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Abstract: Rhizobia are biological nitrogen fixing non-pathogenic micro-organisms that make inert
nitrogen available to legumes establishing symbiosis and living within their nodules and promoting
their growth. Livestock farmers use antibiotics without prescriptions to prevent losses, death and
economic wastes, resulting in indiscriminate release of excess, un-utilized antibiotics into the
environment causing detrimental effects to soil microbes particularly rhizobia. This study evaluates
the susceptibility pattern of selected rhizobia strains. The intrinsic antibiotic resistance (IAR) ability of
common rhizobia strains including FA3, B574, RS15, USDA136, USDA9032, R25B, 532C, CC511,
RANI22, RAUG1 were investigated. The antibiotics used included Ceftazamine , Florfenicol ,
Cefpodoxime, Sulphamethoxazole, Ciprofloxacin, Gentamycin , Kanamycin, Ertapenem, Tetracycline,
Meropenem and Carbapenem. Results showed different resistance patterns among isolates where
high resistance was shown against Carbapenem and least resistance was shown against Ciprofloxacin
(40mm), Tetracycline (33mm), kanamycin (45mm) and Gentamycin (50mm). Rani 22 showed most
resistant. Most strains showed no resistance to these antibiotics, but it is significant to note that those
with resistance can be used for the recovery of antibiotics contaminated sites and may provide
potential solutions for futuristic problems associated with AMR. This study suggests that using a
consortium of symbiotic rhizobia strains is a strategy to achieve optimal yields in antibiotic
contaminated fields as the strains showed differences in their susceptibility pattern. Also, the
antibiotics produced or contained active compounds and substances that are detrimental for the
growth of rhizobia and may therefore be a hindrance to these plant growth promoting bacteria when
they are applied to aid plant growth used during agricultural practises.

Keywords: bradhyrhzobim; soil pollution; microbial resistance; farm runoffs; bioremediation

1. Introduction

Rhizobia are nitrogen fixing bacteria which are known to be free living in the soil and are an
integral part of the soil micro-flora ( Fox et al., 1990; Thomas, 1993; Franco and Faria, 1997). They are
able to make inert nitrogen available for leguminous plants by forming symbiotic relationships with
them and in turn are able to utilize certain nutrients produced by the plants (Franco and Dorbereiner,
1994; Woomer et al., 2011, Ajayi et al., 2019) and this is known as biological nitrogen fixation. Antibiotics
are substances which are able to inhibit the growth of bacteria cells, they are usually produced by other
bacteria cells in a bid to out-compete or ensure that nutrient that are available in limited quantities is
sufficient enough for their own use (Reller et al., 2009; Lee et al., 2013; Veins and Liittmann, 2015;
Ayukekbong et al., 2017) (Table 1). These antibiotics are therefore important for treatment of infections
caused by various micro-organisms and thus are produced in large quantities as drugs by
pharmaceutical companies (Tacconelli et al., 2018). These antibiotics are sometimes released
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indiscriminately into the environment as industrial waste and also in hospital environment thereby
affecting the natural soil micro floral which enhances plant growth and also partially expose the soil
micro-organisms to the antibiotics thereby allowing them to build/form resistance to these antibiotics
(Veins and Liittmann, 2015; Ventola, 2015). The soil is therefore rendered useless for farming activities
and later becomes abandoned as the antibiotics ravage and destroys or incapacitates soil micro-flora
that are not resistant to them.

In addition, antibiotics are usually abused and misused in overdosed quantities in the treatment
of animals, with half of the antibiotics being released back into the environment (Martinez, 2008).
Animal waste are also commonly collected and used for fertilizers for plants or released into the
environment and water bodies and they usually contain high levels of antibiotics which have
previously been used to treat the animals to keep them healthy (Van et al., 2014; Hong et al., 2022). They
are either applied in their water, food, or injected in the body of the animals (and the excess is released
along with the animal faeces) (Emilia et al., 2023) (Figure 1a).
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Figure 1. a: Effect of antibiotic run-offs on farm soil and farming land. b: Effect of antibiotic release on
soil micro-organisms.

