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Abstract

Atrazine and butachlor are herbicides extensively applied to control weeds. In this study, the effects of
these compounds on the growth of mung bean, water spinach and soil bacteria were determined. The results
showed that all offsets of mung bean and water spinach were killed after amendment with atrazine. However,
the effects of butachlor on both plants in the dry season were unapparent, while this compound used at 2.0%
(4.0 L/ha) severely reduced the growth of the plants in the rainy season. For example, the length of beanstalks,
and weight of beanstalks and roots of mung bean grown in the rainy season at 2.0% butachlor were lower by
36.2% and 44.3% compared to the control, respectively. Moreover, the application of butachlor decreased the
yield of mung bean. In addition, both atrazine and butachlor inhibited the growth of soil bacteria even after two
months. This study showed that these herbicides are highly toxic to mung bean, water spinach, and soil bacteria.
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Tém tit

Atrazine va butachlor la nhitng hoat chdt cua chat diét cé duoc sir dung rong rdi dé kiém sodt ¢é dai.
Trong nghién ciru nay, anh hwéng ciia atrazine va butachlor doi véi sw sinh triedng ciia ddu xanh, rau muong
va s6 lwong vi khudn ddt da dwoc khdo sat. Két qua cho thdy rdng tdt ca ddu xanh va rau muong déu bi chét
sau khi phun xit atrazine. Tuy nhién, tdc déng ciia butachlor doi véi cd hai loal cdy trong trong mia khé la
khong ré rang, trong khi hop chit nay lam giam sw sinh trudng cia cdy trong trong mia mura khi sir dung
o nong do 2,0x (4.0 L/ha). Vi du, chiéu dai ciia cdy dau, va trong lwong ciia than ddu va ré ciia ddu xanh
trong trong miia miua 6 nong do 2,0 butachlor giam lan lwot la 36,2% va 44,3% so véi doi chimg. Hon
nita, viéc si dung butachlor lam giam nang sudt ciia ddu xanh. Ngodi ra, ca atrazine va butachlor déu ikc
ché sw phdt trién cia vi khudn dat sau khz sit dung. Nghzen cru ndy chi ra rang cd atrazine va butachlor c6
déc tinh cao doi véi ddu xanh, rau muong va vi khudn trong dat.

Tw khoa: Atrazine, butachlor, dau xanh, vi khudn dat, rau muéng.
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1. Introduction

Herbicides have been widely applied
to control weeds, contributing significantly
to increase crop yields. The application of
herbicides reduces labor and production costs.
Herbicides are the key to sustainable crop
production throughout the world and will remain
the mainstay for weed control in the foreseeable
future. However, the intensive use of herbicides
resulted in serious environmental pollution.
Herbicides persist on the top soil, and can be
leached down in groundwater (Ayansina et al.,
2003). The accumulation of the toxic chemicals
is harmful to microorganisms, plants, animals,
and humans. Soil microorganisms play an
important role in pesticide detoxification as well
as pesticide degradation (Ayansina & Oso, 2006).
However, herbicides possibly have harmful
effects on the soil micro flora by reducing the
flora’s activities. The changes in community of
soil microorganisms caused by pesticides are an
important indicator to evaluate pesticides’ effect
on soil ecology.

Butachlor (N-butoxymethyl-2-chloro-2’,6’-
diethylacetanilide) is a pre-emergence herbicide
widely used in rice fields and other crops viz.
corn, soybean (Dwivedi et al., 2012). The
herbicide can be applied at doses of 1.0-5.0 L/
ha (Aminpanah et al., 2013). 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).

Atrazine (6-chloro-N-ethyl-N'-(1-
methylethyl)-1,3,5-triazine-2,4-diamine) is
another selective pre-emergence herbicide to
control broadleaf and grassy weeds. Atrazine
has become one of the world's most popular
herbicides (Yan et al., 2015). It is usually used
at doses of 1.0-2.0 kg/ha. The compound kills
sensitive plants by blocking the electron flow in
photosystem II (PSII), leading to the inhibition
of CO, assimilation and the generation of large
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amounts of reactive oxygen species (Hess, 2000).
Atrazine is considered to be high persistent in
the environment, leading to the contamination
of food, soils, and water resources (Croll, 2011;
Graymore et al., 2001).

