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Abstract 
Field studies were conducted to investigate the effect of herbicides on soil. 

Four groups of herbicides; 2,4 D-Calliherb, glyphosate and paraquat were 

used at the rate of 350 ml in 15 L sprayer while 3 kg/h for triazine powder. 

There were five treatments, each replicated five times and were laid down 

in a randomized complete block design (RCBD). The herbicides were 

applied, and after seven days reading collection were started. Two way 

analysis of variance was used. Methods used in Microbial determination 

involved Ashby medium for Azotobacter isolation, agar medium for 

Actinomycetes and M9 mineral salt medium for Heterotrophic aerobic 

bacteria incubated at 30oC Azotobacter count (AZB) in triazine and 2,4-D 

Calliherb treated soil increased from 7th day to 28th day after treatment, 

which ranged from (7.4 x 103 to 14.55 x 103) and (8.3 x 102 to 14.78 x 103) 

CFU/g soil respectively. Similarly Azotobacter count was observed in 

paraquat and Glyphosate treated soil, which varies from (11.9 x 102 to 8.4 

x 103) and (10.5 x 102 to 5.80 x 103) CFU/g soil respectively at (p<0.05). 

Results revealed that herbicides application significantly affected the 
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activity of Azotobacter, Arthrobacter, heterotrophic aerobic bacteria, 

actinomycetes and fungal population. 

 

 

Introduction 
Herbicides are used to limit reduction 

in crop yield and quality due to weed 

competition, yield contamination and 

interference with harvesting. 

Herbicide use has undoubtedly 

contributed to crop yield increase and 

the efficiency of production. 

However, their widespread have 

detrimental and unexpected effects on 

wildlife both within crops and in 

associated semi-natural habitats in 

farmland (Jauzien and Rodwell, 

1995). Developments in assessing risk 

to non-target organisms since that 

time have concentrated on non-target 

areas, particularly field boundaries, 

where pesticide drift is likely to occur 

(Stefanoviš et al., 2007). However, 

significant changes in both population 

size and ranges have been recorded 

for common bird species of farmland 

(sustainability indicators) over the 

past 30years (Stefanoviš et al., 2001). 

There are concerns that significant 

ecological changes have occurred or 

are occurring within arable and 

horticultural crops associated with 

herbicide use (Moore-Kucera and 

Dick, 2008). There is the need to 

understand the direct and indirect 

potential effects of herbicides, which 

may be mediated by the removal of 

plant biomass or particular plant 

species with which higher trophic taxa 

are associated, or by affecting 

processes within soils (Full et al., 

2000). During the last decades, a large 

number of herbicides have been 

introduced as pre and post-emergent 

weed killers in many countries of the 

world (Stefanoviš et al., 2000). In 

Nigeria, herbicides have since 

effectively been used to control weeds 

in agricultural systems (Adenikinju 

and Folarin, 1976). 

Presently, because of the continued 

realizations of the usefulness of 

herbicides, larger quantities are 

applied to the soil by farmers. 

However, the fate of these compounds 

in the soils is becoming increasingly 

important since they could be leached; 

in which case ground water is 

contaminated or immobile, and 

persists on the top soil (Ayansina et 

al., 2013). These herbicides could 

then accumulate to toxic levels in the 

soil and become harmful to 

microorganisms, plant, wild life and 

man (Amakiri, 1982). There is an 
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increasing concern that herbicides not only affect the target organisms (weeds) 

but also the microbial communities present in soil functions which include 

organic matter degradation, the nitrogen cycle and methane oxidation (Hutsch, 

2001).  

Glyphosphate and paraquat have been reported to cause activation in soil 

cellulase and invertase (Ratcliff et al., 2006), while, diquate and paraquat 

increased fungal populations (Krzysko-Lupicka et al., 1997).  A degradative 

microbial population that has adapted to the compounds may exist in many 

contaminated locations. Therefore, it is necessary to search for various 

microorganisms which would be able to reduce water or soil pollution. All the 

transformations of nutrients occurring in soil are stimulated by the enzymes that 

condition their conversion into forms available to plants and microorganism. 

