


PLANT GROWTH-PROMOTING RHIZOBACTERIA AND RHIZOFUNGI OF Calopogonium mucunoides IN THE UNIVERSITY OF CALABAR, CALABAR, NIGERIA

ABSTRACT

Aims: This study aims at isolating/enumerating microorganisms present in the plant root environment of Calopogonium mucunoides and to examine the biodiversity of rhizosphere/rhizoplane flora in different soil samples of the legume. 
Methodology and results: The composition of microbial communities associated with the rhizosphere and rhizoplane of Calopogonium mucunoides in the University of Calabar area was evaluated using standard microbiological and biochemical techniques. The results showed that the total heterotrophic bacterial load (THBL) at the root of Calopogonium muconoides plant sampled from the University of Calabar Botanical Garden, the University of Calabar Staff Quarters and Faculty of Biological Science Garden were: 80.00±0.82x104cfug-1, 55.67±1.25 x104cfug-1 and 90.33±1.25 x104cfug-1 respectively. Analysis of variance showed that there were significant differences (p < 0.05) in the total heterotrophic bacterial load (THBL) at the rhizosphere of the Calopogonium mucunoides plant. While the total rhizosphere fungal loads were 24.00+1.63x103cfug-1, 24.00+2.16x103cfug-1, and 18.00+2.88x103cfug-1 for Calopogonium mucunoides plant sampled from University of Calabar Botanical garden, University of Calabar staff Quarters and the Faculty of Biological Science garden respectively. There was a substantial alteration (p < 0.05) in the total rhizosphere fungal amounts in Calopogonium muconoides plants sampled from the University of Calabar. The bacterial group at the rhizosphere of the Calopogonium mucunoides plant was: Bacillus spp. Streptococcus spp., Proteus spp., Klebsiella spp., Escherichia coli, Proteus mirabilis, Pseudomonas spp., Staphylococcus aureus, Acinetobacter spp and Enterobacter spp. while the rhizosphere fungal group was: Saccharomyces cerevisiae, Mucor spp., Penicillium spp, and Rhizopus spp. 
Conclusion, significance and impact of study: The microorganisms seen in the rhizosphere of the plant could be used for both microbiological and biotechnological research at the University.
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1.0 INTRODUCTION
[bookmark: _GoBack]
	The significance of rhizosphere and rhizoplane microflora especially mycorrhizal fungi and bacteria in plants can be enormous, since they are able to increase the tolerance of plants against abiotic stress, stimulate plant growth and also contribute to an accelerated remediation of disturbed soils (Prashar et al., 2017; Agbo et al., 2025). Also, microorganisms can form close association with root within the root tissue itself, on the rhizoplane (root surface) and within the soil immediately adjacent to the root (rhizosphere) (Oyeyiola, 2015; Agbo et al., 2025).
	Microorganisms associated with plant roots can affect plant growth in both beneficial and harmful ways. The impact of root exudates on rhizosphere and rhizoplane microbial populations depends on factors such as the plant’s age and species (Prashar et al., 201 Agbo et al., 2025). The plant root primarily determines the nature and extent of saprophytic rhizosphere soil microflora, therefore any condition affecting root growth or metabolism will be reflected in quantitative and qualitative changes in both rhizosphere/rhizoplane microbial populations (Meyer and Linderman, 2018; Agbo et al., 2025). Hence, microbial proliferation in the near root zone of plants This process is triggered by the release of organic compounds from plant roots. However, soil conditions particularly moisture levels affect the quantity of these exudates and, consequently, the extent of root colonization (Oyeyiola, 2015).
	The Rhizosphere is the crossroad for nutrient exchange between plants and soil microbes, it is a region around plant roots where simple sugars, amino acids and many other compounds are exuded by plants and made available to microorganisms (Lutfulin et al., 2020: Agbo et al., 2025). The Rhizosphere could also be seen as a special niche consisting of a more complex microbial community and a region where materials released from the roots and root metabolic activities changes the characteristics of the soil (Lutfulin et al., 2020; Agbo et al., 2025).
	The root system of higher plants is associated with and comprises of an extensive community of metabolically active microorganisms collectively termed 'rhizosphere organisms " (John et al., 2016), and they include: Bacteria, Actinobacteria, Archaea, Fungi and is specifically formed for each plant species (Lutfulin et al., 2020; Agbo et al., 2025). The Rhizoplane is seen as the root surface of plants; it is often regarded as a part of the rhizosphere. The microflora of the rhizoplane (inhabiting the root surface) is formed under direct influence of the plant itself, and differs in quantitative and qualitative composition from that of the rhizosphere (Lutfulin et al., 2020; Agbo et al., 2025). The diversity of which largely depends on the type of soil, pH and nutrients of the host plant (Meyer and Linderman, 2018).
	Both Rhizosphere and Rhizoplane microflora affects plant health in various ways; by competing with pathogenic microorganisms and inducing plant resistance. They favour plant development by producing growth-stimulating substances, by also contributing to the soil fertility Plays a role in stabilizing soil structure and facilitating nutrient release through the mineralization of organic compounds (John et al., 2016; Agbo et al., 2025), and by Engaging in symbiotic root associations, exemplified by nitrogen-fixing bacterial species. In recent years, rhizosphere microbes have drawn tremendous attention due to their ability to degrade phytohormones and the harnessing of certain elements (Nitrogen) as bio-fertilizer for crops (Venkatasubbiah and Safeeula, 2015).
