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Abstract 
Plant growth is influenced by a number of factors including endophytic bacteria which are found 
residing inside plant tissues during all or part of their life cycle. They occur as endogenous flora or may 
originate from different plant niches including rhizosphere, caulosphere, laimosphere, phyllosphere, 
anthosphere, carposphere and spermosphere. This study investigated the occurrence, diversity, and 
plant growth-promoting (PGP) traits of endophytic bacteria isolated from Vigna unguiculata 
(cowpea) grown under varying levels of crude oil contamination. Above-ground plant parts were 
collected, sterilized and homogenized for the endophytic bacterial enumeration, isolation and 
identification. A total of 15 bacterial endophytes were identified through morphological and biochemical 
characterization. The isolates were dominated by Gram-positive cocci, with Enterococcus spp. (33.3%) 
and Staphylococcus spp. (26.7%) as the most prevalent bacteria, alongside Lysinibacillus 
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endophyticus, Cellulomonas endophytica, Pectobacterium betavasculorum, Paenibacillus polymyxa, 
and Buttiauxilla agrestis. Functional screening revealed diverse PGP traits: pectinase activity (46.7%) 
and phosphate solubilization (up to 137.5 SE) were widespread, while cellulase (26.6%) and indole-3-
acetic acid (IAA) production were less common. Buttiauxilla agrestis EB14 exhibited the broadest 
functional profile, producing cellulase, pectinase, ammonia, high phosphate solubilization, and the sole 
IAA activity. These findings highlight the potential of cowpea-associated endophytic bacteria as 
bioinoculants for enhancing plant growth and resilience under hydrocarbon stress. Harnessing these 
endophytes could advance phytoremediation technology and promote sustainable agriculture in 
petroleum-impacted soils. 
 
Keywords: Endophytic bacteria, Plant growth-promoting, traits, Vigna unguiculata, Crude oil 
contamination 
 
 
INTRODUCTION 
The increasing prevalence of crude oil contamination globally poses a significant 
environmental challenge, impacting soil quality and agricultural productivity (Ismail et al., 
2024). This pervasive pollution necessitates effective remediation strategies, among which 
phytoremediation, leveraging plants and their associated microorganisms, shows 
considerable promise (Simova-Stoilova et al., 2025). Vigna unguiculata, commonly known as 
cowpea, is a crucial legume with notable tolerance to various abiotic stresses, including 
drought and salinity, making it a promising candidate for cultivation in stressed 
environments (Maquia et al., 2021). Its adaptability is particularly relevant in the face of 
escalating global climate change and its associated environmental challenges (Costa et al., 
2012). The plant's interaction with beneficial microorganisms, specifically Plant Growth-
Promoting Bacteria (PGPB), is instrumental in enhancing its resilience and growth under 
adverse conditions (Coa et al., 2023). These bacteria contribute to plant health by producing 
phytohormones, solubilizing nutrients, and mitigating stress effects (Ariza-González et al., 
2023; Bouremani et al., 2024). Understanding the intricate relationship between Vigna 
unguiculata and its endospheric PGPB, particularly in hydrocarbon-stressed soils, is critical for 
developing sustainable agricultural and environmental solutions. 
 
Hydrocarbon stress (HS), resulting from crude oil contamination, significantly impairs plant 
growth and productivity by disrupting physiological processes, altering nutrient uptake, and 
inducing oxidative stress (Saberi et al., 2021; Racioppo et al., 2023). Traditional approaches to 
mitigate such contamination often involve chemical methods that can further degrade soil 
health and groundwater quality (Ansari et al., 2023). In contrast, PGPB offer an eco-friendly 
and sustainable alternative by enhancing plant tolerance to stress and promoting growth 
without adverse environmental impacts (Pandey and Bhatt, 2016; Wu et al., 2024). Endophytic 
bacteria, which colonize plant internal tissues without causing disease, are particularly 
effective in this regard, as they are less susceptible to environmental fluctuations than their 
rhizospheric counterparts (Liu-Xu et al., 2024). They play diverse roles in plant adaptation, 
including nutrient cycling, hormone regulation, and protection against pathogens (Guo et al., 
2024). The endosphere of plants, therefore, represents a stable and nutrient-rich micro-
environment where beneficial microbes can thrive and exert their growth-promoting effects 
(Tariq et al., 2020). 
 
