002). The non-spore forming Gram-negative isolates P. fluorescens KBS6-17, S. marcescens (KBS9-

R, KBS6-H), C. luteola KBS5-F and C. violaceum KBE9-1 selected in this study all showed the 

fastest growth rate and unchanging cultural and microscopic morphology. Therefore these species 

were also included in this selection.  

 

In terms of selecting the best plant growth promoting isolates in pathogen free soils in the current 

study, the major selection criteria used were significant root colonization and growth promotion. 

Further selection was based on the modes of action involved in direct plant growth promotion as well 

as comparison of their growth pattern in liquid culture. Substantial production of IAA, siderophores 

and phosphate solubilizing enzymes suggests a potential growth promoting ability of PGPR 

(Ayyadurai et al., 2006). Similar approaches to the selection of plant growth promoting rhizobacteria 

have previously been developed (Berg et al., 1990). These approaches involved selection of bacteria 

that are able to achieve large in-situ population size, the ability to colonize roots in-vitro profusely and 

a high level of plant growth promoting activity. The approaches have been used to select potential 

inoculants for rice and resulted in positive effects following seed inoculation of the bacteria (Omar et 

al., 1989).   
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Table 6. 1. The main criteria for selection of the best biocontrol isolates against Fusarium oxysporum and Pythium ultimum with regard to rhizobacteria obtained  

from sorghum rhizosphere in Ethiopia   

 

Bacterial  

isolate 

 

        In-vitro inhibition % 

F. oxysporum      P. ultimum 

 

  Root rot suppression (%) 

F. oxysporum     P. ultimum 

 

    Root 
colonization 
(Log cfu/g ) 

 

  Antibiotic substances 

F.oxysporum  P. ultimum 

 

Siderophore 
production 

 

Chitinolytic 
activity 

 
 
 Induced  
Resistance 

KBE4-3 37.43 30.33 95.53 54.21 6.56 - + - + NT 

KBE4-4 35.66 - - - 4.68 - - - - NT 

KBE5-1* 33.83 - 100 - 8.09 + - - + + 

KBE5-2 56.53 33.40 77.57 35.26 5.90 - - - - NT 

KBE5-4 48.86 - 86.22 - 4.98 - - - - NT 

KBE5-7 * 40.7 21.63 100 42.98 8.19 + - - + - 

KBE5-8 - 35.86 - 52.89 8.06 - - - - NT 

KBE6-1 - 35.3 - 77.56 5.99 - - - - NT 

KBE6-2 - 31.63 - 51.71 5.14 - - - - NT 

KBE6-3 42.73 18.13 68.00 55.96 5.97 - - - - NT 

KBE6-5 42.3 - - - 4.82 - - - - NT 

KBE7-6 56.36 - 57.25 - 7.03 - - - - NT 

KBE7-8 38.56 - 71.71 - 8.19 + - - + NT 

KBE8-2 46.70 - 71.08 - 5.84 + - - + NT 

KBE8-3 46.80 27.50 76.34 41.36 7.93 + - - + NT 

KBE9-1* 66.33 47.36 84.45 77.54 8.08 + + + - + 

KBE9-8 41.00 45.73 60.43 53.51 4.69 - - - - NT 

NAE1-7* 33.20 30.20 59.93 86.23 7.56 + + - - NT 

NAE2-4 39.06 - 61.15 - 4.52 - - - - NT 

NAE5-5 37.46 - 100 - 6.98 + - - - NT 

NAE5-7* 26.80 - 95.83 - 7.94 + - + - NT 

150
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NAE6-2 30.00 30.00 78.32 45.17 5.23 -  - - NT 

NAE7-1 40.93 40.93 45.74 78.33 6.06 + + - + NT 

* Selected as the best performing biocontrol isolates, + = tested positive, - = tested negative,   NT = not tested. 
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 Table 6. 2.  The main criteria for selection of the best biocontrol isolates against Fusarium oxysporum and Pythium ultimum with regard to rhizobacteria obtained from  

 the rhizosphere and rhizoplane of grasses at  Nylsvlei Nature Reserve in South Africa    

 

Bacterial  

isolate 

 

        In-vitro inhibition % 

F. oxysporum      P. ultimum 

 

  Root rot suppression (%) 

F. oxysporum     P. ultimum 

 

    Root 
colonization 
(Log cfu/g ) 

 

  Antibiotic substances 

F. oxyporum   P. ultimum 

 

Siderophore 
production 

 

Chitinolytic 
activity 

 
 
