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Introduction  

 The rhizosphere is a sophisticated micro-ecological region 

directly influenced by plant roots. It serves as hotspot for the interaction 

of a wide range of organisms with their physical environments, 

including bacteria, fungus, protozoa, and nematodes. These interactions 

support soil fertility, organic matter decomposition, nutrient cycling, 

plant feeding, soil structure, and pathogen suppression.1-3 More so, the 

rhizosphere offers a unique nutritive environment to diverse microbes 

as the plant roots provide constant supply of nutrients.4 Interestingly, 

the physicochemical properties of the soil are known to have influence 

on the fungal communities of the rhizosphere. The availability of water, 

pH, and organic matter content are some of the components that 

determine rhizosphere communities in the soil. Tension is generated 

within the leaf as water transpires across its surface, and this tension is 

eventually transmitted to the root system.  
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This could change the rhizosphere's water potential and cause 

significant changes in the amount of water and solutes that are available 

to microorganisms. 5 By favoring those microorganisms with superior 

systems for absorbing water, this fluctuation in the amount of water 

available could potentially put pressure on the diversity and total 

biomass of microbes in the rhizosphere. 6  

In the rhizosphere, microbial interactions can range from advantageous 

symbiotic connections to harmful pathogenic interactions.6 These 

pathogenic interactions in the rhizosphere may be useful in the 

suppression of normal growth and activity of   plant pathogens in the 

soil. Soil borne plant pathogens cause a significant annual loss of 

numerous economically significant crops.  Toxicological and 

environmental Concerns have caused a sharp decline in the supply of 

effective commercial inhibitory chemicals, fungicide use also runs the 

risk of fostering the development of new, pathogen-resistant strains.7 

Reports have shown that significant proportion of microorganisms 

found in the environment could profoundly affect the growth of some 

phytopathogens in vitro. For example, Trichoderma species have 

attracted a lot of attention as possible biological control agents for fungi 

that cause plant diseases.8 Consequently, the use of biocontrol agents is 

gaining increasing interests as efficient alternative to fungicides made 

of chemicals are used to control soil-borne diseases. Competition for 

nutrients and space,9 the secretion of chitinolytic enzymes,10-11 

mycoparasitism, and the creation of inhibitory chemicals have all been 

linked to the efficiency of biocontrol agents.12 Additionally, the higher 

metabolic rates, anti-microbial metabolites, and physiological 

conformation of these fungi all contribute to their hostile behaviors.13 If 

the antagonistic activities of fungal rhizosphere communities can 

promote the control among plant pathogens found in soil, the screening 

of rhizospheric microorganisms for their biocontrol abilities is of 
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Rhizosphere fungal community play a crucial role in the development and productivity of plants. 

Microscopic fungi have shown considerable promise for root pathogen control, which calls for 

knowledge of their colonization and distribution in the rhizosphere. Herein, studies on the fungal 

community associated with the soya bean rhizosphere and their in vitro antagonistic activity were 

studied. Soya bean seeds were planted and soils collected from the rhizospheric region at maturity 

for fungal isolation. Molecular characterisation verified the isolates' identification based on their 

macroscopic and microscopic characteristics.  DNA were extracted from the fungi and PCR 

amplification of the ITS gene region were performed. Dual culture technique was used to screen 

for fungal antagonism.  Eighteen fungi comprising of Aspergillus niger , A. fumigatus , A. flavus 

, A. tamari, A. hortai , A. nidulans, A. arcoverdensis, Rhizopus delemar, Penicillium pinophilum, 

Paecilomyces lilacinus, Blastobotrys proliferans, Talaromyces pinophilus, Neosartorya fischeri, 

Botrytis cinerea, Mucor micheli, Fusarium oxysporum, Helminthosporium solani, and 

Trichoderma asperellum were isolated from the rhizosphere of soya beans. The most predominant 

species in the plant rhizosphere was A. niger and the least abundant species was A. fumigatus.   T. 

asperellum exhibited in-vitro antagonistic activity against all the isolates except R. delemar. These 

inhibitory effects ranged from 7.83 to 83.88% for the isolates tested. Interestingly, B. cinerea was 

found to be more susceptible to T. asperellum antagonism compared to other isolates tested.  Thus, 

this study suggests that soya bean rhizosphere harbours diverse fungal communities that could be 

explored for preventing plant infections using biological means.  
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biotechnological importance. Thus, the aims of this study were to 

characterize the fungi of rhizosphere community connected with soy 

beans and screen for their potential inhibitory effects on isolated fungi 

during their interactions in vitro. This may enhance the knowledge of 

agricultural management systems that may improve the production of 

certain agricultural important crops using soy bean as a model. 

