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Abstract
Purpose Persistence of herbicides in soil is a major concerning world issue due to their negative impacts on environment 
and human health. Laboratory and bioassay experiments were conducted to evaluate the effects of municipal waste compost 
(MC) and sheep manure (SM) on metribuzin degradation and phytotoxicity of this herbicide.
Methods In degradation studies, soil samples were mixed separately with amendments at a rate of 2.5% (w/w) and metribuzin 
at a concentration of 5 mg kg−1 soil was used for fortification of selected samples. A liquid extraction method was chosen 
and final extracts were analyzed by HPLC. In bioassay study, the phytotoxic effects of different concentrations of metribuzin 
(0, 0.01, 0.05, 0.1, 0.2, 0.4, 0.8 and 1 mg kg−1 soil) on oilseed rape (Brassica napus L.) were evaluated.
Results The results indicated 88.8% degradation of metribuzin in MC during 120-day period followed by SM recording 
72.2%, compared to non-amended soil where 59.8% of metribuzin were removed. The half-life was 119.48 days in non-
amended soil as compared to 87.72 and 103.43 days in MC and SM application, respectively. MC was the most efficient 
treatment to accelerate metribuzin dissipation from the soil. Bioassay results showed that metribuzin residues had a negative 
effect on root and shoot biomass of oilseed rape. However, the root parameter was more sensitive than the shoot.
Conclusions It could be concluded that application of organic amendments to agricultural soils is an eco-friendly strategy to 
improve soil conditions and non-target crop protection as well as the removal of herbicide residues from soil environment.
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Introduction

Triazine herbicides are one of the most widely used her-
bicide classes and play a major role in managing the 
weed populations in the agricultural production systems. 
These herbicides are valued because of their low costs, 
moderate persistence, and long season weed control in 

agroecosystems; however, the intensive utilization of these 
compounds may cause serious risks including environmen-
tal safety, water sources’ pollution (Martinez et al. 2016; 
Guillon et al. 2018; Montiel-León et al. 2019) as well as 
human, animal, and crop health (Ahsan and Del-Valls 
2011; Baranowska et al. 2006; Kroon et al. 2014; Husak 
et al. 2016; Mehdizadeh and Gholami Abadan, 2018; Meh-
dizadeh, 2019). Haarstad and Ludvigsen (2007) analyzed 
the groundwater next to agricultural fields and found high 
quantities of metribuzin herbicide. It was reported that there 
is a significant relationship between application of this class 
of herbicides and cytotoxicity as well as breast cancer (Ket-
tles et al. 1997; Huang et al. 2014). Every year in so many 
countries excessive amounts of soil-applied herbicides 
are used in agricultural lands; therefore, it seems that the 
need to provide safe and effective methods for herbicides 
removal and degradation from environment are very crucial. 
Nowadays, biological degradation is an important environ-
mentally friendly strategy for detoxification and dissipation 
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of herbicides from environment (Zhang and Quiao 2002). 
Metribuzin is a soil-applied highly water-soluble herbicide 
for the control of many broad-leaved and grass weeds in 
soya beans, sugar cane, and cereals (Tomlin 2000; Henriksen 
et al. 2002). Microbial degradation is the main pathway for 
metribuzin degradation from soil environment (Boreen et al. 
2003; Lin and Reinhard 2005). Risk assessment of triazine 
herbicides needs to estimate their potential for persistence in 
environment considering soil components. However, among 
soil characteristics, organic matter content is a key factor 
that has important effect on herbicide degradation and move-
ment in the soil (Moorman et al. 2001; Gamiz et al. 2017). 
Application of organic-based fertilizers can improve edaphic 
qualities and change the fate of any herbicide (Majumdar 
and Singh 2007; Marín-Benito et al. 2019). However, deter-
mining the behavior of herbicides in soil amended with non-
chemical fertilizers is difficult. Some researchers reported 
that the application of organic-based fertilizers under differ-
ent situations increases the herbicide degradation and move-
ment in soil and under other conditions may decrease them 
(Singh 2008; Fernandez-Bayo et al. 2009; Kravvariti et al. 
2010). The effects of non-chemical fertilizers on removal 
and sorption of pesticides have been extensively studied 
and different results have been reported. Some researchers 
found that the application of soil organic amendments could 
increase the persistence of herbicides by increasing the sorp-
tion process (Barker and Bryson 2002; Wanner et al. 2005). 
Different studies showed that the addition of organic mat-
ter including manures, composts, and plant residues to soils 
is a widely accepted non-chemical approach for improving 
the soil characteristics as well as the different crop produc-
tion (Garcia-Gomez et al. 2002; Perez-Murcia et al. 2006; 
Bastida et al. 2008; Mehdizadeh et al. 2013; Pampuro et al. 
2017a). Cox et al. (2000) concluded that the infertile soils 
had a minimum effect on herbicide movement; therefore, the 
presence of organic matter can be considered as an important 
adsorbent for herbicides.

