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Abstract Possible bioaccumulation of pesticides in crop
produce may cause ill effects on animals and humans.
Tribenuron-methyl is a new post-emergence herbicide
and is highly efficient to control the broad-leaf weeds in
cereals, pasture, and plantation crops. There are scarce
studies on its bioefficacy, sensitivity to weeds, tolerance
to wheat, and persistence in crop produce, which are
important information required before recommending
an herbicide for use by the farmers. Weed control effi-
ciency of an herbicide is dose-sensitive and site/soil-
specific. Tribenuron-methyl (75 % DF) was applied at
22.5 and 45.0 g a.i./ha along with the surfactant
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300.12 mL/ha as a tank mixes after 30 days of sowing
in wheat as post-emergence herbicide. The samples of
wheat foliage, soil, and grains at harvest were processed
and analyzed for residues by high-performance liquid
chromatography using a UV detector at 240 nm. The
study revealed that there was a significant reduction in
weed population and dry matter accumulation due to
tribenuron-methyl application at a higher dose (45.0 g/
ha) compared to a lower dose (of 22.5 g/ha). The weed
density was found to be from 16.1 to 44.3 no/m> for
application rate of 22.5 g/ha while at the 45.0 g/ha
application, the weed density was 5.3—-5.9 as compared
to untreated control, where 184.3—120.5 no/m> was
observed. The yield varied from 4.30 to 4.80 t/ha as
compared to 2.25-3.55 t/ha in unweeded control with
the LSD value being 21.5-16.3 to 0.27-0.19. Residues
were below detectable level (BDL, <0.005 mg/kg) of
tribenuron-methyl since they were detected in wheat
grains at 22.5 g a.i./ha rates. However, 0.012 pg/g
residues were detected in wheat foliage at an application
rate of 45.0 g a.i./ha. It can be concluded that it is safe to
use tribenuron-methyl at 22.5 g a.i./ha on wheat crop as
post-emergence herbicide.

Keywords Foliage - HPLC analysis - Persistence - Soil -
Tribenuron-methyl - Wheat

Introduction

Crop protection agents (CPA) are the integral part in
sustainable agriculture. The loss due to insect pests,
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diseases, and weeds is about 10-15 % of the total
agricultural produce globally. The timely use of inputs
such as crop protection agents, high yielding varieties,
and tolerant varieties of crops may reduce the loss of
yield by about 15-30 %. Weeds pose the biggest threat
to agriculture. Therefore, herbicides are now extensively
used in Indian agriculture. Though, they are designed to
be biologically active but are often found in soil, plant
part, and finally in groundwater (Fletcher etal. 1993; Xu
et al. 2002; Sondhia 2008). Tribenuron is a post-
emergence herbicide (2-[4-methoxy-6-methyl-1,3,5-
triazin-2-yl(methyl)-carbamoylsulfamoyl] benzoic ac-
id). A variant methyl ester of tribenuron is used in the
formulated product. Tribenuron and tribenuron-methyl,
respectively, belong to the class of sulfonylurea herbi-
cides. Tribenuron-methyl is used for the control of a
wide range of broad-leaf weeds in cereal crops including
wheat (winter, spring, and durum), barley (winter and
spring), oats (winter and spring), rye, and triticale
(Ferguson et al. 1985). It is also registered for use as a
pre-emergence burndown broadcast application for
wheat and barley. It is a systemic herbicide which is
absorbed by the roots as well as leaves and then spreads
throughout the whole plant. Among sulfonylurea herbi-
cides, tribenuron-methyl {{methyl 2-(4-methoxy-6-meth-
yl-1, 3, 5-triazine-2-yl) (methyl) carbamoylsulfamoyl]
benzoate} (Fig. 1) is widely used due to its selectivity
against a wide range of weeds in cereal, pasture, and
plantation crops (Beyer et al. 1988; Brown 1990; Pons
and Barriuso 1998). It inhibits acetolactate synthase
(ALS) enzyme that catalyzes the first common reaction
in the biosynthesis of branched amino acids namely
valine, leucine, and isoleucine (Ray 1984; Brown et al.
1994; Vencill 2002). Animals have a different system of
division of acetolactate synthase, and therefore, it is of
low toxicity to mammals, birds, invertebrates, bees, or
biological control agents such as parasitic wasps and
predatory mites. The structure of tribenuron-methyl is
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Fig. 1 Structure of tribenuron-methyl
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characterized by a sulfonylurea bridge, an aryl group,
and a nitrogen-containing heterocyclic portion. Under
controlled conditions, tribenuron-methyl did not change
any expression profile of gene immediately after treat-
ment, but defense-related genes were upregulated after
1 week of its treatment. Sulfonylurea compounds such as
tribenuron-methyl specifically inhibit acetolactate syn-
thase and are quickly detoxified, but the activity of some
of the resulting metabolites could explain later changes in
gene expression in wheat (Pasquer et al. 2006) due to the
formation of the metabolites after about 120 days
(Anonymous 2004). Chemical hydrolysis and microbial
degradation are the two major pathways of sulfonylurea
degradation in soil, whereas photolysis (Bhattacherjee
and Dureja 1999; Pusino et al. 1999; Vulliet et al.
2002) and volatilization are relatively minor processes
(Molinari et al. 1999). Tribenuron-methyl binds to the
soil matrix through a mixed interaction mode. Herbicide-
soil interaction depends on the chemical structure of the
herbicide along with the properties of the soil. In the
harvested crop, possible bioaccumulation of pesticides
may cause adverse effects on animals and human health.
Therefore, there is an urgent need to evaluate this chem-
ical in the crop during the time of harvest. Tribenuron-
methyl is a new post-emergence herbicide and is highly
efficient to control broad-leaf weeds in cereals, pasture,
and plantation crops. Intensive literature survey indicates
that there are scarce studies on its bioefficacy (sensitivity
to weeds and tolerance to wheat) and persistence in crop
produce, which are important information required be-
fore for its commercial use as an herbicide. Weed control
efficiency of an herbicide is dose-sensitive and site/soil-
specific (Das 2008).

