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to reduce the time and the cost as well as increased the precision. Determination of MBZ by
HPLC with recoveries ranged from 50.85 to 108.09%. The MBZ residues were detected in all
samples up to 60 days of storage, respectively with decline in their concentrations with the time

/[f/lii :;eriso fware of incubation. The clay loam soil showed higher dissipation than the sandy loam soil. The
Metribuzin different factors in the present study confirmed that the wheat straw amendment, non-sterilization
HPLC and incubation at 50°C caused higher dissipation of MBZ than without wheat straw, sterilization
Dissipation and incubation at 25°C. The dissipation was described mathematically by a first order equation
Soil with t0.5 was ranged from 9.62 to 16.82 days in clay loam soil and from 10.01 to 16.04 days in
Half-life sandy loam soil. The side-effect of MBZ was tested on soil dehydrogenase activity that can be
Dehydrogenase considered as an indicator of the biological activity and microbial degradation. The result proved

that the enzyme activity was significantly decreased in all treatments compared with the controls
at 1 and 3 days of incubation then it was gradually increased at 7, 10, 15 and 30 days of
incubation. Treatments of wheat straw, non-sterilized and incubated at 25°C or 50°C showed the
lowest enzyme inhibition among all treatments.

© 2023 by the authors; licensee Growing Science, Canada,

1. Introduction

Various studies on metribuzin (MBZ) have been investigated by using the electro analytical method,! chromatographic
methods such as HPLC,? GC,** micellar electro kinetic chromatography,’ capillary zone electrophoresis and molecularly
imprinted polymer.® The extraction method using methanol and then a SPE showing recoveries ranging from 86.7% to
104.2% while using methanol-water (75:25), recover was about 75% and represents a valuable alternative to HPLC with
the detection limit in soil of 1250 pg/ kg.>7

Microbiological activity apparently is important in the degradation of MBZ in soil,® with most degradation in the soil
occurring as a result of aerobic microbial activity which is influenced by temperature and organic substrate in the soil. It
was found that degradation is slower in subsurface horizons and attribute this to inherently lower microbial activity. An
order of degradation rate of MBZ > alachlor > atrazine was observed.” MBZ degradation followed first-order kinetics and
pseudo-first order kinetics.® 1 MBZ to.5 is from 16 to 50 day,'' 22 day under optimum conditions at 20°C,'? approximately
22 day over treatments and seasons,'? in ranged 5.3 d to 12.5 day dependent on the field rainfall or irrigation and 17 to 28
day under greenhouse conditions,'* approximately 3 months under field conditions,'> about 30 to 60 days during the
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growing season at normal use rates.'® It was measured average MBZ concentrations in the top ten centimeters of soil 300
days after application.

MBZ is mainly microbially degraded, thus those environmental factors favoring microbial activity will also favor MBZ
degradation.'> Moreover, MBZ was degraded more rapidly in nonautoclaved field soil and in soil enriched with glucose
than in soil that had been air dry for 1 year or had been autoclaved.® Management of plant residues left after harvest can
affect persistence of herbicides in soil. Crop residue accumulation on or near the soil surface may provide both a physical
and chemical barrier for movement of soil applied herbicide. The physical barrier is derived from the surface mat which
blocks access to soil pores, whereas the chemical barrier occurs when herbicides are sorbet to surfaces of decomposed
plant residues. These processes can affect the chemical degradation of herbicides.!” Depending on the solubility of an
applied herbicide and its ability to desorb from plant residue, water from rainfall may eventually wash much of it off the
plant residue into soil pores. Once in the soil, the herbicide is again subject to leaching, sorption, and degradation.
Herbicide which remains sorbet to plant residue may not be released into the soil until the plant residue completely
decomposes.'® Field results indicated faster degradation of MBZ with increasing temperature. The degradation was more
rapid at 30°C than at 20°C. Laboratory studies indicated that MBZ degradation at temperatures below 5 °C was found to
be so slow that we would not expect the soil microorganisms to be able to exploit this increased availability of MBZ.!

Comparative studies show that the atrazine treatments induced significant changes in the microbial population.
Although the total numbers of bacteria and fungi were not altered. The significantly minimum DHA was observed under
post-emergence application of MBZ 250 g a.i. ha”!, whereas, pre-emergence application of pendimethalin 1000 g a.i. ha™!
resulted in significantly higher DHA of experimental field.!” DHase was the least tolerant to the effect of the herbicide
MBZ, whereas alkaline phosphatase was the most tolerant one.?°

The fate of the pesticides in the soil environment in respect of pest control efficacy; non-target organism exposure and
offsite mobility has become a matter of environmental concern potentially because of the adverse effects of pesticides on
soil microorganisms.?!- 2% 23 Considerable interest of the effect of pesticides on non-target organisms has been recently
developed. The side effect of pesticides on soil microflora could be investigated by studies of microbial respiration and
soil enzymes. Several measurements have emerged as important parameters of the general biological activity in soils,
especially respiration rates. Several pesticides had no effect while other inhibited CO; evolution from soil.?*

An ideal pesticide should be toxic only to the target organism, biodegradable and undesirable residues should not affect
non-target surfaces. Therefore, studies were undertaken to further characterize the relationship among pesticide
concentration in soil, dehydrogenase activity (as an indicator of microbial activity), and degradation rate.?’

