



Bacterial Heterogeneity and Density of Glufosinate Ammonium Contaminated Soil: A Microcosm Study 
 


ABSTRACT 

	Introduction: Indiscriminate use of herbicides in agriculture poses significant threats to soil health, particularly by affecting the diversity and abundance of soil microorganisms
Aim: This study investigated effects of glufosinate ammonium on soil microbial communities and physicochemical properties.
Study design:  Microcosm experiment was carried out in the laboratory to ascertain the short term effects of glufosinate ammonium application on soil microorganisms.
Place and Duration of Study: Department of Environmental Management &Toxicology, Federal University of Petroleum Resources, Effurun/ June-August, 2024.
Methodology: One kilogram of soil was contaminated with the herbicide (20mL and 60mL (v/w)) in triplicates. A control was set-up without the herbicide.  Soil samples were collected from herbicide-treated and untreated microcosms and analyzed for physicochemicals and heterotrophic biota before and two weeks after contamination. 
Results: Baseline analysis revealed pH, organic carbon content, lead and cadmium values were 6.40, 1.46%, 6.42 mg/kg and 0.1 mg/kg, respectively. Total heterotrophic bacterial and fungal counts were 2 × 104 CFU/g and 1.65 × 104 CFU/g. Furthermore, values for pH, organic carbon, lead, cadmium were 7.40, 1.30%, 6.9mg/kg and 0.16mg/kg (control), 7.60, 1.64%, 6.22mg/kg, 0.10mg/kg (20mL), 7.7, 1.68%, 8.10mg/kg and 0.18mg/kg (60mL), respectively. Total heterotrophic bacterial counts were 5.0 × 104 CFU/g (control), 3.30 × 104 CFU/g (20mL) and 3.00 × 104 CFU/g (60mL) while total heterotrophic fungal counts were 3.25 × 104 CFU/g (control), 3.00 × 104 CFU/g (20mL) and 2.50 × 104 CFU/g (60mL) after contamination. Species of Bacillus, Enterobacter, Paenibacillus, Corynebacterium, Enterococcus, Klebsiella, Proteus, Pseudomonas and Staphylococcus were identified in this study.
Conclusion: The results revealed that herbicides significantly altered the microbial population, with heterotrophic fungi showing resilience. This study contributes to understanding the complex interactions between herbicides, soil microorganisms, and physicochemical properties, providing a foundation for sustainable agricultural practices in herbicide-treated environments.
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1. INTRODUCTION 

