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Abstract

Butachlor has been extensively used to control weeds globally. In this study, the degradation performances
of butachlor in soil by attenuation, augmentation with Pseudomonas sp. Butl and Pseudomonas sp. But, and
mung bean (Vigna radiata L.) cultivation were determined. The results showed that the overall degradation
rates in soil over 30 days were as follows: sterilized soil < non-sterilized soil < mung bean cultivation <
bioaugmentation. The dissipation of the herbicide in non-sterilized soil was observed to be 58.3 + 5.5%,
while butachlor was completely removed from soil with both bioaugmentation and mung bean cultivation
after 30 days. Moreover, mung bean cultivation stimulated rhizospheric bacteria growth and enhanced
the degradation. These results showed that both bioaugmentation and mung bean cultivation significantly
increased the butachlor degradation in soil.
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Toém tit
Butachlor dwoc sir dung rong rdi dé kiém sodt ¢ dai trén toan thé gici. Trong bdi bdo nay, kha ning
phdn hiy ciia butachlor trong dat boi qud trinh t nhién, ching vi khudn phdan huy Pseudomonas sp. Butl
va Pseudomonas sp. But2 va trong dau xanh (Vigna radiata L.) da dwge khdo sat. Két qua cho thdy toc do
phdn huy butachlor trong ddt trong 30 ngay la: dat khir tring < dat khéng khir tring < ddt trong ddu xanh
< dat ¢ ching vi khudn phdn hity. S phdn huy ciia butachlor trong ddt khéng khir tring la 58,3 + 5,5%,
trong khi thuéc triv ¢6 nay bi logi bo hoan toan khéi dat khi c6 s két hop gitka chiing vi khudn va trong ddu
xanh sau 30 ngay. Ngodi ra, viéc trong ddu xanh da kich thich sy phat trién cia hé vi khudn ving ré, qua
a6 tang cieong sw phan huy. Nhitng két qud nay cho thdy sw két hop giita ching vi khudn va trong ddu xanh
lam tang nhanh sw phdan hity butachlor trong dat.
Tw khéa: Phan huy tw nhién, chung vi khudn, butachlor, phan huy, dau xanh.
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1. Introduction

The overuse of pesticides causes serious
environmental pollution globally. Toxic chemicals
accumulation in soil and water is harmful to
microorganisms, plants, animals and humans.
Overall pesticide degradation in soil is mostly
undertaken by indigenous microorganisms affected
by the chemical and physical properties of pesticides
and how they interact with biotic and abiotic soil
components (Sannino et al., 1999). The size and
the activity of soil microbial biomass also affect
pesticide degradation rate.

Plants sustain large microbial populations in
the rhizosphere by secreting substances, such as
carbohydrates and amino acids, through root cells
and by sloughing root epidermal cells (Turpault et
al., 2007). Larger microbial populations can exist in
rhizosphere soil than in bulk soil, which increases
organic chemicals degradation including pesticides
(Joergensen, 2000; Molina et al., 2000; Yang et al.,
2011). In a previous study, the plantation reduced
butachlor attenuation in soil (Yang et al., 2011).

Butachlor (N-butoxymethyl-2-chloro-2",6"-
diethylacetanilide) is a pre-emergence herbicide,
widely used in rice fields. This herbicide is
sometimes used to control weeds for other crops
such as corn and soybean in the Mekong Delta. It
is one of the most commonly used to control a wide
range of annual grass and broad leaf weeds (Wang
et al., 2013). Butachlor has been shown to affect
microbial populations and enzyme activities (Chen
et al., 1981; Min et al., 2001). Environmental
degradation and dissipation studies showed that
butachlor is a persistent pollutant in agricultural
soil (Pal et al., 2006). In soil, butachlor influences
microbial community and enzyme activities
(Min et al., 2002). Some butachlor-degrading
bacteria have been isolated from soil. Recently,
Pseudomonas sp. Butl and Pseudomonas sp. But2
showed effective butachlor degradation in liquid
media (Duc et al., 2020).