2. Materials and Methods
2.1. Soil and chemicals

Two types of the common Egyptian soils clay loam and sandy loam from Agricultural Research Station, Abis and sandy
loam soil from Bangar Elsokar region were tested in the present study. Physicochemical properties of the tested soils
including soil texture, organic matter, pH, EC, water holding capacity, total carbonate percentage and soluble cations and
anions concentration were measured (Table 1).2% 2 Technical grade metribuzin (MBZ), (4-amino-6-terbutyl-3-
methylsulfanyl-1,2,4-triazin-5-one), was obtained from DuPont Corp., Wilmington, DE ((> 98% purity).
Triphenyltetrazolium chloride (TTC), triphenylformazan (TPF), water (HPLC grade), methanol (HPLC grade), acetonitrile
(HPLC grade) and PTFE syringe filter (0.2 um) were purchased from Sigma Aldrich Co. (Spruce Street, Louis., MO, USA).
Anhydrous magnesium sulfate, sodium chloride, sodium acetate and activated charcoal were purchased from El-Nasr
Pharmaceutical Chemicals Co. (E1 Gomhoriya St., Abu Zaabal Area 491, Qalyub, Egypt).?

Table 1. Physicalchemical properties of the tested soils.

Total
Particle Size (%) EC Total soluble soluble Total
Code Texture class pH cations .
. (ds/m) (meg/L) anions carbonate (%)
Clay Silt Sand q (meq/L)
A 43 18 39 Clay loam 8.25 1.32 18.17 13.30 7.87
B 14 11 75 Sandy loam 8.20 2.33 33.50 23.30 40.09

2.2. Apparatus and instrumentation

UV-Vis Spectrophotometer, Ultra Microplate Reader, Orbital shaker, Centrifuge, water bath, Water Distillation,
Incubator, and Digital balance. The instrument used for the quantification of MBZ was an Agilent 1260 HPLC Infinity
system equipped with an Agilent variable wavelength ultraviolet detector. The system consisted of a quaternary gradient
solvent pump to control the flow rate of the mobile phase and an auto-sampler for automatic injection, a vacuum degasser.

2.3. Experimental design
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Utilizing Minitab software, the experiment was designed using the response surface methodology to optimize the

dissipation of MBZ in various soil treatments. The experimental ranges for the parameters included soil type (A & B), soil

amendment (wheat straw), temperature (25 & 50°C), sterilization (sterilized soil & non-sterilized soil) and time of

incubation (15 & 30 days). The trials were modelled by the program, which also improved precision while cutting down on
time and expense. A two-level full generate factorial design was used to conduct 12 trials for each insecticide (Table 2).

Table 2. Experimental design of metribuzin dissipation in soil using Minitab software.

Treatment Soil type Amendment Temperature Sterilization Incubation time (day)
1 Soil B Without 25°C Sterilized 10
2 Soil B Wheat straw 25°C Non-sterilized 30
3 Soil A Without 25°C Non-sterilized 10
4 Soil B Without 50°C Non-sterilized 30
5 Soil B Without 50°C Sterilized 30
6 Soil A Wheat straw 50°C Sterilized 30
7 Soil A Without 50°C Non-sterilized 10
8 Soil A Wheat straw 25°C Non-sterilized 30
9 Soil B Wheat straw 50°C Sterilized 10
10 Soil B Without 25°C Sterilized 10
11 Soil A Wheat straw 50°C Non-sterilized 10
12 Soil A Wheat straw 25°C Sterilized 30

2.4. Standard stock solution preparation

Following the dissolution of 10000 pg of the substance into a volumetric flask, the volume was increased to 10 mL with
acetonitrile to create a standard stock solution of MBZ (1000 pg/mL). Working solution of 50 mg/L was diluted to reach
the required final concentration.

2.5. Soil treatment

A weight of 300 g of each soil type was placed in a 1000-mL glass bottle and treated with MBZ (50 pg a.i./g soil). Three
replicates were made for each treatment. The stock of the pesticide was mixed with distilled water equal to 60 % of water
holding capacity of the soil. All bottles were incubated throughout the experimental period according to experimental
Minitab design.?

2.6. Determination of metribuzin in soils
Wavelength of maximum absorbance and HPLC-standard calibration curve

The standard solutions of MBZ were scanned in the range of 200-400 nm by UV-Visible spectrophotometer (Thermo
Corporation, Nicolet, evolution 100, Germany).
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Fig. 1. Calibration curve of metribuzin using Agilent 1260 HPLC-VWD

MBZ showed maximum absorbance at 290 nm. This wavelength was selected for determination by HPLC. For
preparation of stock solution for HPLC, standard of MBZ was dissolved in methanol (100 mg/L), by accurately weighing
individual analytical standards into volumetric flasks, dissolving and diluting them to volume with methanol (Fig. 1).

Extraction and clean up
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A weight of 20 g of soil sample was taken at different times of (0, 3, 7, 10, 15, 30 and 60 day), grind with a mixture of
salt (composed of 0.5 g of anhydrous magnesium sulfate, 0.1 g sodium chloride, 0.15 g of sodium acetate) for about 5
minutes. 40-mL of solvent mixture of methanol-water (80:20) was added. Transferred solution to 50 mL centrifuge tubes.
The tube was closed and stirred vigorously by hand for 1 min and centrifuged for 5 min at 3000 rpm and then filtered
through Whatman filter paper No. 1. The organic layer was transferred to a 30-mL centrifugation tube containing 0.15 g of
MgSO;, and 0.05 g activated charcoal to remove undesired co-extractives. The tube was closed, shaken vigorously by hand
for 30 s, and centrifuged for 5 min at 3500 rpm.

Determination by HPLC

The quantification of MBZ was determined by an Agilent 1260 HPLC Infinity system. Five microliter of each sample
extract was injected onto the HPLC column using the autosampler apparatus with a 100 uL sample loop. Separation was
performed on the ZORBAX Eclips Plus Cig column. The mobile phase composition was methanol and water (80:20) with
a flow rate of 1 mL/min. Data was managed using HP Chemstation software.

Recovery assay

Soil samples were homogenized with solutions of MBZ (5, 10, and 50 pg/g soil). The samples were processed according
to the above procedure. At each fortification level, three replicates were analyzed. Results of MBZ were corrected according
to the recovery rate.

