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Abstract
2-methyl-2H-isothiazol-3-one (MIT), widely used in industrial and cosmetic products, is one of the significant representa-
tives of the isothiazolinone group. Due to widespread application fields of MIT, it can be easily mixed with water and soil. 
Vermicompost (VCT), which has an enriching effect on the properties of the soil, provides nutrients to the plants and can 
transform the soil into a more livable form for plants. In this study, MIT was applied to the P. sativum, which has high nutri-
tion content and is a significant food source for animals. Also, VCT was applied to decrease the stress stemming from the 
MIT chemical on the plant. In order to achieve this, the effective concentration (EC50) value of MIT was determined, and 
the EC50/2 and EC50x2 concentrations were used on the plant, and the biochemical effects (i.e., total protein, MDA and 
H2O2 amounts, SOD activity) at the end of the 48th and 72nd hours were examined. Then, the same chemical was applied 
with VCT, keeping all processes constant, and the same biochemical parameters were investigated. When the results were 
compared with the group treated with VCT, it was observed that there was a difference, especially in Total protein, MDA 
amounts, and SOD activity. When statistical data was compared with the control group, it was significantly different at the 
p < .05 level. This result implies that VCT can be a good solution for recyclings increased the amount of organic waste, and 
reducing the use of artificial fertilizers.
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Abbreviations
EC50	� Effective Concentration
EC50/2	� Half of EC50 volume
EC50x2	� Twice EC50 volume
H2O2.	� Hydrogen peroxide
MDA	� Malondialdehyde
MIT	� 2-methyl-2H-isothiazol-3-one
O2

·– 	� Superoxide radical
·OH	� Hydroxyl radical
P.sativum	� P. sativum spp. Arvence L
ROS	� Reactive Oxygen Species

SOD	� Superoxide Dismutase
VCT	� Vermicompost

Introduction

Isothiazolinones, which have a wide range of uses, are anti-
bacterial and antifungal preservatives that have been used 
since the 1970s (De Groot and Herxheimer 1989; Fewings 
et al. 1999). One of the best representatives of this group, 
2-methyl-2H-isothiazol-3-one (MI or MIT), is used in hand, 
face, foot creams and shower gels (Uter et al. 2014), sham-
poos (Hoa et al. 2019), detergents (Yazar et al. 2011), air 
fresheners (Park and Kwon 2016), wet wipes (Chang and 
Nakrani 2014), toilet paper (Gardner et al. 2010), industrial 
products (Aerts et al. 2017) in metalworking fluids (Geier 
and Lessmann 2020), as a wood preservative (Wang et al. 
2020), in the paint (Thyssen et al. 2006), and water-based 
poster paints used by children (Filippi et al. 2020). Since the 
2000s, there has been a great increase in contact dermatitis 
allergy, and MIT isothiazolinone sensitivity has been named 
as “new epidemic” or “second epidemic” (Gameiro et al. 
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2014; Urwin and Wilkinson 2013). In addition, MIT was 
chosen as the allergen of the year by the American Contact 
Dermatitis Association (ACDS) in 2013 (Militello et al. 
2020). In February 2017, the European Commission banned 
the use of MIT in non-rinsing cosmetic products and limited 
the use of MIT in rinse-off cosmetics to 15 ppm in 2018 
(Schwensen and Johansen 2020).

Considering MIT’s wide range of application areas 
(Nielsen 1994), many ways allow isothiazolinones to enter 
water or soil environments, so they are frequently detected in 
wastewater and surface waters (Nowak et al. 2020; Bollmann 
et al. 2017; Li 2019). In spite of their extensive use, there 
is limited research on the formation of these materials in 
natural environments. Besides, high biocide concentrations 
can be hazardous for microorganisms found in sewage treat-
ment plants (Rafoth et al. 2007). When the degradation times 
of MIT are examined after mixing with the soil, it has been 
determined that it decays rapidly in the soil by decreasing 
at the rate of 50% in 7 h (Bollmann et al. 2017). Residues 
of biocides such as MIT are likely to be constantly present 
due to repeated inputs and can be considered a “pseudo-
persistent” pollutants in this context (Bollmann et al. 2017).

