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Ecotoxicity of Herbicides on Nitrosomonas sp and Nitrobacter sp in Soil.

Abstract
Aim: This study aimed to predict the toxic effects of herbicides on non-target organisms within the ecosystem, employing soil microflora (Nitrosomonas sp and Nitrobacter sp) as indicators to monitor ecosystem responses to these substances.
Place of Study: Soil samples were collected from the Rivers State University Agricultural Farm in Port Harcourt, using sterile plastic containers, and transported to the Microbiology Laboratory at Rivers State University. These samples were processed within one hour of collection for the isolation of Nitrosomonas sp. and Nitrobacter sp. The herbicides (Veeset-glyphosate and Dragon-paraquat) were procured from a chemical shop in Mile 1 Market, Port Harcourt, Rivers State, and transported to the laboratory for toxicity testing. Test species were selected based on their ease of laboratory culture, availability of relevant background information including physiology, genetics, behavior, and sensitivity to a wide range of toxicants.
Methodology: The Winogradsky agar (modified) medium was used, consisting of agar agar (15.09 g/L), King's agar B base (3 g/L), KNO2 (0.1 g/L), Na2CO3 (0.5 g/L), FeSO4·7H2O, NaCl (0.5 g/L), and distilled water (1000 ml). Samples were resuscitated in sterile normal saline (90 ml as diluent), and a ten-fold serial dilution was performed. This modified medium reduced the incubation period to 2 to 3 days, compared to the standard 5 days.
Results: The study found that Dragon-paraquat herbicide exhibited higher toxicity towards the test organisms, with a mean LC50 value of 18.98%, compared to Veeset-glyphosate, which had a mean LC50 value of 27.42%.
Conclusion: In modern agriculture, herbicide applications have become a routine practice. Given the rapid growth of the global human population, extensive herbicide use is employed to maximize crop yields. These findings underscore the importance of monitoring and understanding the toxicological effects of herbicides on non-target organisms to ensure sustainable and responsible agricultural practices.
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INTRODUCTION
The ability of a chemical or physical agent to have an adverse effect on the environment and the organism  living in it, such as wildlife, plants, insects, fish and microorganisms as Ecotoxicity. Ecotoxicity test aim at predicting in the potential effects of the bioavailable fraction (s) of a substance, a mixture of substances or a site environmental sample on non- living target organisms, upon being discharged in the environmental compartments (Advances in Applied Microbiology, 2021).
The use of herbicides in agriculture has over the years contributed tremendously to both food and cash crop production all over the world. But one of the challenges undermining the farming business (Ntow et al., 2006) has been the invasion of many common weed species due to favorable environmental conditions such as abundance of rainfall, adequate light, fertile soil etc. As a result, manufactures have adopted flooding the agrochemical market with all kinds of herbicides that are meant for the elimination of different kinds of weeds in different stages of their growth (Schiomo et al., 2011) Perhaps the efficacy of these herbicides in controlling the target weeds has result in the application of these chemicals by most farmers.
Herbicides or weed killers belong to a class of pesticides that are used in the management of undesirest plants in the areas of agriculture, landscaping, forestry, gardening and industry (Shari et al., 2015). Herbicides are used in agricultural ecosystem to reduce the density of weeds and promote the growth of desirable species (Jodie, 2013).
The soil serves as the repository for all agricultural contaminants, function as a major habitat for most microbial communities such as soil bacteria, fungi and actinomycetes whose activities influences the soil fertility (Zain et al., 2013), through organic material degradation, organic matter decomposition and nutrient cycling (De-Lorenzo et al., 2001 and Hutsch, 2001) Nonetheless, over application of these chemicals inhibit some of these natural processes, and decreases the performance of the non-target organisms (Subhani et al., 2000). However, some soil organisms use these herbicides in the process of degradation as carbon energy source for their metabolic activities.
Nitrosomas and Nitrobacterare important genera in the global biogeochemical nitrogen cycle since they increase the bioavailability of nitrogen to plant. They are nitrifying aerobic bacteria (family Nitrobacteraceae) that use inorganic chemicals as an energy source and are important nitrogen cycle as converters of soil ammonia to nitrates, compounds usable by plants (Wikipedia, 2022). Ecotoxicity of herbicides on Nitrosomonas and Nitrobacter entails the toxic impact of herbicide in soil, such that, several herbicides can alter the symbiotic association between legume plants and Rhizobacteria and hinder the vital process of nitrogen fixation. There has been little or no research on the ecotoxicity of herbicides on Nitrosomonas sp and Nitrobacter sp. In soil therefore, this study is designed to predict the toxic effect of Herbicides on the non-target organisms on the ecosystem using soil micro flora (Nitrosomonas sp and Nitrobacter sp.) for monitoring ecosystem response to these substances.