2.7. Dissipation kinetics and modeling studies

For dissipation kinetics study, the soil samples were collected at different time intervals and were analyzed by HPLC.
The calculation for dissipation kinetics of MBZ in the soil was done by plotting the residue concentration against time.
Half-life of MBZ was fitted by first-order kinetics equation, In C;=In Cyp—kt. The tests were modelled using the Minitab
software, which also improved precision while cutting down on time and expense. In order to ensure a good model, the
quality of the fit of model equation was expressed by 12, the coefficient of determination.*

2.8. Side effect of metribuzin on dehydrogenase activity in soils

The DHase activity in soil was determined colorimetrically according to the reduction of 2,3,5-triphenyltetrazolium
chloride (TTC, colorless) to triphenylformazan (TPF, red color) and measured using ELISA reader at 490 nm. At each time,
5 g of the treated soil sample were inserted into a test tube (10 mL capacity) and addition of 1 mL of TTC (1%) and 2 mL
of distilled water. The tubes were tightly covered with parafilm paper and then incubated in the dark at 37°C for a day. The
absorbance of TPF was determined colorimetrically at 490 nm by ELISA reader. DHase activity was expressed based on
the dry weight of soil in micromoles of TPF per gram of soil per day.

2.9. Statistical analysis

Experimental data are presented as mean + standard error and the statistical analysis was performed by Minitab software.
One -way analysis of variance (ANOVA) was used to analyze the data of dissipation and enzymatic activity and means
property values were separated (p < 0.05) with Student-Newman-Keuls (SNK) test.

3. Results
3.1. Conditions and determination parameters by HPLC

The development and validation method for determination of MBZ was performed on Agilent 1260 HPLC Infinity
system equipped with an Agilent variable wavelength ultraviolet detector. Data were managed using a HPLC Chemstation

software and the method conditions and determination parameters are presented in Table 3.

Table 3. Method conditions and determination parameters used for determination of metribuzin residues by HPLC.

Flow rate Column temperature Elution Ret-time + SD LOD LOQ
(mL/min) (C) system (min) (ng injected) (ng injected)
1 40 Isocratic 3.98+0.001 0.0012 0.003

(LOD = 3 SD/Slope), (LOQ = 10 SD/Slope)

3.2. Recovery of metribuzin in soils

The results of recoveries of MBZ in soil clay loam and sandy loam are shown in Table 4. The recovery percentages were
108.9+5.03, 98.26+4.33 and 70.64+0.34 pg/g clay loam soil, 90.07+2.94, 86.86+14.90 and 50.85+2.79 pg/g sandy loam
soil, respectively. Regarding the existence of interfering elements removed with the target insecticides, the recovery can
sometimes be greater than 100%. Found that recovery decreased with increase of concentration. In addition, clay loam soil
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indicated higher recoveries than sandy loam soil. This may refer to the high organic matter in clay loam soil compared with
the sandy loam soil.

Table 4. Recovery percentages of metribuzin in soils by HPLC

.. . Recovery (%) £ SE
Pesticide Soil Type 5 ug/g soil 10 ug/g soil 50 ug/g soil Mean £ SE
MBZ Clay loam 108.9* £5.03 98.26° +4.33 70.64° £0.34 92.60+3.23
Sandy loam 90.07°+2.94 86.86° +14.90 50.85¢+2.79 74.59+6.88

Values are mean of three replicates and given as mean + standard error. Different letters (a-d) in columns indicate the range from higher to lower rank as
significant differences according to the SNK test (P < 0.05).

3.2. Dissipation of metribuzin in soils

The effectiveness of the soil type and selected factors in measuring trace levels of MBZ was monitored and studied under
laboratory conditions. The residues of MBZ (ug/g) in different soil treatments at different time intervals during the storage
at 25 or 50°C are shown in Fig. 2. The herbicide residues were detected in all samples up to 60 days of storage with decline
in their concentrations with the time of storage. However, the residues were still detected at day 60 (LOD = 0.0012 pg) of
the dose applied. The residues of MBZ in treatment T of soil clay loam, (wheat straw, non-sterilized and incubated at 50°C)
rapidly decreased during the experiment (from 118.99 pg/g soil at zero time to 5.39 ug/g soil at 60 day). However, treatment
Ti1 of soil sandy loam, (wheat straw, sterilized and incubated at 25°C) slightly decreased during the storage period (from
116.80 pg/g soil at zero time to 7.27 pg/g soil at 60 day). The average levels of MBZ residues found approximately 60 days
after treatment were 5.39 and 15.72 pg/g soil in soil clay loam and sandy loam, respectively. It can be noted that the soil
clay loam showed higher MBZ dissipation than the soil sandy loam. This may refer to the soil clay loam was richer in
organic matter than soil sandy loam. The dissipation rates of MBZ residues in soil clay loam and sandy loam at different
time intervals by HPLC are presented in Table 5. Generally, MBZ dissipates rapidly after application with all soil treatments
in both soil clay loam and sandy loam. The percentage of MBZ dissipation after three days of treatment ranged from 15.89
to 37.41% in soil clay loam and from 7.12 to 18.77% in soil sandy loam. However, the percentage of dissipation after 60
days of treatment ranged from 91.68 to 95.47% in soil clay loam and from 86.54 to 93.78% in soil sandy loam. It can be
noted that the treatments T of soil clay loam that (without wheat straw, incubated at 50°C and non-sterilized) and Ts (wheat
straw, incubated at 50°C and non-sterilized) led to dissipate the MBZ rapidly than the other treatments (95.24 and 95.47%
at day 60, respectively). However, the soil without wheat straw, incubated at 25°C and non-sterilized (T,) and that wheat
straw, inculcated at 25°C and sterilized (Ts) did not dissipate MBZ rapidly (91.68 and 95.47%, respectively at day 60). It
can be noted that the soil sandy loam that without wheat straw, inculcated at 50°C and non-sterilized (Ty), without wheat
straw, inculcated at 50°C and sterilized (T1o) and that of wheat straw, inculcated at 50°C and sterilized (T:) led to dissipation
the MBZ rapidly than the other treatments (93.06, 93.12 and 93.78 at day 60, respectively). However, soil without wheat
straw, inculcated at 25°C and sterilized (T7) and that of wheat straw, inoculated at 25°C and sterilized (T;2) showed lower
dissipation (86.54 and 91.42 during 60 days of incubation) compared to the other treatments.