Sustainable agriculture involves optimizing agricultural resources and at the same time maintaining the quality of environment and sustaining natural resources. In accomplishing this, soil microscopic community structure is fundamental as they play a vital role in carbon drift, nutrient cycling as well as litter decay, increasing soil richness and plant growth (Zhang et al., 2020; Tripathi et al., 2021; Douibi et al., 2024), therefore, occupy an exceptional spot in biotic cycles in land-dwelling environment. Soil microbial biomass is measured as dynamic reservoir of nutrient to plants and are essential in nutrient cycling besides breakdown in biome (Daunoras et al., 2024). 
A vigorous soil microbial community can improve the natural system in soil (Zhang et al., 2020) owing to their capability to rejuvenate nutrients for plant growth sustenance. Slight modifications in their numbers and functions may well upset nutrient cycling along with accessibility of nutrients, which indirectly alter productivity plus additional topsoil roles (Wang et al., 2021). Inherent and human-generated features may perhaps disturb the soil biochemical reaction rates immediately or circumstantially (Ataikiru et al., 2019). Amongst human-induced influences, agrochemicals are of principal significance because of their incessant access into the soil environs. Herbicides are a foremost group of agrochemicals, which consist of elements or grown organisms used to eradicate or subdue the development of undesirable foliage and plant life (Lyu et al., 2023) to reduce the farming budget besides sustaining high yield. 
Several herbicides not only introduced as pre- or post-emergence weed killer (Wen et al., 2022) have left undesirable deposits which are environmentally unsafe (Dennis et al., 2018; Ustuner et al., 2020; Chen et al., 2022). Ideal herbicides ought not to merely have good efficiency as well as pose least antagonistic effects to plant produce, ecosystem/natural balance and environs (Quin et al., 2025; Yu et al., 2025).
Dragon Super is a widely used non-selective herbicide in agriculture, with Glufosinate-ammonium as its active ingredient. Glufosinate-ammonium is chemically known as ammonium (2RS)-2-amino-4-(hydroxy(methyl)phosphoryl)butanoate, It is an organophosphorus compound and a derivative of phosphinic acid. It has a high water solubility and effectiveness against a broad spectrum of plant species, including both monocots and dicots (Zhou et al., 2020). 
Glufosinate-ammonium hinders glutamine synthetase accountable for ammonia decontamination in plants, resulting in the accumulation of ammonia, interruption of photosynthesis, then, death of the plants. It has extensively been used in agronomic schemes including orchards, vineyards, genetically modified resistant crops, providing effective weed control (Takano and Dayan, 2020).
Glufosinate-ammonium mechanism of action is somewhat not the same as glyphosate since it does not hinder the enzyme 5-enolpyruvylshikimic acid-3-phosphate synthase (EPSPS), the key aim of glyphosate action/activity. Rather, its herbicidal activity depend on the inhibition of glutamine synthetase vital for ammonia absorption in plants. Since animals lack the glutamine synthetase system in plants, glufosinate-ammonium is selectively toxic to plants, but displays somewhat little noxiousness to mammals when used following the guiding principle (Chen et al., 2024).
The Dragon Super incorporates surfactants in its preparation that boost the herbicide's grip and permeation into vegetal tissues, optimizing its effectiveness. Conversely, there are noteworthy ecofriendly fears concerning its usage. Herbicides affect microbial communities in addition to the target organisms in soil. These unintended consequences may diminish the effectiveness of significant soil roles/purpose (Thiour-Mauprives et al., 2019; Wang et al., 2024; Chowdhury et al., 2025) and stance a threat to the all-inclusive natural structure (Kiprotich et al., 2025) by (a) shifting their biosynthetic pathways, (b) upsetting protein biosynthesis, (c) disrupting cell membrane, and (d) altering plant signaling pathways.
Application of agrochemicals has amassed constantly ever since World War II. Amongst these substances, the usage of weedicides has escalated rapidly other than other pesticides. Globally their sales has exceeded those of fungicides or insecticides. In the US, merchandizing herbicides are more than double those of insect repellent and nearly ten times those of fungicides. In Europe, sales of herbicides are just about double the sales of fungicides and insecticides. Even in developing nations, where manual labour for wild bush control is to some extent economical, enormous amounts of weed killers are utilized, comprising an extensive collection of xenobiotic composites of critical divergent configurations, range of harmfulness to flora and fauna, in addition to prolonged presence in soil. Hence, fears about the outcomes of these compounds on soil environments, which are influenced significantly by life forms for sustaining persistent soil productivity/richness, is wholly necessary (Gruss et al., 2025). 
Chemical weed management is a standard agricultural practice targeted at controlling unwanted plants and optimizing crop production. Meanwhile, various short-term trials propose likely adverse effects, the instantaneous consequences of herbicides on microbial richness and density remain unsatisfactorily understood. This laboratory trial centres on examining the transient effects of regularly employed herbicidal compound (Glufosinate ammonium 200 g/L (Dragon Super)) on soil microscopic population, precisely evaluating deviations in microbial variety/assortment, richness as well as soil physicochemical features.  