Recently, the modification of fields’ soil by non-chemical 
fertilizers and its effects on herbicide’s fate in environment 
was considered to manage the environmental pollutions 
due to pesticide application in agroecosystems. However, 
the influence of different soil organic amendments on her-
bicide’s fate is very complicated (Briceno et  al. 2007). 
Depending on the type of amendments and chemical struc-
ture of applied herbicide, the persistence and dissipation 
responses of these chemicals can be different (Umar et al. 
2012). The sorption of triazine herbicides in soils incorpo-
rated with plant residues such as olive oil can be increased 
(Cabrera et al. 2008). Whereas Fuscaldo et al. (1999) found 
the higher persistence of atrazine, metribuzin, and sima-
zine in non-amended soil. Different bioassay and analytical 
methods have been considered for the detection of triazine 
herbicides from soil environment, including plant bioassay 

(Fuscaldo et al. 1999), thin-layer chromatography (Johnson 
and Pepperman 1995), high-performance liquid chromatog-
raphy (HPLC) (Lawrence et al. 1993; Papadakis and Papa-
dopoulou 2002; Sondhia and Singh 2018; Janaki et al. 2018) 
or mass spectrometry detection (Henriksen et al. 2002). The 
objective of this work was to study the influence of munici-
pal waste compost and sheep manure on the fate and half-life 
of metribuzin using high-performance liquid chromatogra-
phy and assess the carryover effect on oilseed rape using a 
bioassay method.

Materials and methods

Degradation study

To evaluate the degradation and persistence of metribu-
zin along with the application of two different soil organic 
amendments, experiments under controlled conditions were 
conducted during 2012–2014.

Amendments and soil

A silty loam soil from an unplanted field with no history of 
metribuzin application was chosen. Municipal waste com-
post (MC) and sheep manure (SM) were locally purchased. 
Soil and two amendment characteristics are presented in 
Tables 1 and 2.

Chemicals

Two Bayer company (Germany) production of metribuzin 
including a commercial grade  (Sencor® 70% w/w) and a 
technical grade active ingredient (99.8% purity) was used 
during experiments. Methanol and other chemicals were of 
analytical grade and obtained from Merck Company (Merck 
KGaA, Darmstadt, Germany).

Preparation of soil samples

Soil (1000 g) was taken from the topsoil layer (0–15 cm) 
of unplanted soil, dried at 25–30 °C and homogenized by 
passing through a standard sieve (2 mm mesh) and sepa-
rately amended with MC and SM in 2.5 percent rate (w/w). 

