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INTRODUCTION 
 
Herbicides are defined as any substances, individually or in a 
mixture whose function is to control, destroy, repel or mitigate 
the growth of weed in a crop. Herbicides in their natural state 
may be solid, liquid, volatile, non-volatile, soluble, or insoluble, 
hence these have to be made informed suitable and safe for their 
field use. A herbicide formulation is prepared by the 
manufacturer by blending the active ingredient with substances 
like a solvent, surfactants, substance like a solvent, surfactants, 
sticker and stabilizer to allow mixing dilution application and 
stability. In Nigeria, herbicides have since effectively been used 
to control weeds in agricultural systems. As farmers continue to 
realize the usefulness of herbicides larger qualities are applied to 
the soil. But the safety of those compounds in the soil becoming 
increase singly important since they could be leached, in which 
case groundwater is contaminated or immobile, and persist on the 
topsoil [1,2]. These herbicides could then accumulate to a toxic 

level in the soil and become harmful to microorganisms, plants, 
wildlife and man. There is an increasing concern that herbicides 
not only affect the target organisms (weeds) but also the 
microbial communities present in soils, and this non-target effect 
may reduce the performance of important soil functions. These 
critical soil functions include organic matter degradation, the 
nitrogen cycle and methane oxidation. 
 

The presence of herbicide residues in soil could have direct 
impacts on soil microorganisms and is a matter of great concern. 
At normal field recommended rates herbicides are considered to 
have no major or long-term effect on the microbial population. It 
has been reported that some microorganisms were able to 
degrade the herbicide, while some others were adversely affected 
depending on the application rates and type of herbicide used [3] 
Therefore, the effect of herbicide on microbial growth, either 
stimulating or depressive, depends on the chemicals (type and 
concentration), microbial species and environmental conditions 
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 ABSTRACT 
Herbicides’ toxic impact on the non-target soil microorganisms which play roles in degrading 
organic matter, nitrogen and nutrient recycling and decomposition needs to be considered.  In the 
present study, the effect of four (4) most commonly used herbicides, viz; atrazine, 2, 4- D amine, 
glyphosate and paraquat on soil microorganisms was assessed over a period of fifteen continuous 
days (exposure period). The herbicide treatments were the normal recommended field rate, (6.67 
mg active ingredient per gram of soil for atrazine, 6.17 mg for 2, 4-D amine, 5.56 mg for 
glyphosate, and 2.46 mg for paraquat), half and double of the recommended field rates. Tables 
4.1 through 4.5 showed the various heterotrophic bacterial colony counts obtained from the 
various treatments, ranging from the control (Day 1; no herbicide applied) to days 3, 6, 9 and 15 
after the application of the various herbicides, respectively. Two general trends are readily 
observed: the first is that, upon application of the herbicide, the microbial growth steadily 
diminishes, up to the 6th day. However, from there it continues to increase till the end of the 
experiments (day 15). This applies to each herbicide. Firstly, the effect of the addition of the 
various herbicides was evaluated using two samples, a two-tailed Z-Test for means, at a 95% 
confidence interval, and the results showed that there is a difference in the bacterial counts before 
the application of the herbicides (Day 0) and immediately after (day 3), and the difference is 
statistically significant (Z = 3.32, Z critical = 1.96, P = 0.00090). This indicates that the 
application of the herbicides affects the bacterial population. 
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[4]. The soil severs as a repository for all agricultural 
contaminants, and functions as a major habitat for most microbial 
communities such as soil bacteria, fungi and actinomycetes 
whose activities influenced soil fertility [5] through organic 
materials degradation, organic matter decomposition and nutrient 
cycling [6]. Nonetheless, the over-application of these chemicals 
inhibits some of these natural processes and decreases the 
performance of the non-target organisms [7]. However, some soil 
organisms use these herbicides in the process of degradation as a 
carbon energy source for their metabolic activities [8–14]. 
 