Worms expand the physical characteristics of the soil 
by transforming many solid wastes in the soil into enriched 
fertilizers (vermicompost, VCT), significantly accelerat-
ing nutrient mineralization and carbon release. Due to 
these properties, agents are used as live biological means 
for vermicomposting technology (Roy et al. 2020; Hussain 
et al. 2021. VCT is obtained by subjecting the organic resi-
dues/wastes to fermentation by the microorganisms in the 
environment and then subjecting them to a rapid humifica-
tion and detoxification process in the digestive system of 
the earthworms (Domínguez and Edwards 2011; Lin et al. 
2018). VCT, which has a healing effect on soil properties, 
provides nutrients to the plants and can be applied to all 
areas where organic cultivation is done (Demir et al. 2010). 
It has been detected that the increase in VCT dose in loamy 
and clay soils has a positive impact on plant growth and 
soil properties, the content of P, Mg, Cu, Zn has increased, 
and there is an increase in plant growth (Kim et al. 2015; 
Aktaş 2018). Blouin et al. (2019), in their meta-analysis data 
on plant growth of VCT, stated that it provided an average 
increase of 26% in commercial yield, 13% in total biomass, 
78% in shoot biomass, and 57% in root biomass. Studies are 
showing that VCT reduces the number of heavy metals in 
the soil, increases the uptake of metals such as cadmium, 
sodium, magnesium, iron, zinc, manganese, and copper into 
the soil and plant, thus transforming the soil into a more liv-
able form for plants (Jadia and Fulekar 2008; Ali et al. 2013; 
Hussain et al. 2021). Moreover, it has been reported that 
worm species such as Eisenia fetida and Lampito mauritii 
can effectively consolidate the coal ashes coming from coal-
fired factories in the soil, and VCT they create dramatically 

increases the potentially toxic metals (Pb, Cd and Cr) in the 
coal ash (Mondal et al. 2020).

Under these perspectives in this study, E50/2 (half of the 
EC50 volume), EC50 (effective concentration), and EC50x2 
(twice EC50 volume) concentrations of MIT were applied on 
the P. sativum spp. Arvence L (P.sativum) is high in protein, 
carbohydrate, and fibre content and is an important food 
source for animals. Then, at the end of the 48th and 72nd 
hours, changes in total protein amount, hydrogen peroxide 
(H2O2) concentrations, and superoxide dismutase (SOD) 
enzyme activities were examined. In addition, the amount of 
malondialdehyde (MDA), one of the final products of lipid 
peroxidation, was determined from the effects of stress on 
membranes, which is the primary target of stress in plants. 
Then, by applying the same chemical together with VCT, 
keeping the conditions constant in the same amounts, it was 
investigated whether there was any change in the determined 
biochemical parameters.

Regarding the chemical of MIT, there is no study in the 
literature on whether it influences the biochemical param-
eters studied on P.sativum. As a result of this study, the bio-
chemical effects of MIT, widely used in various fields, on 
P.sativum, a model organism, have been investigated for the 
first time. Besides, it was observed whether the toxic effect 
on the plant changed or not by applying VCT together with 
this chemical, whose use in high doses caused the forma-
tion of stress factors in the plant. It is the first study to show 
whether vermicompost reduces the toxic effect of a chemi-
cal or not. The study aimed to identify some biochemical 
execution of MIT material used in the industry and cosmetic 
industry on P.sativum, which is the model organism in this 
study. It also aimed to expose the possible traces of oxidative 
stress that may occur in the plant, the plant’s stress response, 
lipid peroxidation, and its impact on plant growth with the 
addition of VCT.

Materials and methods

Plant material, the 2‑methyl‑2H‑isothiazol‑3‑one 
(MIT) and vermicompost

The selected plant material P.sativum as commercial seeds 
were obtained from the Central Research Institute of Tur-
key. Liquid manure vermicompost (Rivermar Inc., Tekirdag / 
Turkey) and MIT was obtained commercially. The 2-methyl-
2H-isothiazol-3-one (MIT) was commercially purchased 
(Sigma). The chemical structure of MIT can be seen in 
Fig. 1:
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Determination of EC50 values

Commercially purchased MIT (Sigma) was prepared freshly 
before each trial with distilled water at 16 different con-
centrations in glass bottles. These solutions were applied 
after mixing in a magnetic stirrer for at least 15 min and 
a maximum of 30 min. After the P. sativum was mechani-
cally washed three times with distilled water, 20 pieces were 
placed in the petri dishes to determine the EC50 value, and 
16 different concentrations were applied for MIT. After 
applying MIT, the concentration that reduced the root length 
by half compared to the control group was accepted as the 
EC50 value (Yuksel and Aksoy 2017; Roy et al. 2021). The 
concentration that cut the root length in half was considered 
the EC50 value. This study used EC50/2, EC50, and EC50x2 
concentrations for both chemicals. Each application was car-
ried out in replicates.

Vermicompost efficiency ratio

VCT was commercially available, and dilution was done 
with distilled water. VCT was applied to seeds at differ-
ent concentrations (100%, 75%, 50%, 25%, 20%, 15%, 
10%, 7.5%, and 5%). The concentration (or % (v/v) ratio) 
at which the highest root length was observed in P. sati-
vum was accepted as the VCTproductivity ratio and applied 
as the healing concentration (Chaichi et al. 2018; Arancon 
et al. 2007) According to the data obtained, the concentra-
tion plants developed best was applied as a healing agent 
for toxic substances. The content of VCT (w/w) was: 5.2% 
organic matter; 1.1% total nitrogen (N), 1.1% organic nitro-
gen; 0.2% total phosphorus pentaoxide (P2O5); 1% water-
soluble potassium oxide (K2O); 1.2% total humic + fulvic 
acid; EC is 2.8 dS / m (pH 7).