MATERIALS AND METHODS	
Sample source
Soil sample was collected from Rivers State University Agricultural farm Port harcourt in 5 liners sterile plastic bowl and transported to Rivers State University, Microbiology laboratory for analysis. This was used within 1 hour of collection for isolation of Nitrosomonas sp and Nitrobacter sp employed in this study. Herbicides (Veeset-glyphosate and Dragon-paraquat) were purchased from a chemical shope in mile 1 market in Port Harcourt, Rivers State and taken to the laboratory for the toxicity. Test species are selected based upon the case of laboratory culture, the availability of adequate background information such as physiology, genetics, behavior and sensitivity to a wide range of toxicant. Nitrosomonas sp and Nitrobacter sp has a number of advantages in toxicity testing, its sensitivity to various toxicants and its predominance in waste water environment (Nrior & Owhonda, 2017).
Isolation of Nitrosomonas sp and Nitrobacter sp
Winogradsky agar (modified) medium:  Agar agar (15.09/L), Kings agar B base (3g/L), KNO2 (0.1g/L), Na2CO3(0.5g/L), FeSO4.7H2O, NaCl (0.5g/L) and distilled water (1000ml).The samples were resuscitated in a sterile normal saline of 90ml as diluent and 10 fold serial dilution was carried out. This modified medium shortens incubation period to 2 to 3 days instead of 5 days (Odokuma and Nrior, 2015)
Aliquot (0.1ml) of soil sample was transferred into sterile Winigradsky agar plates in duplicates. Uniformly spread with sterile glass spreader and incubated in inverted position at 30C for 72hours (3 days).  Creamy, mucoid, flat colonies were suggestive of Nitrosomonas sp. Gram staining of the colonies revealed Gram-negative short-rods indicative of Nitrosomonas sp. The colonies were aseptically subcultured into fresh Winogradsky's agar plates. Grayish, mucoid flat colonies were suggestive of Nitrobacter sp.
Gram staining of the colonies revealed pear-shaped pars indicative of Nitrobacter sp (Colwell and Zambruski, 1972) Suspected Nitrosomonas sp and Nitrobacter sp were used to inoculate Wingrably broth containing Ammonium sulphate and Sodium nitrite respectively and incubated at 2 days After 48 hours (2 days) of incubation, 1ml each of Sulfonic acid and dimethyle-napthalamine and a little zinc dust were added to the respective medium.

Assessment of Toxicity of Vecset-Glyphosate and Dragon-Paraquat
The acute bioassay toxicity was carried out for 24 hours duration according to the guildlines provided by APHA 1998 (Nrior et al., 2018). The test was carried out in separate settle plastic containers containing the different toxicum (Vecset-glyphosate and Dragon-paraquat) and 200g of soil. In each of the experimental set up the 6 toxicant concentration (3.25% 6.5% 12.3% 25% 50% and 75%) and a control (0%) were added to each container respectively, after which 2ml of test organism (Nitrosomonas sp or Nitrobacter sp.) was transferred from the broth culture into the different containers and stirred for 2 minutes to mix properly. Aliquot from each plate were then inoculated in freshly prepared Winogradsky agar medium using spread plate technique. Incubated at temperature 30C and for 72 hours, these processes was repeated after 4 hours, 8 hours, 12 hours and 24 hours for the different concentrations (set-ups) and colony forming unit per gram (CFU/g) is then calculated for each set-up.