Induced 
resistance 

KBS1-F - 32.36 - 61.73 - - - - - NT 

KBS1-T - 47.50 - 40.83 - - - - - NT 

KBS2-6 19.28 30 61.1 69.14 5.4 - + - + NT 

KBS2-12 17.62 52.6 51.3 90.7 7.1 - + - - NT 

KBS5-F* 37.6 - 95.83 - 8.4 - + + - NT 

KBS5-H* 16.32 55.8 59.13 100 8.1 + - - + + 

KBS6-H* 37.5 - 60 - 8.2 - - + + NT 

KBS6-3 - 31.66 - 99.12 - - + - - NT 

KBS6-11 13.85 25.63 37.87 15.46 4.8 - - - - NT 

KBS8-7 15.83 - 14.83 - 4.1 - - - - NT 

KBS9-B 13.5 - 87.5 - 8.3 + - - - + 

KBS9-H 18.5 55.73 85.5 80.4 8.2 - + - - + 

KBS9-N - 22.5 - 83.95 3.4 + - - - NT 

KBS9-R* 24.8 52.36 64.50 86.25 7.9 + + + - + 

KBS10-9 8.88 - 58.1 - 3.9 - - - - NT 

KFP9-K* - 38.66 - 96.55 8.2 + - - + - 

KFP9-A  11.48 39.76 94.77 98.7 7.8 + - - - + 

NAS2-B 18.6 - 15.83 - 3.9 - - - - NT 

152
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NAS2-F 15.28 - 49.71 - 4.5 - - - - NT 

NAS4-3 15.46 - 58.5 - 7.9 + - - - NT 

NAS6-2 10.40 - 57.27 - 5.2 - - - - NT 

NAS6-B 18.6 - 91.43 - 6.9 - - + - NT 

NAS6-N - 30.00 - 4353 - - - - - NT 

* Selected as the best performing biocontrol isolates,   + = tested positive, - = tested negative,   NT = not tested     
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     Table 6. 3.  Selection of the best performing Ethiopian and South African isolates for growth promotion of  

      sorghum in pathogen free soil 

  
  Bacterial  
   isolates 

      
    Root a 

colonization 
  (cfu g -1) 

 
Siderophore 
production 

  
Phosphate  
solubilization 

   
    IAA 
production 

 

 Bacterial growth property 

  g (min.) b          (µ)c 

KBE5-1 ++ - - + ND ND 

KBE7-8 ++ - + + ND ND* 

KBE9-1 ++ + + + ND ND* 

KBS1-T + - + - 96 0.48 

KBS5-F ++ + + - 46 0.8* 

KBS5-H ++ - + + 30  1.4* 

KBS6-H ++ + + + 23  1.23* 

KBS6-11 + - - + 96 0.72 

KBS9-B ++ - + + 62 0.67 

KBS9-H ++ - + + 96 0.56 

KFP9-K ++ - + - 69  0.59 

NAS4-3 ++ - + + 25  1.1* 

    a  + = ≤ 10 5 , ++ = ≥ 10 8           bg = mean generation time         c µ = growth rate constant   * = selected isolates 

    ND = not detected. 
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   Figure 6. 1.  Growth curves of the most effective plant growth promoting bacterial isolates in liquid cultures 

   over 48 h duration in order to select isolates with lower mean generation times and higher growth rates.   
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CHAPTER 7 

GENERAL DISCUSSION 

 

The use of plant growth promoting rhizobacteria (PGPR) as inoculants in agriculture is becoming the 

method of choice not only for the control of soilborne phytopathogenic fungi, but also for enhancing 

the growth of several crops in pathogen free soil.  

 

The strategy employed to select a putative biocontrol and growth promoting bacteria was to target 

the rhizosphere of wild species of grasses at the Nylsvlei Nature Reserve in South Africa, a pristine 

fluid plain that has no previous history of agricultural farming. In addition the rhizosphere of 

sorghum from Ethiopia was included. Organic compounds released through exudates by plants in the 

rhizosphere will contribute to selective growth of certain microbial populations that support and 

enhance plant growth (Lynch, 1990). This creates a very selective environment where diversity is 

low (Barriuso et al., 2005). Therefore the rhizosphere of the wild grass species has been selected as 

the best source for isolating putative plant growth promoting rhizobacteria. The results of 

identification by means of API as well as partial sequencing of the 16S r DNA of the bacterial 

isolates from the two sampling sites has shown that Bacillus species dominated the microbial flora in 

the sorghum rhizosphere in Ethiopia. In contrast, the rhizosphere of grasses from the Nylsvlei Nature 

Reserve in South Africa harboured, in addition to Bacillus spp, different strains of Gram-negative 

isolates effective both in the biocontrol and growth promotion experiments. Such variation in the 

species composition between the two sites can be contributed to various factors such as differences 

in soil types, plant species, nutritional status and other environmental factors (Yang and Crowley, 

2000).       