2. material and methods
[bookmark: _Toc183484952]2.1. Study area
The study was conducted in the environs of Warri, Delta State, Nigeria, focusing on various agricultural farming soils. Fresh uncontaminated soil samples was collected from farmyard without pesticide use history in Uvwie, Delta State, with coordinates 5.53848⁰ N latitude and 5.77961⁰ E longitude, 5.53832⁰N latitude and 5,77981⁰E longitude, 5.53834⁰N latitude and 5.77973⁰E longitude.
[bookmark: _Toc183484953]2.2 Sample collection
Soils were collected from agricultural areas in Ojigho Crescent, Effurun in Warri, Delta State. The topsoil debris was cleared, after which the soil auger was used to collect the top soil from a depth of 0 - 15 cm. The samples collected were subsequently put into sterile bags, sealed and taken to the laboratory in coolers containing icepacks at 40C.
The herbicide used in this research was DragonSuper, whose active ingredient is 200g/litre Glufosinate-ammonium. It was sourced from an agro-store along Airport Road, Effurun, Delta State. Glufosinate-ammonium, under the commercial name of DragonSuper, is a product from Jinan Luba Pesticides Company Ltd and is supplied in 1-liter containers.
[bookmark: _Toc183484958][bookmark: _Toc183484961]2.3 Physicochemical and Microbiological Analysis of the Pristine Soil Sample 
The soil analysis was done following several standard procedures to measure different parameters (APHA, 2022). The pH meter was calibrated with standard buffer solutions (typically pH 4, 7, and 10). Approximately 10g of the soil sample was weighed and added to 25 mL of deionized water. The mixture was stirred for about 30 minutes. The pH probe was inserted into the suspension and pH recorded. The probe was rinsed with distilled water before each reading. Temperature was measured using a digital thermometer.  The thermometer was inserted into the soil or sample matrix, waited until the temperature stabilized and recorded the temperature. 
Five grammes of soil was weighed into a container with 50 mL of distilled water and shaken for 30 minutes. The solution was filtered, 1 mL of conditioning reagent, barium chloride solution was added, and turbidity measured using a spectrophotometer. Results were compared with a calibration curve to determine sulphate concentration. 
Nitrates concentration was extracted by mixing 10g of soil with 50 mL of distilled water ad filtered. The nitrate reagent (cadmium) was added to the extract and add the absorbance was measured at 540 nm with a spectrophotometer. Concentration was calculated using a calibration curve.
Electrical conductivity (EC) was measured using the conductivity meter. Ten grams soil was weighed into 50 mL of deionized water in a beaker. The mixture was stirred and allowed to stand for 30 minutes. The conductivity probe was inserted and reading in µS/cm was recorded. The meter was calibrated using standard solutions before measurement. 
Moisture content was measured through gravimetric method. The weight of the fresh soil sample was measured (wet weight) and placed in an oven at 105°C for 24 hours. Soil sample was reweighed and moisture content was calculated as a percentage × 100. Ammonium acetate extraction was used for cation exchange capacity (CEC). The soil sample was saturated with ammonium acetate solution (1M, pH 7) and ammonium displaced with sodium chloride. The displaced ammonium concentration was measured using a spectrophotometer and CEC calculated based on ammonium concentration. Total organic carbon (TOC) was carried out following the Walkley-Black method. The soil was digested with potassium dichromate and sulfuric acid. The sample was titrated against ferrous ammonium sulfate. The TOC was calculated based on titration data and compared with a standard curve.
[bookmark: _Toc183090071]The polycyclic aromatic hydrocarbons (PAHs) were extracted from the soil using hexane. The extracted PAHs were then concentrated and injected into a Gas Chromatography-Mass Spectrometry (GC-MS) Model 7820 (Agilent instruments, USA), where the PAH peaks were identified and quantified by comparison to known standards. For total petroleum hydrocarbons (TPH) analysis, hexane extraction was also employed to extract hydrocarbons from the soil. The extracted sample was analyzed using a GC-MS Model 7820 (Agilent instruments, USA), and the TPH concentration was calculated based on calibration standards.
The analysis of heavy metals (lead, cadmium, arsenic, and mercury) was conducted using Atomic Absorption Spectrophotometry (AAS). First, the soil samples were digested using an acid digestion process with nitric acid (HNO3) and hydrochloric acid (HCl) to break down the sample and release the metals. The digested samples were then analyzed using AAS (SOLAAR 969AA UNICAM, Spectronic Unicam, Cambridge, UK), where the metal concentrations were quantified by comparing the results to calibration curves.
The plate count method was used for the enumeration of total heterotrophic bacteria and fungi. Serial dilution was done using 1g soil in sterile physiological saline. The diluted samples (10-2 and 10-3) were plated on plate count agar (for bacteria) and potato dextrose agar (for fungi). The plates were incubated at 30°C (bacteria) or 25°C (fungi) for 72 hours. Discrete colonies were counted and calculated as colony-forming units (CFU) per gram of soil.
[bookmark: _Toc183484962]2.4 Microcosm Studies
The modified method of Ataikiru and Okorhi (2022) was adopted. The treatments were done in triplicates at two different concentrations of the pesticides. One (1) kg of farmyard soil was weighed into sterile bags, spiked with 20mL and 60 mL of the glufosinate ammonium. The experimental set-up were as follow; 
Control - farmyard soil 
A - farmyard soil + 20mL glufosinate ammonium 
B - farmyard soil + 60mL glufosinate ammonium
Thereafter, samples were collected randomly from each set up and separately mixed to form a composite sample. Soil samples were examined for physicochemicals and microbial counts after 2 weeks. Isolation and identification of bacterial isolates was equally done. 
[bookmark: _Toc183484963]2.5 Isolation and Identification of Bacterial Isolates 
The total colony forming units (CFU) counts of total heterotrophic bacteria was measured by plating serial decimal dilutions (10-3 and 10-4) of soil samples diluted in sterile distilled water (1% (w/v)) on plate count agar and incubated for 24 hours at 30◦C, as previously described by Ataikiru and Okorhi (2022) . The isolation of total heterotrophic bacteria (THB) was done by the spread plate method on nutrient agar. Discrete colony forming units were picked and sub-cultured onto nutrient agar (NA) for further purification. Purification was done by streaking twice and transferred onto agar slant for storage, and identified with the biochemical tests described in Bergey’s Manual for Determinative Bacteriology (Holt et al., 1994).
 In addition, the characterization and identification of the different bacterial isolates were performed using the Analytical Profile Index (API 20E & API 50CH) (Biomerieux, France) test strips (Ataikiru et al., 2020). The test was conducted, employing the manufacturer’s instructions at the Department of Biotechnology, Federal Institute of Industrial Research Oshodi (FIIRO), Lagos, Nigeria. Results were read and interpreted afterwards via the API catalog or apiweb: https://apiweb.biomerieux.com.
The various API 20E tests are; Orthro-Nitrophenyl-beta-DGalactoPyranosidase (ONPG), Arginine DiHydrolase (ADH), Lysine DeCarboxylase (LDC), Ornithine DeCarboxylase (ODC), Citrate (CIT), Hydrogen sulphide Production (H2S), Urease (URE), Tryptophan DeAminase (TDA), Indole production (IND), Voges Proskauer (VP), Gelatinase (GEL), Dglucose (GLU), D-mannitol (MAN), Inositol (INO), D-Sorbitol (SOR), L-Rhamnose (RHA), Saccharose (D-Sucrose) (SAC), D-melibiose (MEL), Amygdalin (AMY), L-Arabinose (ARA), Cytochrome Oxidase (OX), Motility (MOB), MacConkey medium (McC), Fermentation – under mineral oil (OF-F) and Oxidation – exposed to the air (OF-O).
The following are the tests in API 50CH; Glycerol (GLY), ERY Erythritol (ERY), D-Arabinose (DARA), L-Arabinose (LARA), D-Ribose (RIB), D-Xylose (DXYL), L-Xylose (LXYL), D-Adonitol (ADO), Methyl-ß-D-xylopyranoside (MDX), D-Galactose (GAL), D-Glucose (GLU), D-Fructose (FRU), D-Mannose (MNE), L-Sorbose (SBE), L-Rhamnose (RHA) Dulcitol (DUL), Inositol (INO), D-Mannitol (MAN), D-Sorbitol (SOR), Methyl-α-D-mannopyranoside  (MDM), Methyl-α-D-glucopyranoside  (MDG), N-Acetylglucosamine (NAG), Amygdalin (AMY), Arbutin (ARB), Esculin, Ferric citrate (ESC), Salicin (SAL), D-Cellobiose  (CEL), D-Maltose (MAL), D-Lactose (bovine origin) (LAC), D-Melibiose (MEL), D-Saccharose (sucrose) (SAC), D-Trehalose (TRE), Inulin (INU), D-Melezitose (MLZ), D-Raffinose (RAF), Starch (amidon) (AMD), Glycogen (GLYG),  Xylitol (XLT), Gentiobiose (GEN), D-Turanose  (TUR), D-Lyxose (LYX), D-Tagatose (TAG), D-Fucose (DFUC), L-Fucose (LFUC), D-Arabitol (DARL), LARL L-Arabitol (LARL), Potassium gluconate (GNT), Potassium 2-ketogluconate (2KG), Potassium 5-ketogluconate (5KG).