Despite the recognized potential of PGPB in stress alleviation, a comprehensive 
understanding of the specific PGPB populations residing within the endosphere of Vigna 
unguiculata when subjected to hydrocarbon stress remains limited (Ismail et al., 2024; Vimal et 
al., 2024). While studies have explored PGPB in the rhizosphere and endosphere of various 
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plants under different abiotic stresses like drought and salinity (Perelomov et al., 2024; Pandey 
and Bhatt, 2024), the detailed characterization of endospheric PGPB in Vigna 
unguiculata under hydrocarbon contamination is an identified research gap. Existing research 
on Vigna unguiculata has predominantly focused on its tolerance to osmotic stress, salinity, 
and general microbial associations in the rhizosphere (Ranjan et al., 2024). However, the 
unique physiological and biochemical responses induced by hydrocarbon stress, coupled 
with the distinct characteristics of endospheric communities, necessitate a focused 
investigation to uncover the specific bacterial adaptations and mechanisms involved (Bhutani 
et al., 2020 Bakhtiyarifar et al., 2021). Filling this gap is essential to harness the full potential of 
these plant-microbe interactions for practical applications in contaminated agricultural lands. 
The main objective of this study was to characterize the occurrence, diversity, and plant 
growth-promoting traits of endophytic bacteria isolated from Vigna unguiculata grown under 
varying levels of crude oil contamination. Unlike previous studies that largely focused on 
rhizospheric microbes or single functional traits, the novelty of this work lies in examining 
the endophytic microbiome of cowpea under hydrocarbon stress and simultaneously 
assessing multiple PGP attributes, including phytohormone production, phosphate 
solubilization, and cellulose activity. This dual focus highlights endophytes as both plant 
growth enhancers and potential phytoremediation agents, providing new insight into bio-
inoculant development for contaminated soils. 
 
MATERIALS AND METHODS 
Study Area and Sample Collection 
The experiments were conducted in the Microbiology Laboratory, Department of 
Microbiology, University of Maiduguri, Borno State, Nigeria (coordinates: Lat. 11° 50’ N; 
Long. 13° 10’ E). Seeds of Vigna unguiculata (cowpea) used in the study were obtained from 
Maiduguri Monday market. The seeds were identified and grown at the Herbarium and the 
Botanical Garden of the Department of Biological Sciences, University of Maiduguri. Different 
cowpea seedlings growing in hydrocarbon contaminated soil at various contaminant 
concentrations (0%, 2.5%, 5%, 7.5% and 10% v/w crude oil) were collected to maximize the 
bacterial recovery. The seedlings were transported to the laboratory and processed 
immediately according to their level of treatments (UR0, CR2.5, CR5, CR7.5 and CR10).  
 
Estimation of Endopytic Bacteria and Estimation of Abundance and Diversity 
Enumeration of the Endophytic Population 
Endophytic bacterial species in cowpea tissues were enumerated and isolated aseptically by 
enrichment culture techniques. Briefly, 1 g of the uprooted plant’s shoots was submerged into 
a Petri dish filled with 2% NaOCl for 2 min. Three Petri dishes, one with 70% ethanol and the 
other two with sterilized distilled water were prepared. The root samples were rinsed for 3 
min in each of the three Petri dishes, where the last petri dish with distilled water served as 
control to indicate complete sterilization of the sample surface. Using a sterile tissue 
homogenizer the sample was crushed to form a homogenous extract, and immersed into 
sodium bicarbonate (NaHCO3) (Baoune et al., 2018) provided in solution for 5 min in order to 
arrest the possibility of emergence of endophytic fungi from the extracted sample, followed 
by washing with sterile deionized water for three times to remove surface sterilization agents 
(Afzal et al., 2014; Syranidou et al., 2016). It was subjected to serial dilution and subsequently 
inoculated to a prepared Yeast extract Mannitol Agar and Mineral Salt Agar and incubated 
for 4 days at 30°C (Navarro-Noya et al., 2012). Following incubation, bacterial population was 
estimated using colony counter. The result was determined from the number of counts and 
dilution used and expressed as colony forming units per gram of soil (CFU/g). To obtain pure 
bacterial cultures, respective colonies were obtained by repeated subculture of colonies 
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formed on oil agar (OA) into fresh Nutrient Agar Petri plates. Pure isolates were  maintained 
on agar slants for further characterization and identification (Roy et al., 2014). 
 