 

In total, 302 bacterial isolates were obtained from the two sites, 78 being from Ethiopia and 86 from 

South Africa. With the initial in-vitro antagonistic screening against Fusarium oxysporum, 22 

Ethiopian and two South African isolates rendered ≥ 30 % inhibition of the mycelial growth. 

Similarly, 12 isolates from Ethiopia and 14 isolates from South Africa resulted in ≥ 30 % in- vitro 

inhibition of P. ultimum. The in-vitro screening results obtained in this study were used to facilitate 

the screening and selection of potential biocontrol agents and subsequently test the ability of the 

isolates to suppress F. oxysporum and P. ultimum under greenhouse conditions. 
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Paulitz and Lopper (1991), and Lopper and Byer (1991), suggested not to associate in-vitro 

inhibition with in-vivo activity. However, in-vitro methods offer a quicker means of testing the 

antagonistic potential of selected isolates than greenhouse tests (Renwick et al., 1991). In the in-vitro 

tests in this study, the mycelial growth of F. oxysporum was significantly inhibited by many of the 

isolates tested of which Chromobacterium violaceum (KBE9-1) from Ethiopia and Chryseomonas 

luteola (KBS5-F) from South Africa rendered the maximum percent inhibition. A number of 

Bacillus species isolated in this study also produced dramatic inhibition zones in the dual culture 

assay.  In a similar manner, a number of the tested isolates were also able to significantly inhibit the 

in-vitro mycelial growth of P. ultimum, the maximum inhibition being rendered by Bacillus 

licheniformis (KBE5-7) from Ethiopia and two B. cereus isolates KBS9-H and KBS5-H from South 

Africa. 

 

The formation of a clear inhibition zone with F. oxysporum and P. ultimum in the first screening 

phase is due to the production of antibiotics, toxic metabolites or siderophores responsible for the 

biocontrol activity of rhizobacteria (Berg et al., 2001). Such clear inhibition zones in the dual culture 

assay were produced against these pathogens by B. stearothermophilus (KBE5-7), C. violaceum 

(KBE9-1), and B. subtilis (NAE1-7) from Ethiopia and B. cereus isolates (KBS5-H, KBS9-H) and S. 

marcescens (KBS9-R) from South Africa. This probably indicates that the antimicrobial metabolites 

produced by these isolates might also have antagonistic activity against other soilborne fungal 

pathogens. Such antagonism of the bacterial isolates towards more than one pathogen is important 

because of the occurrence of synergistic interactions of pathogens under field conditions (Scholte 

and Jacob, 1989). 

 

The second stage of the screening procedure namely the selection of potential biocontrol agents 

under greenhouse condition revealed that isolates highly effective in the dual culture assay have the 

potential to be used as biocontrol agents. The in-vivo selection of isolates as biocontrol agents has an 

advantage over the in-vitro screening as it also selects for root colonization ability and rhizosphere 

competence of the isolates.  

 

Among the most effective isolates found in this study, B. stearothermophilus (KBE5-7), C. 

violaceum (KBE9-1), B. subtilis (NAE1-7) and B. cereus (KBE8-3) from Ethiopia and C. luteola 

(KBS5-F), S. marcescens isolates (KBS9-R, KBS6-H), B. cereus isolates (KBS5-H, KBS9-H) and S. 

maltophilia (KBS9-B) from South Africa successfully colonized the roots effectively (≥ 107cfu/g) 

with a high level of rhizosphere competence. The same isolates showed consistency in their 

biocontrol activity both in the in-vitro and greenhouse trials against both pathogens confirming the 
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ability to survive and become established in the rhizosphere which is essential for efficient 

biocontrol activity (Lugtenberg and Dekkers, 1999). 

 

In this study, rhizobacterial isolates such as B. stearothermophilus (KBE5-7), B. cereus (KBE5-1), 

C. violaceum (KBE9-1) and B. subtilis (NAE1-7) from sorghum rhizosphere and B. cereus isolates 

(KBS9-H, KBS5-H, KFP9-A), C. luteola (KBS5-F), S. marcescens (KBS9-R) from the rhizosphere 

of grasses displayed different level of biocontrol efficacy. 

