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 Degradation and effect of butachlor {N-(Butoxymethyl)-2-chloro-N-(2,6-diethylphenyl) 
acetamide} (at 3, 4 and 5l/ha) on bacterial and fungal populations in a maize plot were 

studied in 2012 and 2013. Soil samples were taken eight times, before spraying, then at 

two weekly intervals from the day of herbicide application; microbial population 
estimate was determined at each sampling period and butachlor residue was also 

determined using spectrophotometric analysis. The untreated soil sample had 

significantly higher population (21.3x106 Cfug-I and 3.7 x106 Cfug-I) of bacteria and 
fungus respectively when compared with treated soils. At the sixth week after herbicide 

application, highest bacterial population was oberserved and it significantly increased 

from11.1 x 106 and 11.4 x 106 Cfug-1(3L/ha) to 14.34 x 106 and 14.9 x 106 Cfug-1 
(5l/ha) for 2012 and 2013 respectively. The fungal population was higher at sixth week 

after herbicide application but they were not significantly different except dosage rate 

of 4l/ha (2.0x 106 Cfug-1) that was significant in 2013. The DT50 for 4l/ha was 65.1 
and 68.6 days for 2012 and 2013 respectively. The other two rates had the range of 31.5 

– 48.3 days. Butachlor had an initial inhibitory effect on both microorganisms. The 

5l/ha dosage of butachlor is very persistent while the other two rates were slightly 
persistent in the Southern Guinea Savannah zone. 
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INTRODUCTION 
 

 One of the uncertainties that usually characterized the use of herbicides is non-availability of labour during 

peak periods. Use of herbicides seems to be a better substitute [2]. Unfortunately, herbicides used may disturb 

and alter the biological equilibrium in soil [5]. Applying Butachlor can cause toxicity to earthworms [16,14], 

change the microbial populations and enzyme activities [7,12] and sometimes adversely affects the growth and 

activities of beneficial microorganisms in soils (Kole and Dey, 1989). Herbicides applied in crop fields for weed 

control are reported to have affected the soil microorganisms living in soil and also in the rhizosphere of crops 

and weeds [10]. There was a temporary setback in microbial population due to the application of herbicides and 

microbes adapted themselves to the new substrate to grow normally 25 days after herbicide application [9]. The 

population of soil heterotrophs was affected with herbicide application and these adverse effects reduced 

gradually with the passage of time. Mandal et al. [10], Kumar et al. [9] and Singh [20] reported that up to 20 

days of application of pre-emergence herbicides in rice, there was a decrease in bacterial, fungal and 

actinomycetes population and after 30 days, the microbes multiplied to their original number. The adverse 

effects of herbicides were gradually reduced with passage of time and practically, there was no effect of 

Butachlor on soil microbial population as a whole [6]. Data on butachlor biodegradation is limited and no 

systematic study to the best of our knowledge is reported in literature on butachlor degradation in soil by 

microbial cultures [19]. This study was designed to evaluate the persistence of butachlor and its effect on soil 

microbes in a maize- based cropping system during the rainy seasons in Southern Guinea Savannah of Nigeria. 
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MATERIALS AND METHODS 

 

 The experiment was conducted at Ladoke Akintola University of Technology, Ogbomoso, Teaching and 

Research Farm, Latitude 80
0
 10'Longitude 4

0
 10'E

,
 Altitude of 700m, during the 2012 and 2013 cropping 

seasons. The site was ploughed twice and levelled; divided into 5 plots of 3 m by 3 m sizes. The experimental 

design used was Randomised Complete Block Design with three replications. Soil samples were taken initially 

using soil auger at 0 - 15 cm depth before spraying the butachlor to take initial microbial population. Maize was 

planted and the butachlor was sprayed pre-emergent at 3, 4 and 5 l/ha. Soil samples were taken seven times with 

the first immediately after herbicide application, subsequently at two weekly intervals using soil auger as stated 

earlier. The soil samples were for butachlor residue using spectrophotometric analysis with Atomic Absorption 

Spectrophotometer (AAS) MILTON ROY 21D. Soil samples for microbial population estimates were taken at 

two weekly intervals from the day of herbicide application three times. Standard methods were used to prepare 

nutrient agar (NA) and potato dextrose agar (PDA) for estimation of microbial population. One gramme each of 

the soil samples were measured into the test tube containing 9ml sterile distilled water and serially diluted to 

dilution factor (10
-5

) and 1ml of the last dilution was pipette into sterile plate which were incubated at 37
o
C for 

NA and PDA incubated at 28-30
o
C. All the plates were incubated inverted wise. Microbial counts were done at 

48 hr. for NA and 72 hr. for PDA in the Petri plates.  

 

Extraction of Herbicide Residues: 

 5g of soil sample was weighed using a mettle top weighing balance and 25g of ethyl acetate and methanol 

in the ratio 4:1 was added in the presence of anhydrous sodium sulphate and sodium chloride using 10g each. 

