Arab Gulf Journal of Scientific Research, 20 (3), pp 156-160 (2002)

ORIGINAL PAPER

K I Al-Mughrabi

(REer. 2125)

Residue Studies of Methabenzthiazuron in
Soil, Lentils and Hay

Abstract: Over two years, replicate plots of lentils (Lens
culinaris  L.) were treated before seeding with
methabenzthiazuron at a rate of 0.5 kg a.i. ha-l. In each
year, representative soil, lentil and hay samples were
randomly collected from plots of each treatment. Soil
samples were tested for residues 24 hrs. after treatment
and at harvest. Lentil and hay samples were tested at
harvest. A cleanup step was conducted after extraction.
Gas chromatograph equipped with a nitrogen/phosphorus
detector was used to detect methabenzthiazuron. Overall
average of residue levels in soil decreased significantly
from 1.16 + 0.15 mg kg!, 24 hrs. after treatment, to 0.12
+0.01 mg kg-! at harvest. No significant difference in the
maximum average residue was found in lentil and hay
samples collected from various plots and tested at harvest
(0.10 £ 0.01 and 0.19 + 0.02 mg kg! in lentils and hay,
respectively). Recovery tests were conducted with each
group of samples tested in order to determine the
efficiency of the analytical procedure.
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Introduction

Methabenzthiazuron (1-benzothiazol-2-yl-1, 3-
dimethyl urea) is a selective herbicide which is
absorbed primarily through roots and, to a lesser
extent, through the leaves. It controls annual grasses
and broadleaf weeds pre- and post-emergence by
inhibiting photosynthetic electron transport (PS 1I)
(Ghafoor et al. 1987, Worthing, 1987 & 1991),
which fits the shade adaptation reaction (Fedtke,
1974). The herbicide is used to control a broad
spectrum of grasses and broad-leaved weeds in
cereals, broad beans, garlic, peas and onions. It has
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also been used in orchards and vineyards in
combination with other herbicides (Worthing,
1991). Full season competition from weeds reduces
the yield of chickpea and lentil by 40-60%. The
duration of its residual activity is about 3 months in
soil. In plants, it is metabolised to water-soluble
glycoside (Ahrens, 1994; Worthing, 1987 & 1991).
Methabenzthiazuron is widely used around the
world on a wide range of crops including lentils
(Lens culinaris 1..) and chickpeas (Cicer arietinum
L.). No studies have so far been conducted on the
fate of methabenzthiazuron in soil, lentils and hay
under Jordanian conditions and hay after application
for weed control under Jordanian conditions.

Materials & Methods

Chemicals

The following chemicals were used: acetone and
dichloromethane, all analytical grade (Merk,
Darmstadt, Germany); sodium sulfate anhydrous
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GR (May and Baker, U.K.); sodium chloride GR
(Carlo Erba, Milan); glass wool prewashed with
petroleum benzene in a soxhlet (Merk, Germany).
Reference standard, analytical grade,
methabenzthiazuron was purchased from the
laboratories of Dr. S. Ehrenstorfer, Germany.

Gas Chromatograph Conditions

Gas liquid chromatographic (GLC) analyses of
methabenzthiazuron in soil, lentils and hay were
made on a Hewlett Packard model 5890 equipped
with a 15 m long capillary column. Detection was
done with a nitrogen/phosphorus detector. Injection
was done at programmed initial oven temperature of
150°C, accelerating at a rate of 10°C min'! to a final
temperature of 220°C. The injection port, oven, and
detector temperatures were 150, 220, and 220°C,
respectively. Oven maximum temperature was 400
oC. Carrier gas (N,) was set at a flow rate of 18.8 ml

min-1. Recorder chart speed was set at 5 ml min-1.
Other operating conditions were: attenuation, 5;
retention time, 1.3 min; peak width, 0.4 mm;
threshold, 4; area rejection, 10,000 units using a
Hewlett Packard 3392A automated integrator.

Herbicide Standard Solutions

A stock solution (1000 mg litre'!) of
methabenzthiazuron was prepared by dissolving the
active ingredient (0.025 g) in acetone. Aliguots of
this stock solution were used to prepare solutions
containing 0.05, 0.1, 1.0, 5.0, 10.0, 15.0, and 20.0
mg litre’! of methabenzthiazuron in order to
establish a calibration curve. The calibration curve
gave a straight line over the range of 0.05-20.0 mg
litre'! methabenzthiazuron.

Recovery Tests

In each year, a minimum of two recovery
experiments {i.e. an untreated sample accurately
fortified  with a  known  amount  of
methabenzthiazuron) were run alongside each set of
samples analysed each year in order to determine
the efficiency of the analytical procedure.

Herbicide Application

In an experiment conducted over (wo
successive years, pre-emergent application of
methabenzthiazuron at 0.5 kg ai. ha'l (a rate
commonly used by farmers in Jordan) was applied
to lentils in order to determine herbicide residues.
Methabenzthiazuron was applied to twelve plots, 3
x 6 m each. A non-treatment check plot was added.
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The treatments were arranged in a randomised
complete block design. From each plot, soil
samples, about 2 kg each, were taken from the top
10 cm soil, 24 hr after herbicide application and at
harvest. Lentil plants (cv, Jordan'!) were harvested
2 m from the front of the middle row to determine
methabenzthiazuron residues in lentils and hay.