Characterization and Identification of Isolates 
Endophytic bacterial isolates were characterized macroscopically, microscopically and using 
biochemical tests described by Prescott and Harley (2002). Based on the observed 
characteristics, the isolates were identified according the schemes of Holt (1994) as contained 
in Bergey’s Manual of Determinative Bacteriology and ABIS online identification server 
(https://www.tgw1916.net/bacteria_abis.html) at 90% similarity.  
 
Determination of Plant Growth Promotion Traits 
Cellulase activity 
The identified bacterial isolates were screened for cellulase enzyme production using carboxy 
methyl cellulose (CMC) agar as described by Zaghloul et al. (2016). Aliquot of the bacterial 
suspensions were plated on CMC agar. The plates were incubated at 30oC for 5 days. At the 
end of the incubation, the culture surface was flooded with an aqueous solution of Congo red 
(1% w/v) for 15 minutes. The Congo red solution was then poured off, and the plates were 
further treated by flooding with 1M NaCl for 15 minutes. The formation of a clear zone of 
hydrolysis indicated cellulose degradation. 
 
Pectinase activity 
Pectin agar medium was prepared and poured into petri dishes. After solidification, halls 
were made on the agar with the help of cork-borer. The halls were filled with 0.5 mL of the 
teste isolates and incubated at 30°C for 4 days. Iodine-potassium/iodide solution was added 
to the plate’s surface to detect clearance zone. The enzyme activity was detected by measuring 
the diameter of clear zone around the halls in millimeter (Fernandes-Salomao et al., 1996). 
 
Phosphate solubilization 
Phosphate-solubilizing ability of the bacterial isolates was determined on Pikovskaya agar 
medium. The isolates were spotted onto Pikovskaya agar and incubated at 30°C for 3 days. 
The presence of halo zone around the bacterial colony was considered as indicator for positive 
ability for inorganic phosphate solubilization. The results were expressed as solubilization 
efficiency (SE) as described by Zaghloul et al. (2016). 
SE = (Solubilization diameter)/(Growth diameter)  × 100 ………………… Eqn. (1). 
 
Indole acetic acid production 
The ability of the isolates to produce indole acetic acid (IAA) was investigated using the 
methods of Shrivastava and Kumar (2011). A minimal salt agar plate containing 0.1g/mL of 
tryptophan was prepared and dispensed into sterile Petri dishes. After proper solidification, 
hole of 2 cm diameter were made by means of sterile cork borer. An overnight culture (0.2mL) 
of the isolates was introduced in each hole and incubated at 30oC. After overnight growth, the 
cultures were removed gently with tissue paper from the holes and 0.2ml Salkowsky reagent 
(12g FeCl per liter in 7.9 M H2SO4) was added in the cavity. After addition of reagent, pink 
halo zone appeared the in holes which was measured and the diameter of the hole and the 
total halo zone diameter of all strains were measured thereafter. The IAA production index of 
each strain was calculated by the formula: 

IAA = 
Total halo zone diameter − Hole diameter

Hole diameter
 …………………………………… Eqn. (2). 

 
 
 

https://www.tgw1916.net/bacteria_abis.html
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Production of ammonia 
The bacterial isolates were tested for the ability to produce ammonia in nutrient broth. Freshly 
grown bacterial cultures were inoculated in 10ml nutrient broth and incubated at 30°C for 48 
hours in a rotary shaker at 200 rpm. After the incubation period, 0.5 mL of Nessler’s reagent 
was added and thoroughly mixed in each tube. The development of yellow-brown color 
indicated positive reaction for ammonia (Ozugul and Ozugul, 2007). 
 