Biochemical analysis

Total protein determination

The protein content of lentil seeds was identified based on 
the study of Bradford (1976). In order to calculate the protein 
determination, a standard graph was prepared. Accordingly, 
3 mg/mL BSA (Bovine Serum Albumin) stock solution was 

prepared and diluted at different concentrations. After meas-
uring in the spectrophotometer at 595 nm, the standard graph 
was determined. 200 μl of the sample was added into 3 ml 
of Bradford Reagent and calculated at 595 nm in a spectro-
photometer (UV mini 1240, Shimadzu), each of which was 
repeated three times. A total of approximately 50-80 fresh 
root samples were used for each concentration. The amount 
of protein in the plant extract was calculated with the pre-
pared standard graph.

Measurement of malondialdehyde amount

The samples were identified by calculating the MDA amount 
content based on the method of Heath and Packer (1968). 
It was modified by the study of Cakmak and Horst (1991). 
0.3 g root tip was crushed after 3 mL of 0.1% TCA (Trichlo-
roacetic acid) was added. It was centrifuged at 15000 g for 
10 min at room temperature. The supernatant was combined 
with equal parts of 20% TCA containing 0.5% TBA (Thio-
barbutyric acid) and then left at 100 °C for 20 min until 
coloured reddish-pinkish. The samples were immediately 
placed on ice and centrifuged at 15000 g for 5 min after 
reaching room temperature. The supernatant was collected; 
the amount of malondialdehyde was determined at 532 and 
600 nm in the spectrophotometer. TBA-TCA mixture was 
used as a blank. The calculation formula was 155 m−1c−1 
(Cakmak and Horst 1991).

It was measured at 532 and 600 nm. As a blind sam-
ple, a 20% TCA mixture containing 0.5% TBA was used. 
The calculation was carried out according to the formula 
155 mM−1 cm−1.

Measurement of H2O2 concentration

P. sativum root samples weighing 0.5 g were crushed in a 
mortar with 5 mL of 0.1% TCA. The crushing was carried 
out on the ice. The homogenate was centrifuged for 30 min 
at a + 4 °C speed of 10,000 g (Doupis et al. 2011). A total of 
3 mL of a prepared by adding 0.5 mL of supernatant, 0.5 mL 
of 100 mM potassium phosphate buffer solution (pH 7), and 
2 mL of 1 M potassium iodide (KI) was produced. The reac-
tion with KI, the crude extract, was stored in the dark at 
+4 °C for 1 h. After 1 h, the samples were measured at 
390 nm in a spectrophotometer. 0.1% TCA was used as a 
blank (Alexieva et al. 2001).

Superoxide dismutase (SOD) activity

The SOD activity in the samples was photochemically cal-
culated based on the method used in Mishra et al. (2006) 

MDA amount (μM) = (A532 − A600)∕155 x 1000 x 3

Fig. 1   Chemical Struc-
ture 2-methyl-2H-isothiazol-
3-one (MIT)
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and Tripathi and Gour (Tripathi and Gaur 2004). Based 
on this process, 2 g of fresh P.sativum root samples were 
crushed in a mortar in 100  mM potassium phosphate 
buffer solution (pH 7) containing 5 mL of 0.1 mM EDTA 
and 1% PVP. This procedure was carried out on the ice. 
The homogenate was centrifuged at 15,000 g at +4 °C 
for 15 min. As substrate buffer for SOD analysis, 50 mM 
potassium phosphate buffer (ph 7.8), 9.9 mM L-methio-
nine, 57  mM NBT (Nitroblue tetrazolium chrorid), 
0.025% (w/v) Triton X-100, 0% .0044 (w/v) riboflavin was 
weighed and prepared. The solution was thawed by stirring 
in a mixer for 30 min and then brought to +4 °C (Dixit 
et al. 2001) and prepared fresh for each trial. The substrate 
buffer and the plant-derived homogenate were mixed. The 
mixture was incubated for 15 min under two 21-watt fluo-
rescent lamps. The substrate buffer, which does not contain 
enzymes, was placed in a flask and kept under the light for 
15 min and used as a blank (Mishra et al. 2006; Tripathi 
and Gaur 2004). After the reaction under the light, the 
beakers were covered with aluminium foil and one unit 
of SOD activity was determined as the amount of enzyme 
required to reduce 50% of the NBT nitro blue tetrazolium 
kept under light at 560 nm.