Agriculture remains the back born of the economy, to ensure 
agricultural productivity nm weeds must be dealt with accurately 
and adequately as it disturbs the peace and interrupts the desired 
performance of the cultivated crops. Weed grows must be 
inhibited to give room for the cultivated crops to survive 
uninterruptedly without much competition. Competition of crops 
with weeds hinders the growth of the crops cultivated which will 
eventually lead to stunted growth or even total death of the crops. 
Crops require so many things to thrive these include space, 
nutrients, sunlight etc. when crops were denied these 
requirements by weeds definitely the growth, development and 
performance of crops will be interfered thereby causing the crops 
to be very disturbed. 
 

Several studies on the wide use of herbicides have already 
shown that herbicides application leads to changes in soil nutrient 
levels and alteration to soil microbial activity, diversity and 
genetic structure and this consequently leads to disturbances of 
microbial communities ensuring several key ecological processes 
in the soil such as organic matter degradation and nutrient 
cycling, could harmfully alter soil fertility and sustainable 
agriculture productivity (Girvan et al.,  2004; Ros et al., 2006) 
[15–19]. 
 

In Nigeria, and many other countries the world over, over 
the past five decades, herbicides have been increasingly added to 
the environment under intensively managed cultivation practice 
leading to contamination of natural bodies. Of late, there has been 
increasing concern about the non-target effect of herbicides [20–
26]. Soil microorganisms are among the important non-target 
organisms most affected by herbicide [27]. The intensive use of 
the herbicide has caused environmental concern especially 
unforeseen consequences on soil microbes. Since herbicides can 
be potentially toxic to the non-target organism. Determining the 
impact of herbicide on non-target organisms such as microbes in 
the soil has been of considerable interest [28–30]. 
 

Studies on herbicide residual effects on soil microorganisms 
are often done in soil microcosm small-scale experiments which 
can be interpreted accurately at larger scales [31]. Microcosms 
containing soil microfauna of field communities offer a higher 
resolution of ecotoxicological effects of chemicals in soil 
environments [32]. As the precise assessment of the potential 
non-target effects of herbicides on soil microorganisms is of 
growing interest, therefore, soil microcosm can provide a better 
understanding of the possible response of soil microbes to 
herbicides. Also, an ideal herbicide should have the quick ability 
to be degraded into non-toxic substances that ultimately exert 
fewer toxic effects on soil microbes (especially non-target 
organisms) [1,4,33,34]. The research aims to determine the effect 
of herbicide on soil bacteria   
 
 
 
 
 

METHODOLOGY  
 
Soil sampling 
The topsoil (up to 5 cm depth) sample was collected from Dutsin-
Ma water board (Water board area) with no prior herbicide 
treatment in the last 5 years. The soil samples were collected in 
quadruplicate at each of the four sampling sites. The four samples 
were mixed thoroughly, and portions were taken for laboratory 
analyses.  The samples were sieved using a 2.0 mm mesh size to 
remove stones and plant debris.  
 
Herbicides Selection.  
The herbicides were obtained from local agricultural input 
dealers in Dutsin-Ma. The selected herbicides were the most 
commonly used ones which contain the following active 
ingredients: Paraquat (Sun-Paraquat 200 SL), Glyphosate 
(Sunphosate 360 SL), 2, 4-D amine (720 SL) and Atrazine 
(Agrazine 500).  
 
Soil Treatments  
The soil treatment was carried out in four (4) different 
concentrations double the recommended field rate (RFR), half 
the RFR and normal the RFR over three days for fifteen (15) 
days. The rate of treatment is according to the manufacturer’s 
recommended rate of 2.4 mg of the active ingredient per a gram 
of soil for Paraquat, 5.56 mg per gram of soil for Glyphosate, 
6.17 mg per gram of soil for 2,4-D Amine and 6.67 mg per gram 
of soil for Atrazine. Each of the treatments was in two duplicates.  
 
Baseline determinations (Control)  
This was the point where the bacteria population in the soil was 
determined without any chemical treatment to serve as the 
baseline to compare with the soils that were treated with various 
herbicides. The soil organic matter was determined before the 
chemical treatment and after treatment. 
 