RESULTS AND DISCUSSION 
In this study, the occurrence of endophytic bacteria in cowpea above ground tissues was 
investigated. Figure 1 shows the total endophytic bacteria (TEBC) and oil utilizing bacterial 
(OUBC) counts. Plants in UR0.0 (8.4×106 CFU/g) and CR7.5 (8.8×106 CFU/g) were shown to 
harbor more TEBC than CR2.5 and CR10. Similar trend was observed in OUBC except that 
CR10 (5.4×106 CFU/g) had more bacterial counts than CR2.5 (5.6×106 CFU/g) and CR5.0 
(4.8×106 CFU/g) respectively. Total endophytic bacterial counts decreased significantly with 
increasing hydrocarbon contamination (p < 0.05), indicating overall microbial suppression in 
the cowpea endosphere. In contrast, OUB were comparatively less affected, resulting in an 
increased OUB/TEBC ratio under higher contamination levels. This suggests selective 
enrichment of hydrocarbon degraders, demonstrating cowpea’s potential as a host for 
endophytes contributing to phytoremediation in petroleum-impacted soils. 
 
A total of 15 endophytic bacteria capable of hydrocarbon utilization were isolated and 
identified as shown in Table 1 based on morphological and biochemical characteristics. The 
endophytic isolates were dominated by Gram-positive cocci occurring in pairs or clusters 
which accounted for 60% of the isolates. Enterococcus spp. (33.3%), Staphylococcus spp. (26.7%) 
and Lysinibacillus endophyticus (13.3%) were more prevalent than other bacterial species. Other 
species include Cellulomonas endophytica, Pectobacterium betavasculorum, Paenibacillus polymyxa 
and Buttiauxilla agrestis with 6.7% occurrence rate each as shown in Figure 2. The occurrence 
of some of these endophytic isolates like Enterococcus spp., Staphylococcus spp., Lysinibacillus 
endophyticus, Cellulomonas endophytica, Pectobacterium betavasculorum, Paenibacillus polymyxa 
and Buttiauxilla agrestis has previously been reported. In a study by Muindi et al. (2021) 
identified a number of bacterial endophytes from cowpea roots including Paraburkholderia sp. 
and Pseudomonas sp. Ahmad et al. (2019) have equally listed Bacillus, Brevibacillus, Burkholderia, 
Corynebacterium, Lysinibacillus, Micrococcus, Paenibacillus, Pseudomonas and Staphylococcus as 
some of the common endophytic bacteria reported in the literature. This is in agreement with 
the endophytic bacteria detected in this current study. 
 
 

 
Figure 1: Bacterial abundance in the endosphere of V. unguiculata. Heterotrophic bacterial counts are higher across 
the treatment levels. 
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Table 1: Morphological and Biochemical Characteristics of Bacterial Endophytes Isolated 
from Vigna unguiculata 

 
 
 
Isolat
e code 

Morphological properties   Biochemical Characteristics 
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EB01 + R S - -  - - - + - - - + +  + + + - + + 
Cellulomonas 
endophytica 

EB02 + C C - -  - + - - + - - - -  + + + - - + Staphylococcus sp. 

EB03 + C D - -  - 
- 

- - + + - + +  + + + - - + 
Enterococcus 
saccharolyticus 

EB04 + C C - -  - + - + - + - + -  + + + - + + Staphylococcus sp. 

EB05 + C D - -  - 
- 

- + - + - + -  + + + - + + 
Enterococcus 
casseliflavus 

EB06 - R L - -  - 
+ 

- - + + - - +  + + + - - + 
Pectobacterium 
betavasculorum 

EB07 + R L - -  - 
+ 

- + - - - - +  + + + - - - 
Paenibacillus 
polymyxa 

EB08 + R L - -  - 
+ 

- + - - - - +  + - - - - + 
Lysinibacillus 
endophyticus 

EB09 + C C - -  - + - + - + - + -  + + + - + + Staphylococcus sp. 