In Vietnam, mung bean (Vigna radiata) is
widely cultivated. In the Mekong Delta, mung bean
is usually cultivated in rotation with rice. A previous
study showed that butachlor inhibited bacterial

community in soil, and caused negative effects of the
plant in the rainy season (Tran et al., 2021). In this
study, butachlor degradation in soil by Pseudomonas
sp. Butl and Pseudomonas sp. But2 was conducted.
The roles of mung bean cultivation in butachlor
degradation were also determined.

2. Materials and methods

2.1. Soil collection, fertilizing and herbicide
amendment

The soil collection and fertilizing were
conducted as described in a previous study (Tran
et al., 2021). Soil samples were collected from a
mango garden, at a depth of 0-30 cm, in Cao Lanh
city, Dong Thap Province. The soil components were
shown in the previous report (Tran et al., 2021).
Soil was transferred into thermocol boxes up to the
depth of 15 cm. The dimension of each thermocol
box was 41x60x15 cm (widthxlengthxdepth). Four
holes were separately punched through the bottom of
each box so that redundant water could be removed.
NPK fertilizer (Binh Bien Company, Ninh Binh)
containing 20% total N, 10% P,O, and 5% K,O was
used at 200 kg/ha.

Butachlor (purity > 98%, Sigma-Aldrich) was
diluted in absolute ethanol at 0.1 mM and used as
a stock solution. The stock was added into water
and sprayed on soil to give an equivalence of 6
mg/kg dry soil. The herbicide was sprayed before
sowing one day. Soil was thoroughly mixed before
seed sowing. All experiments were conducted four
replicates. Soil sterilized at 121°C for 15 minutes
served as a control.

2.2. Seed sowing and mung bean growth
condition

The seeds of mung bean (Vinaseed Company,
Dong Thap) were pregerminated by placing them
in petri dishes on wet paper towels for 24 hours at
room temperature (~30°C). Tap water was sprayed
to obtain soil moisture content of 40% of field
capacity. Thereafter, twelve seeds were sown in
each box at equidistant positions to give a density
of 0.02 m? per seed.

The thermocol boxes cultivated with mung bean
were placed in a greenhouse. The experiment was
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carried out from 15" November to 15" December,
2020. Weather conditions during the experiment
was provided by the Center of Meteorological and
Hydrological Administration, Dong Thap. The
temperatures were from 24.3 to 33.1°C (28.5 °C on
average). Relative humidity and sunshine-hour were
81% and 9.8 hours/day on average, respectively.
There was no rain during the experiment. The
cultivated plants were also watered regularly from
seed sowing to harvest.

2.3. Soil collection, enumeration of soil
bacteria and butachlor analysis

Soil samples were collected immediately after
herbicide amendment and every 5-day period. Soil
was collected by a sterilized spoon at a depth of 1.0-
3.0 cm. Soil was transferred to a lab within several
hours. The soil samples were mixed, pulverized, and
sieved through a 2 mm mesh to eliminate large debris.
Bacterial density and butachlor remaining in the soil
samples were determined.

Butachlor in soil was extracted with hexane/ethyl
acetate (1:1) twice according to Duc et al. (2020). Soil
(5 g) was added to 10 mL of the extraction solution.
The mixtures were vigorously shaken by hand for
10 minutes and then using a shaker at 250 rpm for
30 minutes. The extract was filtered using a 0.22 um
syringe filter and condensed. The mean recovery
values of butachlor from the soil were 91.3%. The
extract was the suspended in acetonitrile used for
concentration determination by high-performance
liquid chromatography (HPLC). The HPLC analysis
was described by Duc (2016).

The half-lives (t

constant (A)in soil were calculated based on the

butachlor and degradation
1/2) g

. . _ dn(2) , _ In(3)
following equation: t1/2 = —Wg A = , where
lnl,ﬁj Tij

N, and N are concentrations of butachlor at the initial
and time t.