Microbial enzymes are frequently referred to as indicators of purity of soil 

environment (Aon and Colaneri, 2001). Microbial activity measurements 

appear as good indicators of the degree of pollution of contaminated soils (He 

et al., 2007).  

 

MATERIALS AND METHODS 

Study was conducted in Dukkumari, Damaturu local Government Area of Yobe 

state, Nigeria. Yobe State is located in the North Eastern Region of Nigeria at 

latitude 120 00’N and longitude 110 30’E. It lies within the Sahel savannah 

vegetation, the climate is characterized by long hot and dry season from October 

to May and short rainy season from June to September with annual mean 

rainfall of 500-1000 mm for period of five years (Peel, et al 2007). The average 

temperature in the State is about 30oC that is experienced annually around April 

(Iloeje, 2001). 

 

Treatments and Experimental Design 

Treatments consist of four groups of herbicides (triazine, 2,4-D calliherb, 

glyphosate, paraquat, and control). These were laid down in a Randomized 

Complete Block Design (RCBD) replicated five times. 

 

Herbicides Application 

The herbicides were applied using a CP Knaps Sack Sprayer with a prolijet 

nozzle at company recommended rates of 4l/h (at 350 ml in 15 L sprayer) for 
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paraquat, glyphosate and 2,4-D Calliherb, while recommended rate of 3 kg/h 

(for triazine powder). Each herbicide was applied to one plot except for the 

Control.  

Soil samples were collected from a depth of 0-3 cm from each plot (Saeki and 

Toyota 2004). Each plot was divided into 5 blocks, and from each block five 

soil samples collected randomly. Samples collected from each block were 

referred to as sub-samples and were thoroughly mixed to form one composite 

sample. The composite samples were homogenized, sieved (2.0 mm) and 

analysed. The effect of different herbicides in the soil was analysed in response 

to soil enzyme activity and microbial enumeration with respect to control soil 

in triplicates at regular intervals i.e. 7, 14, 21 and 28th days after treatment for 

period of 4 weeks respectively.  

 

Determination of Azotobacter 

 An Azotobacter activity was determined using the method of Clark (1965). Ten 

grams of soil samples were weighed and dissolved into the 90ml of sterile 

distilled water at 30oC for 15 minutes. After this, solutions were serially diluted 

in a proportion of 10-1 up to 10-9 in sterile distilled water. From these, 1 ml of 

each dilution was planted on to triplicate agar Ashby medium (5g glucose, 5g 

mannitol, 0.1g CaCl2.2H2O, 0.1gr MgSO4.7H2O, 5mg Na2MoO4.2H2O, 0.9g 

K2HPO4, 0.1g KH2PO4, 0.01g FeSO4.7H2O, 5g CaCO3 and 15 g agar in 1 L 

distilled water, pH 7.3) and incubated at 30oC for 72 hour. 

 

Determination of Actinomycetes 

Actinomycetes were determined using the method of Rahaman et al. (2011). 

One gram of dried soil was suspended in 99 ml distilled water and serially 

diluted in distilled water up to 10−7. An aliquot of 0.1 ml of each dilution was 

taken and spread evenly over the surface of actinomycetes isolation agar (AIA) 

medium (Pine and Watson, 1959) supplemented with cyclohexamide (50 

μg/ml) and nystatin (50 μg/ml). Waksman (1961), plates were incubated at 

30°C for 7 days. After 7 days incubation, whitish pin-point colonies, 

characteristic of actinomycetes, with a clear zone of inhibition around them was 

observed.  

 

Determination of Total Heterotrophic Aerobic Bacteria 

Adopting the method of Fisher et al. (1992), microbial counts of bacteria that 

utilized substrates as sole carbon sources were carried out using M9 mineral 
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salts medium. The substrates used were naphthalene, benzene, toluene, 

ethylbenzene, xylene, 1-methylnaphthalene, 2-methylnaphthalene, m-cresol, p-

cresol, 1-naphthol and 2-naphthol in the vapour phase (was added as a few 

crystals, in the case of solid substrates or 100 ll in a pipette tip, in the case of 

liquid substrates, to the lids of sealed petri dishes). A control plate with no 

added carbon sources was used to indicate little or no growth in the absence of 

a carbon source. 