Table 1  The physicochemical characteristics of soil collected from 
the experimental field

Texture pH Electrical 
conductiv-
ity (EC) 
(dS/m)

Available 
nitrogen 
(N) 
(mg kg−1)

Available 
potassium 
(K) 
(mg kg−1)

Available 
phospho-
rus (P) 
(mg kg−1)

Silty loam 7.45 2.22 16.55 116.2 14.82
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Commercial grade of metribuzin at the rate of 5 mg kg−1 
soil was applied to soil samples and let to be balanced for 
24 h at 4 °C. The moisture content of soil samples was regu-
lated at 70% field capacity level and samples were incubated 
for a 120 day period in dark condition at room temperature 
(Fuscaldo et al. 1999). Metribuzin extraction was performed 
by taking 20 g of subsamples at 1, 5, 15, 30, 50, 90, and 
120 days after herbicide application and kept at − 20 °C 
before analysis by HPLC (Shah et al. 2011). The next step 
was two times extraction of samples by adding 20 ml metha-
nol and shaking for 90 min. Then the samples were centri-
fuged at 10,000 rpm for 10 min at room temperature. After 
stabilization of tube contents, 10 ml of supernatant was 
removed and concentrated on a rotary evaporator at 39 °C 
for obtaining solvent-free extracts. The final step was dilu-
tion of extracts by adding 5 ml analytical-grade methanol 
and kept the extracts at 5 °C until injection to HPLC.

Analytical procedure

Metribuzin analysis performed by a HPLC (Shimadzu 
model 10A, Japan) prepared with proper equipment includ-
ing an integrated degasser, a quaternary pump to deliver 
methanol/water (80:20 v/v) as mobile phase at flow rate 
of 0.5 ml min−1, and an ultraviolet detector with selected 
wavelengths of 290 nm according to the UV spectra of the 
herbicide. The reversed-phase column was a 250 × 4.6 mm 
i.d. Adsorbosphere  C18 and the injection volume was 20 
µL. Known concentrations of metribuzin range 5.0–0.1 mg 
 L−1 was provided in analytical-grade methanol and injected 
to HPLC and the peak area was calculated. The residual 
quantities of metribuzin were determined by comparing the 
peak area of extracts with calibrated standards. Dissipation 
of metribuzin in soil was confirmed to follow the first-order 
kinetics. The degradation rate of metribuzin was measured 
from the following equation:

where C is the residual concentration of metribuzin (mg kg−1 
soil), k is the degradation rate constant, t is time and Ci is the 
initial concentration of herbicide (mg kg−1 soil) (Maheswari 
and Ramesh 2007; Mehdizadeh et al. 2017).  DT50 and  DT90 
of metribuzin were calculated from the following equations:

(1)C = C
i
e
−kt,

(2)DT50 =
ln 2

K
,

where  DT50 and  DT90 denote the time required for 50% and 
90% degradation of herbicide, respectively.

Bioassay study

Bioassay experiments were conducted to study the deter-
mination of oilseed rape (Brassica napus L.) sensitivity to 
metribuzin at different concentrations (0, 0.01, 0.05, 0.1, 0.2, 
0.4, 0.8, and 1 mg kg−1 soil) applied to the soil incorporated 
with MC and SM amendments. Soil samples were collected 
from a field with no history of triazine herbicide application 
and amended with MC and SM in 2.5 percent rate (w/w). 
Each concentration of herbicide was separately sprayed and 
thoroughly mixed with soil samples. Then 15 cm diame-
ter plastic pots were filled with a modified soil with four 
replications for each concentration. Ten oilseed rape seeds 
were distributed uniformly in five regular positions on the 
surface soil and they were thinned to five seedlings per pot 
after germination (Mehdizadeh et al. 2016). The pots were 
kept under controlled environmental conditions, and shoot 
and root were harvested 4 weeks after emergence, and dry 
weights were measured.

Equation 4 is a log-logistic model that represents plant 
response of root and shoot dry weights per pot (Y) as a func-
tion of metribuzin doses, x. Data were analyzed by R soft-
ware using drc package:

In this model d parameter is the upper asymptote (max-
imum biomass per pot), b denotes the slope of the curve 
around the  ED50, which denotes the dose that inflicts a 50% 
biomass reduction relative to d. The log-logistic model fit-
ted well to the plant response for metribuzin. The  ED10 and 
 ED90 were calculated on the original fit.

Results and discussion

Degradation study

Decomposition of herbicide slowly occurred. This confirmed 
that the complete degradation of 5 mg kg−1 metribuzin in 

(3)DT90 =
ln 10

K
,

(4)Y = c +
d − c

1 + exp {b(log (x) − log (e))}
.