 They were homogenized on shaker at a high speed for 3 minutes. The homogenate was filtered through a 

Whatman no. 1 filter paper. The filtrate was left to pass through activated charcoal, (i.e. the activated charcoal 

was put on the filter paper when the solution was then proved). The clear filtrate was then read on the Spectronic 

21D at 420nm wavelength. Butachlor standard was prepared using the method below: 

 100 ppm was prepared by measuring 10ml of Butachlor 50%EC into 1000 ml capacity volumetric flask and 

made it up with the extraction solution i.e. ethyl acetate and methanol. From 100 ppm, 10ppm was prepared by 

taking 10ml into 100ml volumetric flask and make it up with extraction solution. From the 10 ppm solution, 0.5 

ml, 1.0 ml, 1.5 ml and 2.0 ml were separately added to extraction solution to get 100 ml capacity volumetric 

flask and made up with the extraction solution to get 0.5, 1.0, 1.5 and 2.0 ppm standard solution. 

 The clear filtrate was then read on the Spectronic 21D at 420nm wavelength. The standard curve was 

plotted to the slope. 

 

Calculation: 

 Absorbance x Slope x Dilution Factor [1,11] 

 

Results: 
Table 1: Bacterial populations extracted from the butachlor-treated soil during 2012/2013  growing seasons.  

Treatment  Bacteria count 

(Cfug-1) 

2012 

  Bacteria count 

(Cfug-1) 

2013 

 

 2WAS* 4WAS 6WAS 2WAS 4WAS 6WAS 

Pre-spray soil 21.30 x 106 21.30 x 106 21.3 x 106 21.63 x 106 21.63 x 106 21.63 X 106 

3l/ha 1.70 x 106 2.30 x 106 11.10 x 106 1.80 x 106 2.40 x 106 11.40 x 106 

4l/ha 1.23 x 106 2.70 x 106 12.67 x 106 1.37 x 106 2.77 x 106 13.30 x 106 

5l/ha 0.83 x 106 2.70 x 106 14.34 x 106 0.86 x 106 2.80 x 106 14.90 x 106 

LSD 0.64 0.64 0.89 1.51 1.53 1.47 

*WAS: Weeks After Spraying  

 

Table 2: Fungal populations extracted from the butachlor-treated soil during 2012/2013 growing  seasons. 

Treatment 

 

 

 Fungi count 

(Cfug-1) 

2012 

  Fungi count 

(Cfug-1) 

2013 

 

 2WAS* 4WAS 6WAS 2WAS 4WAS 6WAS 

Pre-spray soil 3.70 x 106 3.70 x 106 3.70 x 106 3.70 x 106 3.70 x 106 3.70 x 106 

3l/ha 1.17 x 106 1.43 x 106 1.78 x 106 1.23 x 106 1.53 x 106 1.80 x 106 

4l/ha 0.87 x 106 0.70 x 106 1.80 x 106 0.93 x 106 1.80 x 106 2.06 x 106 

5l/ha 0.57 x 106 1.63 x 106 1.63 x 106 0.53 x 106 1.70 x 106 1.77 x 106 

LSD 0.26 0.26 0.27 0.20 0.21 0.16 

*WAS: Weeks After Spraying 

 

 The pre-treatment soil samples had significantly highest population (21.6 x 10
6 

and 3.7 x 10
6 

Cfug
-1

) of 

bacteria and fungi respectively.  
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Bacteria: 

 At two weeks after spraying butachlor, all the rates recorded insignificant differences in bacterial colony 

during the seasons. Higher populations were observed from four to six weeks of sampling although the 

population was not significantly different among the rates at four weeks sample. Six weeks samples had the 

highest population that significantly increased from the lowest herbicide rate (11.1 x 10
6 

and 11.4 x 10
6 

Cfug
-1

) 

to highest herbicide rates (14.34 x 10
6 
and 14.9 x 10

6
 Cfug

-1
) for the two seasons.  

 

Fungi: 

 Highest population of fungi (3.7 x 10
6 

Cfug
-1

) was recorded for the pre-treated soil sample and it was 

significantly higher than all the colonies obtained from the herbicide rates. Fungal population increased from 

two to six weeks after spraying. At two weeks after treatment, the population decreased significantly from the 

lowest rate (1.17 x 10
6 

Cfug
-1 

and 1.23x 10
6 

Cfug
-1

) to the highest rate (0.573.7 x 10
6 

Cfug
-1

 and 0,533.7 x 10
6 

Cfug
-1

) of butachlor for the two seasons. However, the fourth and sixth weeks after treatment soil samples had 

generally insignificantly different populations among the rates of the herbicide. 

 Both fungal and bacteria populations experienced lag phase i.e. decreased significantly at two week after 

spraying compared with the initial population, and were not able to stabilize till six weeks after spraying though 

the populations were increasing steadily. 