Antibiotics when released into the environment indiscriminately (Martinez, 2008; Van et al., 2014)
affects the soil micro flora making it impossible for them to carry out their various activities which help
plants and thus rendering the soil useless for farming activities (Dommerguet 1997; Dong ef al., 2022)
(Figure 1b). Also, rhizobia are found in association with several micro-organisms in the rhizosphere
which naturally produce antibiotics which can be lethal or harmful to the soil rhizobia population
rendering them useless, thus there is a need to study the intrinsic resistance of commonly used rhizobial
strains as this is a desirable trait required for them to increase their chances of growth, multiplication,
persistence and survival in the soil (Naamala et al., 2016). Antibiotic resistance describes the genetic
abilities of bacteria to encode resistance genes that assists with helping to counteract the inhibition
effects of potential antibiotics substances to ensure their survival when subjected to these substances
(Blair et al., 2015; Zeeshan et al., 2019). Bacteria mostly develop these resistance either intrinsically by
using natural integrated insertions or recombinations into the bacteria genetic make-up, or acquired by
horizontal genetic mutations processes including transformations, conjugations and transductions
(Martinez et al., 2008). Antibiotic susceptibility testing (AST) is commonly used for specifying what
dosages of antibiotic are most effective and help in the formulation of profiles for standard therapy to
ensure proper management of deadly infections occurring as a result of particular bacteria types and
can be used as a rapid diagnostic method where it plays an important roles for treatment of infection
caused by bacteria.

In the current emergence of multi drug resistance, and micro-organisms increasing occurrence of
resistance of micro-organisms to antibiotics (Ventola, 2015; Meng et al., 2023; Song et al., 2023) there is
a need for proffering preventive precaution by bio-remediation of these soils an example of which is
growing legumes which are inoculated with rhizobia spp which can grow in such abandoned or waste
land there by revitalizing the soils and rebuilding the soil micro-flora making it once again useful for
normal agricultural activities.



Table 1. Classification of selected antibiotics, their uses and mode of actions.

Antibiotics Family/Class | Action Infections it is used | Type Mode of action
type against
Florfenicol Thiamphenico | Bacteriost | Bovine respiratory | Broad- Inhibits proteins
1 derivative atic disease in cattle, swine | Spectrum
and fish
Cefpodoxime Third Bacteriost | Otitis media/ | Broad- Inhibits bacteria cell wall
generation atic Pharyngitis, ~ Sinusitis, | Spectrum final transpeptidation s
cephalosporin gonorrhoea synthesis in cell wall
Sulphamethoxa | Sulfonamide Bacteriost | Shigellosis, bronchitis, | Broad- Interferes with the synth
zole atic Otitis media Spectrum
Ciprofloxacin Second Bactericid | Respiratory tract | Broad- Inhibits DNA replicatior
generation al infection, Skin infection, | Spectrum gyrase and Typ
Fluoroquinolo Urinary tract infection, topoisomerase IV, ne
nes Typhoid, Diarrhoea bacterial DNA thereby in
Gentamycin Aminoglycosi | Bactericid | Skin infections, | Broad- Works by stopping b
de al Pneumonia, Spectrum protein by bindng to 305
Meropenem Carbapenem | Bactericid | Skin infections | Broad- Inhibits bacteria cell-wall
al abdominal infections Spectrum (s
Lactams)
Kanaymycin Aminoglycosi | Bactericid | Severe bacteria infection | Broad- Inhibits ribosomal trans
de al and tuberculosis Spectrum miscoding
Ertapenem Carbapenem | Bactericid | Pneumonia, urinary | Broad- It kills the bacteria sto
al tract infection, | Spectrum bacteria causes rapid ce
Gynaecological binding to penicillin-binc
infection involved in the biosynth
in bacteria cell wall tl
growth, division, loss of
eventually causing lysis
Tetracycline Tetracyclines | Bacteriost | Acne, cholera, | Broad- Inhibits 30s ribosomal su
atic Brucellosis, Plaque, | Spectrum binding of aminoacyl tRI
Malaria, Syphilis, on the mRINA-ribosome «
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2. Materials and Methods