 

Materials and Methods 

The site and planting materials 

The research was conducted in June, 2018 at the New Botanic Garden, 

Department of Plant Science and Biotechnology (PSB), University of 

Nigeria, Nsukka, Enugu State, Nigeria. It is located on Latitude 7023 ̎

East, Longitude: 6052̎ North, and 447.2 m above sea level.14 The 

International Institute of Tropical Agriculture (IITA), Ibadan, Nigeria, 

provided the soya bean seeds for this study. Seventy-five centimeter (75 

cm) between rows and ten centimeters (10 cm) between stands within a 

row served as the spacing for sowing seeds, which were sown 2 to 5 cm 

deep each hole. 

 

Soil sampling and chemical analysis 

Rhizosphere soil samples were collected from the soil around the roots 

of the plant into a sterile polythene bags using the method described by 

Oyeyiola.16 The soil physicochemical attributes of the study site were 

determined before planting of the seeds and at full maturity of the 

plants. The components of the soil physicochemical attributes examined 

in our study were soil texture, water holding capacity, moisture content, 

amount of organic matter content and pH. Chemical analyses of the soil 

properties were performed at the Department of Soil Science, UNN 

using standard laboratory methods as previously described by 

Vibhute.17  

 

Estimation of rhizosphere fungal populations 

Fungi were isolated, using dilution plate method, from the rhizosphere 

soil.18 In brief, 10 g of the rhizosphere soil was poured into a conical 

flask containing 1000 ml of distilled water and shaken vehemently. 

Five-fold serial dilutions (1:100, 1:1000, 1:10000, 1:100000 and 

1:1000000) were made from the stock solution as described by 

Shivanna and Vasanthakumari.19 Thereafter, 0.1 ml aliquots of 1:10000 

dilution of the inoculum were spread on Petri plates containing 39 g/L 

PDA medium (Difco, Sparks, MD, USA) with 30 mg/l of streptomycin. 

The plates were incubated at a laboratory temperature of 28±2 0C for 3-

4 days. The percentage occurrence of the isolated fungi was calculated 

using the method of Sule and Oyeyiola.4 Each species' percentage 

occurrence was counted, expressed as a percentage after being divided 

by all isolated species. The formula used to perform the computation is 

shown below: 

  

(%) frequency of occurrence 

 

 =
No of occurrence of a species 

Total no of occurrence of all the species isolated              
×

100

1
 

 

Microscopy 

The macro- and microscopic identification of the fungal isolates were 

performed using the method described by Ogunleye and Ayansola.20 

Colonies formed on the PDA medium were observed for their conidia 

colours, reverse plate colours, and texture. For microscopic 

identification, colonies were placed on clean slides, teased with 

lactophenol cotton blue, covered with clean cover slips, and viewed 

under a microscope. Using common mycological identification 

textbooks, the identity of fungi was verified.21-24 Using a Motic camera 

microscope, photomicrographs of each fungal isolate were taken.  

 

DNA extraction and PCR protocol 

DNA extraction, sequencing, and BLAST (Basic Local Alignment 

Search Tool) were performed at IITA, Ibadan following the protocol of 

Srideepthi.25 DNA extraction was performed and for PCR 

amplification, internal transcribed spacer (ITS) region of the rRNA 

gene was used for characterization of fungi. ITS universal primer set 

which flank the ITS 1, 5.8S and ITS 2 regions were also used. The 

nucleotide sequence of the ITS 1 primer is 5’ TCC GTA GGT GAA 

CCT GCG G 3’ and that of the ITS 2 is   5’ TCC TCC GCT TAT TGA 

TAT GC 3’. PCR was carried out in a GeneAmp 9700 PCR System 

Thermal cycler (Applied Biosystem Inc., USA) with a PCR program 

consisting of an initial denaturation at 94 °C for 5 min; followed by a 

30 cycles consisting of denaturing at 94 °C for 30 sec elongation at, 

annealing of primer at 55oC and 72°C for 1 min 30 sec; and a final 

termination at 72°C for 10 min. The PCR products were chilled at 4oC. 