In India, wheat is the second most important cereal
crop in terms of consumption as well as production
which is heavily infested with many broad-leaf weeds.
Tribenuron proves to be very effective for controlling
the broad-leaf weeds. Though, tribenuron-methyl is
largely used for the control of pre- and post-emergence
broad-leaf weeds of cereal crops. However, the presence
of an extremely low concentration of tribenuron-methyl
in soil causes greater phytotoxicity of several crops such
as sugar beet, maize, cotton, sunflower, soybean, and
rice (Brown 1990; Kotoula Syka et al. 1993; Junilla
et al. 1994; Yao et al. 1997). However, little is known
about the bioavailability of tribenuron-methyl in soil
and crop produce. Hence, the present study was con-
ducted to evaluate the persistence of tribenuron-methyl
residues in wheat grains, straw, and soil at different time
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intervals up to the harvesting. Also, the present study
might help to recommend the suitable dose in terms of
reducing the possible risk of contamination of the soil,
crop produce, and phytotoxicity to wheat by tribenuron-
methyl residues.

Material and methods
Reagents

Tribenuron-methyl (Analytical standard, purity 99.1 %)
was purchased from Sigma Aldrich, USA. High-
performance liquid chromatography (HPLC)-grade ace-
tonitrile, HPLC-grade methanol, and water were taken
from Merck, India. Laboratory-reagent-grade solvents
like dichloromethane (DCM), acetone were glass-
distilled at their respective boiling point and used.
Magnesium sulfate anhydrous, sodium chloride, PSA,
were purchased from Merck, Germany, Merck, India,
and Agilent Technologies, USA, respectively. Herbicide
Tribenuron-methyl (75 % DF) formulation was obtained
gratis from DuPont India.

Preparation of stock solution

Tribenuron-methyl was accurately weighed (50 mg) and
transferred into a volumetric flask (50 mL capacity) and
dissolved in ~5 mL acetonitrile. The volume was made
up to the mark with acetonitrile. A stock solution of
1000 pg/mL was obtained. Working standard solutions
of lower concentrations were prepared from the stock
solution by serial dilution. One milliliter of stock solution
(1000 pg/mL) of tribenuron-methyl was taken in a
10-mL volumetric flask and diluted up to the mark with
acetonitrile to get 100 pg/mL. This mixture was serially
diluted to get standard solutions of lower concentrations.