Statistical analysis

The statistical analyses of data were completed using 
SPSS for Windows version 22.0 statistical software 
(SPSS Inc., Chicago, USA). Statistically significant differ-
ences between the groups were compared using one-way 
ANOVA. After identifying the conformity of the data to 
a normal distribution (Test of Normality - Shapiro-Wilk), 
the test of homogeneity of variances (Levene Statistic) 
was used, and Tukey heterogeneous ones were also tested 
for the data with homogenous variances. The data were 
displayed by mean ± standard deviation (SD), and p values 
less than .05 were considered statistically significant.

Results

At the end of the 48th hour, the concentration MIT that 
halved the root length was regarded as the EC50 value. 
EC50/2, EC50, and EC50x2 concentrations were used for 
both chemicals throughout this study. According to these 
results, EC50 values 0.8 g/L; EC50 / 2 concentration 0.4 g/L 
and EC50x2 1.6 g/L are presented in Table 1.

Vermicompost ratio was determined in 10% that the high-
est yield was obtained with an average of 1.7 ± 0.24 cm root 
length on P.sativum as presented in Table 2.

Total protein determination

In total protein determination analysis, distilled water and 
0.4 /L (EC50/2); 0.8 g/L (EC50); 1.6 g/L (EC50x2) MIT 
concentrations were applied to P.sativum as a control group. 
At the end of the 48th and 72nd hours, the total protein 
amount increased with the increase in MIT concentration 
compared to the control group (see Table 3 for details). 
Moreover, statistically significant differences were observed 
in the application of 1.6 g/L at the end of the 48th hour (see 

Table 1   Results of 
concentrations used to 
determine EC50 value for MIT 
chemical

Used Dose
MIT (g/L)

Root Length (cm)
X +SD

0 1.37 + 0.35
0.18 1.18 + 0.17
0.2 1.03 + 0.11
0.5 0.78 + 0.07
0.8 0.63 + 0.24
0.9 0.54 + 0.13
1 0.53 + 0.19
1.6 0.34 + 0.03

Table 2   The efficiency rate 
of vermicompost applied to 
P.sativum 

Vermicom-
post(%)

Root Length (cm)
X +SD

0 1.43 + 0.25
1 1.36 + 0.16
5 1.41 + 0.11
10 1.7 + 0.24
15 1.56 + 0.08
20 1.46 + 0.16
25 1 + 0.08
100 0.8 + 0.09

Table 3   The mean values and statistical data of total protein 
amounts for 48th and 72nd hours of MIT applied control group, and 
MIT + 10% VCT applied control group to P.sativum seeds

*p < .05

Time
(Hours)

Applied 
Dose
MIT

mg/mL 
protein
X ± SD

p value MIT + 10% 
Vermicompost

p value

Control 1.169 ± 0.07 – 1.245 ± 0.05 –
48 h 0.4 g/L 1.364 ± 0.08 .477 1.367 ± 0.04 .018*

0.8 g/L 1.552 ± 0.1 .112 1.563 ± 0.01 .013*
1.6 g/L 1.884 ± 0.12 .034* 1.52 ± 0.02 .014*
Control 0.556 ± 0.03 – 0.539 ± 0.02 –

72 h 0.4 g/L 0.571 ± 0.03 .478 0.492 ± 0.001 .010*
0.8 g/L 0.816 ± 0.01 .070 0.602 ± 0.04 .738
1.6 g/L 0.941 ± 0.01 .060 0.787 ± 0.02 .002*
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Table 3). At the end of the 48th hour, there was an increase 
in both the total protein amount and the concentration of 
VCT added MIT in the experimental group prepared as 10% 
VCT and 0.4 g/L; 0.8 g/L; 1.6 g/L MIT concentrations com-
pared to the control group (1.169 mg/mL). At the end of the 
72nd hour, the total protein amount increased proportion to 
the increasing concentrations of MIT compared to the con-
trol group. All MIT + 10% VCT concentrations at the end 
of both 48th and 72nd hours were found to be significantly 
different (p < .05).

Measurement of malondialdehyde (MDA) amount

In the determination of the amount of MDA, it was found 
that the MDA level decreased at the end of the 48th hour 
when the amount of MIT concentrations increased in the 
experimental group using only MIT compared to the control 
group. However, at the end of the 72nd hour, an increase 
was detected in the MIT applied seeds compared to the 
control group, while the most significant increase in the 
amount of MDA was found in the EC50x2 concentration 

of 1.6 g/L MIT (see Table 4 for details). In the MIT + 10% 
VCT applied experimental group, a decrease in the amount 
of MDA with the increasing amount of concentrations of 
MIT was observed at the end of the 48th hour, but MDA 
amounts increased significantly at 1.6 g/L concentrations. 
In the determination of MDA analysis, all the data in the 
experimental group were statistically significant compared 
to the control group (p < .05).