Clay loam soil Sandy loam soil

[
N
<

2

=

N

<
)

=]

whg MBZ/g soil
<

(]

0 r '
9 20 40 60 8¢ 09 20 40 60 80
-20 Time(day) Time(day)
Fig. 2. Dissipation curves of metribuzin in soil clay loam and sandy loam with or without wheat straw at deferent
conditions
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Table 5. Dissipation percentages of metribuzin in soils at different time intervals by HPLC
Dissipation (%) at time (day)

Treatments 0 3 7 10 15 30 60
- 15.89° 36.15° 4523 59.80° 64367 82.64° 91.687
+0.01 £0.00 £0.02 £0.00 £0.00 £0.00 +0.02
- 727 33.88° 39.39 68.62" 73.60° 82.48 94.74°
+0.00 +0.00 +0.01 +0.00 +0.01 +0.00 +0.00
- 14.30° 37.41° 44.26" 68.96" 72.13° 81.64° 95.24°
+0.00 +0.00 +0.00 +0.01 +0.00 +0.00 +0.00
- 15.69° 15.89° 26.67° 60.88° 66.63¢ 79.02¢ 94.17°
+0.02 0.00 +0.00 +0.01 +0.01 +0.03 +0.00
™ 8214 33.16° 40.18 68.28° 72.58 83.24° 95.47%
+0.00 £0.00 £0.00 £0.00 £0.00 £0.01 +0.00
Te 13.44° 19.04¢ 24.79¢ 57.78¢ 63.57¢ 77.56¢ 92.83¢
+0.00 +0.01 +0.01 +0.02 +0.00 +0.00 +0.03
™ 0.91° 7.48° 6.74° 58.08¢ 59.71¢ 72.78 86.54
+0.00 £0.00 £0.02 £0.00 £0.00 £0.02 +0.01
T 2.49° 17.07° 24.72° 56.88° 60.97° 78.17¢ 90.04¢
+0.01 +0.00 +0.01 +0.01 +0.00 +0.01 +0.00
T9 1.45¢ 18.77° 22.24b 62.20° 67.07° 81.96° 93.06°
+0.00 £0.02 £0.03 £0.00 £0.00 £0.00 +0.00
T 255 8.43¢ 8.88¢ 59.80° 67.40° 80.65° 93.12°
+0.00 +0.03 +0.00 +0.02 +0.01 +0.01 +0.00
- 1.55¢ 16.93° 19.78¢ 59.25¢ 66.67° 79.81¢ 93.78°
+0.01 £0.00 £0.00 £0.00 £0.00 £0.00 +0.00
- 1.10¢ 7.124 10.17¢ 55.90° 57.70¢ 71.93¢ 91.42¢
+0.00 +0.01 +0.00 +0.01 +0.02 +0.00 +0.00

Values are mean of three replicates and given as mean =+ standard error. Different letters (a-f) in columns indicate the range from higher to lower rank as
significant differences according to the SNK test (P < 0.05).

The dissipation was described mathematically by a first order equation. The results of Equation order (n); constant (K)
and half-life (to.s) of MBZ in soil clay loam and sandy loam are shown in Table 6. The equation order (n) found to be one
as obtained is theoretical and curve. For soil clay loam, the constant K was ranged from 0.055 to 0.075 for calculated values
and from 0.041 to 0.052 for that obtained from the curve. T», T3 and Ts showed the highest K value (0.072, 0.071 and 0.075,
respectively) however; T, T4 and T showed the lowest value (0.055, 0.058 and 0.056, respectively). The data of tos that
calculated from equation (to.s= 0.6932/K) showed that T and T were the highest values (12.60 and 12.48 day, respectively).
However, T, T3 and Ts were the lowest (to.s = 9.62, 9.82 and 9.23 day, respectively). Treatment T4 showed moderate value
of'tos (11.88 day). For soil sandy loam, the constant K was ranged from 0.057 to 0.069 for calculated values and from 0.047
to 0.058 for that obtained from the curve. Ty Tigpand T1; showed the highest K value (ranging from 0.067 to 0.069) however,
T7, Ts and T, showed the lowest value (ranged from 0.057 to 0.058). The data of tos calculated from equation (tos =
0.6932/K) showed that T7 and T;» were the highest values (12.05 and 12.17 day, respectively). However, Ti;, Tio and Ty
were the lowest (tos = 10.29, 10.24 and 10.01 day, respectively). Treatments of Tg showed moderate value of tos (11.92

day).

Table 6. Equation order (n); constant (K) and half-life (tos) of metribuzin in clay loam and sandy loam without and with
wheat straw at different conditions.