 

Determination of Fungi 

Culture media used are Nutrient agar (NA), potato dextrose agar (PDA) and 

Eosinmethylene blue (EMB) agar (LABM) and were all prepared according to 

the manufacture’s specification. Serial dilution of the effluents was carried out 

and 1 ml each of the diluents was aseptically introduced into different plates 

after which sterile prepared medium was introduced using the pour plate 

technique and incubated at the 370C for 24hrs. Biochemical tests were carried 

out on pure bacterial cultures using standard methods (Anon, 1994; Cappucino 

and sherma, 1998).  

In estimating the fungi, PDA plates supplemented with streptomycin inoculated 

with the serial diluents of samples by pour plate technique and incubated at 

300C for 72 hrs (Adesemoye and Adedire, 2005).  Macroscopic and microscopic 

examinations including staining for morphological characteristics were carried 

out on fungal isolates and identification was done based on the characteristics 

using oxidase, catalase, and motility. 

 

RESULTS 

Effects of herbicides on the Microbial Dynamics  

The variations in microbial population in different herbicide treated soil were 

presented in terms of log10 transformed of CFU/g soil (Figure1-5). Herbicides 

application significantly affected the activity of Azotobacter, Arthrobacter, 

heterotrophic aerobic bacteria, actinomycetes and fungal population (p<0.05). 

Azotobacter count (AZB) in triazine and 2,4-D Calliherb treated soil increased 

from 7th day to 28th day after treatment, which ranged from (7.4 x 103 to 14.55 

x 103) and (8.3 x 102 to 14.78 x 103) CFU/g soil respectively. Similarly AZB 

count was observed in paraquat and Glyphosate treated soil, which varies from 

(11.9 x 102 to 8.4 x 103) and (10.5 x 102 to 5.80 x 103) CFU/g soil respectively 
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(Figure 1). The AZB count with respect to different herbicides and days after 

treatment was found to be significant (P<0.05).  

The effect of triazine on Athrobacter count (ARB) showed an increasing trend 

from 7th day (16.7 x 102 CFU/g soil) to 21st day (24.7 x 102 CFU/g soil) after 

treatment. However, the effect of 2,4-D Calliherbe showed a decreased in trend 

in athrobacter count up to 14th day (53.6 x 102 CFU/g soil), and then gradually 

increased and found to be highest on 28th day (59.7 x 102 CFU/g soil) after 

treatment. Further, the Arthrobacter count in paraquat and glyphosate treated 

soil exhibited an increasing trend from 7th day to 28th day, which varies from 

(10.5 x 103 to 20.5 x 103 CFU/g soil) and (7.05 x 103 to 9.8 x 103 CFU/g soil) 

respectively (Figure 2). The control soil significantly showed high ARB count 

as compared to treated soil (p<0.05). The heterotrophic aerobic bacterial count 

(HAB) intriazine treated soil showed an increasing trend from 7th day (18.6 x 

106 CFU/g soil) to 28th (25.4 x 106 CFU/g soil) after treatment. Significant 

different was also observed in HAB population at different days after the 

application of 2,4-D Calliherbe which varies from 7th days (31.4 x 106 CFU/g 

soil) to 28th day (35.2 x 106CFU/g soil). Paraquat application significantly 

reduced HAB count (p<0.05) from 7th day (8.9 x 102 CFU/g soil) to 28th day 

(1.32 x 102 CFU/g soil) after treatment (Sebiomo et al., 2011). Glyphosate 

treated soil exhibited an increasing trend from 7th day (5.29 x 105 CFU/g soil) 

to 28th day (7.3 x 105 CFU/g soil) (Figure 3).                     Actinomycete count 

showed  significant defference (p<0.05) among thwe different herbicide treated 

an increasing trend was observed from 7th day to 28th day in triazine and 2,4-D 

Calliherbe treated soil, which varied from (9.5 x 102 to 13.5 x 102) CFU/g soil 

and (12.4 x 102 to 14.9 x 102) CFU/g soil respectively. Similar trend was also 

exhibited in praraquat and glyphosate treated soil, which ranged from (2.7 x 102 

to 6.6 x 102) CFU/g soil and (8.3 x 102 to 10.3 x 102) CFU/g soil respectively. 