 

Study of the modes of action of PGPR has become an important strategy for improving the efficacy 

of biocontrol agents (Walsh et al., 2001). In the modes of action studies in chapter 4, the effective 

biocontrol isolates have been tested for certain specific modes of action. Although no qualitative and 

quantitative studies have been conducted on the production of antibiotics by the effective isolates in 

this study, the results from the agar well diffusion assay indicated that antibiosis is one of the 

mechanisms by which the bacterial isolates suppressed F. oxysporum and P. ultimum. The 

production of antibiotics by rhizobacteria is perhaps the most powerful mechanism against 

phytopathogens (Bashan and deBashan, 2005). The antibiotic substances produced by C. violaceum 

(KBE9-1), B. subtilis (NAE1-7) and S. marcescens (KBS9-R) inhibited both F. oxysporum and P. 

ultimum. This mode of action correlates with the in-vitro and in-vivo inhibition results suggesting 

that these isolates have the potential to be developed as biocontrol agents. 

 

It was observed in this study that some isolates which were less effective in the in-vitro test showed 

significant biocontrol efficacy in the in-vivo experiments. Among theses isolates were 

Stenotrophomonas maltophilia (KBS9-B) and B. cereus (KFP9-A) against F. oxysporum and B. 

subtilis (KBE6-3) and Bacillus spp. (KBE5-8) against P. ultimum. Such variations are probably due 

to presence of one or more modes of action other than antibiosis.  

 

It is believed that many of the most effective biological control agents reduce infection by fungal 

pathogens through more than one mechanism (Silo-Suh, 1994). In the current study, such additional 

modes of action as production of siderophores, chitinolytic activity and induction of systemic 

resistance have been detected among the most effective isolates i.e. S. marcescens (KBS9-R), B. 

cereus (KBS5-H), C. luteola (KBS5-F) and B. cereus (KFP9-A).       

 

In chapter 5 of this thesis, the screening for potential plant growth promotion in pathogen free soil 

has shown dramatic results. Many of the isolates effective in the biocontrol of F. oxysporum and / or 

P. ultimum have also been found to have potential plant growth promoting activity in sorghum under 
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greenhouse conditions. Although several groups of rhizobacteria have been reported to be associated 

in the growth promotion of various crops, to our knowledge this is the first report of PGPR to be 

involved in the growth enhancement of sorghum. 

 

In the greenhouse experiments in this study inoculation of single bacterial isolates resulted in 

promising results both in enhancing the growth of sorghum seedlings as well as controlling root rot 

caused by F. oxysporum and P. ultimum. Single biocontrol agents may not be active in all soil 

environments and most cases of naturally occurring biological control result from mixtures of 

antagonists. Mixtures of PGPR with compatible microbial antagonists complement the activities of 

their co-inoculants and improve the efficacy of biological control (Martin and Loper, 1999). The 

current study provides a foundation for further work to assess mixtures of the PGPR isolates as it 

was previously shown to be effective by Raupach and Kloepper (1998).  

 

In countries like Ethiopia, primitive agricultural practices most of which are meant for subsistence 

farming led to the continuous reduction in yields. This situation was worsened by poor soil nutrition 

and increased infection by phytopathogenic fungi such as Fusarium oxysporum and Pythium 

ultimum causing root rot in a wide variety of crops. Efforts to combat these problems using 

fungicides and chemical fertilizers were not only unsuccessful in these countries, but are also 

unaffordable (Idris et al., 2007). Current trends in agriculture are therefore focused on the reduction 

of the use of fungicides and inorganic fertilizers to find alternative ways for more sustainable 

agriculture (Smit et al., 2001). In this regard, the use of PGPR inoculants as biocontrol agents 

against phytopathogens and/or biofertilizers is becoming a promising alternative to chemical 

fertilizers and fungicides (Donate-Corea et al., 2004).  The research on the isolation and screening of 

PGPR and the results obtained in the present study is therefore a step forward towards introducing 

the application of PGPR in agriculture in these countries.  

 

Plant growth promoting rhizobacteria have existed in the rhizosphere of most agricultural soils 

despite extensive monoculture systems. However, in most developing countries, their existence and 

the resulting agricultural significances have barely been described or studied. In developing 

countries such as Ethiopia, the farming practices are mainly small scale monoculture involving 

planting of a single crop such as sorghum (Sorghum biocolor), teff (Eragros teff) or maize (Zea 

mays) over extended period of time. Such extensive monoculture favours the development of several 

groups of phytopathogenic fungi and bacteria as a result of which the crop fails to give the desired 

yield. The findings in this study and the subsequent application of PGPR in the mainly monoculture 
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agricultural soils in Ethiopia may also contribute to the development of soil microbial diversity 

which are beneficial in agriculture.      
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