 

Screening for antagonism between the fungal isolates 

The screening for antagonism between the fungal isolates was done 

using dual culture technique as described by Devi and Chhetry.26 The 

PDA plates were inoculated in opposite direction with actively 

developing 3 mm discs of test fungi and antagonistic isolates. The plates 

were kept incubating at 28±20C temperature in the laboratory. Three 

replicates for each isolate and a control without inoculation of the 

antagonists were set up. After 6 days of incubation, the pathogen's 

percentage growth inhibition was determined with the formula below. 

 

% growth inhibition = r1 - r2 x 100  

                    r1              1 

 

Where, r1 = test pathogen's radial development in the control plate 

    r2 = test pathogen’s radial development in dual inoculation 

Antagonism between the fungal isolates was observed for 10 

consecutive days and ranked on a scale of 1-5 as previously described 

by Mallikarjuna and Gowdu.27 

 

Where:  

1 = The antagonist completely engulfed the isolate and the whole 

surface of the medium.  

2 = The antagonist outgrew the medium surface by at least two-thirds.  

3 = Neither the antagonist nor the isolate appeared to dominate the 

other, with each colonizing half of the medium-surface. 

4 = The isolate appeared to be in control of the antagonist and had at 

least colonized two-thirds of the medium-surface. 

5 = The isolate utterly outgrew the antagonist, taking up the entire 

medium-surface. 

 

Statistical Analysis  

Analysis of Variance (ANOVA) and tests of least significant difference 

(LSD) at P < 0.05 were used to separate means 

 

Results and Discussion 

Physicochemical attributes of the experimental soil  

The soil pH, moisture content, amount of organic matter and the water 

holding capacity of the soil before the planting of soya bean varieties 

were 6.00, 11.86%, 0.41% and 32.49 mg/g, respectively. The soil 

texture was loamy soil. All the attributes tested except soil texture had 

slight change at soya bean maturity, pH (6.10), moisture content 

(9.53%), amount of organic matter content (1.16%) and the water 

holding capacity (23.21ml/g) as shown in Table 1. The physical-

chemical properties of the experimental soil before sowing were 

optimal for the growth of soya bean seeds. The analysis of the physical-

chemical properties of the experimental soil showed that the pH of the 

soil was moderate to slightly acidic. Studies have revealed that most 

plants thrive best on soil that is mildly to slightly acidic, because in this 

soil condition, majority of the substances containing plant nutrients 

have the highest solubilities.16,28 Compared to other legume crops, soya 

beans are also more tolerant to soil types with a lower pH, however a 

pH below 5.2 interferes with nitrogen fixation.29 The moisture content 

and the water holding capacity of the soil reduced at soya bean maturity. 

Sule and Oyeyiola,4 observed this type of reduction in their studies with 

the cassava cultivar TMS 30572. According to Shivanna and 

Vasanthakumari,19 microbial oxidation of the amount of soil organic 

matter occurs more frequently in soils with low moisture content than 

in soils that are constantly wet or dry. The water-holding capacity of 

soil depends on its organic matter content, soil texture and soil 

structure.4 30-31 It was also observed that the moisture content in the soil 

depends on the amount of rainfall, the time interval between the rainfall 
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and soil collection, soil type, season of the year, soil temperature, 

vegetative cover, and organic content. The organic matter content in the 

rhizosphere soil increased. This could be due to the network of fungal 

hyphae in the soil. The soil texture of the study area was loamy sand 

which was found to be favourable for the growth of soya bean. 

Soybeans can be grown in a wide range of soil types, but the best soil is 

a deep, fertile loamy sand with excellent drainage.29 

 

Identification and characterization by molecular methods of the fungal 

isolates 

A total of eighteen fungal species were isolated from the rhizosphere 

soil of soya beans. They were identified as A. niger, A. fumigatus, A. 

flavus, A. tamari, A. hortai, A. nidulans, A. arcoverdensis, R. delemar, 

P. pinophilum, P. lilacinus, B. proliferans, T. pinophilus, N. fischeri, B. 

cinerea, M. micheli, F. oxysporum, H. solani, and T. asperellum. The 

macro and micro characterization of the isolated fungi are shown in 

Figure 1.  