InVietnam, mung bean (Vigna radiata) and
water spinach (Ipomoea aquatica) are widely
cultivated. Herbicides are used to control weeds
for these crops. Water spinach is considered to
be an aquatic plant, but it is also cultivated in
upland fields. In the Mekong delta, these plants
are usually cultivated in rotation with rice and
other crops. Therefore, herbicides used in former
crops may affect the later ones. However, no
study on the effects of these herbicides on the
growth and development of mung bean and
water spinach has been carried out. Therefore,
this study determined the effects of atrazine and
butachlor on the growth of mung bean, and water
spinach and soil bacteria.

2. Materials and methods
2.1. Soil collection and fertilizing

Soil samples were collected from a mango
garden, at a depth of 10 - 50 cm, in Cao Lanh
city, Dong Thap Province. Soil samples were
ground and removed large debris to obtain
soil size smaller than 1.0 cm. Chemical and
physical properties of soil were analyzed using
the APHA method (APHA, 1998). Soil samples
used for doing experiments in the dry season
and the rainy season were collected from the
same site as shown in Table 1. The soil was then
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 as
its label package instructed. The fertilizer was
diluted in tap water and sprayed on soil using a
hand-held sprayer with a volume of 2.0 L, and
mixed thoroughly.
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Table 1. Physicochemical properties of the

dried soil
Units Soil
Silt % 28.6+5.5
Sand % 50.2+4.38
Clay % 21.1+44
Total organic carbon % 3.0+04
Total N % 0.15+£0.05
PO, ppm 25.5+44
K,0 ppm 55+£0.5
pH 6.6+0.1

2.2.Seed sowing and herbicide amendment

The seeds of mung bean and water spinach
purchased from Vinaseed Company (Dong
Thap) were pregerminated for 24 hours at room
temperature (~30°C) by placing them in petri
dishes on wet paper towels and incubating in
darkness. Thereafter, twelve seeds were sown in
each box at equidistant positions to give a density
of 0.02 m? per seed.

To avoid the effects of adjuvants added
in herbicides, butachlor and atrazine (purity >
98%) bought from Sigma-Aldrich were used in
all experiments. The compounds were diluted
in absolute ethanol at 0.1 mM and used as stock
solutions. The stocks were added into water and
sprayed on soil at 2.0 L of butachlor or 2.0 kg of
atrazine per ha (1.0x). The experiments were also
carried out at doses of 0.5% (1.0 kg atrazine or 1.0
L butachlor/ha), and 2.0x (4.0 kg atrazine or 4.0 L
butachlor/ha). Soil without any herbicide served
as a control. The herbicides were sprayed after
sowing four days, before germinating any weeds.
All experiments were conducted four replicates.

Before seed sowing, tap water was sprayed
to obtain soil moisture content of 30% of field
capacity. The cultivated plants were also watered
regularly from seed sowing to harvesting.

2.3. Weather conditions

The experiments were conducted in two
independent stages. The first stage was started at
the beginning of February to the end of March,
2020. The second stage was from mid-August
to mid-October, 2020. The weather conditions
were described in Table 2. The first stage was

carried out in the dry season with long sunshine
duration and low rainfall, while the second one
was conducted in the rainy season with short
sunshine duration and high rainfall.

Table 2. Weather conditions during experiment.

All data were showed on average (provided
by Center of Meteorological and Hydrological

Administration, Dong Thap)

Weather conditions First stage Second stage

Temperature (0C) 27.7 27.5
Air humidify (%) 78.5 84.4
Sunshine hour

(hours/day) 90 >3
Rainfall (mm/day) 0.057 10.13

2.4. Plant harvesting

After two months, all mung bean and water
spinach were harvested. Water was added until the
soil became fully saturated, so that all plants were
easily uprooted. The plants were cleaned with tap
water, air-dried and measured their fresh weight
and length. Mung bean and water spinach were
then dried using a Memmert oven (Germany) at
75°C for two days before reweighing.