Measurement of H2O2 concentration

In the experimental where the amount of H2O2 was meas-
ured in the plant, it was found that H2O2 level increased 
compared to the control group at the end of the 48th and 
72nd hours with the increasing amount of MIT concentra-
tions (see Table 5 for details). Except for the results obtained 
from seeds treated with 0.4 g / L MIT at the end of the 72nd 
hour, all other results were significant (p < .05) in the experi-
mental group (Table 5). In the group in which MIT + 10% 
VCT was applied, a slight decrease was observed in the 
number of H2O2 (5.77 μM/g) in the concentrations of EC50 
/ 2 MIT added VCT at the end of 48th hour but an increase 
in the number of H2O2 (8.01 μM/g, 8.46 μM/g) revealed in 
EC50 and EC50x2 applications. Moreover, data in 0.8 g / 
L (EC50) and 1.6 g / L (EC50x2) MIT + 10% VCT applica-
tions at the end of 48th and 72nd hours in the experimental 
group were statistically significant compared to the control 
group.

(SOD) activity

In the experimental group prepared to investigate the SOD 
activity, the SOD activity increased with the applied MIT at 
the end of the 48th and 72nd hours compared to the control 
group. Except for the results obtained from seeds treated 
with 0.4 g/L MIT at the end of the 48th hour, all results 
were significant in the experimental group (see Table 6 for 
details). In the experimental group in which MIT + 10% 

Table 4   The mean values ​​and statistical data of 48 and 72  h MDA 
amounts of MIT applied control group, and MIT + 10% VCT applied 
control group to P.sativum seeds

*p < .05

Time
(Hours)

Applied 
Dose
MIT

MDA μM
X ± SD

p value MIT + 10% 
Vermicompost

p value

Control 5.717 ± 0.02 – 2.622 ± 0.02 –
48 h 0.4 g/L 3.368 ± 0.03 .000* 1.695 ± 0.02 .018*

0.8 g/L 2.838 ± 0.02 .000* 1.852 ± 0.01 .000*
1.6 g/L 3.657 ± 0.03 .000* 4.601 ± 0.02 .000*
Control 1.097 ± 0.01 – 2.177 ± 0.02 –

72 h 0.4 g/L 1.031 ± 0.02 .000* 1.542 ± 0.02 .000*
0.8 g/L 1.854 ± 0.02 .000* 1.291 ± 0.005 .000*
1.6 g/L 3.566 ± 0.02 .000* 1.221 ± 0.007 .000*

Table 5   The mean values ​​and 
statistical data of 48th and 
72nd hours H2O2 amounts of 
MIT applied control group, and 
MIT + 10% VCT applied control 
group to P.sativum seeds

*p < .05

Time(Hours) Applied Dose
MIT

H2O2 
μM/g
X ± SD

p value MIT + 10% Ver-
micompost

p value

Control 5.81 ± 0.02 – 6 ± 0.08 –
48 h 0.4 g/L 6.07 ± 0.02 .002* 5.77 ± 0.05 .507

0.8 g/L 8.52 ± 0.05 .000* 8.01 ± 0.02 .000*
1.6 g/L 10.31 ± 0.08 .000* 8.46 ± 0.01 .000*
Control 3.85 ± 0.03 – 3.95 ± 0.01 –

72 h 0.4 g/L 3.93 ± 0.04 .240 4.27 ± 0.06 .068
0.8 g/L 4.61 ± 0.03 .003* 4.88 ± 0.02 .000*
1.6 g/L 5.23 ± 0.03 .003* 5.15 ± 0.07 .008*
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VCT was applied, an increase in the amount of SOD activ-
ity was observed in the MIT group that added VCT at the 
end of 48th and 72nd hours compared to the control group 
for all concentrations except for 1.6 g/L. For this concen-
tration, at the end of 72 h, a decrease was detected. In this 
experimental group, the results obtained from the EC50/2 
and EC50 groups at the end of the 48th hour and the EC50 
group at the end of the 72nd hour were significant (p < .05).

Discussion

Recently, the application of cosmetic-based personal care 
and beauty products has increased more than ever world-
wide. Today, since there are preservatives, fragrances and 
surfactants to increase the performance, quality, value, and 
lifespan of cosmetic products, various types and numbers of 
compounds are used to formulate cosmetic products. How-
ever, most of these chemical additives can lead to health 
problems by causing toxic effects on the human body. There-
fore, the haphazard application of cosmetic materials has 
recently become a major problem threatening public health 
(Bilal and Iqbal 2019). In this study, some biochemical 
effects of (MIT) compound, which is in the group of iso-
thiazolinones and has a very wide area of ​​use, on forage pea 
(P.sativum), which is an important food source, have been 
detected. Subsequently, vermicompost was added to the MIT 
applied seeds, and the healing results on their biochemical 
effects were examined.