Field experiment

Field experiments on the bioefficacy as well as soil were
conducted consecutively for 3 years (2010-11, 2011—
12, and 2012-13) and persistence of tribenuron-methyl
in wheat in 2012-2013, at the Indian Agricultural
Research Institute, New Delhi, India, during the winter
(rabi) season (November to April) in a randomized
block design with three replications each. Soil of the
experimental field was alluvial (type ustochrepts; order
inceptisol) in origin and sandy-loam (62.1 % sand,

16.5 % silt, and 19.8 % clay) with 0.54 % organic
carbon and pH 7.6. The available phosphorous
(18.5 kg/ha) and potassium (191.5 kg/ha) were medium,
but available nitrogen (272.5 kg/ha) was low in soil. The
size of each plot was 4 m x 1.6 m. Wheat variety, PBW
343, was sown in rows at 22.5 cm spacing between rows
with a seed rate of 100 kg/ha. Tribenuron-methyl (75 %
DF), tank-mixed with surfactant 300.12 mL/ha, was
applied at two doses 0f22.5 and 45.0 g active in gradient
a.i./ha as post-emergence at 30 days after sowing (DAS)
of wheat using a knapsack sprayer fitted with a flat fan
nozzle. The volume rate of application was 400 L/ha
water. Nitrogen, phosphorous, and potassium were ap-
plied to the wheat crop at 120 kg N, 60 kg P,Os, and
40 kg K,O/ha in the form urea, single superphosphate,
and muriate of potash, respectively. Half the dose of
nitrogen and full dose of phosphorous and potassium
were applied at the time of sowing, and the remaining
nitrogen was top-dressed in two equal halves at 30 and 60
DAS. At 60 DAS, a quadrate of 0.5 m x 0.5 m area was
randomly placed in each plot across replications. Weeds
were counted, collected, and dried in a hot-air oven at
70 °C for 72 h for estimating dry weight. Some wheat
plants were randomly sampled from each plot before
harvest, and their straw and grains were separated.
Harvested total produce of wheat from each plot was
weighed, threshed, and cleaned and grain yield recorded.

Sampling of soil

Soil samples were drawn randomly from 0 to 15 cm
depth using a tube auger from 6 to 7 spots in each plot.
Around 500 g soil was collected from each plot. The
samples were randomly drawn on initially 1 h, then 1, 3,
5,7,10, 15, 20, 30 days after treatment (DAT) and at the
time of crop harvest (110 DAT) from all the treated and
untreated control plots. Soil was mixed thoroughly, air-
dried, grounded, and passed through 2 mm sieve.
Around 50 g representative sample was taken by quar-
tering for the final extraction before analysis.

Sampling of wheat foliage

The samples of wheat foliage were collected periodical-
ly from each treatment after spray on days 0, 1, 3,
5,7,10, 15, 20, and 30 and finally at the time of harvest,
i.e., 110 days. The initial sample was collected after 3 h
of herbicide application keeping in view the proper
drying of spray on the leaves of plants.
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Weather data

During the period of the study, average maximum
and minimum temperatures were 26.3 and 12.49 °C,
respectively. The average rainfall recorded during
the period of the study was 16.33 mm and the %
relative humidity was 61.22 with the average sun-
shine hours of 7.4 (Table 1).

Extraction and clean up

The wheat foliage and soil samples were extracted
with acetonitrile, following the QuChERS method
AOAC 2007.01 (AOAC Official Method 2007.01).
The samples were homogenized to generate a

uniform sample and then taken in a clean tube.
After that, 10 ml acetonitrile was added along with
6 g magnesium sulfate and 1.5 g sodium chloride.
The sample was centrifuged at 5000 rpm for 10 min.
After which, 2 ml of the supernatant was taken, and
150 mg magnesium sulfate and 50 mg PSA were
added and centrifuged at 5000 rpm for 10 min.
Finally, 2 mL of supernatant was analyzed by
HPLC and further by liquid chromatography with
mass spectrometry-mass spectrometry (LC-MS-MS).

Analysis

The samples were analyzed by HPLC-UV detector at
240 nm using acetonitrile-water as the mobile phase.