2.5. Enumeration of soil bacteria

Bacteria enumeration was conducted
immediately after herbicide amendment, 20
days, 40 days and 60 days. Soil samples were
collected by a sterilized spoon at a depth of 2.0
- 3.0 cm. The soil was transferred to a lab within
several hours. Populations of bacteria and fungi
were enumerated and expressed as number of
CFUs/g soil. Soil samples were serial diluted
and placed on agar plates containing mineral salt
medium supplemented with glucose (1.0 g/L) and
ammonium sulfate (1.0 g/L).

2.6. 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.
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3. Results and discussion

3.1. Effects of butachlor and atrazine on
soil bacteria

Soil samples were collected at the same
place, so bacteria numbers were the same at
the beginning. As described at Figure 1, 2, and
3, the numbers of bacteria increased in all soil
samples probably because soil was enriched with
NPK. Moreover, suitable conditions such as soil
moisture content might have favored the growth
of microorganisms. However, both atrazine and
butachlor negatively affected bacteria growing
in soil, in both dry and rainy seasons in most
treatments. The increase of bacteria numbers
in soil without any herbicide was significantly
higher than in soil treated with atrazine and
butachlor in the dry season in most treatments.

The numbers of bacteria in soil cultivated with
water spinach were not statistically different at
0.0%,0.5%, 1.0x and 2.0% after 20 days of treatment
with burachlor (Figure 1). However, bacteria
numbers in untreated soil in the dry season were
significantly higher than those in treated soil on the
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Figure 1. Effects of butachlor on bacterial

populations in soil cultivated with water spinach
in (A) the dry season and (B) rainy season
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day of 40 and 60. On the other hand, the differences
of bacteria population among treatments were
unapparent in the rainy season (Figure 1B).

For bacteria population in soil cultivated
with mung bean, butachlor also inhibited the
growth of bacteria at all concentrations (Figure
2). The difference of weather conditions in
both dry and rainy seasons did not significantly
change the density of soil bacteria. The
higher butachlor concentrations resulted in
smaller bacteria numbers in soil after 60 days,
suggesting the toxicity and long-term effect of
the herbicide. Only exception was found on
40 days after the treatment in the dry season,
when the density of bacteria in untreated soil
decreased. In addition, legume was not found
on root bean cultivated in soil treated with
butachlor in the dry season and the numbers
of root legume were significantly smaller
when the herbicide was amended at 2.0%. This
result showed that butachlor seriously inhibited
Rhizobium sp. which symbiotically established
inside the root nodules.
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populations in soil cultivated with mung bean in
(A) the dry season and (B) rainy season
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In previous reports, the effects of butachlor
on soil bacteria were varied, depending on
soil types. Both atrazine and butachlor caused
significant decrease of viable bacterial community
in soil (Emurotu & Anyanwu, 2016). Min et
al. (2001) presented that butachlor stimulated
the growth of anaerobic bacteria. In another
study, population of methanogens was slightly
stimulated by adding butachlor in paddy soil
(Zhou et al., 2012).

After amendment with atrazine, all mung
bean and water spinach were dead within several
days, so the plants did not affect the changes of
bacteria. This soil can be used as the baseline
to determine the role of plants on soil bacteria.
Obtained data in this study showed that both
cultivated water spinach and mung bean did not
apparently affect density of soil bacteria.

The effect of atrazine on bacteria was
only determined in the dry season. The density
of bacteria population significantly increased
over time in soil without atrazine. The bacteria
numbers in control outnumbered bacteria in
treated soil. However, no significant difference
of numbers of bacteria density was found in soil
at all atrazine concentrations (Figure 3).