Table 2  Characteristics of the different amendments used in degradation and bioassay stioremediation of Hydrocarbon Contamudies

Amendments pH EC (dS m−1) N (%) C (%) K (%) P (%) C/N ratio

MC 6.5 9.3 1.63 25.14 2.07 1.04 15.42
SM 7.9 10.7 1.45 27.55 1.58 0.57 19
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controlled conditions requires more than 120 days. First-
order kinetics model provided an excellent fit with the deg-
radation of metribuzin affected by MC and SM application 
with large regression coefficient (R2 ≥ 0.96). The same 
results were reported by previous researchers (Henriksen 
et  al. 2004; Maqueda et  al. 2009). Metribuzin standard 
residues in the soil treatments were measured by applying 
a seven-point calibration graph (0.1–5 mg kg−1 soil). As 
shown in Fig. 1, this method presented a proper fitting line 
for metribuzin standard data (R2 > 0.99). The peak results 
of HPLC analysis of metribuzin standard are presented 
in Table 3. Metribuzin residues in amended soils were 
degraded increasingly over time. Nonetheless, the intensity 
of degradation depended on the nature of organic amend-
ment. After 120 days (the end of experiments), only 11.2% 
and 27.8% of metribuzin residues remained in soil amended 
with MC and SM, respectively. However, 40.2% of residues 
remained in the non-amended soil. Degradation constant (K) 
and DT values are shown in Table 4.

MC and SM soil amendments showed variation in the 
dissipation rate of metribuzin during incubation times. Dur-
ing the first few days after herbicide treatment, metribuzin 
residues decreased at the same rates in the non-amended 
and amended soils (Fig. 2). Results showed that degradation 
rate for the first 15 days after soil treatment with mitribuzin 
were not significantly different between non-amended and 
soil amended with MC and SM (P = 0.05). After 15 days 
of incubation, comparison of MC, SM, and non-amended 
soil effect on metribuzin degradation showed significant 
differences. After the final incubation time, metribuzin 
was not completely removed from soil samples in all treat-
ments; it confirmed that complete removal of metribuzin 
under the conditions of this experiment needs a time more 
than 4 months. Half-life more than 1 year for metribuzin 
and its primary metabolites in subsoil was reported (Hen-
riksen et al. 2004). Degradation of metribuzin in 24 different 
soils was investigated by Juhler et al. (2008). They reported 
that in soils with higher organic matter content, the removal 
of herbicide was faster than soils with organic matter con-
tent. Organic amendments have great sources of N, C, and 
other nutritional elements that can be assumed as proper 
conditions for living organisms in the soil. As presented 
in Table 1, MC and SM had high level of nutrients and 
enhanced degradation of metribuzin in these treatments was 
expected. Drenovsky and Richards (2005) found that soils 
amended with organic fertilizers had a higher quantity and 
activity of microorganisms. Metribuzin degradation rate had 
a proper correlation with carbon–nitrogen ratio in applied 
organic amendments. This ratio for MC (15.42) was lower 
than SM (19). Therefore, municipal waste compost had the 
most effect on the metribuzin dissipation and probably had 
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Fig. 1  Calibration curve of standard concentrations for metribuzin

Table 3  The peak characteristics of herbicide

Peak retention time 
(min)

Peak area Peak height Concentration (ppm)

9.531 233,561.6 11,562.4 1.00

Table 4  Measured degradation constant and DT values for metribuzin 
in soil treated by MC and SM