Determination of Bacterial Load 
The enumeration of the bacteria population was done using Pour 
Plate Counter. The plate count agar was prepared by suspending 
8.96g of dehydrated medium (powder) in 320 mL of distilled 
water. The content was heated and boiled for one minute with 
constant agitation until the powder was completely dissolved. 
The agar was poured into a conical flask and sterilised in an 
autoclave at 121 °C. One gram of each treated soil sample was 
weighed and serially diluted. One (1) mL aliquot was taken from 
an inch below the surface with a sterilized 1 mL pipette and 
placed on an empty sterile plate.  
 

Twenty (20) mL of the melted plate count agar which has 
been cooled to 45 °C was poured into the diluted sample. This 
was swirled to ensure that the mixture was thoroughly mixed and 
cooled to solidify on a flat laboratory bench before incubation 
was done under a lamina flow. These labelled specimens were 
inverted to prevent them from being soaked through 
condensation. Incubation was done at room temperature of 37 °C 
for 24. The total viable colony on each plate was counted using 
the colony counter and the data was recorded. Statistical 
Analyses of the data were performed using Microsoft Office 
Excel Data Analysis ToolPak (2016 version).  
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RESULTS 
 
The various heterotrophic bacterial colony counts obtained from 
the various treatments (Table 1 and Fig. 1), ranging from the 
control (Day 1, no herbicide applied), to days 3, 6, 9 and 15 after 
the applications of the various herbicides, respectively show two 
general trends are readily observed: the first is that upon the 
application of the herbicide, the microbial growth steadily 
diminishes, up to the 6th day. However, from there it continues to 
increase till the end of the experiments (day 15). This is 
applicable to each herbicide. On the second day, soil treated with 
paraquat shows the highest number of colonies, followed by 2, 4-
D amine, and then atrazine, while glyphosate has the least colony. 
On day 6 paraquat maintain the highest colonies. On day 9, 
atrazine has the highest number of colonies and paraquat has the 
least colonies. On day 15, paraquat exhibited the highest number 
of colonies followed by glyphosate and then 2,4-D amine and 
atrazine have the least (Fig. 1). 
 
Table 1. Bacterial colony counts were obtained from various herbicide 
treatment. 
 
 
 
Sampling 
Point  

 
 
Soil 
Treatment 

Mean of Bacterial 
Count (CFU/g) 
Days of incubation 
0 3 6 9 15 

        A 2,4-D amine  TNTC 2.2x109 2.87x108 6.26x108 2.26x109 
        B paraquat TNTC  2.27x109 9.5x108 1.315x109 TNTC 
        C glyphosate TNTC 1.222x109 5.060x108 1.38x109 2.81x109 
        D atrazine TNTC 1.605x109 1.32x109 8.36x108 2.01x109 
 

 
 
Fig. 1. Trends of bacterial colony counts obtained from various herbicide 
treatments. 
 
 
DISCUSSION  
 
Firstly, the effect of the addition of the various herbicides was 
evaluated using a two-sample, two-tailed Z-Test for means, at a 
95% confidence interval, and the results showed that there is a 
difference in the bacterial counts before the application of the 
herbicides (Day 0) and immediately after (day 3), and the 
difference is statistically significant (Z = 3.32, Z critical = 1.96, 
P = 0.00090). This indicates that the application of the herbicides 
has an effect on the bacterial population, and this is in agreement 
with previous submissions [34]. 
 

Moreover, to determine the overall effect of the herbicides 
on the bacteria as the experiments runs, over time, Spearman’s 
Product Moment Correlation was determined for the average 
colony counts obtained, from the first day to the last, and a weak, 

negative correlation was obtained (R = -0.37), and this shows that 
the application of the herbicides initially had negative effects on 
the bacteria, as some of them may not be able to tolerate it, due 
to its toxicity, therefore the microbial population generally 
reduces. However, when the same analysis was repeated 
excluding the control, i.e. day without application of any 
herbicide, the correlation was found to be weak, but positive (R 
= 0.46). This reflects the positive increase in growth at the latter 
stages of the experiment, where two factors, namely, the decrease 
in the amount of herbicide and the acclimatization of the 
microbes to the various herbicides, make the growth rates 
increase [4,7,35–37]. 
 