	Calopogonium mucunoides plant is a hairy annual or short lived perennial trailing legume plant that fixes nitrogen and other elements to the soil, thereby improving the nutrient content of the soil. The metabolic activities of this plant help in improving the nutrient content of the soil for good growth and development of other plants (Agbo et al., 2021; Agbo et al., 2025). Plants release a variety of compounds through their roots that support symbiotic interactions within the rhizosphere. For instance, plant hormones such as strigolactones are secreted and recognized by mycorrhizal fungi, prompting spore germination and inducing physiological changes that enable the fungi to colonize the roots (Heuze et al., 2016). Similarly, leguminous plants exude flavonoids that are sensed by Rhizobium species, which in turn produce nod factors. These nod factors signal the plant and trigger the development of root nodules for nitrogen fixation. (Odo et al., 2014).
2.0 MATERIALS AND METHODS
2.1 Study area
The study area of this research work was in the University of Calabar found in Calabar Municipality, Nigeria. Samples of the rhizosphere were collected from three different locations; University of Calabar Botanical Garden, University of Calabar Staff quarters and Faculty of biological Sciences garden, respectively in Calabar Municipality which lies between Latitude 4o57'0.9612oN and Longitude 8o21'7.1514oE.
	At the North, the Municipality is bounded by Odukpani Local Government Area, East by the great Qua River. Its Southern shores are bounded by the Calabar River and Calabar South Local Government Area. It has an area of 332,551 square kilometres According to the 2006 census, the area had a population of 179,392 (Agbo et al., 2016). The municipality comprises two major ethnic groups: the Quas and the Efiks. The majority of the indigenous inhabitants are involved in farming, fishing, and trade.
2.2	Sample collection              
The Soil Samples were collected from different locations within the University of Calabar, Calabar Municipality, Nigeria. The Soil Samples were aseptically collected and each wrapped in sterile aluminium foil to prevent contamination, and transported to the laboratory for microbial analysis.
2.3	Microbiological analysis of soil samples
2.3.1	Serial dilution
           The various soil samples were removed from the aluminium foil and sterile polythene bag and one (1.0) gram of each soil samples was weighed out and homogenized into 9.0ml of sterile distilled de-ionized water and then mixed thoroughly, then 10-fold serial dilution was carried out by transferring 1ml of the aliquot into 9ml of sterile distilled water contained in the test tube (diluents). 0.1ml of the dilution that was less turbid was plated in petri-dishes (in duplicates) using spread plate technique (Okwute and Isu, 2017: Agbo et al., 2025).
2.3.2	Enumeration and identification
         	Identification and enumeration was conducted by following the method, after weighing 1.0 gram of the soil samples, it was transferred to 9ml of sterile distilled water and then mixed thoroughly, and then 10-fold serial dilution was carried out by transferring 1ml of the aliquot into 9ml of the diluents and mixed, then transferred again till it reaches the 10th tube.
	Spread plate technique was used in plating the samples, 0.1ml of the sample was poured into petri-dishes (in duplicates) and the media used was Saboraud Dextrose Agar (SDA) for fungal enumeration and Nutrient Agar (NA) for bacterial enumeration was poured into the plate for each sample (i.e. sample from the rhizosphere) and then mixed well and allowed to solidify, then incubated at room temperature for 24 hours (for NA) and 72 hours (for SDA). 
After incubation, the colonies were observed and then counted and recorded, then identification of pure culture from each sample was done by studying colony characteristics, microscopy and biochemical characteristics. Identification was achieved by the aid of binocular microscope (Agbo et al., 2025).
2.3.3 	Isolation and purification of the isolates
 The bacterial and fungal colonies which developed were isolated and purified by repeated sub-culturing onto Nutrient Agar plates and Saboraud Dextrose Agar respectively, which were incubated at room temperature for 24 hours (for NA) and 72 hours (for SDA), from these pure culture, stock cultures were prepared in agar slants in stock bottles (using nutrient agar for bacterial isolates and from SDA for fungal isolates) for subsequent characterization and identification (Agbo et al., 2025).
2.4     Examination and identification of microbial species obtained from samples
     Identification and characterization of the bacterial isolates were carried out by examining their Gram reaction and microscopic cell morphology. Morphological characterization which included elevation, size, colour, consistency and moisture contents (wet or dry colony) was carried out according to the methods of Etok et al, (2004). Other biochemical characterization tests carried out to identify microbial isolates were: Gram staining, Motility test, Oxidase test, Catalase test, Citrate test, Indole test, Coagulase test, Sugar fermentation test, Methyl Red Test, Vogues Proskauer Test, (Agbo et al., 2016; Agbo et al., 2025).
2.5 	Statistical Analysis
Statistical analysis of the microbiological data was performed to determine the range of uncertainty, using Analysis of Variance (ANOVA) to evaluate the rhizosphere and rhizoplane microflora of Calopogonium mucunoides. ANOVA was employed to assess whether the differences observed among the groups were statistically significant, with significance reported at (p< 0.05.)
3.0 RESULTS
3.1	Total heterotrophic rhizosphere bacteria load in Calopogonium muconoides plant