Populations of bacteria were enumerated and
expressed as a number of CFUs/g soil. Soil samples
were serially diluted and placed on agar plates
containing mineral salt medium supplemented with
glucose (1.0 g/L) and ammonium sulfate (1.0 g/L).
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2.4, Statistical analysis

All obtained data from at least three experiment
replicates are shown as the mean + standard deviation.
Significant differences among means were statistically
analyzed using one-way Duncan’s test (p < 0.05) in
SPSS program version 22.0.

3. Results and discussion

3.1. Butachlor degradation in soil by
Pseudomonas sp. Butl and Pseudomonas sp. But2

The dissipation rates of butachlor in sterilized
soil, non- sterilized soil, soil with and without
bioaugmentation, with and without mung bean
cultivation were compared. About 10% of butachlor
was dissipated in sterilized soil after 30 days,
indicating the herbicide was absorbed into soil
components or degraded by physical and chemical
processes. The dissipation of the herbicide in non-
sterilized soil was observed to be 58.3 + 5.5%
after 30 days (Figure 1). The augmentation with
Pseudomonas sp. Butl and Pseudomonas sp. But2
increased the butachlor degradation by about 35.0%
and 40.0%, compared with the degradation by native
microorganisms, respectively. This result showed
that indigenous soil microorganisms could degrade
the herbicide.

In soil samples augmented with Pseudomonas sp.
Butl, the degradation performance in non-sterilized
soil was slightly higher than that in sterilized soil after
30 days (Figure 1A). Meanwhile, the degradation
in non-sterilized soil with the augmentation with
Pseudomonas sp. But2 was significantly higher
compared with the sterilized counterpart (Figure 1B).
These results showed that both bacterial strains could
well adapt to the soil and cooperate with indigenous
microorganisms.

The half-life values of butachlor degradation
highly depended on soil microorganisms and
mung bean cultivation. The half-life was the
longest in sterilized soil, followed by attenuation.
The attenuation is the degradation by native
microorganisms, physical and chemical processes.
The augmentation with strains Butl and But2
significantly reduced the half-life values of the
butachlor decomposition (Table 1).
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Figure 1. Butachlor dissipation in soil without and
with augmentation with (A) Pseudomonas sp. Butl
and (B) Pseudomonas sp. But2

The degradation rates of butachlor depended
on soil components. The degradation due to the
microbial activity was 49.9-63.9% in alluvial soil,
and 48.2-62.3% in coastal saline soil over 90 days at
0.67 mg/kg dry soil (Pal et al., 2006). The half-life
values ranged from 8.7-103.8 days in alluvial soil,
and 9.7-107.5 in days coastal saline soil depending
on the butachlor application rates (Pal et al., 2006).
Butachlor degradation rates in soil also depended on
herbicide concentrations. The higher concentration
resulted in higher half-life values (Yu et al., 2003).
The half-life values of butachlor in non-rhizosphere,
wheat rhizosphere and inoculated rhizosphere soils
at 10 mg/kg soil were 19.9, 11.0 and 2.9 days,
respectively (Yu et al., 2003).

A previous study showed that Stenotrophomonas
acidaminiphila strain JS-1 exhibited complete
butachlor degradation in bioaugmented soil within 20

days, giving a half-life 0f 4.0 days at 6 mg/L (Dwivedi
et al., 2010). The inoculation of Catellibacterium
caeni sp. DCA-1 significantly accelerated butachlor
degradation in both sterile and non-sterile soils, with
57.2%-90.4% of 50 mg/kg butachlor removed in 5
days compared to 5.4%-36% in the controls (Zheng
etal., 2012). Enhanced degradation by augmentation
with Acinetobacter sp. LYC-1 resulted in the
reduction by 61.53% butachlor in soil contaminated
with 10 mg/kg over 35 days (Feng et al., 2013).