RESULTS AND DISCUSSION
Applications of excessive and higher dose of herbicides have been reported to result in the Jath of many sensitive microbes. The detrimental effects of applied chemical herbicides on soil microbial diversity depend on the degradability, adsorption and desorption, persistence, concentration of agrochemicals along with soil factors such as texture, vegetation, tillage and organic matter. The herbicide action also depends on the type of formulation being used in addition to the active ingredients (Hussian et. al., 2009)
In the course of this research, it was shown that the commonly used chemicals (such as glyphosate and paraquat dichloride) in herbicides can be toxic and affect the test organisms (Nitrosomonas sp. and Nitrobacter sp.) at certain concentrations. Glyphosate and paraquat can penetrate cellular membrane, disrupt protein synthesis and ultimately kill soil microbes (Sannino and Gianfreda, 2001). Toxicity produces adverse effect on the survival, activity, growth, metabolism and reproduction of soil microbes (Wright and Wellborn, 2002). Some advantages observed in this test include low cost, small space, simplicity and rapidity. Ecotoxicological bioassay was carried out on environmental pollution bio markers Nitrosomonas sp. and Nitrobacter sp. in soil on two different toxicants (Veeset-glyphosate and Dragon- paraquat) at concentrations of 0%, 3.25%, 6.5%, 12.5%, 25%, 50% and 75% at 0hr, 4hrs, 8 hrs, 12 hrs and 24hrs.
The log survival counts showed that the test organisms had reasonable growth at 0%, 3.25%, 6.5%, 12.5% and 25%concentration at 0hr and 4 hrs, whereas no reasonable count and in most cases no count at 50% and 75% toxicants concentration at 8hrs, 12 hrs and 24hrs as shown. The result of the log survival count showed rise in the sensitivity of the test organisms (Nitrosomonas sp and Nitrobacter sp.) to the toxicity of the herbicides (Veeset-glyphosate and Dragon-paraquat) in soil with effect to decrease in concentrations of the herbicides and the duration of exposure. The result confirms similar observation made by Michael and Stephen, (2016).
Percentage (5%) log survival as obtained from the percentage (%) log mortality of the test organisms (Nitrosomonas sp and Nitrobacter sp) in soil contaminated with the toxicants as shows the  detrimental and adverse effect of the herbicides on the test organisms in soil also increases with an effect to an increase in herbicide concentration and time of exposure. 
From the probit analysis as shown in Table 1 above indicates that these herbicides were more toxic against Nitrosomonas sp to its exposure times. Dagon-paraquate and Veeset Glyphosate was more toxic in 24hrs against Nitrosomonas sp at 2.10435mg/l and 1.38162mg/l.
Herbicides can undergo chemical reactions and degradation over time when exposed to environmental factors such as light, temperature, and pH. After 24 hrs, some herbicides may have partially broken down into more toxic compounds or byproducts, which could explain the increased toxicity. Nitrosomonas sp. might not efficiently metabolize or degrade these herbicides within a short exposure time, leading to the accumulation of herbicides in microbial cells over time and higher toxicity levels. Microorganisms like Nitrosomonas sp can develop adaptive mechanisms in response to chemical stressors. After prolonged exposure, genetic changes may have occurred, making them more susceptible to the herbicides, thus increasing their toxicity. pH and Chemical Transformation: The pH of the environment can impact the chemical transformation of herbicides. Over 24 hours, changes in pH could alter the chemical structure of the herbicides, increasing their toxicity to Nitrosomonas sp. Herbicides can affect the composition and activities of other microorganisms in the ecosystem, indirectly enhancing toxicity to Nitrosomonas sp. over time. If Nitrosomonas sp is part of a food chain, herbicides could accumulate as they move up the trophic levels, resulting in higher concentrations in organisms that feed on Nitrosomonas sp.
Threshold Effects: Some herbicides might exhibit threshold effects, with toxicity increasing significantly after certain exposure duration or concentration threshold is reached, potentially explaining the observed increase in toxicity after 24 hours.
Testing Conditions: The conditions under which toxicity tests were conducted, such as temperature, nutrient availability, and the presence of other chemicals, can influence microbial responses to herbicides over time.The increased toxicity of Dagon-paraquate and Veeset Glyphosate against Nitrosomonas sp. after 24 hours can be attributed to a combination of chemical transformations, microbial adaptation, accumulation, and environmental factors. Further research is needed to fully understand the underlying mechanisms.
This topic explores how herbicides can impact soil microbial diversity and function. Herbicides like glyphosate have been shown to affect the composition and activity of soil bacteria and fungi (Cotta et al., 2017).