Finally, a two-way Analysis of Variance was used to 
compare whether the individual colony counts obtained from 
each herbicide differ from each other with regard to the stage of 
the experiment (i.e. the time after the application of the herbicide) 
or the type of herbicide applied. The results showed that there is 
no significant difference in terms of the effects of one herbicide 
compared to another, amongst the herbicides tested (p = 0.17); 
however, there is a significant difference in terms of the effects 
of the tested herbicides on the microbial counts, as the time of the 
experiment progresses (p = 0.0001). This shows that all the 
herbicides had virtually the same toxicity or effects on the 
microbes, however, this changes over time, which is attributable 
to acclimatization and the onset of biodegradation, as described 
earlier [32]. 
 
CONCLUSION 
 
Owing to the apparent devastations that the four different 
herbicides exert on soil bacterial flora which play significant 
roles in soil ecology and enhance beneficial plant-microbe 
interaction, their usage needs to be checked. The results of the 
study indicate that the presence of Atrazine, 2, 4-D amine, 
Glyphosate and Paraquat in the soil exert considerable change in 
the growth and development of soil microorganisms. The effect 
of the addition of the various herbicides was evaluated using a 
two-sample, a two-tailed Z-Test for means, at 95% confidence 
interval, and the results showed that there is a difference in the 
bacterial counts before the application of the herbicides (Day 0) 
and immediately after (day 3), and the difference is statistically 
significant (Z = 3.32, Z critical = 1.96, P = 0.00090). This 
indicates that the application of the herbicides has an effect on 
the bacterial population, and this is in agreement with previous 
submissions (Araujo et al., 2003). Further research should be 
done in this area, such as those focusing on bacteria with the 
ability to degrade the selected herbicides in those contaminated 
soils, and their response to the changing concentration.   
 
REFERENCES 
 
1.  Amakiri MA. Microbial Degradation of soil applied herbicides. 

Niger J Microbiol. 1982;2:17–21.  
2.  Adenikinju SA, Folarin JO. Weed control in coffee in Nigeria with 

gramozone prod. In: Sixth annual Conf Weed sci Six Nigeria. 1976. 
p. 1–8.  

3.  Sebiomo A, Ogundero VW, Bankole SA. Effects of four herbicides 
on microbial population, soil organic matter and dehydrogenase 
activity. Afr J Biotechnol. 2011;10(5):770–8.  

4.  Zain MMM, Rosli BM, S. K, NurMasirah M, Yahya A. Effects of 
selected herbicides on soil microbial populations in oil palm 
plantation of Malaysia: A microcosm experiment. Afr J Microbiol 
Res. 2013;7(5):367–74.  

5.  Zain NMM, Mohamad RB, Sijam K, Morshed MM, Awang Y. 
Effect of Selected Herbicides in Vitro and in Soil on Growth and 
Development of Soil Fungi From Oil Palm Plantation. Int J Agric 
Biol. 2013;15:820–6.  

0

4

8

12

16

0 3 6 9 15

M
ea

n 
of

 B
ac

te
ria

l P
op

ul
at

io
n 

(c
fu

/m
g)

Days

2,4-D amine

Paraquat

Glyphosate

Atrazine

https://doi.org/10.54987/jemat.v10i1.693


JEMAT 2022, Vol 10, No 1, 19-22 
https://doi.org/10.54987/jemat.v10i1.693  

 

- 22 - 
This work is licensed under the terms of the Creative Commons Attribution (CC BY) (http://creativecommons.org/licenses/by/4.0/). 

 

6.  De-Lorenzo ME, Scott GI, Ross PE. Toxicity of pesticides to 
aquatic microorganisms: a review. Environ Toxicol Chem. 
2001;20:84–98.  