EB10 + R L - -  - 
+ 

- + - - - - +  + - - - - + 
Lysinibacillus 
endophyticus 

EB11 + C D - -  - 
- 

- + - - - + +  + + + - + + 
Enterococcus 
saccharolyticus 

EB12 + C C - -  - 
+ 

- + - - - + +  + + + - + + 
Staphylococcus 
simulans 

EB13 + C D - -  - 
- 

- + - - - + +  + + + - + + 
Enterococcus 
saccharolyticus 

EB14 - R L - -  - + - + - + - + -  + + + - + + Buttiauxilla  agrestis 

EB15 + C D - -  - 
- 

- + - - -  +  + + + - + + 
Enterococcus 
saccharolyticus 

KEY: GR- Gram Reaction, COA- Coagulase, CAT- Catalase, OXI- Oxidase, MR- Methyl Red, VP- Voges-Proskaur, 
IND- Indole, CIT- Citrate, TSI- Triple Sugar Iron, GLU- Glucose, LAC- Lactose, SUC- Sucrose, H2S- Hydrogen 
Sulphide, GAS- Gas Production, MOT- Motility, SR- Short Rod, LR (shape)- Long Rod, CC- Cocci Clusters, CP- 
Cocci Pairs, NA- Not Applicable. 
+: Poisitive -: Negative 

 
Figure 2: Rate of occurrence of endophytic bacteria in V. unguiculata 

Cellulomonas 

endophytica

6.7%

Staphylococcus 

sp.

20%

Enterococcus 

saccharolyticus

26.7%

Enterococcus 

casseliflavus

6.7%

Pectobacterium 

betavasculorum

6.7%

Paenibacillus 

polymyxa

6.7%

Lysinibacillus 

endophyticus

13%

Staphylococcus 

simulans

6.7%

Buttiauxilla  

agrestis

6.7%



Occurrence of Plant Growth-Promoting Endophytic Bacteria from Cowpea Grown under Hydrocarbon Stress 

Ismail H. Y. et al, DUJOPAS 11 (4b): 29-40, 2025                                                                                         35 
 

The phenotypic characterization of the fifteen bacterial endophytes revealed variability in 
their plant growth-promoting (PGP) attributes. Cellulose and pectinase activity emerged as 
the most prevalent traits, being expressed by 26.6% and 46.7% of endophytic bacteria 
respectively. The predominant species include Enterococcus spp., Cellulomonas endophytica EB1, 
Staphylococcus spp. (EB2, EB4), Lysinibacillus endophyticus EB10, Enterococcus saccharolyticus 
EB13, Buttiauxilla agrestis EB14, and E. saccharolyticus EB15 as shown in Table 2. This 
widespread distribution suggests that pectinolytic capacity may be a conserved adaptation 
among endophytes, enabling effective colonization and nutrient release within host tissues.  
 
Cellulase activity was notably limited, detected in only four isolates (E. saccharolyticus EB3, 
EB11, EB13, and B. agrestis EB14). The restricted occurrence of cellulolytic capacity indicates 
that cellulose degradation is not a dominant functional strategy among the tested strains. This 
finding has the precedence of Ferreira et al. (2008) who also reported the occurrence of 
endophytic cellulase producing Enterococcus spp. among others. It however contradicts the 
findings of Brıgido et al. (2019) who reported the genera Bacillus, Paenibacillus and Pseudomonas 
as the predominant endophytes with cellulolytic activity. Cellulomonas endophytica EB1 would 
have been assumed to be cellulase producing, principally going by its name. However, Li et 
al. (2020) reported a non-cellulase producing Cellulomonas endophytica isolated from Gastrodia 
elata which was highly similar to Cellulomonas marina – a non-cellulytic marine bacteria. Carro 
and Menéndez (2020) emphasized that, expression of cellulase and pectinase activities is 
related to the entry modes of bacterial endophytes into plants and in the translocation of 
several compounds from the rhizosphere to the plant apoplast. It is becoming glaring that 
production of hydrolytic enzymes appears to be necessary in the bacterial endophytic lifestyle 
(Afzal et al., 2019; Carro and Menéndez, 2020). 
 