 

Table 1: Physical-chemical properties of the soil samples before 

planting and at Soya bean maturity 
 

Physicochemical properties Soil samples 

before planting 

Soil samples at soya 

bean maturity 

pH 6.00 6.10 

Moisture content (%) 11.86 9.53 

Organic matter content (%) 0.41 1.16 

Water Holding Capacity(ml/g) 32.49 23.21 

Soil Texture Loamy soil Loamy soil 

 

 
Figure 1: Morphology and photomicrograph of the fungal isolates (a-r x40). a. Aspergillus niger b. Aspergillus fumigatus c. Aspergillus 

flavus d. Aspergillus tamari e. Aspergillus hortai f. Aspergillus nidulans g. Aspergillus arcoverdensis h. Blastobotrytis proliferans i. 

Botrytis cinerea j. Fusarium oxysporum k. Mucor micheli l. Neosartorya fischeri m. Paecilomyces lilacinus n. Penicillium pinophilum 

o. Rhizopus delemar p. Talaromyces pinophilus q. Trichoderma asperellum r. Helminthosporium solani 
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Figure 2: PCR amplification of 18S rDNA gene for the fungal isolates. Lane M: marker (100 bp) ladder; Lane 1-18: fungal isolates 

 

Table 2: Isolates with the percentage sequence homology and 

their accession numbers 
 

Isolates %  Sequence  

homology 

NCBI Accession  

Number 

Aspergillus niger 100.00 EU440768 

Aspergillus fumigatus 99.30 HQ026746 

Aspergillus flavus 94.70 KY911156 

Aspergillus tamarii 100.00 KX010797 

Aspergillus hortai 99.50 KP987087 

Aspergillus nidulans 99.20 AB248971 

Aspergillus arcoverdensis 99.40 KY808748 

Blastobotrys proliferans 99.80 KM056341 

Botrytis cinerea 99.70 LT629240 

Fusarium oxysporum 99.80 FR731133 

Mucor micheli 99.80 MG195972 

Neosartorya fischeri 92.90 LC010248 

Paecilomyces lilacinus 99.40 AB103380 

Penicillium pinophilum 87.60 GU566245 

Rhizopus delemar 99.50 KF710007 

Talaromyces pinophilus 97.60 KJ207414 

Trichoderma asperellum 100.00 JN108917 

Helminthosporium solani 99.50 FJ487932 

 

At maturity, the rhizosphere of soya beans yielded 12 fungal genera and 

18 species in total. This finding is in line with the result of other studies 

that isolated numerous and diverse microflora in the rhizosphere of 

various plants.32,33,19,34 For example,  Eze and  Amadi,18 isolated 15 

fungi in the rhizosphere of tomato seedlings. Some of their isolates such 

as  Rhizopus, Aspergillus, Penicillium, Trichoderma, Botrytis and 

Fusarium sp were also isolated in the present study. While investigating 

the fungi living in the soil of the rhizosphere, rhizoplane, and non-

rhizosphere of the root region of the cassava cultivar TMS 30572, Sule 

and Oyeyiola,4discovered 25 species of fungi. Many of these species 

were isolated during research with soya bean. A total number of 12 

species including A. flavus, A. niger, Mucor, Paecilomyces, Rhizopus 

and Trichoderma species were isolated by Dawar et al,3 from the 

rhizosphere of Amaranthus viridis L. while Olanrewaju et al,35 reported 

discovering 12 fungi from okra plant’s rhizoplane.  Devi and Chhetry,26  

reported greater spectrum of fungal species in the rhizosphere  of pigeon 

pea. They attributed their findings to the availability of nutrients for 

fungal growth released by root exudates around the rhizosphere. 

Aspergillus niger and Penicillium chrysogenum were isolated by David 

et al,36 from the rice plant (Oryza sativa Linn) rhizosphere and identified 

via culture and molecular techniques. The isolates were further 

characterized by the PCR amplification of 18S rDNA gene using the 

ITS universal primer set, which included ITS 1: 5’TCC GTA GGT 

GAA CCT GCG G 3’ and ITS 2: TCC TCC GCT TAT TGA TAT GC 

3’.  The amplification product of 100bp  obtained for all the isolates are 

as shown in Fig. 2. The isolates with the percentage sequence 

relatedness of the already identified fungi in the GeneBank are shown 

in Table 2. To the best of our knowledge, this is the first study on the 

molecular characterization of the fungal isolates from the rhizosphere 

of soya beans grown in Enugu State, Nigeria. Results indicate that 

numerous mycoflora abound in the rhizosphere of the soya bean crop.  

 

 
Figure 3: Phylogenetic tree of the fungi isolated from the 

rhizospheric soils of soya beans. 
 