Soil type Treatment N K tos

Calculated Curve Calculated Curve Calculated Curve

T 1 1 0.055 0.041 12.60 16.82

T, 1 1 0.072 0.050 9.62 14.00

Clay loam Ts 1 1 0.071 0.045 9.82 15.54
T4 1 1 0.058 0.046 11.88 15.23

Ts 1 1 0.075 0.052 9.23 13.43

Ts 1 1 0.056 0.043 12.48 16.04

T7 1 1 0.058 0.052 12.05 13.28

Ts 1 1 0.058 0.051 11.92 13.67

Sandy loam Ty 1 1 0.069 0.057 10.01 12.26
Tho 1 1 0.068 0.058 10.24 11.91

Tu 1 1 0.067 0.054 10.29 12.81

T 1 1 0.057 0.047 12.17 14.68

Equation order (n) was calculated from n = 1 + [(logtl/t;)/(log ay/a;)]. K was calculated from K = [2.303/t,-t;] log [C,/C;]. tos was calculated from t
05=(0.6932/K)

3.3. Modeling of metribuzin in soils

The results of the models obtained from Minitab software using create factorial design for MBZ in soil clay loam and
sandy loam at different time intervals are shown in Table 7. Twenty-one models were generated with high correlation
coefficient (+° from 0.45-0.99) and low s value (2.67-23.42). The most fit model for prediction of dissipation study was
model 6 (> = 0.99 and s = 5.65). The standardized effects of the independent variables and their interactions on the
dependent variable (dissipation of pesticide in the soil) were investigated by preparing a Pareto chart (Fig. 3). The variables
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and interactions which can be considered as especially important for the treatments are the incubation time which has the
highest effect on the dissipation and was statistically significant. The length of each bar in the chart indicates the
standardized effects of the factor on the response. The fact that the bar for A (soil type), B (soil amendment), C (time of
incubated) and D (sterilization) factors remained inside the reference line (2.45 at o = 0.05) in Fig. 4, and the smaller
coefficients for these terms compared to other terms in Equation (6), indicated that these terms contributed the least in
prediction of the dissipation (%) efficiency. The negative coefficient for the model components (soil amendment, -1.97)
indicated an unfavorable or antagonistic effect on the MBZ dissipation efficiency, while the positive coefficients for the
model components (soil type, temperature, sterilization and time of incubation, 0.97, 0.17, 0.20 and 1.45, respectively)
showed a favorable or synergistic effect on the MBZ dissipation efficiency.

Table 7. Proposed models obtained from Minitab software using create factorial design for metribuzin in soil clay loam
and sandy loam at different time intervals.
Number Time (day) Model MBZ of dissipation in soil S r

Dissipation (%) = 7.92 +3.30 Soil Type - 0.90 soil Amendment - 1.12 Temperature

! el +2.56 Sterilization + 3.33 Time of incubation 172 0.64
S owman D 00 = 66 S Sre Lel Andent 004 Tememis 350
© omars DR 00 © 04 LSO e Lol (OISTe g,y
5 omp RO GRS S SO g oo
6 omaeo D (9 <03 L0 Sallne LTl Amdnen 01T Tenmene g5 g
S DR 00 SO eaTisetne sl i 0TS gy
) s DR 09 S 82T C0bl it SOM TS 025
0w P09 < IAD e ol 09T g s
13 7 and 15 Dissipation (%) = -1_2.16'2 2+ ;i(i)liszzgoll“lyfes";lqé ;ioélf/;lrgjg;i:ir:)?lnt - 0.35 Temperature 1251 084
s DR 00 54 a0kl et AT T s g0
D oy SIS O RERGINT s USRS on g
0 s DR 09 S ST 0 e ol At 00Ty
Dissipation (%) = 61.53 + 1.804 Soil Type 2.199 soil Amendment
21 30 and 60 - 0.089 Temperature 0.884 Sterilization+ 0.5383 Time of 2.67 0.94
incubation

The results of dissipation (%) of MBZ using model 6 versus observed dissipation values in soil clay loam and sandy
loam at different time intervals are shown in Table 8. That dissipation (%) at time 0, 3, 7, 10, 15, 30 and 60 days using
HPLC and calculated by previous model showed good fitness at 0, 3, 7 and 60 days. However, there is a little variation
between practically and calculated values at 10, 15 and 30 days. From to s values obtained by model 22, as it can be noted
this is high fitness between calculated and theoretical values by this model. The theoretical half-life of MBZ obtained in
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model 22 in T; to T ranged from 13.89 to 15.76 days for soil clay loam and T7 to Ti, ranged from 12.50 to 15.20 days for
soil sandy loam.

Model 22. Half-life predicted for MBZ in soil A and B with or without wheat straw at deferent condition.

to.s = 14.143 + 0.089 Soil type - 0.444 Soil Amendment + 0.145 Temperature + 0.935 Sterilization

?=0.99 s=4.24

Pareto Chart of the Standardized Effects
(response is % of dissiption in soil; a = 0.05)
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1 D Sterilization
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Fig. 4. Pareto chart of the standardized effects of metribuzin in soil A and B with or without wheat straw at deferent
conditions

Table 8. Predicted dissipation (%) of metribuzin using model 6.versus practical dissipation values in soils at different time
intervals.

Dissipation (%) at time

0 3 7 10 15 30 60

Treatment ; - ; - E - E - E - g - E -
s ¢ & § & § & § &8 § & i & +1
o I o I o — o I o I o " o I