In contrast, ammonium production was also relatively common but demonstrated greater 
variability, reflecting possible differences in nitrogen metabolism across genera. Fouda et al. 
(2021) reported that endophytic Bacillus subtilis, Paenibacillus barengoltzii, and Burkholderia 
cepacia isolated from the leaves of Pulicaria incisa exhibited ammonia production. Similarly, 
Alkahtani et al. (2020) demonstrated that most endophytic bacteria from Fagonia mollis and 
Achillea fragrantissima were capable of producing ammonia and significantly enhanced the 
growth of Zea mays in greenhouse experiments. Olayemi and Odedara (2017), also identified 
Staphylococcus spp. from Nigerian rice varieties as potent ammonia producers. Ammonia 
production by endophytes is attributed to their ability to hydrolyze urea into carbon dioxide 
and ammonia, the latter serving as a readily available nitrogen source for plants (Banik et al., 
2019; Alkahtani et al., 2020). Beyond supplying nitrogen, ammonia-producing endophytes 
stimulate root and shoot elongation and increase overall plant biomass through the release of 
beneficial metabolites (Fouda et al., 2020). In addition, plant growth–promoting bacteria 
(PGPB) indirectly enhance root development and mitigate abiotic stress by reducing ethylene 
levels in host plants; this occurs through the conversion of its precursor, 1-
aminocyclopropane-1-carboxylate (ACC), into α-ketobutyrate and ammonia (Hayat et al., 
2010; Correa-Garcia et al., 2018). 
 
The rarest trait identified was IAA production, where only B. agrestis EB14 exhibited 
measurable activity (IPI = 4.0). This exclusive ability highlights the unique metabolic 
repertoire of this isolate and its potential as a bioinoculant with auxin-mediated growth 
promotion. Indole acetic acid a key phytohormone, is well known to stimulate plant growth 
and development (Raut et al., 2017; Correa-Garcia et al., 2018). Conversely, phosphate 
solubilization efficiency (SE) was consistently robust, with several isolates recording high 
solubilization indices (109.1–137.5). Two species with highest phosphate SE were Cellulomonas 
endophytica EB01 (137.5) and Enterococcus saccharolyticus EB13 (137.5). Previous studies have 
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identified Enterococcus (Anzuay et al., 2013) as one of the important phosphate solubilizing 
bacteria. Ability to produce organic acids like gluconic, isoveleric, lactic and acetic acids by 
PGPB have been linked to phosphate solubilization (Hayat et al., 2010). Emami et al. (2020) 
suggested that phosphate solubilization by both rhizospheric and endophytic bacteria occur 
in the rhizosphere and may play a great role in meeting-up plants’ phosphate requirements. 
These results highlight the potential of selected strains to mobilize insoluble phosphate 
reserves, a trait of high agronomic relevance in nutrient-limited soils.  
 
A comparative assessment of isolate-specific PGP profiles revealed that B. agrestis EB14 
exhibited the broadest functional ability, with positive cellulase, pectinase, and ammonium 
production, in addition to high phosphate solubilization (SE = 128.6) and the sole production 
of IAA (IPI = 4.0). This multifunctionality highlights B. agrestis EB14 as a promising keystone 
strain for future application in crop growth enhancement and stress tolerance. Similarly, E. 
saccharolyticus EB13 also displayed a strong functional profile, combining cellulase, pectinase, 
and superior phosphate solubilization capacity (SE = 137.5). In addition, Cellulomonas 
endophytica EB1 stood out for its pectinase activity and high SE values. In contrast, isolates 
such as Staphylococcus sp. EB2, Pectobacterium betavasculorum EB6, Paenibacillus polymyxa EB7, 
L. endophyticus EB8, and Staphylococcus simulans EB12 showed limited or no measurable PGP 
traits, suggesting narrow ecological roles under the tested conditions. Individual trait analyses 
(Table 2) indicated that pectinase and phosphate solubilization were relatively well-
represented, cellulase and IAA production were scarce. Of particular note, E. saccharolyticus 
EB13 and C. endophytica EB1 demonstrated consistently high phosphate solubilization (SE = 
137.5), positioning them as strong candidates for biofertilizer development. Taken together, 
these results demonstrate clear functional heterogeneity among the tested isolates. While 
many strains displayed single or dual PGP traits, a subset—including B. agrestis EB14 and E. 
saccharolyticus EB13—exhibited multifunctional capacities, positioning them as particularly 
valuable candidates for sustainable agriculture.  
 