In the present experiment investigating the EC50 value, 
there was a decrease in the root length of P.sativum in the 
MIT chemical applied group compared to the control group. 
It can be said that there is a significant decrease in EC50x2 
MIT compared to the control group. Moreover, it can be 
implied that the root growth slows down compared to the 
control group in increasing concentrations of MIT. As a 
result, when the MIT concentration increased during the 
stages of germination and the control group values were 

compared, it was determined that the root lengths were 
decreased in parallel with the increase in the active sub-
stance concentrations. It can be concluded that MIT acts 
as a cytostatic agent that can delay and inhibit germination 
and root length. In response to the cytotoxic data obtained, 
it is possible to say, according to the experiments used to 
determine the productivity of vermicompost, the application 
of 10% vermicompost has a positive effect on root elonga-
tion. The addition of vermicompost significantly increased 
the root growth rate (see Table 2). This difference observed 
is most likely the effect of organic matter, namely ver-
micompost, processed by worms. Vermicompost increases 
soil fertility and promotes plant growth, making them more 
resistant to stress and healthier. In addition, it improves and 
renews the microbial community structure of the soil while 
achieving higher yields with the superior nutritional quality 
of the harvested food and feed (Bhadauria et al. 2014; Zhen 
et al. 2014;). Another study on P. sativum cv stated that 
VCT has a significant positive impact on growth and yield, 
improving root length, promoting root meristem develop-
ment, and activating growth points in seedlings (Maji et al. 
2017). These data also support studies on vermicompost pro-
ductivity (Atiyeh et al. 2000; Bachman and Metzger 2008; 
Blouin et al. 2019).

Total protein content, which is an important indicator of 
living metabolism, is known as an important sign of the 
organism’s response to adverse conditions (Nagajyoti et al. 
2010). Plants activate their metabolic activities, including 
hormone induction, kinase cascade signalling, and gene 
expression regulation, and amino acid metabolism against 
various stress conditions, among others (Wasternack and 
Hause 2013; Michaletti et al. 2018). Physiological, bio-
chemical and genetic activities produce an upsurge in protein 
concentration in the plant. The stress that plants experience 
under inappropriate circumstances leads to the structure of 
a protein becoming misfolded or an increase in the quan-
tity of protein (Yuksel et al. 2021; Aksoy et al. 2022). In 
this study, at the end of the 48th and 72nd hours, the total 

Table 6   The mean values ​​and 
statistical data of 48th and 
72nd hours of SOD activity in 
MIT applied control group, and 
MIT + 10% VCT applied control 
group to P.sativum seeds

*p < .05

Time(Hours) Applied Dose
MIT

SOD 
activity U/mg
X ± SD

p value MIT + 10% Ver-
micompost

p value

Control 2.33 ± 0.28 – 13.57 ± 0.37 –
48 h 0.4 g/L 3.29 ± 0.28 .198 17.06 ± 0.35 .000*

0.8 g/L 6.92 ± 0.27 .044* 24.12 ± 0.3 .000*
1.6 g/L 10.37 ± 0.42 .000* 14.63 ± 0.36 .086
Control 7.82 ± 0.24 – 5.1 ± 0.77 –

72 h 0.4 g/L 11.49 ± 0.23 .000* 6.77 ± 0.49 .074
0.8 g/L 10.95 ± 0.23 .000* 10.56 ± 0.46 .000*
1.6 g/L 9.99 ± 0.24 .007* 3.39 ± 0.30 .060
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amount of protein increased with the increase in the MIT 
concentration applied compared to the control group. The 
observed increase in total protein amount in seeds treated 
with MIT compared to the control group may be the meta-
bolic response of the plant to stress conditions. Researchers 
have reported protein degradation of storage proteins during 
seed germination (Palma et al. 2002; Bartels and Sunkar 
2005). An increase in the total amount of protein at the end 
of the 72nd hour compared to the 48th hour may affect. It is 
observable that protein degradation is not fast at increasing 
MIT concentrations; therefore, the germination rate is low, 
and root elongation is less. As a result, the amount of protein 
may increase due to the increase in the synthesis of enzymes 
related to the antioxidant system.

On the other hand, at the end of the 48th and 72nd hours, 
an increase was observed in the amount of total protein in 
the experimental groups treated with vermicompost and 
MIT compared to the control group. These effects have been 
interpreted in terms of stimulating protein catabolism and/or 
interference with MIT-induced protein biosynthesis. In the 
present study, the increase in the amount of soluble protein 
observed in MIT concentrations in root samples compared to 
control can be evaluated as the plant’s reaction under stress 
conditions. An example of this is the increase in proline 
amino acids, which increases the solubility of soluble pro-
teins in the plant under different stress conditions (Miller 
et al. 2010). The main reason for the changes in soluble 
protein amounts and protein profiles can be attributed to 
the stress of the seeds and the physiological, biochemi-
cal, and genetic changes that occur accordingly. It can be 
considered important data that the less increase in the total 
amount of protein in the VCT applied group than the group 
not applied. Adding organic matter to a growth medium 
has positive effects on improving soil functioning (Murphy 
2014; Blouin et al. 2019). The reason for the low increase 
in the VCT applied group may be the effect of the applied 
vermicompost. VCT may have reduced stress conditions 
by affecting plant metabolism. There are studies that state 
vermicompost has such properties (Blouin et al. 2019). All 
results of experimental groups were found to be statistically 
significant in determining the total protein amounts.