2.1. Antibiotics susceptibility Test

Viable Rhiziobia strains were plated on yeast mannitol agar using spread plate method. The
antibiotics (Oxoid Aura (Oxoid Ltd., Basingstoke, UK) were purchased and stored until use. The discs
were placed on the plate aseptically using sterile forcep (Poupard et al., 1994; Kassim et al., 2016;
Zeeshan et al., 2019). The antibiotics used include Ceftazamine (CAZ), Florfenicol (FFC), Cefpodoxime
(CPD), Sulphamethoxazole (SXT), Ciprofloxacin (CIP), Gentamycin (CN), Kanamycin (K), Ertapenem
(ETP), Tetracycline (TE), Meropenem (MEM) and Carbapenem (Table 1.). The plates were sealed with
laboratory parafilm and placed in an incubator at 28°C for 3-7 days to allow for the slow growing
Bradyrhizobia spp. This was done using modified methods (Woomer et al., 2011; Reller ef al., 2018;
Zeeshan et al., 2019).

2.2. Preparation of test isolates

The strains tested include FA3, B574, RS15, USDA136, USDA9032, R25B, 532C, CC511, RANI22,
RAUGI (Table 2). These typed strains were obtained from the collection of rhizobia isolated at the soil
microbiology laboratory of the International Institute for Tropical Agriculture. rhizobia strains
collected were plated on yeast mannitol agar (YMA was prepared by adding 15 g of agar, 10 g of
mannitol, 0.5 g of K2HPO4,0.2 g of MgS047H20,0.1 g of NaCl, 3 g of CaCOsand 10 g of yeast extract to
1 litre of water in a conical flask, pH 6.8 sterilised at 121° C for 15 mins) using streaking method to
obtain viable cells. These were incubated at 28°C for 3 to 7 days depending on their growth rate
(Woomer et al., 2011).

Table 2. Cultural properties of test Strains.

Rhizobia strain Symbiotic | Colony | Shape | Colour Gram
plant size stain
FA3 Bradhyrhizobium japonicum Soybean small rod Light pink | -ve
B574 Bradhyrhizobium sp. strains small rod Light pink | -ve
RS15 Bradhyrhizobium sp. strains mediu | rod -ve
m
USDA136 Bradhyrhizobium japonicum Soybean small rod Light pink | -ve
USDA9032 Bradhyrhizobium japonicum Soybean small rod Light pink | -ve
R25B  Bradhyrhizobium sp. strains small rod -ve
532C Bradhyrhizobium japonicum Soybean small rod Light pink | -ve
CC511 Bradhyrhizobium sp. strains mediu rod -ve
m
RANI22 Bradhyrhizobium japonicum Soybean small rod Light pink | -ve
RAUGI Bradhyrhizobium japonicum Soybean small rod Light pink | -ve

2.3. McFarland Standard

McFarland’s standard suspensions are prepared using particles of latex or barium sulfate, (the
Kirby-Bauer procedure was used (Bauer et al., 1959; 1966)) using a vortex machine this allows for
comparison visually to determine bacterial density. A given aliquot (0.5-ml) of BaCl2 (1.175% wt/vol
BaCl2 . 2H20) added to 99.5 ml of 0.18 mol/liter H2SO4 (1% vol/vol) and was stirred constantly to
obtain distribution for adequate comparison. The given densities were verified using a measurement
of its absorbance using a spectrophotometer at an absorbency of 625 nm which was between 0.10 for
0.5 McFarland standard, this were kept in sealed tubes (stored at room temperature) and used for
standardizing prepared bacterial inoculums.

do0i:10.20944/preprints202402.1689.v1
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Sterile diluent solution (K2HPOs and MgSQOs) was prepared to which bacterial inoculum was
added under sterile conditions. Prepared bacterial suspension were then compared with the standard
and more inoculum added when it appeared to be lighter than the 0.5 McFarland standard (Bauer et
al., 1959; 1966, Zeeshan et al., 2019).