σ standard deviation, NA no amendment

Organic 
amendments

K (± σ)  (Day−1) DT50 (days) DT90 (days) R2

NA 0.0058 (0/0002) 119.48 396.89 0.98
MC 0.0079 (0.0004) 87.72 291.39 0.96
SM 0.0067 (0.0003) 103.43 345.58 0.96
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Fig. 2  Residual concentration of metribuzin in non-amended soil 
(NA), sheep manure (SM), and municipal waste compost (MC)-
amended soils at different times. Error bars represent standard errors 
of the mean (n = 4)
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a greater impact on dynamics of soil microbial communities 
leading to increased herbicide degradation. Previous studies 
have shown that atrazine biodegradation was significantly 
affected by application of different organic manures (Kadian 
et al. 2008; Sadegh-Zadeh et al. 2017). Cox et al. (2001) 
reported that organic matter addition to soil increased pesti-
cide biodegradation. Except for abiotic degradation, one of 
the most important pathways for degradation of metribuzin 
in soil environment is biodegradation due to existence of 
different groups of microorganisms (Henriksen et al. 2004; 
Benoit et al. 2007). Therefore, soil organic matter substances 
had a facilitator role on removal of herbicides from agricul-
tural fields. Kah and Brown (2007) found a direct correla-
tion between metribuzin degradation and soil characteristics 
including organic C content as well as the C/N ratio. Vinther 
et al. (2008) concluded that both biotic and non-biotic deg-
radation of metribuzin in soil environment was intensively 
affected by level of organic matter in the soil. Many studies 
reported that the addition of organic amendments can also 
accelerate or enhance herbicide biodegradation by stimulat-
ing microbial growth in different soils (Sanchez et al. 2004; 
Agamuthu et al. 2013; Herrero-Hernández et al. 2015).

On the contrary to our findings, Dolaptsoglou et  al. 
(2007) reported that the soil application of municipal waste, 
composted poultry manure and plant residues of corn field 
reduced the degradation of terbuthylazine. Koner et  al. 
(2012) reported that application of silica gel waste increased 
the removal of 2,4-D herbicide from agricultural wastewa-
ter via adsorbing the herbicide molecules. Whereas, other 
studies have reported that organic matter amendment has no 
effect on pesticide dissipation. Soil dissipation of glyphosate 
herbicide was not affected by application of compost to the 
soil (Getenga and Kengara 2004). However, in his earlier 
study Getenga (2003) found that compost added to the same 
soil increased atrazine degradation. These differences may 
be due to the nature of herbicides, type of organic amend-
ments, and different properties of experimental soils.

Half-lives and  DT90 values of metribuzin in amended 
soils were significantly lower than non-amended soil 
(P ≤ 0.01) which indicates that the soil microbial population 
had a key role in metribuzin dissipation. Previous studies 

also reported that microbial degradation was a major path-
way for metribuzin removal from agroecosystems (Benoit 
et al. 2007; Maqueda et al. 2009). The half-life of herbicide 
in non-amended soil was 119.48 days. However, this value 
was 87.72 and 103.43 days in the MC and SM application, 
respectively (Table  4). Among all treatments, MC was 
most effective on removal of metribuzin in silty loam soil. 
On the contrary to our half-life results, other researchers 
reported lower half-lives (11–46 days) for soil dissipation 
of metribuzin in different conditions (Lechon et al. 1997; Di 
et al. 1998). Nevertheless, higher than 145 days also have 
been reported for metribuzin half-life in the soil (Webb and 
Aylmore 2002). Moorman et al. (2001) found that removal 
of metribuzin in soil amended by different organic fertiliz-
ers was faster than non-amended soils. However different 
results have been reported by Lopez-Pineiro et al. (2012). 
They found that application of olive oil extraction residues 
significantly increased the half-life of terbuthylazine resi-
dues in agricultural soil.

Bioassay study

The responses of oilseed rape root and shoot biomass were 
well described by logistic model with acceptable limits for 
metribuzin. The model parameter estimates are shown in 
Table 5. Oilseed rape was susceptible to metribuzin soil 
residues in all concentrations and plant biomass was signifi-
cantly reduced. As shown in Table 5, the root biomass was 
more susceptible than shoot biomass, where the EDs were 
smaller for root than for shoot biomass. Also the application 
of organic amendments has led to increased oilseed rape tol-
erance to metribuzin residues in soil, since the required met-
ribuzin doses for 10, 50, and 90% biomass reduction of oil-
seed rape in the soil amended with MC and SM were more 
than that for non-amended soil (Table 5). This could be due 
to the direct impacts of organic amendments on improving 
the growth components of oilseed rape (Nkoa et al. 2014) 
and on the other hand, the effect of these amendments on 
degradation of metribuzin in soil. MC had the most impact 
on enhancement of oilseed rape tolerance to herbicide resi-
dues in the soil (Figs. 3, 4). As reported in the degradation 