The compounds most affected by reactive oxygen species 
are thought to be lipids that form the main structure of the 
cell membrane (Cai et al. 2004). Reactive oxygen species 
oxidize the lipids found in the membranes in the cell, dis-
rupting the membrane structure and thus reducing the selec-
tive permeability properties of the membranes in ion uptake. 
The intermediate product malondialdehyde, which occurs in 
the oxidation reactions of lipids in cell membranes due to 
stress factors in the plant, is one of the decomposition prod-
ucts of unsaturated fatty acids in the biomembrane. For this 
reason, the amount of MDA is used to determine the extent 
of stress damage in stress studies (Parida and Das 2005; Gill 

and Tuteja 2010; Yuksel and Aksoy 2019). Lipid peroxida-
tion begins rapidly in the presence of a sufficient amount of 
reactive atoms or molecules in the organism. The resulting 
MDA impacts the ion exchange in cell membranes, leading 
to cross-linking of membrane compounds. Thus, it causes 
negative consequences such as a change in ion permeability 
and an increase or decrease in enzyme activities. Due to this 
feature of MDA, it can react with nitrogen-bearing groups 
of DNA so, it can be said to be mutagenic and genotoxic 
(Halliwell and Chirico 1993; Valavanidis et al. 2006). In the 
present study, when the MDA amounts formed in the control 
group and P.sativum seeds that were applied MIT, while the 
amount of MDA decreased. This situation may be due to the 
germination process. Proteins formed during germination 
may prevent the formation of reactive oxygen species and 
consequently the formation of MDA.

At the end of the 72nd hour, significant growth was found 
in MDA quantity, particularly in the EC50x2 concentration, 
compared with the control group. This implies that the 
plant may have been stressed by MIT and amplified lipid 
peroxidation. There was a decline in the amount of MDA 
in the VCT and MIT applied seeds at the end of both the 
48th hour and 72nd hour compared to the control group. 
This shows that the decrease in MDA amount in the germi-
nated and grown P.sativum under the same conditions was 
because of the vermicompost application. Also, as indicated 
in the total protein assays, there was a significant decrease 
in MDA amount in the group with VCT compared to the 
group without added. It can show the effect of VCT on this 
data. It has been stated that the MDA level, that is, lipid per-
oxidation, increases with stress in many plants (Yuksel and 
Aksoy 2019). On the other hand, recent data show that non-
enzymatic membrane peroxidation is not always harmful to 
the cell and that oxidative fatty acids and carotenoids act 
as ROS scavengers (Farmer and Mueller 2013). However, 
protein and membrane structure in plants can be modified 
and impaired by ROS formed due to high-stress conditions. 
As a result, membrane permeability may increase, and elec-
trolytes may spread out of the cell. Therefore, it can be said 
that it has mutagenic and genotoxic properties (Aksoy et al. 
2022). In the determination of MDA analysis, all the data 
were found to be statistically significant compared to the 
control group (p < .05).