£ 2 2 2 2 2 £
Ti 9.6 15.8 14.0 36.1 19.8 452 24.1 59.7 314 64.3 532 82.6 96.7 91.6
T, 53 7.2 9.7 33.8 15.5 39.3 19.9 68.6 27.1 73.6 48.9 82.4 92.5 94.7
Ts 6.9 14.2 11.3 374 17.1 44.2 213 68.9 28.7 72.1 50.5 81.6 93.1 94.2
Tq 7.7 15.6 12.0 15.8 17.8 26.6 222 60.8 29.5 66.6 51.2 79.0 94.8 94.1
Ts 9.2 8.2 13.6 33.1 19.4 40.1 23.7 68.2 31.0 72.5 52.8 83.2 96.3 95.4
Ts 53 13.4 9.7 19.0 15.5 24.7 19.9 57.7 27.1 63.5 48.9 71.5 92.5 92.8
T, 3.3 0.9 7.7 7.4 13.5 6.7 17.9 58.0 25.1 59.7 46.9 72.7 90.5 86.5
Ts 7.3 2.4 11.7 17.0 17.5 24.7 21.9 56.8 29.1 60.9 50.9 78.1 94.5 90.0
Ts 53 1.4 9.6 18.7 15.4 222 19.8 62.2 27.1 67.0 48.8 81.9 924 93.0
T 3.0 2.5 7.3 8.4 13.2 8.8 17.5 59.8 24.8 67.3 46.6 80.6 90.1 93.1
Tu 8.9 1.5 3.2 16.9 19.0 19.7 234 32 30.7 66.6 52.4 79.8 96.0 93.7
Ti 3.7 1.1 8.1 7.1 13.9 10.1 18.3 55.8 25.5 57.6 473 71.9 90.9 91.4

Dissipation (%) = 6.35 + 0.97 Soil Type - 1.97 soil Amendment + 0.17 Temperature + 0.20 Sterilization + 1.4521 Time of incubation

3.4. Effect of metribuzin on soil dehydrogenase activity

The results of dehydrogenase activity in soil clay loam and sandy loam treated with MBZ at different conditions are
shown in Table 9, respectively. Generally, the enzyme activity (umol TPF/g soil/24 h) was significantly decreased in all
treatments compared with the controls at all-time intervals. The result proved that the enzyme activity was significantly

decreased at 1, 3 and 7 days of incubation then it was gradually increased at 10, 15 and 30 days of incubation. This finding
may be due to the increase of pesticide dissipation.
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In soil clay loam, the enzyme activity significantly increased from 0.166-0.533 pumol TPF/g soil/24 h for control
sterilized however, the enzyme of control non-sterilized increased from (0.306 to 0.901 pumol TPF/g soil/24 h). It can be
noted that the treatment T, (without wheat straw, non-sterilized and incubated at 25°C), T3 (without wheat straw, non-
sterilized and incubated at 50°C), T4 (wheat straw, non-sterilized and incubated at 25°C) and Ts (wheat straw, non-sterilized
and incubated at 50°C) that were non-sterilized showed the highest activity in the dehydrogenase compared to the sterilized
treatments (T, and Te) through 30 days of the experiments. This result may be due to the presence of microorganisms in
non-sterilized soils. T, (wheat straw, sterilized and incubated at 50°C) more than inhibit dehydrogenase followed by Ts
which was (wheat straw, sterilized and incubated at 25°C). However, treatments of T4 and Ts showed the lowest enzyme
inhibition within all treatments (0.167-0.529 and 0.151-431 umol TPF/g soil/24 h, respectively)

In soil sandy loam, the enzyme activity significantly increased from 0.169 to 0.509 umol TPF/g soil/24 h for control
sterilized however, the activity in non-sterilized control was ranged from (0.266 to 0.817 umol TPF/g soil/24 h). Tg (wheat
straw, non-sterilized and incubated at 25°C) and Ty (without wheat straw, non-sterilized and incubated at 50°C) that were
non-sterilized showed the highest activity in the dehydrogenase compared to the sterilized treatments (T7, T1o, T11 and T12).
T7 (without wheat straw, sterilized and incubated at 25°C), T, (without wheat straw, sterilized and incubated at 50°C), Ty,
(wheat straw, sterilized and incubated at 50°C) and T, (wheat straw, sterilized and incubated at 25°C) were the highest
treatments in of inhibition dehydrogenase. However, treatments of Tg and Ty showed the lowest enzyme inhibition (0.164-
0.393 and 0.125-0.376 umol TPF/g so0il/24 h, respectively).

Table 9. Side effect of metribuzin on dehydrogenase in soils
Activity (umol TPF/g soil/24 h) = SE at time (day)

Treatments 1 3 5 10 G 30
sl 0.166° 0.165" 0.227° 0.347¢ 0.347¢ 0.533°
+0.003 +0.003 +0.007 +0.013 +0.026 +0.019
Control non-sterile 0.306 0.323° 0.398" 0.479° 0.586 0.901°
+0.026 +0.017 +0.013 +0.000 +0.054 +0.027
. 0.071¢ 0.067° 0.080° 0.187° 0.213° 0.272¢
! +0.012 +0.003 +0.011 +0.013 +0.000 +0.031
T 0.004° 0.002° 0.007¢ 0.047¢ 0.055¢ 0.140°
2 +0.000 +0.000 +0.000 +0.006 +0.002 +0.019
- 0.067¢ 0.062° 0.075° 0.144° 0.189" 0.237°
3 +0.011 +0.004 +0.016 +0.019 +0.024 +0.034
T 0.167° 0.162°¢ 0.219° 0.390 0.476 0.529°
4 +0.010 +£0.015 +0.015 +0.046 +0.083 +0.002
T 0.151¢ 0.156¢ 0.184¢ 0.355¢ 0.396° 0.431°
s +0.033 +0.012 +0.005 +0.053 +0.076 +0.051
T 0.004° 0.002° 0.007¢ 0.047¢ 0.058¢ 0.146
6 +0.000 +0.000 +0.000 +0.003 +0.003 +0.021
ol e 0.169° 0.140° 0.218° 0.323¢ 0.355¢ 0.509°
+0.007 +0.017 +0.008 +0.004 +0.034 +0.021
Control non-sterile 0.266* 0.305" 0.376" 0.458° 0.523* 0.817°
+0.017 +0.025 +0.004 +0.017 +0.003 +0.018
- 0.006¢ 0.005¢ 0.043" 0.050" 0.0618 0.070"
g +0.000 +0.000 +0.007 +0.002 +0.004 +0.002
T 0.164° 0.090° 0.162° 0.334° 0.392° 0.393¢
8 +0.002 +0.001 +0.022 +0.021 +0.041 +0.038
. 0.125° 0.069¢ 0.157¢ 0.315¢ 0.381° 0.376¢
o +0.001 +0.001 +0.020 +0.040 +0.052 +0.041
T 0.004¢ 0.002° 0.039° 0.041¢ 0.051" 0.051¢
10 +0.002 +0.000 +0.002 +0.000 +0.002 +0.002
- 0.006¢ 0.004° 0.044° 0.055° 0.071° 0.082¢
" +0.000 +0.001 +0.004 +0.005 +0.002 +0.002
T 0.007¢ 0.006° 0.051° 0.062° 0.082° 0.089°
2 +0.001 +0.002 +0.002 +0.002 +0.002 +0.002