2.4. Disc diffusion test

The standardized disk diffusion susceptibility method which is a highly practical and simple
method was used (Jorgensen and Turnidge, 2007; EUCAST, 2011; Hombach et al., 2013). The test was
carried out using a bacterial inoculum of about 1-2 x 103CFU/mL which was added to the surface of a
Yeast Mannitol agar plate (9cm diameter) and spread evenly. Five commercially-prepared, paper
antibiotic disks (with known concentrations) were placed on the inoculated agar surface (Figure 2 a,b).
The Petri dishes were then are incubated for 3-7 days at 28°C prior to determination of results, because
rhizobia are slow growers. The zones of inhibition of growth around the antibiotic disks were measured
in millimeter using a ruler. The width of the diameter tells about the level of susceptibility of the isolate
and also about the rate at which the drug diffusions through the agar medium.

Resistant
(b)



Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 29 February 2024 i:10. reprints202402.1689.v1

Figure 2. (a). Susceptibility and resistance in bacteria in reaction to antibiotic discs. (b). Resistance to
Carbapenem.

The zone diameters of each antibiotics were interpreted using the size of diameter as a criteria, the
results of the disk diffusion test were “qualitative,” and the categories of susceptibility used were
susceptible, intermediate, or resistant (Kirby et al., 1957; Difco 1984; Winn et al., 2006).

2.5. Disk Placement

Disks was placed on plate so that it was not closer than 24 mm (center to center) on the Yeast
mannitol agar plate. Five (5) disks were used in each plate as the size of the plate was 90mm. The disks
were picked and placed on the agar using sterile forceps a separate forceps was used for each antibiotics
(Jorgensen et al., 2007; Mayrhofer et al., 2008; Patel et al., 2011). The edge of the plate was avoided to
ensure zones were fully round and could be measured. Each disk was carefully pressed down with
sterile forceps to ensure complete contact with the agar surface. It was ensured that the surface of the
agar was smooth and well dried before use to ensure that the shape of the zone was not affected
(Mayrhofer et al., 2008; Hombach et al., 2013).

2.5. Determination of resistance property

Plates were observed for inhibition/ susceptibility or growth which was measured using a meter
rule while resistance was recorded as R. Inhibition was shown as restricted growth around the
antibiotic disc while resistance was shown as undisturbed bacteria grow on the antibiotic disc (Figure
2a). For Cabapenem, resistance was shown by the production of a green coloration on the plate while
susceptibility showed no colour change (Figure 2b) (Lalitha, 2004; CLSI, 2009; 2021). After 7 days, plates
were observed for growth or inhibition. Susceptibility was measured in Millimetres (mm) while
resistance were recorded as S- Suseptible (>20mm), I- intermediate (<20mm), R- resistant while for
Cabapenem, susceptibility showed no colour change while resistance showed green colouration. Zones
of inhibition were then classified as S- Suseptible where zone of inhibition was >20mm, I- intermediate
where zone of inhibition was <20mm) and R- resistant where no zone of inhibition was formed.
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3. Results

3.1. Ceftazamine (CAZ)

Three strains were resistant to Ceftazamine (CAZ), FA3, USDA9032, RANI 22 and the highest
susceptibility was observed in B574 and RS15 with zones of inhibition of 40mm while the least zone of
inhibition was 19 mm which was seen in 532C (see Table 3, Figure 4). 30% of the strains were resistant
to Ceftazamine (CAZ)

3.2. Florfenicol (FFC)

Three strains were resistant to Florfenicol (FFC), USDA 9032, RANI 22 and RAUG 1. Highest
susceptibility was in CC511 with a zone of inhibition of 40mm, while the least zone of inhibition was
obtained in RS15 of about 9mm (see Table 3, Figure 4), this was also the smallest zone of inhibition
amongst all the antibiotics tested. 70% of the strains were susceptible to Florfenicol (FFC).