Table 1 Weather data for the

3 years during the experimental Year Nov Dec Jan Feb March April
period

Rainfall (mm)
20102011 0.0 8.6 40.8 109.4 12.6 11.6
20112012 0.0 0.0 14.8 0.0 19.2 9.0
2012-2013 13.4 0.3 0.0 49.9 23 22
Avg. rainfall/month 4.46 2.96 18.53 53.1 11.37 7.6
Avg. rainfall 16.33

Maximum temperature(°C)
20102011 259 20.2 20.7 239 33.0 37.1
20112012 26.1 22.1 19.3 24.0 30.2 35.0
2012-2013 26.3 19.5 20.2 23.1 30.1 37.2
Avg. max. temp/month 26.1 20.6 20.06 23.66 31.1 36.3
Avg. max. temp 26.3

Minimum temperature(°C)
2010-2011 18.2 7.3 8.2 11.1 13.6 209
2011-2012 10.2 8.2 7.9 12.3 16.3 20.6
2012-2013 11.9 83 6.3 11.8 12.8 19.3
Avg. min. temp/month 13.43 7.93 7.4 11.73 14.23 20.26
Avg. min. temp 12.49

Relative humidity (%)
2010-2011 78 74 62 73 50 34
2011-2012 68 70 71 51 40 38
2012-2013 60 80 82 80 58 33
Avg. relative humidity/month 68.66 74.66 71.66 68 49.33 35
Avg. relative humidity 61.22
20102011 8.2 7.0 6.9 7.7 8.0 72
20112012 7.9 6.8 6.8 7.6 7.8 7.5
2012-2013 7.8 6.8 6.6 74 7.9 7.6
Avg. sunshine h/month 7.96 6.86 6.76 7.5 79 7.43
Avg. sunshine h 7.4
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Fig. 2 HPLC profile of tribenuron-methyl, untreated control foliage (a), standard tribenuron-methyl 0.01 uL/mL (b), standard tribenuron-

methyl 0.05 pL/mL (¢), standard tribenuron-methyl 1.0 pL/mL (d)

@ Springer



610 Page 6 of 9

Environ Monit Assess (2015) 187: 610

Tribenuron-methyl was quantified by Merck High-
Performance Liquid Chromatography (HPLC,
Hitachi™) equipped with Lichrospher RP-8 column
(250 mm x 4.60 mm, 5 pm) and a UV detector set at
240 nm. HPLC-grade solvents (water and acetonitrile)
were filtered through 0.22 um filter and degassed before
use. Mixture of acetonitrile and water (80:20 v/v) was
used as a mobile phase with a flow rate of 0.5 mL/min.
The injection volume was 10 pL. Under the standard-
ized conditions, tribenuron-methyl was eluted at
4.62 min (Fig. 2). Calibration curve was drawn by
injecting different concentrations of tribenuron-methyl
to determine the linearity range.

The presence of tribenuron-methyl in field soil and
foliage samples was confirmed by LC-MS-MS
(Shimadzu LC-MS-MS-8030) (Fig. 3). The column
Zorbax Eclipse plus C18 (3 mm X 100 mm, 3.5 um),
the mobile phase was programmed A, (80:20, water/
methanol) with 5 mM ammonium formate; B, (90:10,
methanol/water) with 5 mM ammonium formate, with a
flow rate 0.2 ml/min and total run time 13 min. The
organic mobile phase concentration was maintained at
45 % from 0.01 to 1 min and increased to 100 % till
12 min, and at 13 min, the mobile phase was bought to
the initial concentration. The dwell time was 100, Q1
prebias 15 V, collision energy —18.0, and Q3 Prebias
—19.0 V. The DL temperature was 250 °C and heat
block was 400 °C. The drying gas was maintained at

(x100)

15 L/min. The multiple reaction monitoring (MRM) for
tribenuron-methyl was optimized at 396.0 > 155.0 un-
der the above conditions. The analysis was carried out at
an ambient oven temperature (Fig. 4).

Kinetic study and statistical analysis

To determine the degradation of herbicide residue on
soil and wheat foliage, log concentration against time
was plotted and then a linear regression analysis was
performed of various data sets. The value of K (rate
constant) along with corresponding half-life values were
obtained. All the statistical analysis was done as per the
protocol described by Sebai et al. (2010). Two-way
analysis of variance was performed on the data sets
using SAS 9.3 software and significant effects were
noted.