Table 1. Half-life and degradation constant val-
ues (on average) of butachlor degradation in soil

Treatments Half-life  Degradation
(days) constant ()

Sterilized soil 167.63 0.004
Non-sterilized soil 23.75 0.029
Sterilized soil +
Pseudomonas sp. Butl 0.67 0.072
Non-sterilized soil +
Pseudomonas sp. Butl 7.68 0.090
Sterilized soil +
Pseudomonas sp. But2 9:03 0.077
Non-sterilized soil +
Pseudomonas sp. But2 508 0.136
Non-sterilized soil + mung 16.48 0.042
bean
Non-sterilized soil + mung
bean + Pseudomonas sp. 1.89 0.336
Butl
Non-sterilized soil + mung
bean + Pseudomonas sp. 1.89 0.336

But2

3.2. Butachlor degradation in soil cultivated
with mung bean

The degradation performances in soil with and
without mung bean cultivation were not statistically
different before 25 days. However, degradation rates in
soil cultivated with mung bean were higher than those
in the soil without cultivation at the 25" and 30" days.
Mung bean and its root development probably favored
the soil microorganisms to increase the degradation.
Organic carbon exudation from plant roots into
the rhizosphere supports the increased microbial
population in the soil. Mung bean cultivation resulted
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in complete removal of the herbicide in the soil after
30 days, and reduced half-life overall (Table 2). In
non-sterilized soil, mung bean cultivation reduced
the half-life by nearly 7 days. The augmentation with
Butl and But2 in the soil increased the degradation
compared to non-augmented treatment (Figure 2).
Both strains did not show the different degradation
over the experiment (Figure 2). Overall degradation

rates were as follows: sterilized soil < non-sterilized
soil < non-sterilized soil cultivated mung bean <
sterilized soil with bioaugmentation < non-sterilized
with bioaugmentation < non-sterilized soil with
bioaugmentation and mung bean cultivation. These
results indicated that both inoculated bacteria and
mung bean cultivation play an important role on
enhancement of the herbicide degradation.

Table 2. Bacterial number in soil (x10” CFU/g dry soil) over 30 days

Bacterial number (x10” CFU/g dry soil) at various collection times
Treatments
0 days 5 days 10 days 15 days 20 days 25 days 30 days

Sterilized soil 02 0.004+0? 0.05+0? 0.15+£0.01*°  0.42+0.05* 0.95+0.08* 1.58+0.10*
Non-sterilized soil 0.4+0.03¢ 0.51+£0.06* 1.42+0.18 1.92+0.16* 2.17+0.12> 2.11+0.14> 1.98+0.15"
Non-sterilized soil | ) 4\ 03¢ 0.62£0.06° 1.5440.12° 2.0820.14% 2.61£023 27140.16° 2.85+0.19¢
mung bean
Sterilized soil +
Pseudomonas sp. 0.1£0.02° 0.62+0.06> 1.12+0.11% 1.72+0.16° 2.42+£0.21% 2.4440.22> 2.42+0.24%
Butl
Sterilized soil +
Pseudomonas sp. 0.1£0.02° 0.62+0.06* 1.02+0.12> 1.62+0.16> 2.42+0.28* 2.45+0.21> 2.414+0.23%
But2
Non-sterilized soil
+ Pseudomonas sp. 0.5£0.03¢ 1.22+0.07° 1.68+£0.16° 2.14+0.26> 2.72+0.26° 2.78+0.28 2.72+0.27°
Butl
Non-sterilized soil
+ Pseudomonas sp. 0.5+£0.03¢ 1.18+£0.07¢ 1.68+0.18° 2.34+0.21¢ 2.62+0.15¢ 2.68+0.21¢ 2.62+0.24°
But2
Non-sterilized soil
* mung bean + 0.5:0.03 1.21£0.10° 1.78+0.18%¢ 2.58+028 2.84+0.18%¢ 2981024 342031
Pseudomonas sp.
Butl
Non-sterilized soil
* mung bean + 0.5:0.03 1.28+0.08 1.7740.20¢ 2.46:025 2.72+0.18 2.81£0.22 3.37:0.28¢
Pseudomonas sp.
But2

Different small letters indicate statistically significant differences (p < 0.05) among treatments within a column.
Data are means of the results from at least three individual experiments, and mean values and standard deviations are

shown.
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Figure 2. Attenuation and augmentation of butachlor

degradation in soil cultured with mung bean
(Vigna radiata)

In a previous report, the cultivation of some
plants reduced butachlor attenuation in soil (Yang
et al., 2011). Half-life time of butachlor degradation
at 6 mg/kg in the rhizospheric soils of Phragmites
australis, Zizania aquatica and Acorus calamus
were 7.5, 9.8 and 5.4 days, respectively (Yang
et al., 2011). In our study, the attenuation in soil
cultivated with mung bean was 9.03 days, indicating
the herbicide removal from soil depends on soil and
plant cultivation.