Extraction

A modified method based on that described by
Zweig (1976) and Al-Mughrabi er af. (1999) was
used for extracting methabenzthiazuron from soil,
lentils and hay.

Soil samples

Prior to extraction, soil moisture was determined
in all soil samples immediately after they were
brought to the laboratory. From each sample
collected, two sub samples (100 g each) were placed
in a pre-weighed beaker and placed in an oven at
130°C overnight. The percentage of moisture
content was calculated by multiplying the difference
in weight by a factor of 100, Soil type, contents, EC
and pH were also determined. Soil samples were
then stored in a freezer until herbicide residues were
extracted.

In each of the two experiments, twelve samples,
each consisting of three - 2 kg sub samples, were
collected from the beginning, middle and end of
each treatment plot. Each three sub samples were
combined together, mixed thoroughly, and two
samples of the combined sub samples were taken for
herbicide extraction. Each soil sample (25 g) was
mixed with distilled water (100 ml) and acetone
(200 ml) in a 500 ml glass bottle with a screw cap,
and then placed on a shaker at 100 rocking motions
min-1. After approximately 20 hrs, NaCl (30 g) was
added to the soil solution, and the mixture was then
blended for two minutes in a Waring blender.
Dichloromethane (150 ml) was added, and the
mixture was then blended for 2-3 minutes. After the
soil had settled down, the organic phase was
separated, and a volume of 175 ml was transferred
through a glass funnel containing anhydrous sodium
sulfate (40 g) into a 250 ml round-bottom flask. The
extract was evaporated using a rotary evaporator at
38-40°C to about dryness. Dichloromethane (3 ml)
was added to dissolve the residues. The residues
were concentrated to about 2 ml using a rotary
evaporator and then transferred to a cleanup column.

Lentil and hay samples
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Lentil or hay samples were collected from the
beginning, middle and end of each treatment plot.
Each three sub samples were combined together,
mixed thoroughly, and two samples of the combined
sub samples were taken for herbicide residue
analysis. In each of the two experiments, twelve
lentit or hay samples, 10 g each, were mixed with
distilled water (100 ml) and acetone (200 ml) and
ground for three minutes in Waring blenders. The
blended mixture was then filtered through a
Buchner funnel into a suction flask. One fifth of the
filtrate was transferred to a separation funnel, and
the solution was then  extracted  with
dichloromethane (2 x 50 ml). The funnel was shaken
for one minute (when emulsification occurred, it
was destroyed by adding small portions of sodium
chloride). After complete separation, the water was
drawn into a beaker in order to be exiracted for a
second time. The combined dichloromethane phases
were passed through a glass funnel filled with
anhydrous sodium chloride into a 250 ml round-
bottom flask. The funnel was washed with several
portions of dichloromethane. The extract was
concentrated to about 2 ml using a rotary evaporator
at a bath temperature of 38-40°C. The concentrate
was then transferred to a cleanup column.

Cleanup

Soil samples

Cleanup was processed in a glass column with a
cork stopper. Glass wool was placed at the base, and
then the c¢olumn was  half filled with
dichloromethane. Florisil (10 g) deactivated with
8% wiw distilled water and anhydrous sodium
sulfate (5 g) was added to the column. The solvent
was then drained from the column. The residue of
methabenzthiazuron was dissolved in
dichloromethane (3 ml) and transferred for cleanup.
The round-bottom flask was rinsed with
dichloromethane (2 x 3 ml), and then the rinsed
material was added to the colurmn. The column was
then eluted in dichloromethane (250 ml) in a clean
round-bottom flask. The eluate was collected and
then evaporated to about dryness. Acetone (3 ml)
was added and the solution was then evaporated to
about 1 ml. The residue was adjusted 0 5 ml in
acetone for gas chromatographic analysis. Samples,
2 ul each, were injected into the gas chromatograph
2-3 times. The standard solutions were injected
before and after each sample.

Lentil and hay samples
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Cleanup was processed in a glass column with a
cork stopper. Glass wool was placed at the base, and
an elution mixture (15 ml) made of dichloromethane
and acetone (9:1) was added. Silica gel (4 g)
containing 4% distilled water, and sodium sulfate (1
g) were transferred into the column. The extracted
sample was then transferred into the column and
eluted with the elution mixture (100 ml) into a clean
round-bottom tlask. The eluate was evaporated to
about dryness. The residue was adjusted to 5 ml
with acetone. Samples, 2 ul each, were injected in to
the gas chromatograph 2-3 times. The standard
solutions were injected before and after each
sample.