3.0 Results and Discussion
3.1 Soil characteristics
The soil physical, chemical, and microbiological properties of the pristine loamy soil sample from Effurun, Delta State, are presented in Table 1. The soil had a pH of 6.40 and a temperature of 28°C. The nitrate and sulphate concentrations were 15.45 mg/kg and 10.58 mg/kg, respectively. The soil's total organic carbon (TOC) was 1.46%, while the cation exchange capacity (CEC) was 0.95 meq/100g. Heavy metals such as lead and cadmium were detected at 6.42 mg/kg and 0.10 mg/kg, respectively, while arsenic and mercury were below the detection limits (<0.01 mg/kg). The total heterotrophic bacterial and fungal counts were 2.00 × 10⁴ CFU/g and 1.65 × 10⁴ CFU/g, respectively, reflecting a moderate microbial population.
Table 1: Physicochemical and microbiological characteristics of the pristine soil 
	Parameters
	Value

	Electrical conductivity (µS/cm)
	89.5

	pH
Moisture content (%)
	6.4
0.40

	Temperature (°C)
	28.0

	Total organic carbon (TOC, %)
	1.46

	Nitrates (mg/kg)
	15.45

	Sulphates (mg/kg)
	10.58

	Cation exchange capacity (CEC) (meq/100g)
	0.95

	Lead (mg/kg)
	6.42

	Cadmium (mg/kg)
	0.10

	Arsenic (mg/kg)
	<0.01

	Mercury (mg/kg)
	<0.01

	Total heterotrophic bacteria (CFU/g)
	2.00 × 10⁴

	Total heterotrophic fungi (CFU/g)
Sand (%)
Clay (%)
Silt (%)
	1.65 × 10⁴
94.80
1.27
3.69