3.3. Soil bacterial dynamics as affected by
augmentation and mung bean cultivation

The densities of soil bacteria increased in all
experiments. Bacteria appeared in the sterilized
soil, and the numbers after 20 days were similar to
non-sterilized soil at the beginning (Table 2). The
appearance of bacteria in this soil probably due to
the survival of bacterial spores, bacteria from air and
water. Bacterial numbers in soil without mung bean
sharply increased to 20™ day, while bacteria densities
in the soil with mung bean cultivation continuously
increased until the 30" day. Bacterial numbers in
soil with and without mung bean cultivation were
not statistically different until 20 days; however,
bacterial density in cultivated soil was higher in
the following time (Table 2). In non-cultivated soil,
bacterial numbers were higher in non-sterilized soil
from the beginning to 15" day, but the numbers

were not statistically different in the following time.
The more root development in soil during the plant
growth increased microbial activities. Moreover,
the inoculation into soil resulted in higher bacterial
numbers compared to non-inoculated soil.

There were significant positive correlations
between bacterial numbers in soil and the degradation
rates. Significant negative relationships were
detected bacterial numbers and the half-life of the
butachlor in the soils. These results indicated that
native microorganisms, Pseudomonas sp. Butl,
Pseudomonas sp. But2 and mung bean contributed
to degrade butachlor.

In a previous study, microbial biomass and
biochemical activities in rhizosphere soils were
depressed by butachlor addition (Yang et al., 2011).
The plant cultivation increased microbial numbers,
enzyme activities, soil respiration rates and butachlor
degradation in the rhizosphere soils (Yang et al.,
2011). Fang et al. (2009) concluded that butachlor
might cause adversely affect the growth and activities
of beneficial microorganisms in soils. Butachlor
inhibited bacterial growth in soil even after two
months (Tran et al., 2021).

4. Conclusion

Overall herbicide degradation rates for 30 days
were as follows: sterilized soil < non-sterile soil <
green beans < bioaugmentation. The augmentation
with two butachlor-degrading bacterial strains
Pseudomonas sp. Butl and Pseudomonas sp. But2,
resulted in higher herbicide degradation in soil by
about 35.0% and 40.0% than the degradation by
native microorganisms, respectively. Moreover,
the plantation of mung bean favored the growth
of soil bacteria stimulating butachlor degradation.
This study indicated that Pseudomonas sp. Butl
and Pseudomonas sp. But2 well adapted to soil and
cooperated with native microorganisms, increasing
the butachlor removal process./.

Acknowledgements. This study was supported
by Dong Thap University. Authors thank all who have
provided supports.

53



Natural Sciences issue

References

Chen, Y. L., & Chen, J. S. (1979). Degradation and
dissipation of herbicide butachlor in paddy field.
Journal of Pesticide Science, 4(4), 431-438.
DOI: 10.1584/jpestics.4.431.

Duc, H.D. (2016). Biodegradation of 3-chloroaniline
by suspended cells and biofilm of Acinetobacter
baumannii GFJ1. Applied Biological
Chemistry, 59, 703-709. DOI: 10.1007/
s13765-016-0216-1.

Duc, H.D., Thuy, N.T.D., Truc, H.T.T., Nhu, N.T.H.,
& Oanh, N.T. (2020). Degradation of butachlor
and propanil by Pseudomonas sp. strain But2
and Acinetobacter baumannii strain DT. FEMS
Microbiology Letters, 367(18), fnaal51. DOI:
10.1093/femsle/fhaal51.