Previous reports also showed that atrazine
negatively affected the growth of soil bacteria
(Ayansina & Oso, 2006; Sebiomo el al., 2011;
Ha et al., 2017). The numbers of bacteria
was decreased after treated with an herbicide
containing atrazine as the active component,
but bacteria density recovered after 30 days
(Haetal., 2017). The long-term effects caused
by herbicides emerged in this study probably
because native bacteria had not adapted these
toxic substrates. Moreover, the long effects of
atrazine on bacteria were probably due to the
persistence of atrazine in soil. Previous reports
presented that half-life values of atrazine in
soil stayed on from several weeks to more
than one year (Arthur et al., 2000; Ma et al.,
2011), which inhibited soil microorganisms
for a long time.
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Figure 3. Effects of atrazine on bacterial
populations in soil in the dry season

3.2. Effects of butachlor and atrazine on
the characteristics of mung bean

After supplementation with atrazine at
any concentration, all mung bean and water
spinach died. This result showed that these
plants were so sensitive to the herbicide even
at a low concentration. Atrazine is resistant to
degradation in water and soil, which may cause
phytotoxicity to subsequent crops (Gao et al.,
2018). Even though atrazine is not used to control
weeds in cultivating mung bean at the time, the
herbicide used in former crops can affect this
plant. Moreover, atrazine in soil may be dissolved
in the soil water and moved into water sources
where mung bean is cultivated.

The application of butachlor negatively
affected the growth of mung bean and water
spinach, especially at the dose of 2.0x. Figure 4
showed that both plants grown at 2.0x butachlor
were undersized compared to the control. For
mung bean cultured in the dry season, the effects
of butachlor on length and weight of roots and
beanstalks were unapparent, while harvested
biomass of chickpea was significantly reduced at
1.0x and 2.0% (Table 3). When mung bean was
cultured in the rainy season at 2.0x, herbicide
caused reduction of all characteristics (Table 4).
The length of beanstalks and weight of beanstalks
and roots of the plant grown in the rainy season at
2.0x butachlor were lower than those of the control
by 36.2% and 44.3% on average, respectively.
Moreover, harvested chickpea was reduced by
57.1% at 2.0x butachlor in the rainy season and
by 31.9% in the dry season at 2.0x butachlor.
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Weather conditions in the rainy season
favored the growth of mung bean. The length
and weight of roots and beanstalks of mung bean
cultured in the rainy season were higher than
those grown in the dry season at concentrations
smaller than 2.0x. We assumed that higher
numbers of root nodules might have fixed higher
amount of nitrogen, resulting in the higher plant
length and weight. However, its weight of legume
and chickpea were lower when mung bean was
grown in rainy season.

Herbicides containing butachlor are
usually used for rice field, but sometimes they
are used for other crops. Butachlor may remain
in soil for several years (Carlson et al., 2006).
The rotation of mung bean and other crops is
encouraged because the plant can enrich the soil
with life-giving nitrogen. However, this study

showed that yield capacity of the plant reduced
by the herbicide application. Thus, the use of
butachlor should be considered in the crop of

Figure 4. (A) Mung bean (Vigna radiata) and
(B) water spinach (Ipomoea aquatica) grown on
(1) soil treated with butachlor (2.0%) and (2) soil
without butachlor cultured in the rainy season

Table 3. Effects of butachlor on some characteristics of mung bean in the dry season

Fresh weight of Dried Dried
Length of plant (cm) beanstalk and root weight of  chickpea Root
Butachlor (g/plant) beanstalk (on nodule/
Beanstalk Root Beanstalk Root and root - average, plant
(g/plant)  g/plant)
0.0x 37.57+5.21* 14.18+3.37*  9.74+1.65® 2.66+0.84° 5.48+1.67° 2.70 3.33+1.30
0.5x 31.38+3.94% 12.6942.49* 12.12+4.20b° 2.93+0.87b 5.31+1.532 2.81 0
1.0x 30.79+£5.16° 13.88+2.40a 15.7545.86° 2.65+0.55° 8.84+2.71° 1.73 0
2.0x 36.69+£3.00* 13.414£2.06*  7.23+1.56* 1.74+0.66* 5.08+2.29* 1.84 0

Notes: Different superscript letters indicate statistically significant differences (p < 0.05) among treat-
ments within a column. Data are means of the results from at least three individual experiments, and mean
values and standard deviations are shown.