The ACT count were severely affected by paraquat treatment as compared to 

other herbicides furthermore, Glyphosate was observed to be less toxic than 

paraquat against the actinomycetes (Figure 4). The variation in ACT count with 

respect to different herbicides and days after treatment was significant (p<0.05).  

The fungal count in Triazine,2,4-D Calliherbe and paraquat treated soil 

exhibited an increasing trend from 7th day to 28th day after treatment, which 

varied from (1.57 x 103 to 2.64 x103) CFU/g soil; (70.5 x 103 to 75.7 x 103) 

CFU/g soil and (2.1 x 102 to 29.2 x 102) CFU/g soil respectively. The data 

suggested that the FUN count was moderately inhibited by paraquat as 
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compared to triazine and 2,4-D Calliherbe. However, the application of 2,4-D 

Calliherbe resulted in higher FUN count as compare to other herbicides 

application as well as the control (Figure 5). The FUN count in Glyphosate 

treated soil was found to be less on 14th day (2.5 x 102 CFU/g soil. but gradually 

increased after 14th day. The variation in FUN count with respect to different 

herbicides and days was significant (P<0.05).  

 

 
Figure 1: Effect of herbicides on the population of Azotobacter bacteria  

 

 
Figure 2: Effect of herbicides on the population of Athrobacter bacteria 
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Figure 3: Effect of different herbicides on Heterotrophic aerobic bacteria 

(HAB) Population 

 

 
Figure 4: Effect of herbicides treated soil on the population of 

Actinomycetes bacteria (ACT)                                            
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Figure 5: Effect of herbicides on the Fungi population  

 

DISCUSSION 

Effects of Herbicides on the Microbial Dynamics 
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since they would persist on top of soil (Ayansina et al., 2013), accumulate to 

toxic level and become harmful to microorganism (Amakiri, 1982), and bring 

about changes in nutrient levels (Taiwo and Oso, 1997; Wang et al., 2008). 

Some microorganisms have the ability to degrade herbicide, while others were 

adversely affected depending upon the application rate/dose and type of 

herbicide used (Wilkinson and Lucas, 1969; Ayansina and Oso, 2006; Sebiomo 

et al., 2011). Thus, the effect of herbicides on soil microbial population may be 

either stimulating or depressive depending on the type of the agrochemicals its 

concentration, mode of application, groups of microorganisms and 

environmental conditions (Subhani et al., 2000; Zain et al., 2013). Herbicides 
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decomposition is frequently faster in soil that contains high organic matter, 

presumably because of more vigorously microbial activity. Use of herbicide can 

reduce total microbial populations in soil, where some researchers attribute it 

to reduced input of organic residues (Waiwright, 1978). Various studies have 

revealed that herbicides can cause qualitative and quantitative change in soil 

microbial populations (Taiwo and Oso, 1997; Busse et al., 2001; Ayansina and 

Oso, 2006; Latha and Gopel, 2010). 

There was gradual rise in Azotobacter, Arthrobacter, heterotrophic aerobic 

bacteria, actinomycites as well as fungal count in different herbicide treated soil 

in course of time. The initial rise in microbial count in herbicide treated soil 

may be due to their ability to temporarily mineralised and use the herbicide as 

energy source (Kunch et al., 1985). However, the decline in HAB count was 

exhibited in Paraquat  treated soil and fungal count in Glyphosate treated soil, 

which may be due to the fact that the microbial populations were tolerant to the 

treated herbicide, therefore were susceptible to the product of soil herbicide 

interaction, which could have possibly been bactericidal or fungicidal (Taiwo 

and Oso, 1997). There exist positive correlation between microbial population 

and soil organic matter, and the variation in microbial activity represents 

capacity of soil microorganisms to respond to the inputs of herbicides soil 

(Sebiomo et al., 2011). An increase in reproductive ability of bacteria with time 

after the initial phase of depression, resulting from toxic effect of triazine was 

reported (Kole and Dey 1989; Yu et al., 1993).  