	This study showed that the total heterotrophic bacterial load (THBL) at the root of Calopogonium muconoides plant sampled from the University of Calabar Botanical Garden (sampling point 1) was 80.00±0.82x104cfu/g. That of Calopogonium muconoides plant sampled from the University of Calabar Staff Quarters (sampling point 2) was 55.67±1.25 x104cfu/g while that sampled from Faculty of Biological Science Garden (sampling point 3) was 90.33±1.25 x104cfu/g. The results showed that the Calopogonium muconoides plant sampled from Faculty of Biological Science Garden had the highest total heterotrophic bacterial load (THBL) while that sampled from the University of Calabar Staff Quarters had the least total heterotrophic bacterial load. Analysis of variance showed that there were significant differences (p < 0.05) in the total heterotrophic bacterial load (THBL) across rows. Figure 1 shows the results of the total heterotrophic bacterial load at the root of Calopogonium muconoides plants sampled from the University of Calabar. 
3.2 	Total rhizosphere fungal counts in Calopogonium muconoides plant

	Results of the mycological analysis of the root of Calopogonium muconoides plant sampled at the University of Calabar Botanical Garden (sampling point 1) showed that it had a total rhizosphere fungal count of 24.00+1.63x103cfu/g. The Calopogonium muconoides plant sampled from the University of Calabar staff Quarters (sampling point 2) had a total rhizosphere fungal count of 24.00+2.16x103cfu/g while that sampled from the Faculty of Biological Science Garden (sampling point 3) had a total rhizosphere fungal count of 18.00+2.88x103cfu/g. The results showed that the Calopogonium muconoides plant sampled from the Faculty of Biological Science Garden had the least total rhizosphere fungal counts. 
	Analysis of variance showed that there was significant difference (p < 0.05) in the total rhizosphere fungal counts in Calopogonium muconoides plants sampled from the University of Calabar across rows. Figure 2 shows the results of the total rhizosphere fungal counts at the root of Calopogonium muconoides plants sampled from the University of Calabar. 







		1






FIG. 1: Total Heterotrophic Rhizosphere Bacteria Counts in Calopogonium Muconoides Plant   
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FIG. 2:  Total Rhizosphere Fungal Counts in Calopogonium muconoides Plant
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3.3	Characteristics of bacterial isolates from Calopogonium muconoides Plants in 	University of Calabar