3.2 Physicochemical characteristics of soil after contamination
Glufosinate-ammonium contamination at higher concentrations significantly affected the soil properties, as depicted in Table 2. Concentrations of glufosinate ammonium in A and B resulted in slight increases in pH (7.60 and 7.70) in addition to moisture content (9.97% and 11.35%). However, electrical conductivity increased notably at both concentrations (1320 µS/cm (A) and 1710 µS/cm (B). Nitrates increased in treatment A (11.83 mg/kg), while sulphate levels increased slightly in A (1.28 mg/kg) and substantially in B (4.20 mg/kg). Cation exchange capacity decreased insignificantly (1.97 meq/100g (control), 1.61 meq/100g (A) and 1.93 meq/100g (B) with increased levels of contamination. Increase in concentration was observed for lead (8.10 mg/kg) and cadmium (0.18 mg/kg) in treatment B. However, arsenic (<0.00 mg/kg) and mercury (<0.00 mg/kg) were below detectable limits.
Although, fungal counts decreased in A (3.00 × 104 CFU/g), glufosiate ammonium consequence was more in treatment B (2.50 × 104 CFU/g) when compared with the control soil (3.25 × 104 CFU/g). The total heterotrophic culturable bacterial and fungal counts were highest in control soil.  Total heterotrophic bacterial counts were 5.00 × 104 CFU/g, 3.30 × 104 CFU/g and 3.00 × 104 CFU/g while fungal counts were 3.25 × 104 CFU/g, 3.00 × 104 CFU/g, 2.50 × 104 CFU/g in the control, 20ml (A) and 60ml (B) application, respectively.
Table 2: Physicochemical and Microbiological Characteristics of Soil Samples after Contamination
	Parameters
	Control 
	A
	B

	pH
	7.40
	7.60
	7.70

	Moisture, %
	8.94
	9.97
	11.35

	Temperature, ºC
	28.0
	28.0
	28.0

	Sulphates, mg/kg
	1.10
	1.28
	4.20

	Nitrates, mg/kg
	<0.01
	11.83
	9.14

	Electrical conductivity  (EC), µS/cm
	740
	1320
	1710

	Cation exchange capacity (CEC), meq/100g
	1.97
	1.61
	1.93

	Total organic carbon (TOC), %
	1.30
	1.64
	1.68

	Lead, mg/kg
	6.90
	6.22
	8.10

	Cadmium, mg/kg
	0.16
	0.10
	0.18

	Mercury, mg/kg
	<0.01
	<0.01
	<0.01

	Arsenic, mg/kg
	<0.01
	<0.01
	<0.01

	Microbial counts ×104CFU/g
	
	
	

	Total heterotrophic bacteria 
	5.00
	3.30
	3.00

	Total heterotrophic fungi
	3.25
	3.00
	2.50




3.3 Isolation and identification of soil microorganisms 
Several types of bacterial isolates were obtained from the study. The bacterial isolates were characterized based on their primary biochemical and biochemical reactions with the analytical profile index (API 20E and API 50CH) test strip results. Tables 3, 4 and 5 provide comprehensive data on the bacterial isolates identified. 
Table 3: Biochemical characteristics of some cultured bacterial isolates
	Isolate ID
	Gram reaction 
	Catalase
	Citrate
	Indole 
	Methyl red
	VP
	Coagulase
	Oxidase
	Glucose
	Lactose
	Mannitol 
	Sucrose
	Tentative  Identification 

	CI, A2, B1
	 + rods
	+
	-
	-
	-
	-
	-
	-
	-
	+
	+
	+
	Bacillus species

	C4, A1, B6
	+ cocci
	+
	-
	-
	-
	-
	-
	-
	+
	+
	-
	+
	Staphylococcus species

	C2, C5, A3, A6, B9
	+ rods
	+
	+
	-
	-
	+
	-
	-
	-
	-
	+
	-
	Bacillus species

	C3, A5, B4
	+ rods
	+
	+
	-
	-
	+
	-
	-
	+
	-
	-
	-
	Bacillus species

	C8, A7, B12
	+ rods
	+
	+
	-
	+
	+
	-
	-
	+
	+
	+
	+
	Paenibacillus species 

	C6, C9, A10
	- rods
	+
	+
	-
	+
	+
	-
	-
	+
	+
	+
	+
	Klebsiella species

	C7, A4, A8
	- rods
	+
	+
	-
	-
	-
	-
	+
	-
	-
	-
	-
	Pseudomonas species

	C11, A12
	- rods
	+
	+
	-
	-
	-
	+
	-
	+
	+
	+
	+
	Enterobacter species

	C10, B9
	- rods
	+
	+
	+
	+
	-
	-
	-
	+
	-
	+
	+
	Proteus species

	C12, C13
	+ rods
	+
	+
	-
	-
	-
	-
	-
	+
	+
	-
	+
	Corynebacterium species


*ID ₌ identity; - ₌ negative; + ₌ positive
Table 4: Identification of some bacterial isolates with Analytical Profile Index (API 20E) test
	Isolate ID
	ONPG 
	ADH
	LDC
	ODC
	CIT 
	H2S 
	URE 
	TDA 
	IND 
	VP 
	GEL
	GLU
	MAN 
	INO 
	SOR 
	RHA 
	SAC 
	MEL 
	AMY 
	ARA 
	OX
	NO2 
	N2 
	MOB 
	MoC 
	OF-O 
	OF-F 
	 %  API similarity identity
	Identity of Organisms

	C6, C9, A10
	+
	+
	+
	+
	+
	-
	+
	-
	-
	+
	-
	+
	+
	+
	+
	-
	+
	+
	+
	+
	-
	+
	+
	-
	+
	-
	+
	82.5
	Klebsiella aerogees