The Azotobacter is found to be less as compared to total bacteria (Barman et 

al., 2009). Similarly, Azotobacter could not regain its lost population indicating 

it’s relatively higher susceptible than the total bacterial population to triazine. 

Triazine decrease the fungal count as compare to other soil microorganisms 

(Min et al., 2007; Xia et al., 2011). Enhancement of soil microorganisms was 

probably associated with the degradation of triazine. High concentration of 

triazine application decreases the soil microbial count and had adverse effects 

on microbial activity (Xia et al., 2011). However the fungal population (unlike 

bacteria) took more time to recover from the detrimental effect caused by 

herbicides (Shukla and Mishra, 1997). Besides, herbicides can influence fungal 

count directly or indirectly by affecting the interaction of fungi with other 

microorganism (Wardle and Parkinson, 1990; Araujo et al., 2003). The order 

of inhibition of triazine on soil microorganism is bacteria > actinomycetes > 

fungi. Higher rate of 2,4-D Calliherbe application impaired microbial 
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parameters, enzyme activity to a greater extend and had a long lasting negative 

effect on soil fertility (Perucci  et al., 2000). These xenobiotic compounds force 

the microbial biomass to direct a large part of its energy budget into reducing 

mineralization activity. Paraquat is also known to be bounded strongly and 

coherently to soil components including clay minerals and organic matter, 

therefore limit the access of microorganisms to paraquat in soil (Smith and 

Mayfiel, 1997; Bromilow, 2003; Isenring, 2006). 

Absorption of paraquat rapidly decreases the bioavailability of herbicide in soil, 

and the capability of absorption to deactivate paraquat application (Robert, 

2002). Some microbial species are capable of metabolizing paraquat as a source 

of carbon (Tu and Bollen, 1968). The presence of glyphosate may cause 

changes in microbial population as well as overall microbial activity (Wardle 

and Parkinson, 1990). Glyphosate is degraded primarily by microbial 

metabolism. The degradation of glyphosate is slower in soil with a higher 

adsorption capacity. Degradation rate was also affected by specific soil 

microbial community (Carlisle and Trevors 1988), and also vary considerably 

in different soils. Some microbes such as actinomycetes and azotobacter may 

use herbicide as a source of carbon and energy (Radosevich et al., 1995). 

Glyphosate is an organophosphonate that can be used as a source of P, C and N 

by either gram-positive or gram-negative bacteria (Van Eerd et al., 2003), and 

hence increase in bacterial abundance and biomass (Zabaloy et al., 2008) and 

fungal count (Araujo et al., 2003; Ratcliff et al., 2006). The increased in the 

population of actinomycetes and fungi after glyphosate treatment was observed 

(Araujo et al., 2003). Certain microbes such as (fungi and actinomycetes) are 

able to metabolized xenobiotic like pesticides, and thus have the ability to 

flourish and multiply following an initial transient decrease in number. 

Actinomycetes showed a significant increase in glyphosate treated soil with 

time, which indicated that actinomycetes may use glyphosate as nutrient and 

energy source (Araujo et al., 2003). 

 

CONCLUSION 

Soil is a part of the terrestrial compartment, and supports all terrestrial life 

forms. Thus, without proper soil protection policies, numerous problems may 

arise, like reduction of soil fertility, erosion, groundwater contamination, 

insufficient water holding capacity and loss of biodiversity. To assess soil 

quality, it is essential to measure all potential changes in biological soil 
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properties, because they are highly sensitive to any environmental perturbations 

and stresses. A usual approach to diagnose soil quality, is to use a soil microbial 

indicators, which are very sensitive and respond quickly to environmental 

alterations. 

 

RECOMMENDATIONS 

From the results of this study, the following recommendations are made:-  

1. There is need to develop possible ways of developing new improved 

herbicides which is less toxic to the soil 

2. Further studies is required on organic herbicides which is a better option to 

synthetic herbicides effect on soil enzymes and microbial population in 

long term application. 
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