	Analysis revealed that the bacterial isolates at the root of Calopogonium muconoides plants sampled from the University of Calabar Botanical Garden were: Bacillus spp. Streptococcus spp., Proteus vulgaris, Klebsiella. Pneumoniae and Enterobacter spp. Bacillus spp was 2(33.33%) of the total isolate from the University of Calabar Botanical Garden, while Streptococcus spp., Proteus vulgaris, Klebsiella. Pneumoniae and Enterobacter spp was 1(16.66%) each. The bacterial isolates from Calopogonium muconoides sample from Biological Science Garden were: Bacillus spp., Proteus vulgaris, Streptococcus spp., Escherichia coli, Proteus mirabilis and Pseudomonas aeruginosa. Proteus spp was 2(33.33%) of the total bacterial isolate from Biological Science Garden while Bacillus spp., Streptococcus spp., Escherichia coli, Proteus mirabilis and Pseudomonas aeruginosa was 1(16.66%) each.
	The results also showed that the bacterial isolates from the Calopogonium muconoides plants sampled from the University of Calabar Staff Quarters were: Pseudomonas spp., Enterobacter cloacae, Staphylococcus aureus, Acinetobacter spp and Klebsiella spp. The bacterial isolates from the roots of Calopogonium muconoides plants sampled from the University of Calabar Staff Quarters had the same frequency of occurrence of 1(20%) each. The results of the biochemical characteristics of bacterial isolates from Calopogonium muconoides plants sampled from the University of Calabar are presented in table 1. 




TABLE 1
Biochemical Characteristics of the Bacteria Isolates from Calopogonium muconoides Plants in University of Calabar

	Location 
	Sample code
	Cultural characteristic  
	Morphological appearances
	Grams reaction
	Indole
	MR
	VP
	Citrate 
	Catalase
	LAC
	SUC
	GLU
	H2S
	GAS
	Motility
	Probable organisms

	Botanical Garden
	BG1
	Smooth, milky mucuiod colonies
	Rods in chains & Clusters
	+
	-
	+
	-
	+
	+
	-
	-
	+
	+
	-
	+
	Bacillus spp.

	
	BG2
	Large, flat, dry & circular colonies
	Cocci in clustereis
	+
	-
	-
	+
	-
	+
	+
	+
	-
	-
	-
	-
	Streptococcus spp.

	
	BG3 & BG4
	Milky, dry, Irregular & raised
	Single rods
	-
	+
	+
	-
	+
	+
	-
	+
	+
	+
	+
	+
	Proteus vulgaris

	
	BG5
	Round Creamy Colonies
	Capsulated rods
	-
	-
	-
	+
	+
	+
	+
	+
	-
	-
	+
	-
	Klebsiella. Pneumonia

	
	BG6 & BG7
	Small mucoid colonies with raised   elevation
	Rods 
	-
	-
	+
	-
	+
	+
	+
	-
	+
	+
	+
	+
	Enterobacter spp

	
	BG8
	Shiny mucoid colonies with entire margin 
	Bacilli rod
	+
	-
	-
	+
	+
	+
	-
	-
	+
	+
	-
	+
	Bacillus spp.

	Biological Sciences 
	BIO11
	Creamy, large & Rough
	Rods in chains
	-
	+
	+
	-
	+
	+
	-
	+
	+
	+
	+
	+
	Proteus vulgaris

	
	BIO12
	Big, Round, smooth & Creamy colonies
	Cocci in clusters
	+
	-
	+
	-
	-
	+
	+
	+
	+
	-
	+
	-
	Streptococcus spp.

	
	BIO13
	Opaque, raised, tiny colonies
	Shoot rods
	-
	+
	+
	-
	-
	+
	+
	+
	+
	-
	+
	+
	Escherichia coli

	
	BIO14 & BIO15
	Creamy mucuiod large colonies with flat elevation
	Straight rods
	-
	-
	+
	-
	+
	+
	-
	+
	-
	+
	+
	+
	Proteus mirabilis

	
	BIO16
	Slightly raised, dull, roung & irregular colonies
	Rods
	-
	-
	+
	-
	+
	+
	-
	-
	-
	-
	+
	+
	Pseudomonas aeruginosa

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Staff Quarters 
	Sq1
	Blue-green, raised, shiny, muciod translucent colony with entire margin
	Small tiny rods
	-
	-
	+
	-
	+
	+
	-
	-
	+
	-
	-
	+
	Pseudomonas spp.

	
	Sq2
	Dry, dull, raised, opaque circular colony
	Rods in chains
	-
	-
	-
	+
	+
	+
	-
	-
	+
	+
	+
	+
	Enterobacter cloacae

	
	Sq3
	Mucoid, convex, large, circular colonies
	Cocci in clusters
	+
	-
	+
	-
	+
	+
	-
	-
	+
	-
	-
	-
	Staphylococcus aureus

	
	Sq4
	Flat, muciod, undulating colony
	Rods in pairs
	-
	-
	-
	+
	-
	+
	+
	+
	-
	-
	+
	-
	Acinetobacter spp.