Result and discussion

The effect of tribenuron-methyl on weed control in
wheat was studied for 3 years for a valid recommenda-
tion. The reduction in weed populations and their dry
weights vis-a-vis wheat grain yield across the treatments
were recorded. Weed flora existed in wheat field were
mostly broad-leaved ones, namely Convolvulus
arvensis,Rumex dentatus,Spergula arvensis,Coronopus
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0.0;
T R e N T
0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0 11.0 12.0 min
Inten.(x100)
] 155.00
1.5
1.0
0.5
0.0 +— — — — — o - e
154.000 154.250 154.500 154.750 155.000 155.250 155.500 155.750 m/z

Fig. 3 LC-MS-MS TIC chromatogram and spectra of tribenuron-methyl
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Fig. 4 Dissipation of tribenuron- a
methyl on wheat foliage (a) and in 120 1
soil (b) —#&—22.59 a.i./ha =45 g a.i/lha
100
c
2 80
©
R
g 60 -
(=]
® 40
20 4
0 T T T T ]
0 5 10 15 20 25
Days after application
—#—22.5 g a.i/ha —e=—45.0 g a.i./ha
b 120 4

% Dissipation

didymus,Melilotus indica,Chenopodium album,Anagallis
arvensis,Sisybrium irio, and Fumaria parviflora. Besides,
monocot grassy weeds, namely Avena sterilis ssp
ludoviciana and Phalaris minor were also present in in-
significant numbers.

This study (Table 2) revealed that weed density
ranged from 16.1 to 49.3 plants/m” and 5.3 to
5.9 plants/m” at tribenuron-methyl dose of 22.5 and
45 g/ha, respectively, compared with 120.5 to
184.3 plants/m” in unweeded control over the years.
Similarly, the yield varied from 4.30 to 4.80 t/ha and

5 10 15 20 25 30 35

Days after application

4.07 to 4.52 t/ha at tribenuron-methyl doses of 22.5 and
45 g/ha compared with 2.55 to 3.55 t/ha in unweeded
control. The sunshine, rainfall, and relative humidity
play a significant role in the emergence of weeds, as
compared to the treatment with the herbicide, recording
maximum weed density in 2010-2011 (Table 2) where
higher rainfall and % relative humidity was obtained
(Table 1). There was a significant reduction in popula-
tion and dry matter accumulation of weeds due to
tribenuron-methyl treatment at both the doses, i.e.,
22.5 and 45 g/ha, but the higher dose 45.0 g/ha was

Table 2 Effects of tribenuron-methyl on the density and dry weight of weeds and wheat grain yield over the years

Treatment Weed density (no./m?) Weed dry weight (g/m?) Wheat grain yield (t/ha)
2010-11 2011-12  2012-13 2010-11 2011-12 2012-13 2010-11 2011-12 2012-13
Tribenuron-methyl at 22.5 g/ha 16.1 49.3 322 39.33 41.04 4321 430 4.80 4.71
Tribenuron-methyl at 45.0 g/ha 53 57 59 11.67 12.51 13.36 4.07 4.43 4.52
Unweeded control 1843 140.1 120.5 102.0 119.02 109.05 3.25 2.55 3.55
LSD (P = 0.05) 17.4 215 16.3 19.3 20.5 18.1 0.22 0.27 0.19
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Table 3 Residues of tribenuron-methyl in wheat foliage and soil

Sampling Treatment Average residues Average residues
days (g ai/ha) (mg/kg)in wheat (mg/kg) in wheat
foliage soil

0 22.5 0.209 = 0.98 0.069 + 0.99
45.0 035+ 1.01 0.191 £ 0.79

1 22.5 0.137 £ 0.79 0.062 = 1.05
45.0 0.28 + 0.88 0.169 + 0.86

3 22.5 0.088 + 0.81 0.055 +0.77
45.0 0.15+£0.77 0.150 = 0.87

5 22.5 0.045 + 0.85 0.0487 + 0.94
45.0 0.082 + 091 0.128 = 0.85

7 22.5 0.034 = 0.96 0.0358 = 1.03
45.0 0.052 = 0.85 0.102 £ 0.93

10 22.5 0.018 £ 0.97 0.029 + 0.86
45.0 0.028 = 1.05 0.081 £ 0.97

15 22.5 BDL 0.019 +0.86
45.0 0.012 £ 0.92 0.054 +0.93

20 22.5 BDL 0.01 £0.86
45.0 BDL 0.032 £ 091

30 22.5 BDL BDL
45.0 BDL BDL

Harvest wheat 22.5 BDL BDL

grains 45.0 BDL BDL

BDL <0.01 mg/kg

superior to the lower dose of 22.5 g/ha on weed control.
But the higher dose of tribenuron-methyl inflicted phy-
totoxicity to wheat crop, which resulted in lower grain
yields of wheat by 0.19-0.37 t/ha over the years than the
lower dose. Thus, tribenuron-methyl 22.5 g/ha was by
far the best treatment in terms of weed control as well as
wheat grain yield. It did not inflict phytotoxicity to
wheat plants vis-a-vis gave better weed control.
Similar results on persistence were recorded in
metsulfuron methyl in wheat (Sondhia, 2008).
Tribenuron-methyl controlled all broad-leaved present
in wheat and could be a most promising broad-leaved