Values are mean of three replicates and given as mean + standard error. Different letters (a-g) in columns indicate the range from higher to lower rank as
significant differences according to the SNK test (P < 0.05).

4. Discussions
4.1. Recovery of metribuzin in soils
Papadakis and Mourkidou studied the recovery of MBZ and major conversion products in soils by microwave-assisted

water extraction followed by liquid chromatographic analysis of extracts and they found that the recovery was ranged from
80.30 to 103.20% at concentration of 5 to 10 mg/kg. 3'P’erez and others studied the recovery of MBZ from soil and they
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found that the recovery were 78.30, 87.10 and 91.30% at concentration 0.15, 0.25 and 0.35 mg/kg respectively.’ Janaki et
al studied the recovery of MBZ in soil by QUEChERS method and they found that the recoveries were 86.70 to 104.20%.3
Li Xie and co-author studied the simultaneous analysis of herbicide MBZ and its transformation products in tomato using
QuEChERS-based gas chromatography coupled to a triple quadrupole mass analyzer the found that recovery was ranged
from 72.35 to 95.86% at concentration ranged from 0.05-1.00 mg/kg.**

4.2. Dissipation of metribuzin in soils

Our results are in agreements with Savage who studied MBZ persistence in soil and he found that the degradation was
followed the first-order kinetics with half-life values ranged from 17 to 28 days in six soils under greenhouse condition.?
Gallaher and Mueller studied the effect of crop presence on persistence of atrazine, MBZ, and clomazone in surface soil
and they found that the half-life was averaged over treatments and seasons and were approximately 27, 22, and 55 day.!
Loépez-Pifieiro et al studied the MBZ dissipation curves in soils and found that it was fitted to the first-order kinetics.’* The
factor of soil type in the present study confirmed that the soil clay loam showed higher dissipation of MBZ soil sandy loam.
The result is in agreement with other previous studies which proved that the clay loam soil containing pesticides showed
higher dissipation than that of sandy loam soil.!": 3% The factor of temperature in the present study confirmed that the soil
that incubated at high temperature (50°C) showed higher dissipation than that incubated at 25°C. This result is in agreement
with other previous studies which proved that the soil including pesticides showed high dissipation rat when it incubated at
high temperature compared to that incubated at low temperature.3” 3% 3% Sterilized soil is often used, for example in
degradation studies of pesticides, sorption experiments, microbiological tests and plant test systems, to distinguish between
microbial processes and abiotic reactions.* The most commonly used technique for sterilization is autoclaving of the soil.
Another technique is irradiation with high-level gamma radiation (y-radiation).*! One major drawback of sterilization
procedures is the possible alteration of the structure of soil components, for example the organic matter. Rice and co-authors
evaluated the influence of concentration, soil moisture, soil depth, and sterilization on the persistence and degradation of
metolachlor in soil.** A significant reduction in the quantity of extractable metolachlor degradates and unextractable
soilbound residues in sterile soil revealed the significance of biodegradation to the dissipation of metolachlor in soil. Our
results comparing the sterilized and non-sterilized soils confirm the findings of Bouchard et al., as well as Beestman and
Deming, who have shown that the degradation of MBZ, metolachlor, and fluometuron herbicides was greatly reduced in
autoclaved soils.*> In addition, Rice et al., found that degradation of metolachlor in non-sterilized soil was higher than that
of sterilized.*’ Overall, the increased dissipation of MBZ in the non-autoclaved soils supports the observations that
biodegradation is very important to the dissipation of such herbicide in soil. Soil containing organic amendments, and their
hydrosoluble fraction, play an important factor on pesticide dissipation, affecting their adsorption and transport processes
through various chemical interactions.3® 43 44 45. 46,47 AJthough in most cases, addition of organic amendments increases
sorption, leaching of the pesticides can be either reduced or promoted. On the contrary, organic matter content might
enhance the retardation of organic pollutants through different coating processes such as cumulative sorption or
cosorption.*® Because of that, their effect on pesticide behavior must be assessed in order to optimize their use. In the present
study, the addition of wheat strew as soil amendment showed increase in the dissipation of MBZ compared to the other soil
treatment without wheat strew. Garcia-Jaramillo et al., studied the effect of soil amendment with different organic residues
from olive oil production on the dissipation of bentazone and tricyclazole pesticides used in rice crops and the found that
the organic matter induced the dissipation of these pesticides and changed the physicochemical properties of the tested soil
surface.*’ Cabrera et al, studied the influence of biochar amendments on the dissipation of aminocyclopyrachlor, bentazone
and pyraclostrobin pesticides in an agricultural soil and they found that pyraclostrobin was highly sorbed to soil, and the
addition of biochars to soil did not further increase its sorption. On the other hand, biochars with high surface areas and low
organic contents can increase the sorption of highly mobile pesticides in soil.*> Lopez-Cabeza and others studied the
dissipation of the enantiomers of the herbicide imazaquin, S-imazaquin and R-imazaquin, in two soils under different
application regimes with addition of two olive-mill wastes, biochar and organoclay.’® They reported that the addition of
these amendments did not enhance the negligible sorption of imazaquin enantiomers by the soils, but accelerated their
dissipation.