7.  Subhani A, EI-ghamry AM, Huang C, Xu J. Effect of Pesticides 
(Herbicides) on Soil Microbial Biomass. Rev Pak J Biol Sci. 
2000;3(5):705–9.  

8.  Chaudhry GR, Ali AN. Bacterial metabolism of carbofuran. Appl 
Environ Microbiol. 1988;54(6):1414–9.  

9.  Zhang R, Cui Z, Jiang J, He J, Gu X, Li S. Diversity of 
organophosphorus pesticide-degrading bacteria in a polluted soil 
and conservation of their organophosphorus hydrolase genes. Can J 
Microbiol. 2005;51(4):337–43.  

10.  Anupama KS, Paul S. Ex situ and in situ biodegradation of lindane 
by Azotobacter chroococcum. J Environ Sci Health - Part B Pestic 
Food Contam Agric Wastes. 2010;45(1):58–66.  

11.  Pino NJ, Dominguez MC, Penuela GA. Isolation of a selected 
microbial consortium capable of degrading methyl parathion and p-
nitrophenol from a contaminated soil site. J Environ Sci Health B. 
2011;46(2):173–80.  

12.  Nanasato Y, Namiki S, Oshima M, Moriuchi R, Konagaya KI, 
Seike N, et al. Biodegradation of γ-hexachlorocyclohexane by 
transgenic hairy root cultures of Cucurbita moschata that 
accumulate recombinant bacterial LinA. Plant Cell Rep. 
2016;35(9):1963–74.  

13.  Sabullah MK, Rahman MF, Ahmad SA, Sulaiman MR, Shukor MS, 
Shamaan NA, et al. Isolation and characterization of a 
molybdenum-reducing and glyphosate-degrading Klebsiella 
oxytoca strain Saw-5 in soils from Sarawak. Agrivita. 
2016;38(1):1–13.  

14.  AbdEl-Mongy MA, Rahman MF, Shukor MY. Isolation and 
Characterization of a Molybdenum-reducing and Carbamate-
degrading Serratia sp. strain Amr-4 in soils from Egypt. Asian J 
Plant Biol. 2021 Dec 31;3(2):25–32.  

15.  Field JA, Reed RL, Sawyer TE, Griffith SM, Jr PJW. Diuron 
occurrence and distribution in soil and surface and ground water 
associated with grass seed production. J Environ Qual. 
2003;32(1):171–9.  

16.  Dinamarca MA, Cereceda-Balic F, Fadic X, Seeger M. Analysis of 
s-triazine-degrading microbial communities in soils using most-
probable-number enumeration and tetrazolium-salt detection. Int 
Microbiol. 2007;10(3):209–15.  

17.  Johnsen AR, Binning PJ, Aamand J, Badawi N, Rosenbom AE. The 
Gompertz function can coherently describe microbial 
mineralization of growth-sustaining pesticides. Environ Sci 
Technol. 2013;47(15):8508–14.  

18.  Islam F, Wang J, Farooq MA, Khan MSS, Xu L, Zhu J, et al. 
Potential impact of the herbicide 2,4-dichlorophenoxyacetic acid on 
human and ecosystems. Environ Int. 2018 Feb 1;111:332–51.  

19.  de Brito Rodrigues L, Gonçalves Costa G, Lundgren Thá E, da 
Silva LR, de Oliveira R, Morais Leme D, et al. Impact of the 
glyphosate-based commercial herbicide, its components and its 
metabolite AMPA on non-target aquatic organisms. Mutat Res - 
Genet Toxicol Environ Mutagen. 2019;842:94–101.  

20.  Benbrook CM. How did the US EPA and IARC reach diametrically 
opposed conclusions on the genotoxicity of glyphosate-based 
herbicides? Environ Sci Eur. 2019 Jan 14;31(1):2.  

21.  Silva GSD, Matos LVD, Freitas JODS, Campos DFD, Almeida e 
Val VMFD. Gene expression, genotoxicity, and physiological 
responses in an Amazonian fish, Colossoma macropomum 
(CUVIER 1818), exposed to Roundup® and subsequent acute 
hypoxia. Comp Biochem Physiol Part - C Toxicol Pharmacol. 
2019;222:49–58.  