3.3. Cefpodoxime (CPD)

FA3, USDA9032 and RANI 22 were resistant to Cefpodoxime (CPD) while all others were
susceptible to Cefpodoxime (CPD). The Zone of inhibition was between 19 mm obtained in CC511 and
RAUG 1 and 34 mm observed in RS15 (see Table 3, Figure 4). 30% of the strains were resistant to
Cefpodoxime (CPD)

3.4. Sulphamethoxazole (SXT)

USDA9032, RANI22 and RAUG 1 were resistant to Sulphamethoxazole (5XT) while all others were
suspetible to Sulphamethoxazole (SXT). The zone of inhibition obtained was between 18 mm in CC511
and 37 mm seen in FA3 (see Table 3, Figure 4). 70 % of the strains were susceptible to
Sulphamethoxazole (SXT).

3.5. Ciprofloxacin (CIP)

All strains were susceptible to Ciprofloxacin (CIP) except RANI22 and the largest zone of
inhibition was 45 mm in CC 511 while the least of 22 mm was observed in USDA 136 (see Table 3,
Figure 4). 90% of the strains were susceptible to Ciprofloxacin (CIP).

3.6. Gentamycin (CN)

All strains were susceptible to Gentamycin (CN) except RANI 22 and the highest Zone of inhibition
was 52mm which was obtained in RS15 while the least was 19 mm as seen in FA3 (see Table 3, Figure
4). Gentamycin was highly effective in inhibiting the growth of Bradhyrhizobium strains tested. 90% of
the strains were susceptible to Gentamycin (CN).

3.7. Meropenem (MEM)

B574, R25B and Rani 2 were resistant to Meropenem (MEM) while other tested strains were
suscepyible to Meropenem (MEM). The zone of inhibition was between 16mm which was obtained in
USDA136 and 55mm obtained in RS15 (see Table 3). The largest zone of inhibition which was 55mm
was observed in Meropenem (MEM) against CC551. It was the most effective against the
Bradhyrhizobium strains tested. 30% of the strains were resistant to Meropenem (MEM).

3.8. Kanamycin (K)

All strains were susceptible to Kanamycin (K) except R25B the zones of inhibition observed were
between 17mm and 45 mm (see Table 3, Figure 4) and showed high activity against the test
Bradyrhizobium strains used. 90% of the strains were susceptible to Kanamycin (K).



Table 3. Susceptibility and Resistance pattern in Selected Bradhyrhizobium strain:

Zone of inhibition

CAZ FFC CPD SXT cIe CN MEM

FA3 R S R S S I S
B574 S I S S S S R
RS15 S I S S S S S
USDA136 | S S S S S I S
USDA903 | R R R R S S I
2

R25B S I S S S S R
532C I I I S S I S
CC511 S S I I S S S
RANI22 R R R R R R R
RAUGI1 S R I R S S I

Ceftazamine (CAZ), Florfenicol (FFC), Cefpodoxime (CPD), Sulphamethoxazole (SXT), Ciprofloxacin (CIP), Gentamycin (C!
Tetracycline (TE), Meropenem (MEM) and Carbapenem S- Suseptible (>20mm), I- intermediate (<20mm), R- 1
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3.9. Ertapenem (ETP)

B574 and R25B were resistant to Ertapenem (ETP) but all others were susceptible Ertapenem
(ETP) showed high activity against the test strains with zones of inhibition between 12mm and 45mm
(see Table 3, Figure 4). 80% of the strains were susceptible to Ertapenem (ETP)

3.10. Tetracycline (TE)

only R25 B was resistant to tetracycline while others were found to be susceptible to Tetracycline
(TE) which showed a average activity against the bacteria having zones of inhibition between 15mm
and 33mm (see Table 3, Figure 4). 90% of the strains were susceptible to Tetracycline (TE).