M   1     2        3     4     5       6    7       8     9     10 11   12     13     14    15    16     17   18 
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Table 3: Percentage occurrence of the fungal rhizosphere 

population 
 

Fungal Isolates Number of 

occurrences 

Frequency of 

occurrence (%) 

A. niger 25 15.63 

A. fumigatus 02 1.25 

A. flavus 08 5.00 

A. tamarii 10 6.25 

A. hortai 07 4.38 

A. nidulans 07 4.38 

A. arcoverdensis 06 3.75 

R. delemar 12 7.5 

 H. solani 06 3.75 

P. pinophilum 02 1.25 

P. lilacinus 03 1.88 

B. proliferans 05 3.13 

T. pinophilus 14 8.75 

M. micheli 18 11.25 

N. fischeri 06 3.75 

B. cinerea  11 6.88 

F. oxysporum 15 9.38 

T. asperellum 03 1.88 

 

 

The phylogenetic tree of the fungal isolates shows M. micheli  at the 

root of the evolutionary lineage from which other isolates tend to have 

evolved (Figure 3)  Some species were found to be more closely related 

than others. For example, A. arcoverdensis was found to be more 

closely related to A. fumigatus whereas A. hortai tended to be closely 

related to  A. niger. The phylogenetic tree of the rhizosphere fungi 

isolated in this study indicated that comparable terrestrial isolates are 

known to exist, and the species underwent a minor amount of evolution 

to help ensure they survive. The degree of similarity to earlier fungi 

indicated that the fungi species had not been opened to elements that 

would have encouraged greater genetic diversification.37 The 

percentage sequence relatedness of the isolates with species in the 

GeneBank is also presented in Table 3.  

 

Fungal rhizosphere populations 

The percentage of occurrence of all the fungal isolates from the 

rhizosphere soil of soya bean is presented in Table 3. Aspergillus niger 

were found to be predominant in the rhizosphere soil of soya bean with 

a frequency of occurrence of 15.63% followed by M. micheli with the 

frequency of occurrence of 11.25% and the least abundant was A. 

fumigatus with 1.25% frequency of occurrence. In this study,  A. niger 

was the most abundant species found in the rhizosphere of soya beans. 

Similar to the study, Abdel-Hafez et al.38 stated that the wheat plant 

most common rhizosphere fungi were A. niger, Aspergillus species and 

Fusarium species. Also Abdel-Nasser et al.39 showed the prevalency of 

Aspergillus species in the rhizosphere of different cultivated plants.  The 

dominance of  Aspergillus species could be as a result of their heavy 

sporulating habit and their capacity to produce antibiotics. 

 

Antagonism between Trichoderma asperellum and the other fungal 

isolates 

The percentage inhibition and dual culture interaction of the 

antagonistic fungus and the other fungal isolates are shown in Figures 

4 and 5. The antagonist T. asperellum showed different percentages of 

inhibition in all the isolates tested. However, the inhibitory effect of T. 

asperellum on Botrytis cinerea was significantly higher at p<0.05 (80 

%) than all the other isolates tested. The antagonist displayed lower 

inhibition percentages on the  A. niger (49 %), A. flavus (38 %) and F. 

oxysporum (35 %). The least inhibited isolate was R. delemar with less 

than 10 % inhibition (Figure 5). The degree of interaction based on the 

ranking of Trichoderma asperellum with rhizosphere fungal isolates of 

Soya bean is presented in Table 4.  Botrytis cinerea, Blastobotrys 

proliferans and Paecilomyces lilacinus were completely colonized by 

the antagonist on the 6th, 7th and 9th day respectively. Rhizopus delemar 

and Penicillium pinophilum colonized two-thirds of the medium on the 

4th and 8th day, respectively. Antagonist overgrew two-thirds of the 

medium surface for all the other isolates and more were on the 6th day. 

The dual culture interaction of the antagonistic fungus on the other 

fungal isolates showed that Trichoderma asperellum suppressed almost 

all the other isolates with a maximum number of the pairwise 

comparisons indicating the fungus to have the higher competitiveness 

than the other isolates. This may be attributed to several alkaloids and 

terpenes produced by T. asperellum.40 Competition, antibiosis, and 

mycoparasitism could all play a role in Trichoderma sp possible 

antagonistic behavior, according to Ozbay and Newman,41. 