	
	Sq5
	Moist, shiny, large, translucent colony with entire margin
	Slightly curved rods
	-
	-
	+
	-
	+
	+
	+
	+
	-
	-
	+
	-
	Klebsiella spp.




3.4	Characteristics of rhizosphere fungal isolates from Calopogonium muconoides 	Plants in University of Calabar


	Results showed that the fungal isolates from the Calopogonium muconoides plant sampled from the University of Calabar Botanical garden were predominantly Yeast (Saccharomyces cerevisea), while that from the Calopogonium muconoides plant sampled from Biological Science garden were predominantly Mucor spp and Yeast. The results also showed that the predominant rhizosphere fungal isolate from the Calopogonium muconoides plant sampled from the University of Calabar Staff Quarters were: Penicillium spp and Rhizopus spp. The results of the characteristics of rhizosphere fungal isolates from Calopogonium muconoides plants in University of Calabar are presented in table 2. 
4.0 DISCUSSION
	This study showed that the bacterial and fungal loads from the Calopogonium muconoides plant samples at University of Calabar Botanical garden, Biological Science garden and University of Calabar Staff Quarters were fewer in number as when compared to that of Agbo et al, (2021) and Agbo et al, (2025). The microbial loads in this present study also differ from the work of Akpan et al, (2017), Iyakndue et al, (2017), Brooks et al, (2017) and Agbo et al, (2025). In Agbo et al, (2021) study, the rhizosphere fungal loads were much higher in number that their bacterial load. This disagreed with this present study, the possible reason may be that their own research must have been taken in a different season from that of this present study. The results on the bacterial and fungal loads from this present study was somewhat similar to that of John et al, (2011).
	The bacterial isolates from this present study were: Bacillus spp. Streptococcus spp., Proteus vulgaris, Enterobacter spp, Escherichia coli, Proteus mirabilis. Pseudomonas spp., Staphylococcus aureus, Acinetobacter spp and Klebsiella spp while that of Agbo et al, (2021) were just Chromobacterium spp., Corynebacterium spp., Acinetobacter spp., Escherichia coli and Bacillus spp. Similar bacterial isolates from this present study and that of Agbo et al, (2021) were: Acinetobacter spp., Escherichia coli and Bacillus spp. The possible reasons for the diversity of bacterial isolates from the root of Calopogonium muconoides plant samples at University of Calabar and that of Agbo et al, (2021) may be the season of their research and possible presence of contaminants in the soil.
	Saccharomyces spp and Mucor spp were the rhizosphere fungal isolates that were similar in this present study and that of Agbo et al, (2021). Other rhizosphere fungal isolates from this present study were: Penicillium spp and Rhizopus spp. Agbo et al, (2021) in their study, isolated Fusarium spp and Gliocladium spp which was not found in this present study. 
5.0 	CONCLUSION AND RECOMMENDATION
5.1 Conclusion
	The study shows the presence of diverse microorganisms at the rhizosphere of Calopogonium muconoides plants at the University of Calabar. The microbial diversity observed at the rhizosphere of the plant help in a lot of metabolic activities both the plant and to the soil environment. Some of the microorganisms seen at the rhizosphere of the plant could be used for both microbiological and biotechnological researches in the University.
5.2 	Recommendation
Calopogonium muconoides plants at the University of Calabar community should be safeguarded so as to be used for phyto-remediative researches and biotechnological researches. The rhizosphere microorganisms could also be used for pharmaceutical researches and other researches that would be of economic importance to man. 

TABLE 2

Characteristics of Rhizosphere Fungal Isolates from Calopogonium muconoides Plants in University of Calabar

	Sample location 
	Isolate code
	Colour of aerial hyphae
	Nature of hyphae
	Colour of substrate hyphae
	Spore shape
	Possible organism 

	Botanical Garden 
	U1




U2

	Greenish velvet



Whitish
	Dry




Dry 
	Creamy 




Creamy
	Filamentous




Ring-like
	Yeast spp.



Saccharomyces cerevisca



	Biological Sciences 
	M1



M2
	Whitish



Greenish
	Dry



Rhizoid
	Grey



Creamy
	Rhizoid



filamentous
	Mucor spp.



Yeast spp



	Staff Quarters 
	Sq1




Sq2

	Whitish




Whitish
	Dry 




Hair-like 
	Whitish




Whitish
	Rhizoid 




filamentous
	Penicillium spp.



Filamentous Rhizopus spp.
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Rhizosphere bacteria 	80	55.67	90.33	Sampling points 


Rhizosphere bacteria count (x10000 cfu/g)
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Rhizosphere fungal count (x1000 cfu/g)



16