22.  Jarrell ZR, Ahammad MU, Benson AP. Glyphosate-based herbicide 
formulations and reproductive toxicity in animals. Vet Anim Sci. 
2020;10.  

23.  Moraes JS, da Silva Nornberg BF, Castro MRD, Vaz BDS, 
Mizuschima CW, Marins LFF, et al. Zebrafish (Danio rerio) ability 
to activate ABCC transporters after exposure to glyphosate and its 
formulation Roundup Transorb®. Chemosphere. 2020;248.  

24.  Pochron S, Simon L, Mirza A, Littleton A, Sahebzada F, Yudell M. 
Glyphosate but not Roundup® harms earthworms (Eisenia fetida). 
Chemosphere. 2020 Feb;241:125017.  

25.  Dionne E, Hanson ML, Anderson JC, Brain RA. Chronic toxicity 
of technical atrazine to the fathead minnow (Pimephales promelas) 
during a full life-cycle exposure and an evaluation of the 

consistency of responses. Sci Total Environ. 2021 Feb 
10;755:142589.  

26.  Zheng T, Jia R, Cao L, Du J, Gu Z, He Q, et al. Effects of chronic 
glyphosate exposure on antioxdative status, metabolism and 
immune response in tilapia (GIFT, Oreochromis niloticus). Comp 
Biochem Physiol Part - C Toxicol Pharmacol. 2021;239.  

27.  Busse MD, Ratcliff AW, Shestak CJ, Powers RF. Glyphosate 
toxicity and the effects of long-term vegetation control on soil 
microbial communities. Soil Biol Biochem. 2001;33:1777–89.  

28.  Ayansina ADV, Oso BA. Effect of two commonly used herbicides 
on soil microflora at two different concentrations. Afr J Biotechnol. 
2006;5(2):129–32.  

29.  Batisson I, Crouzet O, Besse-Hoggan P, Sancelme M, Mangot JF, 
Mallet C, et al. Isolation and characterization of mesotrione-
degrading Bacillus sp. from soil. Environ Pollut. 
2009;157(4):1195–201.  

30.  Błaszak M, Pełech R, Graczyk P. Screening of microorganisms for 
biodegradation of simazine pollution (obsolete pesticide azotop 50 
WP). Water Air Soil Pollut. 2011;220(1–4):373–85.  

31.  Baran N, Mouvet C, Negrel P. Hydrodynamic and geochemical 
constraints on pesticide concentrations in the groundwater of an 
agricultural catchment (Brevilles, France. Environ Pollut. 
2007;148(3):729–38.  

32.  Itelimi JU, Ogbonna AI, Cletus ST. Toxicological Effect of some 
commonly used Pesticides (Herbicides, Insecticides and 
Fungicides) on Soil Fungi. Direct Res J Food Sci Agric. 
2018;6(8):212–9.  

33.  Ali RA. The behaviour and interaction of Pesticides with soil clays 
in salt affected soils and its effects on the ion’s availability to 
Monocotyledons and Dicotyledon Plants. J Agric Res. 
1990;14:1991–2003.  

34.  Araujo ASF, Moniteiro RTR, Abarkeli RB. Effect of glyphosate on 
the Microbial activity of two Brazilian soils. Chemosphere. 
2003;52(5):799–804.  

35.  Santos A. Flores, M. Effects of glyphosate on nitrogen fixation of 
free-living heterotrophic bacteria. Lett Appl Microbiol. 
1995;20:349–52.  

36.  Haney R l., Senseman S, Hons F. Effect of Roundup Ultra on 
Microbial Activity and Biomass from Selected Soils. J Environ 
Qual. 2002;31(3):730–5.  

37.  Singh G, Wright D. In vitro studies on the effects of herbicides on 
the growth of rhizobia. Lett Appl Microbiol. 2002;35:12–6.  

 
 
 
 

https://doi.org/10.54987/jemat.v10i1.693

	INTRODUCTION