Additionally, Trichoderma species produce antibiotics like gliotoxin 

and viridin as well as cell wall disintegrating enzymes and 

physiologically active heat-stable metabolites like ethyl acetate, which 

are known to be implicated in the suppression of disease occurrence.26,42 

T. asperellum showed more antagonistics activity on the fungal isolates  

on  the sixth day post inoculation than on the other days. Overgrowth 

interaction was observed with Botrytis cinerea (6th day), A. 

arcovendensis (6th day), Blastobotrytis proliferans (7th day) and A. 

tamarii (9th day). Mallikarjuna and Gowdu27 in their study on in vitro 

screening of rhizosphere fungi for bio control of Macrophomina 

phaseolina observed most of the overgrowth antagonistic interaction on 

the 7th day and complete or significant suppression of the isolates by the 

antagonist on the 14th day. The inhibitory interaction of Mucor micheli 

was noted on the 6th day and rated 2 as the antagonist colonized two-

third of the culture plate in a contact interaction.  Devi and Chhetry,26 

also observed a contact interaction between Trichoderma sp and 

Fusarium udum on the 3rd day. In the present study, inhibition at a 

distance was observed in A. nidulans, A. hortai, A. niger, F. oxysporum, 

Paecilomyces lilacinus, and Talaromyces pinophilus as a clear zone of 

inhibition was observed without physical contact between the colonies. 

This implies that the antagonist secretes a diffusible, non-volatile 

inhibitory chemical. Similar to this study, Mallikarjuna and Gowdu,27 

observed a clear zone of inhibition between Macrophomina phaseolina 

and A. flavus. AL-Saeedi and AL-Ani,7 also reported a clear zone of 

inhibition between Trichoderma harzianum and Aspergillus sp.  

 

Conclusion 

The results of this study imply that the soya bean rhizosphere soil 

contains a diversified fungal community which could be due to plant 

root exudates. Therefore, it is crucial to carry out further study on the 

role of plant root exudates in growth stimulation of fungi  with the aim 

of identifying the specific exudates. The results from such studies could 

be exploited in promoting the growth of beneficial organisms. This 

study has also provided a baseline of fungal communities that could be 

found in the rhizosphere soils of soya beans. The molecular 

characterization authenticated the phenotypic identities of the fungal 

isolates. Designing efficient and secure biocontrol techniques requires 

knowing the mechanisms underlying Trichoderma asperellum 

antagonistic action on phytopathogens as well as the choice of 

biological control agents. 
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Figure 4: Inhibition of fungal growth due antagonism (a-q x40). (a: T. asperellum+A. niger, b: T. asperellum+A. fumigatus, c: T. 

asperellum+A. flavus, d: T. asperellum+A. tamarii,  e: T. asperellum+A. hortai,   f: T. asperellum+A. nidulans, g: T. asperellum+A. 

arcoverdensis,   h: T. asperellum+N. fischeri, i: T. asperellum+F. oxysporum,    j: T. asperellum+P. lilacinus, k: T. asperellum+P. 

pinophilum,    l: T. asperellum+T. pinophilus, m: T. asperellum+M. micheli,    n: T. asperellum+R. delemar, o: T. asperellum+B. 

cinereal, p: T. asperellum+B. proliferans, q: T. asperellum+H. solani). 
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Figure 5: Percent growth inhibition of the rhizosphere fungal isolates 10 days post inoculation with T. asperellum 
 

Table 4: Degree of interaction based on ranking of Trichoderma asperellum with rhizosphere fungal isolates of Soya bean 
 

Days 1 2 3 4 5 6 7 8 9 10 

Interaction of Trichoderma asperellum  

with the isolates 

                        Ranking Scale 

A. niger      2     

A. fumigatus      2     

A. flavus      2     

A. tamarii         2  

A. hortai          2 

A. nidulans      2     

A. arcoverdensis      2     

B. proliferans       1    

B. cinerea       1    

F. oxysporum    2       

M. micheli      2     

N. fischeri      2     

P. lilacinus         1  

P. pinophilum        4   

R. delemar    4       

T. pinophilus      2     

H. solani      2     

1 = The antagonist completely engulfed the isolate and the whole surface of the medium. 

2 = The antagonist outgrew the medium surface by at least two-thirds. 

3 = Neither the antagonist nor the isolate appeared to dominate the other, with each colonizing half of the medium-surface. 

4 = The isolate appeared to be in control of the antagonist and had colonized at least two-thirds of the medium-surface. 

5 = The isolate utterly outgrew the antagonist, taking up the entire medium-surface. 
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