Calculations

The amount of herbicide residue (mg kg'!)
detected in each experiment for each sample was
calculated according to the following equation
{(Zweig, 1976; Al-Mughrabi et al, 1992, Al-
Mughrabi et al., 1999): {[sample area or peak
height/standard area or peak height] x [standard
injection (ng)/sample weight (g)] x final volume
(miYsample injection (uh)] x [100/100 - moisture
{%)] x [100/percentage recoveryl}.

Results & Discussion

Soil type was silt clay and consisted of clay
(42%), silt (40%), sand (17%) and organic matter
(0.7%), with electrical conductivity of 0.2 mv and
pH value of 7.8.

Statistical analyses were made with the
Statistical Analysis System (SAS) (SAS Institute
Inc., 1983). A least significant difference test was
applied in order to separate experimental means for
samples collected in each experiment and for the
average values of the two experiments (Chew, 1976;
Petersen, 1977).

The average residue values in mg kgl of
methabenzthiazuron in soil, lentils and hay are
shown in Table 1. The average residue decreased
significantly from 1.16 = 0.15 mg kg1, 24 hr after
treatment, to 0.12 = 0.01 mg kg'! at harvest.
Recovery tests conducted with soil samples tested
24 hr after treatment and at harvest averaged 75.5%
and 68.8%, respectively (Table 2). Low residues of
methabenzthiazuron averaging 0.1 20.01 and 0.19 %
0.02 mg kg'! in lentils and hay, respectively, were
detected at harvest (Table 1). This may be due to
metabolism of methabenzthiazuron to water-soluble
glucosides in plants (Worthing, 1987 & 1991; Weed
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et al., 1995). Recovery tests conducted with lentil
and hay samples analysed at harvest averaged
79.2% and 83.3%, respectively (Table 2). No
detectable residues were found in the untireated
checks (Table 1). Our results are not in variance
from those reported by other scientists around the
world. Hassink ez al. {1994) and Schmidt (1977) did
not detect methabenzthiazuron in the harvested
cereal and oilseed crops. They concluded that
accumulation in the soil was most unlikely because
under adequate rainfall, degradation was very good.
However, Pestemer and Malcomes (1981) reported
that in field trials with winter cereals where
methabenzthiazuron was applied, about 50% of the
applied dose was degraded from the top 5 cm of soil
in 120 days when applied in spring. Using the
leaching and  degradation of C,-labeled
methabenzthiazuron, Kubiak et /. (1988) identified
40% of the applied herbicide in the top 0-10 cm soil
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127 days after application. The average time for
residual activity of methabenzthiazuron in soil is
approximately 3 months (Worthing, 1987 & 1991).
Our findings suggest that under our experimental
conditions, low levels of methabenzthiazuron
remain in soil, lentils and hay if applied at a rate of
0.5 kg a.i. hal. Therefore, we recommend that
methabenzthiazuron be applied af a lower rate in
order to reduce its residue level in the harvested
lentils and hay, and to prevent its accumulation in
soil. In a similar expertment conducted under
similar experimental conditions by Al-Mughrabi et
al. (1999), the researchers studied the fate of the
herbicides fluazifop-butyl and metribuzin in soil.
Although the two herbicides were applied at 0.5 kg
a.i. ha'l, no residues were detectable at harvest. This
indicates that their accumulation in soil is less likely
to happen compared to methabenzthiazuron.

Table 1. Average residue values of methabenzthiazuron in soil, lentils and hay.

Sample Average Residue (mg kg'1)! + S.E.2

Yearl Year 2 : Grand
Soil - 24 hrs. 1.28 +0.172* 1.04 £ 0.0%2 1.16 £0.152
Soil - harvest 0.10 = 0.01b 0.14 £ 0.020 0.12+0.01b
Lentils 0.09 £ 0.01¢ 0.11 +0.01bc 0.10 = 0.01bc
Hay 0.14 £ 0.0]bed 0.22 + 0.02bcd 0.19 £ 0.02bcd
Untreated check <001 < 0.01 < 0.01

P Average value of 24 samples (twelve samples, each replicated twice).

2 Standard error,

* Mean values followed by the same letter within each column are not significantly different (P = 0.05) from

each other according to the LSD test.

** The lowest detectable level of methabenzthiazuron.

Table 2. Recovery values (%) of methabenzthiazuron in hay, lentils and soil.

Sample Average Recovery (%)}
Yearl Year2 Grand
Soil - 24 hr 81.0(79.0-81.2)2 70.0 (68.1 - 75.0) 75.5 (68.1 - 81.2)

Soil - harvest
Lentils

Hay

Untreated check

65.6 (65.0- 71.0)
77.0 (73.0 - 82.0)
84.0 (82.0 - 86.0)
78.0 (75.0 - 81.0)

72.0 (68.0 - 77.0)
81.4 (77.0 -85.0)
82.6 (81.0 - 84.0)
81.0 (79.0 - 83.0)

68.8 (65.0 - 77.0)
79.2 (73.0 - 85.0)
83.3(81.0 - 86.0)
79.5 (75.0 - 83.0)

1 Average of a minimum of two recovery experiments.

2 Range of recovery values (%).
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