Fig. 1. Toxicity of herbicides (Veeset Glyphosate) against Nitrosomonas sp. in contaminated soil



Fig. 2. Toxicity of herbicides (Veeset Glyphosate) against Nitrobacter sp. in contaminated soil




Fig.3. Toxicity of herbicides (Dragon - paraquat) against Nitrosomonas sp. in contaminated soil



Fig.4. Toxicity of herbicides (Dragon - paraquat) against Nitrobacter sp. in contaminated soil







Table 1: Acute toxicity indices from probit analysis
Test Isolates                    Veeset Glyphosate                            Dagon-paraquat 

	Time                                   
	    12hrs
	   24hrs
	
	 12hrs
	   24hrs
	


	Nitrosomonas sp
	-0.1762(%)
	1.38162(%)
	
	1.55607(%)
	         2.10435(%)
	

	
	
	
	
	
	
	

	Nitrobacter sp
	1.55607(%)
	2.10435(%)
	
	1.84701(%)
	1.91958(%)                                                                                                                                                  
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	




This also confirms the graphical representation of lethal toxicity of the herbicides (Veeset-glyphosate and Diagon- paraquat) in Nitrosomonas sp and Nitrobacter sp in soil in which present a decrease in log survival count with an increase in herbicides concentration and time of exposure. The sensitivity showed variations as observed in the two toxicants used (Veeset- glyphosate and Dragon-paraquat herbicides). 
To comprehend the impact of herbicides on soil microorganisms, it is essential to recognize the diversity of herbicides in use. Herbicides can be classified into various chemical classes, including glyphosate, paraquat, triazines, and acetanilides, among others. Each herbicide class has distinct chemical properties and modes of action. Glyphosate, for instance, inhibits the enzyme 5-enolpyruvylshikimate-3-phosphate synthase (EPSPS) in the shikimate pathway, while paraquat acts as a photosystem I inhibitor (Franz et al., 1997; Shaner et al., 2005). These differences in chemical structure and mode of action can lead to varying effects on soil microorganisms.
Several studies have investigated the impact of herbicides on soil microbial diversity. It is well-established that herbicides can alter the composition and abundance of soil microbial communities. For example, research by Helander et al. (2018) demonstrated that glyphosate exposure resulted in shifts in the microbial community composition, with certain bacterial taxa becoming more dominant. Similarly, studies on the effects of paraquat have shown changes in microbial community structure (Reed et al., 2018).
Changes in microbial community structure can have functional consequences for soil ecosystems. Soil microorganisms are involved in essential processes such as nutrient cycling and organic matter decomposition. Research by Liu et al. (2019) found that herbicide exposure led to a decrease in soil microbial biomass and altered microbial enzyme activities involved in carbon and nitrogen cycling. Such alterations can have cascading effects on soil health and fertility.
Sensitivity to herbicides varies among different microbial species and functional groups. Some microorganisms may be more tolerant to herbicide exposure due to inherent resistance mechanisms, while others may be highly sensitive. This variation is often attributed to differences in cellular targets of herbicides and microbial adaptation (Binh et al., 2009). For example, studies have shown that certain bacterial genera, like Pseudomonas, can exhibit resilience to herbicide exposure (Dejonghe et al., 2000).

Conclusion
In conclusion, the study have show that herbicides can have significant effects on soil microorganisms (Nitrosomonas sp and Nitrobacter sp), with consequences for soil microbial diversity and ecosystem functions. However, the specific impact varies depending on the type of herbicide, concentration, exposure duration, and microbial species involved. Understanding these complex interactions is crucial for sustainable herbicide use in biotechnological application in the area of agricultural activities and it’s environ.
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