	C7, A4, A8
	-
	+
	-
	-
	+
	-
	-
	+
	-
	-
	+
	-
	+
	-
	-
	-
	-
	+
	+
	-
	+
	+
	+
	+
	-
	+
	+
	97.8
	Pseudomonas aeruginosa

	C11, A14
	+
	-
	+
	+
	-
	-
	-
	-
	-
	-
	+
	+
	+
	-
	+
	-
	+
	-
	+
	+
	-
	+
	-
	+
	+
	+
	+
	98.5
	Enterobacter species

	C10, B9
	-
	+
	+
	+
	+
	+
	+
	+
	+
	-
	+
	+
	+
	-
	+
	-
	+
	-
	-
	-
	-
	+
	-
	+
	+
	-
	+
	93.0
	Proteus vulgaris


*ID ₌ identity; - ₌ negative; + ₌ positive
Table 5: Identification of some bacterial isolates with Analytical Profile Index (API 50CH) test
	Isolate ID
	GLY
	DARA
	LARA
	GAL
	GLU
	FRU
	SOR
	RHA 
	MNE
	DUL
	CEL
	ESC
	MAN 
	INO 
	LAC
	TRE
	SAC 
	MEL 
	MAL
	MDG
	NAG
	MDX
	SBE
	RIB 
	DXYL
	LXYL
	ADO
	 %  API similarity identity
	Identity of Organisms

	C1,A2,B1
	+
	-
	+
	+
	+
	+
	+
	-
	+
	-
	+
	+
	+
	-
	+
	+
	+
	-
	+
	+
	+
	-
	-
	+
	+
	-
	-
	94.5
	Bacillus aerius

	C2, A3, B9
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	-
	+
	99.0
	Bacillus subtilis

	C3, A5, B4
	+
	+
	-
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	-
	+
	+
	-
	+
	+
	+
	+
	+
	+
	+
	-
	+
	95.0
	Bacillus cereus

	C12, C13
	+
	+
	+
	+
	+
	+
	-
	-
	+
	-
	-
	+
	-
	-
	+
	-
	+
	-
	+
	+
	+
	+
	+
	+
	+
	-
	-
	92.9
	Corynebacterium capsium

	C8, A7, B12
	+
	-
	+
	+
	+
	+
	+
	-
	+
	-
	+
	+
	+
	-
	+
	+
	+
	-
	+
	+
	+
	-
	-
	+
	
	-
	-
	99.9
	Paenibacillus polymyxa

	C4, A1, B6
	+
	-
	-
	+
	+
	+
	+
	-
	+
	-
	-
	-
	+
	-
	-
	+
	+
	-
	+
	+
	+
	-
	-
	+
	-
	-
	-
	92.5
	Staphylococcus epidermidis


*ID ₌ identity; - ₌ negative; + ₌ positive 
3.4 Distribution and frequency of occurrence of the total culturable heterotrophic bacteria across the soils