Dwivedi, S., Singh, B.R., Al-Khedhairy, A.A.,
Alarifi, S., & Musarrat, J. (2010). Isolation
and characterization of butachlor-catabolizing
bacterial strain Stenotrophomonas
acidaminiphila JS-1 from soil and assessment
of its biodegradation potential. Letters in
Applied Microbiology, 51(1), 54-60. DOI:
10.1111/5.1472-765X.2010.02854.x.

Fang,H., Yu, Y.L., & Wang, X.G. (2009). Persistence
of the herbicide butachlor in soil after repeated
applications and its effects on soil microbial
functional diversity. Journal of Environmental
Science and Health - Part B Pesticides, Food
Contaminants, and Agricultural Wastes, 44(2),
123-129. DOI: 10.1080/10934520802539657.

Feng, L., Xiong, M., Cheng, X., Hou, N., & Li,
C. (2013). Construction and analysis of an
intergeneric fusant able to degrade bensulfuron-
methyl and butachlor. Biodegradation, 24(1),
47-56. DOI: 10.1007/s10532-012-9556-7.

Joergensen, R.G. (2000). Ergosterol and microbial
biomass in the rhizosphere of grassland soils.
Soil Biology and Biochemistry, 32(5), 647-652.
DOI: 10.1016/S0038-0717(99)00191-1.

Min, H,, Ye, Y.-f,, Chen, Z.-y., Wu, W.-x., & Yufeng,
D. (2001). Effects of butachlor on microbial
populations and enzyme activities in paddy
soil. Journal of Environmental Science and

54

Health - Part B Pesticides, Food Contaminants,
and Agricultural Wastes, 36(5), 581-595. DOL:
10.1081/PFC-100106187.

Pal, R., Das, P., Chakrabarti, K., Chakraborty, A., &
Chowdhury, A. (2006). Butachlor degradation
in tropical soils: effect of application rate,
biotic-abiotic interactions and soil conditions.
Journal of Environmental Science and Health,
Part B Pesticides, Food Contaminants, and
Agricultural Wastes, 41(7), 1103-1113. DOI:
10.1080/03601230600851141.

Sannino, F., Filazzola, M.T., Violante, A., &
Gianfreda, L. (1999). Fate of herbicides
influenced by biotic and abiotic interactions.
Chemosphere, 39(2), 333-341. DOI: 10.1016/
S0045-6535(99)00114-9.

Tran, T. T. T., Dang, P. T., Dang, T. T., & Ha, D.
D. (2021). Effects of atrazine and butachlor on
growth of mung bean (Vigna radiata), water
spinach (Ilpomoea aquatica) and soil bacteria.
Dong Thap University Journal of Science, 10(5),
70-77. DOI: 10.52714/dthu.10.5.2021.897.

Turpault, M.P., Gobran, G.R., & Bonnaud, P.
(2007). Temporal variations of rhizosphere
and bulk soil chemistry in a Douglas fir stand.
Geoderma, 137(3), 490-496. DOI: 10.1016/].
geoderma.2006.10.005.

Yang, C., Wang, M., Chen, H., & Li, J. (2011).
Responses of butachlor degradation and
microbial properties in a riparian soil to the
cultivation of three different plants. Journal
of Environmental Sciences, 23(9), 1437-1444.
DOI: 10.1016/S1001-0742(10)60604-3.

Yu, Y.L., Chen, Y.X., Luo, Y.M., Pan, X.D., He,
Y.F., & Wong, M.H. (2003). Rapid degradation
of butachlor in wheat rhizosphere soil.
Chemosphere, 50(6), 771-774. DOI: 10.1016/
s0045-6535(02)00218-7.

Zheng,J.,Li,R.,Zhu,J.,Zhang,J.,He,J.,Li,S., & Jiang,
J. (2012). Degradation of the chloroacetamide
herbicide butachlor by Catellibacterium caeni
sp. nov DCA-1T. International Biodeterioration
and Biodegradation, 73,16-22. DOI: 10.1016/j.
ibi0d.2012.06.003.