killer herbicide of the sulfonylureas, inhibiting
acetolactate synthase, which catalyzes the synthesis of
three branched-chain amino acids, namely leucine, iso-
leucine, and valine (Das 2008).

Green foliage of wheat and soil samples was fortified
at three concentrations of tribenuron-methyl at 0.01,
0.05, 0.5, and 1.0 pg/mL levels. The average recovery
ranged from 68.9 to 91.9 and 73.6 to 95.7 %, respec-
tively. The overall mean recoveries of tribenuron-methyl
in wheat foliage were found to be 68.9 £ 1.62 %,
76.3 = 0.98 %, 84.9 + 0.81 %, and 91.9 = 1.51 %,
whereas in soil were found to be 73.6 £ 0.84 %,
78.4 £ 1.50 %, 88.4 + 0.71 %, and 95.7 £ 0.56 % at
0.01, 0.05, 0.5, and 1.0 pug/mL fortification levels, re-
spectively. The linearity of tribenuron-methyl was in the
range of 2.5-0.005 pg/mL. The limit of detection
(LOD) and limit of quantitation (LOQ) of tribenuron-
methyl were 0.005 and 0.01 mg/kg, respectively.
Tribenuron-methyl has been estimated using electron
spray tandem spectroscopy (Degenhardt et al., 2010).
The initial residues in wheat foliage was 0.209 mg/kg
0.350, respectively at 22.5 and 45.0 g a.i./ha application
rate (Table 3). The residues dissipated to more than
78.4 % by day 5 (Fig. 4), indicating fast dissipation
initially followed by slow dissipation till day 20 after
the application of tribenuron-methyl. The residues were
below detectable limit (BDL) (<0.01 mg/kg) by day
15 at the application rate of 22.5 g a.i./ha but were
detected at a higher dose of application. Tribenuron-
methyl dissipated with a half-life of 2.9-3.0 days in
wheat foliage. In soil, the initial residues persisted till
20 days and were below detection limit day 30, record-
ing a loss of 78.6 % (Fig. 4). A similar half-life was
recorded as reported by Anonymous (2004). In the
harvest, grain samples of tribenuron-methyl were below
detectable limit (<0.01 mg/kg). No metabolites of
tribenuron-methyl were detected during analysis by
HPLC in the wheat and soil samples. Half-life values
of tribenuron-methyl in soil calculated following first-
order dissipation kinetics model were in the range 7.5—

Table 4 Regression equation and half-life of tribenuron-methyl in/on wheat foliage and soil under wheat field

Herbicide Commodity Treatment Y= DT> (days) R K

Tribenuron-methyl Soil 22.5 gai/ha —0.040 x —1.143 7.52 0.990 0.0921
Soil 45.0 ga.i./ha —0.038 x —0.716 7.92 0.997 0.0875
Wheat foliage 22.5 gai/ha —0.104 x —0.739 2.89 0.984 0.2395
Wheat foliage 45.0 ga.i/ha —0.099 x —0.513 3.04 0.983 0.2279
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7.9 days at both low and high doses, respectively
(Table 4). The regression for residue time and algorithm
of correlation of residue remained showed a good linear
correlation based on R?. A value of R? in different
experiments was between 0.983 and 0.997. Although,
no maximum residue limit (MRL) is set for tribenuron-
methyl, but on the basis of risk assessment calculations
based on acceptable daily intake (ADI) of tribenuron-
methyl 0.02 mg/kg/day/body weight, a waiting period of
1 day can be suggested for wheat foliage and the harvest
time grains are safe for consumption.

Conclusion

The study revealed that application of tribenuron-
methyl at of 22.5 and 45 g/ha was significant in control-
ling the weed population in wheat as compared to
unweeded control, enhanced yield in the crop, and the
residues were below detectable limit in the wheat grains.
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