Table 4. Effects of butachlor on some characteristics of mung bean in rainy season

Fresh weight of Dried
Length of plant (cm) beanstalk and root weight of Dried Root
Butachlor (g/plant) beanstalk chickpea nodule/
and root (g/plant) plant
Beanstalk Root Beanstalk Root (g/plant)

0.0x 69.38+8.81¢ 29.70+5.70° 12.2242.05°> 3.58+0.94> 8.33+1.92% 1.33 15.58+3.03
0.5x 57.99+8.30° 18.91+4.19% 14.31+4.36> 3.10£1.19°* 6.99+0.96°  0.95 14.33+2.84
1.0x 68.10£10.97¢ 22.74+4.79°> 21.57+£3.94° 3.71+£0.60° 9.04+1.77¢ 1.15 15.33+2.64
2.0x 44.29+5.60* 14.73+£1.48* 7.00£2.29* 1.38+0.53* 4.64+0.88*  0.57 6.33+2.50

Notes: Different superscript 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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Table 5. Effects of butachlor on some characteristics of water spinach in the dry season

Length of plant (cm) Fresh weight of stem shoots Dried weight

and root (g/plant) of stem shoots
Butachlor
Stem shoot Root Stem shoot Root and root (g/
em shoots 00 em shoots 00 plant)

0.0x 93.78+10.81¢ 30.79+3.04¢ 44.37+6.75¢ 9.38+1.95¢ 9.15£1.92¢
0.5x 73.66+8.59¢ 16.07£1.90¢ 31.68+6.65° 4.71+£1.23° 7.5442.04°
1.0x 56.45+9.64° 11.254+1.89° 18.85+2.842 3.49+0.85° 5.43+1.24°
2.0x 38.49+5.19° 7.62+1.46 15.49+3.02° 2.52+0.712 3.57+0.94*

Notes: Different superscript letters indicate statistically significant differences (p < 0.05) among treat-
ments within a column. Data are means of the results from at least three individual experiments, and mean

values and standard deviations are shown.

Table 6. Effects of butachlor on some characteristics of water spinach in rainy season

Length of plant (cm)

Fresh weight of stem shoots Dried weight

Butachlor and root (g/plant) of stem shoots
and root (g/
Stem shoots Root Stem shoots Root
plant)

0.0x 79.324+10.13° 26.57+£2.13¢ 41.57+8.66°¢ 8.08+3.20P 8.86+2.55
0.5% 51.45+£6.79* 23.00+2.62¢ 36.59+£2.39° 7.58+1.06° 7.434+0.63
1.0x 52.51+9.15° 14.98+3.12° 21.74+5.68* 3.59+0.86° 5.96+0.95?
2.0x 47.27+12.512 10.15+2.092 27.81+£6.56* 4.55+1.492 6.53+0.53®

Notes: Different superscript 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.

The supplementation with butachlor in
soil significantly reduced length and weight of
water spinach in both seasons (Table 5 and 6),
with more severely in the dry season (Table 5).
Some values of size and weight of water spinach
were not significantly at 1.0x and 2.0 butachlor.
The lengths of stem shoots and roots of water
spinach grown at 2.0x butachlor in the dry season
were reduced by 59.0% and 75.3% on average
compared to those of the control, respectively,
while these data obtained in the rainy season
were reduced by 40.4% and 61.8%. Total dried
biomasses of stem shoots and roots of water
spinach grown at 2.0x butachlor were reduced by
61.0% and 26.3% when the plants were cultured
in the dry and rainy season, respectively.

4. Conclusion
Both atrazine and butachlor inhibited the

growth of soil bacteria even after two months
in both dry and rainy seasons. The application

of atrazine resulting in all mung bean and water
spinach killed within several days. Butachlor
added into soil at 4.0 L/ha caused the reduction
of body length and biomass of water spinach
by 36.2% and 44.3% in the rainy season. The
application of butachlor at 4.0 L/ha decreased
yield capacity of mung bean by 57.1% in the
rainy season and by 31.9% in the dry season.
This study indicated that atrazine and butachlor
were toxic to soil bacteria and caused damages
to mung bean and water spinach.
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