 

Butachlor persistence: 

 Figure 1(a-f) shows the rate of disappearance of butachlor from the environment for two years trial. In 

2012, the recommended rate of butachlor at 4l/ha lost 1.3mg/kg at the fourth two-weeks which was the highest. 

The loss rate did not follow any definite pattern for the 3 l/ha rate; the highest rate, 5l/ha recorded decreased rate 

of disappearance until the fifth two-weeks when no appreciable quantity was lost. The quantity of butachlor 

disappearing at two weekly intervals in 2013 was highest at the second two-weeks for all the rates applied. The 

lowest quantity was recorded at fourth two-weeks (0.15 mg/kg) and (0.09 mg/kg) for 3 and 4l/ha rates 

respectively and continue to increase subsequently. The 5l/ha had the lowest loss (0.03mg/kg) at fifth two-

weeks. The three rates recorded increased loss in quantity at sixth two-weeks. For the recommended rate, 4l/ha, 

the quantity lost at the rate sixth two-weeks (0.64 mg/kg) was lower than that at the first two-weeks (0.45 

mg/kg). 

 The disappearance time for 10% (DT10), 50% (DT50), 75% (DT75) and 90% (DT90) for the three rates of 

butachlor is presented in table 1 for the two growing seasons. The DT10 for both cropping periods ranged from 

6.3 – 13.9 days, the two extremes being recorded in 2013. The DT50 for the  
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Fig. 1a-f: Disappearance time of butachlor at three dosage rates under southern guinea. 

 

 Recommended rate, 4l/ha was 65.1 and 68.6 days for 2012 and 2013 respectively. The other two rates had 

the range of 31.5 – 48.3 days which were from 2013 growing season. 

 
Table 3: Disappearance time for butachlor (days) as derived from the regression curves. 

Treatment DT10 DT50 DT75 DT90 

 2012 2013 2012 2013 2012 2013 2012 2013 

3l/ha 7.7 6.3 38.5 31.5 57.8 47.6 70 57.4 

4l/ha 12.6 13.9 65.1 68.6 98 102.7 117.6 123.2 

5l/ha 9.8 9.8 44.1 48.3 65.8 72.1 79.8 86.1 

 

Discussion: 

 The microorganisms, bacteria and fungi were utilizing butachlor as source of energy which was indicated 

by subsequent increase in their populations as butachlor quantity in the soil decreased. Mondragon-Parada et al., 

[13] reported that simazine herbicides were utilized by microorganisms both as a carbon and nitrogen source. 

Butachlor had an initial inhibitory effect (lag phase), about two weeks, on both microorganisms and this is 

desirable for the herbicide to be able to control weeds thus eliminating the common initial weed-crop 

competition. During the lag phase or adaptive phase they might have developed the capacity to degrade the 

chemical through mutation to form new strains and they also might have built up their population to the required 

level for detoxification. This could be the reason for initial suppression of bacterial population due to butachlor 

treatment [6]. Anderson and Domsch (1980) reported the same initial set back in microbial population and 

restitution after certain period. 

 The loss rate of butachlor from the figures indicated that the highest concentration, 5l/ha had the highest 

quantity being degraded within the first two weeks, while at about the fourth week, the highest degradation rate 

was observed. The loss rates generally continue to decrease with time probably in proportion to the quantity of 

butachlor left in the soil. The population of bacteria in the soil during the two seasons increased drastically, even 

almost double to the forth week and more than quadruple to the sixth week from the second week sampling. 

Fungal population also recorded such increased but not as fast as that of bacteria. This period coincided with 

duration of highest loss rate of butachlor suggesting that microbial degradation probably had an edge over the 

other factors of degradation such as temperature, rainfall, humidity, organic matter etc. Feakin et al. [4], 

Kucharski et al. [8] Omar and Abdel-Sater [15] and Rousseaux et al. [18] reported bacteria of the genera 

arthrobacter, bacillus, corynebacterium, flvobacterium, and pseudomonas; actinomycetales of the genera 

nocardia and Streptomyces; and fungi Penicillium, Aspergillus, Fusarium, and Trichoderma as showing high 

capability in degrading pesticides. 

 The disappearance time for 50% butachlor (DT50) indicated slight persistence [17]. The issue of which crop 

to follow closely in a rotation is put to rest knowing that no appreciable quantity of butachlor remained in the 

soil beyond 100 days. Identified bacteria and fungi associated with butachlor degradation can be used in 

bioremediation of polluted soil thereby increasing environmental health. Dwivedi et al., [3] reported the bacteria 

strain, Stenotrophomonas acidaminiphila JS-1 as an effective bio-resource for application in bioremediation at 

contaminated sites.  

 In conclusion, the degradation of butachlor in savannah agroecological zone of Nigeria is a function of 

concentration applied and the response of microorganisms to the herbicide is negative only at the initial stage 

after applying the herbicide. 
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