Table 5  Parameters of the 
logistic model that describe the 
relationship of shoot and root 
biomass affected by metribuzin 
doses and organic amendment 
application

a Standard error

Plant part Amendment b d ED mg kg−1 soil

ED10 ED50 ED90

Shoot No 1.62 (0.19)a 0.087 (0.002) 0.024 (0.005) 0.092 (0.008) 0.357 (0.053)
SM 1.63 (0.15) 0.101 (0.002) 0.034 (0.006) 0.133 (0.009) 0.512 (0.06)
MC 1.5 (0.12) 0.113 (0.003) 0.037 (0.005) 0.161 (0.011) 0.695 (0.076)

Root NO 1.32 (0.43)a 0.052 (0.004) 0.01 (0.008) 0.055 (0.017) 0.290 (0.15)
SM 1.66 (0.36) 0.058 (0.003) 0.025 (0.01) 0.096 (0.015) 0.363 (0.089)
MC 1.45 (0.23) 0.071 (0.003) 0.026 (0.01) 0.122 (0.017) 0.556 (0.11)
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study, application of MC amendment had the most impact 
on metribuzin degradation compared to other treatments. 
Triazine herbicides have high to moderate persistence in soil 
environment (Mercurio et al. 2015). This tends to be a great 
risk deal to their phytotoxic effects on susceptible crops in 
rotation.

Selecting a suitable herbicide to use, and planting a resist-
ant or tolerant species in rotation is very important in agri-
cultural management. More information about the sensitivity 
of plant species to herbicides can give us some managerial 
perspectives to handle the negative side effects of herbicide 
residues. By knowing the level of metribuzin residues in the 
soil and the effect on particularly sensitive crops, agricul-
tural managers can apply the necessary considerations about 
crop rotations if sensitive crop such as oilseed rape is sup-
posed to be planted in the field that was previously treated 

with triazine herbicides. The present study revealed that met-
ribuzin residues at concentrations higher than 0.2 mg kg−1 
soil had an irretrievable effect on oilseed rape; however, the 
application of MC and SM has led to a decrease in the sus-
ceptibility of this plant to metribuzin residues in the soil.

Conclusion

Based on the obtained results, it can be concluded that appli-
cation of organic amendments enhanced the degradation of 
metribuzin and reduced the toxicity effects of its residues on 
oilseed rape. The higher dissipation of metribuzin by adding 
amendments to soil indicates that the soil microorganisms 
are able to remove metribuzin from agricultural soils and 
this practice can be considered in improving conventional 
agricultural management. The fact that there are microor-
ganisms that are able to metabolize metribuzin in field soil, 
and organic amendments such as compost and manure may 
stimulate their activity, suggests that it may be possible to 
influence the fate and degradation of metribuzin and other 
chemicals applied to soil, but are difficult to adopt on large 
surfaces because the difficulties, and the costs to transport 
the product from the area where it is available to those where 
it can be applied to soil and the difficulties in application 
itself (Pampuro et al. 2017b). An additional obstacle to 
adoption of organic amendments is the farmers’ knowledge 
and awareness about the effects of such products in improv-
ing biological characteristics of soil (Pampuro et al. 2018). 
The present study suggests that application of non-chemi-
cal amendments can lead to faster removal of metribuzin in 
soil environment. However, conducting more studies under 
different situations seems to be necessary. Application of 
residual herbicides such as metribuzin can impose many 
harmful effects on the environment; therefore, the applica-
tion of organic amendments can be considered as an eco-
friendly strategy for management of the pesticide residues 
in environment.
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