Table 2: Plant growth promoting traits of endophytic bacteria 

Coded Isolates 

Plant Growth Promotion traits 

Cellulas
e activity 

Pectinas
e activity 

Ammonium 
production 

Phosphate 
 Indole acetic acid 

(IAA) 

Solubil
ization SE 

IAA 
production IPI 

Cellulomonas endophytica EB1 - + - + 137.5  - - 

Staphylococcus sp. EB2 - + - -  - - 

Enterococcus saccharolyticus EB3 + - - + 128.6 - - 

Staphylococcus sp. EB4 - + + + 109.1 - - 

Enterococcus casseliflavus EB5 - - + - - - - 

Pectobacterium betavasculorum EB6 - - - - - - - 

Paenibacillus polymyxa EB7 - - - - - - - 

Lysinibacillus endophyticus  EB8 - - - - - - - 

Staphylococcus sp.EB9 - - + - - - - 

Lysinibacillus endophyticus EB10 - + + + 128.6 - - 

Enterococcus saccharolyticus EB11 + - + + 112.5 - - 

Staphylococcus simulans EB12 - - + - - - - 

Enterococcus saccharolyticus EB13 + + - + 137.5 - - 

Buttiauxilla  agrestis EB14 + + + + 128.6 + 4.0 

Enterococcus saccharolyticus EB15 - + - + 118.75 - - 

SE: Solubilization efficiency; IPI: Indole Acetic Acid Production Index; +: positive; -: negative 

 
Among all the isolates only Buttiauxilla agrestis EB14 was able to express all the PGP traits 
examined in this study.  This might be due to the fact that the isolate possesses genetic backup 
responsible for expression of enzymes needed in the various metabolic processes. A number 



Occurrence of Plant Growth-Promoting Endophytic Bacteria from Cowpea Grown under Hydrocarbon Stress 

Ismail H. Y. et al, DUJOPAS 11 (4b): 29-40, 2025                                                                                         37 
 

of studies have highlighted the fact that, ability to express PGP traits is both inherent and 
plasmid mediated (Hayat et al., 2010; Chandra et al., 2021). A study by Dastager et al. (2010) 
reported the ability of Micrococcus sp. with multiple PGP properties isolated from Indian 
forest in promoting the growth of cowpea. Although endophytes share colonization strategies 
similar to those of pathogenic microbes, they establish a beneficial relationship with plants 
without causing disease. Instead, they contribute to plant development by enhancing biomass 
accumulation, inducing resistance against pathogens, and improving tolerance to 
environmental stresses (Ismail et al., 2021). In addition to boosting plant fitness, endophytes 
play a role in nutrient recycling and act as valuable sources of bioactive metabolites with both 
health and environmental significance (Strobel and Daisy, 2003; Anyasi et al., 2019). 
 
CONCLUSION 
This study demonstrates that Vigna unguiculata harbors a diverse community of endophytic 
bacteria with significant plant growth-promoting attributes even under crude oil 
contamination. Pectinase activity and phosphate solubilization emerged as dominant traits, 
suggesting their ecological importance in facilitating nutrient availability and endophyte 
colonization. Notably, Buttiauxilla agrestis EB14 and Enterococcus saccharolyticus EB13 
displayed multifunctional PGP capacities, positioning them as promising candidates for 
biofertilizer development and phytoremediation applications. The results underline the dual 
role of cowpea as a stress-tolerant crop and a reservoir of beneficial endophytes that can be 
leveraged for restoring productivity in petroleum-contaminated soils. Future studies should 
focus on genomic insights and field validation of these isolates to accelerate their integration 
into sustainable agricultural practices. 
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