Fig.1. Frequency of occurrence of bacterial species across soil samples
Figure 1 shows the frequency of occurrence of the bacterial species across the glufosinate ammonium contaminated soil samples. The frequency across the glufosinate ammonium contaminated soil samples were Enterobacter spp. (6%), Paenibacillus polymyxa (10%), Pseudomonas aeruginosa (12%), Corynebacterium capsium (8%), Bacillus aerius (12%), Bacillus subtilis (14%), Bacillus cereus (14%), Klebsiella aerogenes (8%), Proteus vulgaris (8%) and Staphylococcus epidermidis (8%). Bacillus cereus (14%) and Bacillus subtilis (14%) had the highest while Enterobacter spp. (6%) had the lowest frequency across the glufosinate ammonium contaminated soil samples. 
 Discussion
[bookmark: _Toc183484972]The soil belonged to the sandy soil textural class with low water and nutrients retention abilities. It has been reported that soil texture has an influence on herbicide mobility and microbial populations (Vázquez et al., 2022). Soil moisture content was 0.40% while pH was 6.40. The soil pH was within the neutral range of natural agrochemicals unperturbed soils. These agrochemicals have been reported to cause pH fluctuations either via an increase or decline by several scientists (Mei et al., 2024). Polycyclic aromatic hydrocarbons and total petroleum hydrocarbons were low and below detectable confines (<0.001 mg/kg) suggesting their probable absence in the soil. Our findings were similar to those of Okorhi and Tudararo-Aherobo (2023), they stated that hydrocarbons are not present in pristine farmyard soils.  
Nitrates and sulphates present in the pristine soil were 15.45 mg/kg and 10.58 mg/kg. Heavy metal results from the study showed lead and cadmium contents in soil were 6.42 mg/kg and 0.10 mg/kg. The concentrations of heavy metals like arsenic (<0.01 mg/kg) and mercury (<0.01 mg/kg) in the soil were small and lower than lethal borders for majority of cultivated and natural systems. These trace levels may not likely cause direct damage to soil wellbeing, crop development, or microbes. Comparable outcomes have been re-counted by other scientists (Zhang et al., 2022).
Microscopic population analysis showed robust computations of bacteria and fungi in colony forming units (CFU/g) in the fresh soil. The total culturable heterotrophic bacterial counts were 2.00 × 10⁴ CFU/g while fungal counts were 1.65 × 10⁴ CFU/g. These values point out a varied and dynamic microbial community in the untreated soil. Different researchers like Bhardwaj et al. (2024), Sushma et al. (2024), Abd-Rahman et al. (2025), and Naik et al. (2025) observed similar results.
The results of the physicochemical and biological properties of the soil after contamination revealed a near neutral pH of 7.40 in the control sample, which increased slightly to 7.60 and 7.70 in 20mL and 60mL glufosinate ammonium application, respectively. This aligns with findings of Bacmaga et al. (2024), they noted that agricultural soils typically have pH values ranging between 5.5 and 8.0, with external inputs like herbicides causing minor variations. Soil pH is a critical factor influencing nutrient solubility and availability. At pH levels near neutrality (6.5–7.5), macronutrients and micronutrients are highly soluble, supporting plant growth (Jackson and Meetei, 2018). However, pH increases caused by glufosinate-ammonium (especially 60mL), may reduce nutrient availability over time due to possible precipitation and leaching effects (Tomas et al., 2023).
Likewise, the treatment of soil with glufosinate ammonium increased organic carbon content, nitrates, and sulfates compared to the control. The nitrate and sulphate levels also varied with herbicide treatment. Nitrate concentrations significantly increased in treatment A (11.83 mg/kg) compared to the control. Similarly, sulphate levels rose slightly in treatment A (1.28 mg/kg) and more in treatment B (4.2 mg/kg). The increased carbon, nitrate and sulphate component supports the research outcomes of different researchers (Tang et al., 2019; Ramirez et al., 2023). Tang et al. (2019) reported that glufosinate inhibition of glutamine synthetase in vegetation possibly will lead to a short-lived discharge of ammonium into the topsoil and air, in addition to a successive momentary oxygen depletion in the soil. Again, Ramirez et al. (2023) stated that microorganisms use various types of biochemical reactions to break down these toxicants, using them as a source of carbon, nitrogen, phosphorus or energy, and that digestion of these pesticides result in the complete biodegradation of the molecules or the mineralization where the by-products are suitable for re-entry into the ecosystem.  Furthermore, these shifts could be attributed to herbicide-induced changes in microbial activity responsible for nutrient cycling.
Electrical conductivity (EC), increased in the treated soils, particularly in B (1710.00 µS/cm), compared to the control (740.00 µS/cm). This suggests that glufosinate-ammonium may have influenced the mobilization of ionic solutes in the soil. The moisture content showed incremental values while a decline was observed for cation exchange capacity (CEC) across treatments. Moisture content rose from 0.40% to 8.94%, 9.98% and 11.35% in control, treatments A and B, while CEC decreased in the treatments. Researchers such as Tudararo-Aherobo and Ataikiru (2020) have reported contrary results where prolonged exposure had no detrimental influence on farmyard soils in comparison with the control soils. According to Ma et al. (2025), enhanced moisture retention and CEC may initially support microbial activities, but long-term herbicide exposure could disrupt nutrient exchange dynamics and reduce soil fertility.
Microbiological analysis demonstrated a significant decline in microbial populations with herbicide application. Fungal counts also declined especially in treatment B (2.50 × 104 CFU/g). These declines highlight the inhibitory effects of glufosinate-ammonium on soil microbial diversity and abundance, as also observed by Medo et al. (2021). Brace et al. (2025) reported same for fungal population. On the contrary, expending newfangled microbe sequencing expertise, studies have established that glufosinate usage had no negating effects on bacterial community including Proteobacteria, Bacteroidetes, Acidobacteria, Gemmatimonadetes and Actinobacteria in the rhizosphere soil (Tang et al., 2019; Takano and Dayan, 2020).
The behaviour of glufosinate-ammonium in soil was analyzed based on its physicochemical properties and its impact on microbial populations. Glufosinate-ammonium, a broad-spectrum herbicide, with its ammonium and phosphinic acid moiety parts responsible for its herbicidal action and environmental persistence; is relatively highly soluble in water, which has the implication of easily being absorbed into the soil, therefore affecting its bioavailability for microbial degradation and its potential to affect soil properties (Ferramosca et al., 2021).
According to Vinay et al. (2022), the chemical nature and water solubility of herbicides principally contribute to their environmental fate, persistence, and degradation in soil ecosystems. On the other hand, the study by Suchitra et al. (2024) focused on the fact that the chemical nature of pesticides is critical to its breakdown and removal. The water solubility of glufosinate-ammonium allows its initial spreading into the soil environment but may also reduce microbial activity due to the disruption of nitrogen fixation (a major microbial process).
In this laboratory trial, persistence seemed to significantly influence the microbial activity of glufosinate-ammonium, judging by the sharp decreases in microbial populations across the treated soils. For example, the total heterotrophic bacteria declined from 5.00 × 104 CFU/g in untreated soil to 3.00 × 10⁴ CFU/g in treatment B. Similarly, the fungal count declined from 3.25 × 104 CFU/g (in the control) to 2.50 × 104 CFU/g (in treatment B) during the study. These changes suggest the likely possible inhibitory action of glufosinate-ammonium on microbial degradation pathways. Our findings were in agreement with the reports of Kopčáková et al. (2015), stating that short-term soils’ exposure to the field-rate glufosinate concentration significantly influenced soil bacterial communities.
This investigation points out the consideration of herbicide properties in relation to their ecological impact and degradation behavior. According to Christopher (2024), persistence in the environment by herbicides is determined through specific properties that regulate their degradation rates. Therefore, such findings point to the need to understand the chemical nature of glufosinate-ammonium in order to guide its application with minimal impacts observable after some time. That is so according to Vera et al. (2023). These changes suggest that the physicochemical characteristics of soil are altered by glufosinate-ammonium, possibly affecting nutrient availability and microbial activities.
Microorganisms are of vital importance in the degradation of herbicides, amongst which is glufosinate-ammonium, in soil ecosystems. Biochemical tests, Gram staining and (API) revealed that both Gram-positive and Gram-negative bacterial isolates were present. Gram positive isolates were Bacillus aerius, Bacillus cereus, Bacillus subtilis, Corynebacterium capsium, Paenibacillus polymyxa and Staphylococcus epidermidis. Klebsiella aerogenes, Pseudomonas aeruginosa, Proteus vulgaris, and Enterobacter species were the Gram negative bacteria identified. These have frequently been identified for their capabilities of adjusting to environmental contaminants, thus potentially reducing environmental harm from glufosinate-ammonium. The results agreed with previous reports of Binish et al. (2022). Obuotor et al. (2016) isolated and identified species of Pseudomonas and Enterobacter from Paraquat contaminated soil using the Analytical Profile Index. Kopčáková et al. (2015) isolated and identified similar bacterial isolates after a short-term soils exposure to the field-rate glufosinate concentration using both culture–dependent and culture - independent based denaturing gradient gel electrophoresis (DGGE) analysis of amplified 16S rRNA genes. These reports are in confirmation with our findings.
Studies by Kurniadie et al. (2023) and Li et al. (2024) have revealed that glufosinate-ammonium deposits in soil can modify microbial variety and richness, upsetting soil enzyme activities and nutrient cycling routes. Consequently, long-term, unmanaged usage may possibly lead to topsoil degradation, possibly impacting agronomic sustainability by compromising bacteriological ecological unit roles.
A large proportion (40%) of the total cultivable heterotrophic bacterial population across the soil samples were represented by Bacillus species (Figure 1). Members of the family Bacillaceae (Genus: Bacillus 40%) were relatively the largest population followed by Enterobacteriaceae (22%), in glufosinate ammonium treated soil samples during our experiment. Also, 12% of the overall viable bacterial population from the glufosinate ammonium treated soil samples were categorized by Pseudomonads. Similarly, Kopčáková et al. (2015) reported two species of Enterobacter and Pseudomonas as the dominant bacteria from soils exposed to glufosinate ammonium in Haniska and Kalava, respectively.