3.11. Carbapenem

The least susceptibility was obtained to Carbapenem (see Table 3, Figure 4), with six of the
strains showing resistance to Carbapenem and producing green colouration on plate. Carbapenem
had the most minimal activity against the test strains.

3.12. Percentage resistance

The higher percentage of the strains were susceptible to the antibiotics used sowing about 78%
susceptibility to the antibiotics, while 22% of the strains showed resistance to the different antibiotics
used in this study. This implies that less resistance to antibiotics was observed in the rhizobia strains
used and that although they are not pathogenic in nature, their growth can easily be controlled using
antibiotics (Figure 3).

Resistance and suceptiblity of Bradhyrhizobium strains

Figure 3. Percentage resistance and susceptibility in the Bradhyrhizobium sp.
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Figure 4. Susceptibility and resistance responses of some Bradhyrhizobium spp. to selected antibiotics.
Ceftazamine (CAZ), Florfenicol (FFC), Cefpodoxime (CPD), Sulphamethoxazole (SXT), Ciprofloxacin
(CIP), Gentamycin (CN), Kanamycin (K), Ertapenem (ETP), Tetracycline (TE), Meropenem (MEM)
and Carbapenem.

4. Discussion

The least resistance were observed in Ciprofloxacin, Tetracycline, kanamycin and Gentamycin
which had the largest zones of inhibition between 45 mm — 55mm while the least zone of inhibition
obtained in them were between 16mm- 23mm, a similar result was obtained in the findings of Rahimi
et al. 2013 where their study showed that the pattern of resistance in methicillin resistant
Staphylococcus aureus, the resistance to gentamicin, SXT were less than 30% a similar observation
was made for SXT where 30% of the gram-negative Bradhyrhizobium spp. were resistant, but only 10%
of the gram-negative Bradhyrhizobium spp. was resistant to Gentamycin, with Gentamycin being one
of the most effective drugs showing strong activity against S. aureus. In the work of Tooke et al. 2019,
gram negative bacteria including E. coli, K. pneumoniae, P. aeruginosa, A. baumannii were found to be
resistant to Carbapenem and gram-negative bacteria according to the work of Bush et al. 2018 were
resistant to Carbapenem on the other hand our findings show that 60% of the gram-negative
Bradhyrhizobium spp. were resistant and 40% of the gram-negative Bradhyrhizobium spp. were
Susceptible to Carbapenem.

The findings of Tamma et al. 2012 and Sharma et al. 2017 showed that gram-negative bacteria
were resistant to Ciprofloxacin and this was attributed to their ability to produce B-lactamase
enzyme, this differed from our findings where 90% of the gram-negative Bradhyrhizobium spp. were
susceptible to Ciprofloxacin showing that Bradhyrhizobium spp. may not be capable of producing B-
lactamase enzyme (John, 2008; Sageerabanoo et al., 2015), this may be as a result of their non-
pathogenic nature. 60% of the gram-negative Bradhyrhizobium spp. were susceptible to kanamycin,
showing similar responses to Psuedomonas, Ancinebacter, K. pneumoniae, A. bauannii, Proteus and
Bacillus spp. were found to be susceptible to Kanamyecin in the report of Palmer et al. 2020, Simpson
et al. 2021; Christiaan et al. 2022. In the findings of Carbello et al. 2013; it was observed that 66.71%
of the gram-negative bacteria were resistant to tetracycline while our report show that 70% of the
gram-negative Bradhyrhizobium spp. were susceptible to tetracycline. Also, in the work of Doubra et
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al. 2022, Ecoli. isolated from soil and stool 80.7% of the isolates showed resistance to tetracyline also
differing from our findings. Ertapenem showed minimal activity against Burkholderia cepacia having
an MIC of 8mg/L, differing from our findings where 70% of the gram-negative Bradhyrhizobium spp.
were suceptible to Ertapenem as seen in the study carried out by David et al. 2003. The suceptibility
of gram- negative strains E.coli, K. pneumoniae and K. oxytoca stains were 99.3%, 96.4% and 90.9%
respectively when subjected to Ertapenem as observed in the work of Kuzucu et al. 2011 which was
highly similar to our report where only 20% were resistant to Ertapenem.