4.3. Modeling of metribuzin in soils

Standardized Pareto charts for the main effects. The effect of a factor in a factorial design is defined as the difference
between the mean value of all measurements at the maximum and the mean value at the minimum of the factor. The Pareto
chart shows a graphical representation of effects; the most significant factors are grouped at the top. Factor bars which
graphically surpass the significance line exert a statistically significant influence on the result. Pareto charts of some
pesticides.>

The results are in agreements with Shah et al., who studied the extractive spectrophotometric method for determination
of MBZ herbicide and application of factorial design in optimization of various factors.’! Ara et al., studied the
spectrophotometric determination of MBZ herbicide with p-dimethylamino-benzaldehyde using factorial designs for
optimization of experimental variables.® Torres et al. studied the experimental design approach to the optimization of
ultrasonic degradation of alachlor and enhancement of treated water biodegradability. The reduced model has been obtained
by taking into account the variables (power and alachlor concentration) and the interaction between them since these are
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the most significant in this chemical process Vo (mg L' min!") = 0.041002 + 4.3357 X 10** [Alachlor] + 6.29601 X 103
[Power] + 1.80232 X 10 [Alachlor] [Power].>

4.4. Effect of metribuzin on soil dehydrogenase activity

The enzymes play an important role in the life process of microorganisms in the soil. Although a few enzymes can only
function within a viable cell eg dehydrogenase.’ Studies of enzyme activities in soil are important as they indicate the
potential of the soil to support biochemical processes Soil dehydrogenase activity is often used as a measure of any
disruption caused by pesticides, trace elements or management.** The effect of some herbicides (atrazine, butylate,
ethalfluralin, imazethapyr, linuron, metolachlor, metribuzin and trifluralin) on was studied activities of microorganisms and
enzymes in soil found that laboratory tests were conducted with eight herbicides applied to a loamy sand at rate of 10 pg/g
to determine if these materials caused any serious effects on microbial and enzymatic activities related to soil fertility. Some
herbicides showed an effect on bacteria and fungi for the first week of incubation, but, subsequently, the populations
returned to levels similar to those obtained in the controls. After several herbicide treatments there appeared to cause a slight
depression of nitrification. Sulfur oxidation was better than that obtained with untreated soil in all treatments. Oxygen
consumption was increased significantly after 96 h incubation with atrazine. The soil dehydrogenase and amylase activities
were inhibited by ethalfluralin treatment respectively for 1 week and 1 day, and p-nitrophenol liberation was inhibited for
2 h by all herbicide treatments. Results indicated that the herbicidal treatments at the level tested were not drastic enough
to be considered deleterious to soil microbial and enzymatic activities which are important to soil fertility.** Jirvan and co-
other found that the soil microbial communities and dehydrogenase activity depending on farming systems.’® Sahoo and
other studied the effect of pretilachlor on soil enzyme activities in tropical rice Soil. twenty days after herbicide application,
the dehydrogenase activity was inhibited up to 27 %, 28 % and 40 % of initial values of 600, 1200, 6000 g a.i. ha™,
respectively.’’ There is no doubt that there are many organic and inorganic compounds with good biological and
pharmacological activities and all these findings presented in this paper confirm the importance of these compounds in
different fields.3%"

5. Conclusion

The results of recoveries of MBZ in soil clay loam and sandy loam ranged from 50.85 to 108.90 % at concentrations of
5 to 50 pug/g. The residues were still detected at day 60 (LOD = 0.0012 pg) of the dose applied. The residues of MBZ in
treatment Ts of soil clay loam, (wheat straw, non-sterilized and incubated at 50°C) rapidly decreased during the experiment
(from 118.99 pg/g soil at zero time to 5.39 pg/g soil at 60 day). However, treatment T); of soil sandy loam, (wheat straw,
sterilized and incubated at 25°C) slightly decreased during the storage period (from 116.80 pg/g soil at zero time to 7.27
ng/g soil at 60 day). The dissipation was described mathematically by a first order equation. The constant K was ranged
from 0.055 to 0.075 for calculated values and from 0.041 to 0.058 for that obtained from the curve. The data of tos that
calculated from equation (to.s= 0.6932/K) showed that T and T were the highest values (12.60 and 12.48 day, respectively).
However, T», T3 and Ts was the lowest (tos = 9.62, 9.82 and 9.23 day, respectively). Treatment T4 showed moderate value
of tos (11.88 day). T7 and T, were the highest values (12.05 and 12.17 day, respectively). However, Ty, Tio and Ty were
the lowest (to.s = 10.29, 10.24 and 10.01 day, respectively). Treatments of Ts showed moderate value of tos (11.92 day).
The results of the models obtained from Minitab software using create factorial design for MBZ in soil clay loam and sandy
loam at different time intervals are Twenty-one models were generated with high correlation coefficient (+* from 0.45-0.99)
and low s value (2.67-23.42). The most fit model for prediction of dissipation study was model 6 (+* = 0.99 and s = 5.65).
That dissipation (%) at time 0, 3, 7, 10, 15, 30 and 60 days using HPLC and calculated by previous model showed good
fitness at 0, 3, 7 and 60 days. However, there is a little variation between practically and calculated values at 10, 15 and 30
days. The theoretical half-life of MBZ obtained in model 22 in T} to T ranged from 13.89 to 15.76 days for soil clay loam
and T7 to Ty, ranged from 12.50 to 15.20 days for soil sandy loam. The result proved that the enzyme activity was
significantly decreased at 1, 3 and 7 days of incubation then it was gradually increased at 10, 15 and 30 days of incubation.
This finding may be due to the increase of pesticide dissipation.
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