4. Conclusion
This study revealed that glufosinate-ammonium, a widely used herbicide in agriculture, had a significant impact on the diversity and abundance of soil microorganisms. The results showed that glufosinate-ammonium altered soil physicochemical properties and reduced microbial diversity, ultimately affecting soil fertility. Heavy metals like lead and cadmium showed elevated concentrations, potentially stressing microbial communities, although arsenic and mercury remained undetectable. These levels are below toxic thresholds and are unlikely to cause immediate harm to soil health or plant growth. Microbial counts revealed total heterotrophic bacterial counts as 3.30 × 104CFU/g (20mL) and 3.00 × 10⁴ CFU/g (60mL) and fungal populations were 3.00 × 104 CFU/g (20mL) and 2.50 × 104 CFU/g (60mL) with increasing herbicide concentrations, reflecting the herbicide's adverse effects on microbial abundance. The results suggested that glufosinate-ammonium inhibits specific microbial groups, potentially reducing microbial diversity. The persistence of glufosinate-ammonium in soil could cause lasting changes in microbial communities, reducing biocatalytic activity and soil biota, which may degrade soil wellbeing and crop yield. However, its effects can vary depending on environmental factors, including soil type, pH, and organic matter content. While glufosinate-ammonium is an effective weed control agent, its potential immediate impact on soil microbial diversity and possibly ecosystem health highlights the need for sustainable agricultural practices and further research into safer alternatives.
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