RANI22 was the most resistant to the antibiotics used and was only susceptible to Kanamycin,
Ertapenem, Tetracycline and Carbapenem. This implies that it is a most likely strain to be
recommended for use to plant soybean in soils or farming land contaminated with antibiotics or for
their recovery. After RANI 22, R25B and USDA 9032 showed most resistance to the selected
antibiotics. This was similar to the findings of Bamidele et al. 2022 where S. epidermis (associated
with neonatal hospital diseases) had highest resistance to Cefotaxime, Imipenem, Penicillin G,
Meropenem and Gentamycin but differed from the work of Tessema et al. 2021 where gram- negative
E.coli (associated with neonatal disease) showed highest resistance to Ampicilin, Ampicillin-
Sulbactam and Piperacillin. 532C was the most susceptible strain (being susceptible to all the
antibiotics used) and was followed by CC511 and RS15 which only showed resistance to
Carbapenem. A similar report was obtained in the work of Tessema et al. 2021 where E.coli showed
no resistance and was susceptible to Gentamicin, Imipenem, Amikacin and Colistin.

The 78% susceptibility pattern (Figure 3) showed in these test strains shows or suggests that
rhizobia strains do not readily pick or transfer resistance genes and those in which resistance is
observed may be as a result of having genes for other characteristics that are co-expressed with the
resistance they showed to these antibiotics or also their non-pathogenic nature. It also suggests that
resistance are not intrinsic or conserved in their genetic conformation (Humphries ef al., 2021). This
implies that these antibiotics are the most effective against the Brahyrhizobium strains tested and may
hamper or deter the growth and activity of these strains in soils where they are present or have been
indiscriminately released particularly around hospitals or industries where they are being
manufactured or dump-sites close to these places where they are regularly in use. This may make
recovering such land areas for farming activities very difficult.

This is particularly important for farmers that collect animal waste for use as plant boosters or
practise both animal husbandry and crop farming together, and also release waste from animals
indiscriminately to the environs particularly farming areas, lands close by or into water bodies or
streams that are common sources of providing water for irrigation for farmers around. Our findings
suggests for the recovery of such antibiotic polluted sites or soils, it may be advisable to use a
consortium of different symbiotic rhizobia strains as the strains showed differences in their
susceptibility pattern (Figure 5) to achive adequate yields and crop production when planting
legumes in such areas.
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Figure 5. Effect of use of consortium of symbiotic rhizobia spp. on legume yield and growth.

This may suggest that rhizobia strains do not readily pick or transfer resistance genes and those
in which resistance is observed may be conferred on them or connected with other genes which they
carry and are co-expressed with the resistance they possess against these antibiotics (Humphries et
al., 2021).

5. Conclusion

This may also suggest that in recovery of such sites or soils, it may be advisable to use a
consortium of different symbiotic rhizobia strains as the strains showed differences in their
susceptibility pattern. Also, the antibiotics produce or contain active compounds and substances that
are detrimental for the growth of rhizobia as plant growth promoting bacteria and are may therefore
be a hindrance to agricultural practises using these plant growth promoting bacteria during
agricultural practises. Most importantly the presence of antibiotics in the soil through indiscriminate
release and unregulated use pose a major problem for the use of rhizobia in promoting the growth of
legumes especially soybean, particularly in areas where poultry farming and livestock production is
being practised. There is therefore a need to ensure proper regulation of the use of antibiotics by
poultry farmers and livestock farmers to avoid the indiscriminate release of such antibiotics into the
soil particularly and also the need to provide proper education for farmers about the misuse of
antibiotics.
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