H2O2 occurs due to the catalysis of superoxide by the 
SOD, which has high catalytic activity in aerobic organ-
isms. Having a long life cycle (1 ms) compared to other 
(ROS) types, H2O2 is a moderately reactive molecule (Das 
and Roychoudhury 2014). While H2O2 causes oxidative 
damage and cell death in peroxisomes by oxidizing thiol 
groups, they act as signal molecules in programmed cell 
death when they are produced at low levels. (Gratão et al. 
2005; Livanos et al. 2012; Ren et al. 2014). The danger-
ous nature of H2O2 is due to its ability to diffuse easily 
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through the cell membrane and its readiness to transform 
into the OH radical (Asad et al. 2004). In the present study, 
it was determined that the amount of H2O2 increased with 
MIT in the 48th and72nd hours compared to the control 
group. Increased H2O2 amounts compared to the control 
group may indicate the toxic effect of MIT on the plant 
that may have caused stress. The use of H2O2 as a sig-
nal molecule in biochemical stresses (Valko et al. 2007) 
and the increase in the amount at the moment of oxida-
tive stresses highlight the idea that it is a sign of stress in 
plants. The results of a previous study highlighting that 
the amount of H2O2 increased under stress conditions in 
plants have been supported by the findings in this study 
(Yuksel and Aksoy 2019). In the present study, the lin-
ear increase in the amount of MDA and the amount of 
H2O2, especially in the increasing MIT concentration, 
support related literature findings. In the experimental 
group where VCT and MIT were applied, at the end of the 
48th hour, a decrease in EC50/2 MIT concentration was 
observed, but there was an increase in EC50 and EC50x2 
MIT concentrations. In plants, H2O2 plays many beneficial 
roles by regulating many basic physiological processes at 
low concentration, while at high concentration, it causes 
stark cellular damage through oxidative modification of 
DNA and proteins. But because of its moderate reactiv-
ity, H2O2 causes cellular damage after converting to more 
reactive species such as ·OH, which has a single unpaired 
electron (Farooq et al. 2019). The reason for the decrease 
in the desired level compared to the experimental group 
with VCT added may be due to the effect of a signal mol-
ecule of H2O2. When the germination time is considered, 
a sufficient decrease was not observed. However, it can be 
concluded that there is a decrease compared to the 48-h 
periods of the group without VCT. Especially, the increase 
in EC50x2 MIT concentration of the group without VCT 
was significant, while this rate remained at a similar level 
in the 48-h group with VCT added. At the end of the 72nd 
hour, while there was an increase in the number of H2O2 
at increasing concentrations of MIT + 10% VCT compared 
to the control group, there was no significant change in 
the 72-h experimental group without VCT added. As the 
amount of MIT increases, the plant may be unable to cope 
with stress. It also modulates O2 radicals of metabolic 
reactions catalyzed by three types of SOD in plants, pro-
ducing H2O2, which functions as an essential metabolite 
and universal signalling molecule under biotic and abiotic 
stresses (Del Río et al. 2018). Considering the effect of the 
SOD enzyme on forming the amount of H2O2, increased 
SOD activity may have caused an increase in the amount 
of H2O2. As a matter of fact, VCT added the experimental 
group used to the SOD activity determination, especially 
the EC50 MIT concentration increased considerably in 

72 h. This process can be tested again with other study 
groups by increasing the VCT ratio.

SOD (E.C.1.15.1.1) is one of the most effective intra-
cellular enzymatic antioxidants belonging to the family of 
metalloenzymes found in all aerobic organisms. SOD are 
enzymes that form the first line of defence against ROS-
induced damage under stress and convert O2− and H2O2 to 
water and molecular oxygen. It has been found that SOD is 
regulated by abiotic stress conditions (Boguszewska et al. 
2010). Also, it has been stated by some researchers that 
superoxide anion leads to membrane damage, cellular tox-
icity, single-chain breaks in DNA, lipid peroxidation. (Tur-
rens 2003; Halliwell 2006; Sharma et al. 2012). In some 
researches, it has been stated that the increases in gene 
expression of superoxide dismutase enzymes have impor-
tant roles in countering reactive oxygen species caused by 
biotic and abiotic stress, coping with stress, and contributing 
to the survival of plants under stress conditions (Hoogewijs 
et al. 2008; Fischer et al. 2013; Yuksel and Aksoy 2019). 
The present study’s findings showed that the activity of SOD 
increased at the end of the 48th hour and 72nd hour in the 
experimental group, where only MIT was applied compared 
to the control group. Moreover, these findings support the 
studies from literature reporting the increase in SOD activ-
ity under stress. This may indicate by the MIT chemical that 
the plant activates the control of reactive oxygen species to 
survive under oxidative stress conditions and the antioxida-
tive defence systems to survive.

At the end of the 48th hour, an increase in SOD activity 
was observed in the experimental groups to which MIT 
and 10% VCT were added, compared to the control group. 
After a slight increase in EC50/2, the sudden increase in 
EC50 and the close return of EC50x2 MIT concentration 
in the control group may be evidence that the plant can 
cope with stress. The sudden decrease in SOD activity at 
the EC50x2 MIT concentration supports this theory. In 
this case, it can be said that the addition of VCT is effec-
tive. At the end of 72 h, the same results were observed 
in the samples of this study. At the end of the 48th hour, 
significant antioxidative responses also occurring in SOD 
activity suggest that VCT may be functional in the plant’s 
stress mechanism. According to the data published in the 
literature, SOD, whose activity is dose and time-depend-
ent, is present extensively in the plant cell, in chloroplasts, 
cytosol, mitochondria, peroxisomes and apoplast. Many 
studies have stated that stress factors trigger SOD activa-
tion, but we can also find conflicting data (Sharma et al. 
2012; Szőllősi 2014). These results can be further elabo-
rated by investigating the activity of isozymes along with 
the total SOD activity. Our findings are that VCT reduces 
SOD activity, which increases stress in plants. Increasing 
air pollution and drought, UV-B radiation, heavy metal 
pollution of water and soil are problems that need to be 
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solved for the environment and people. It is difficult for 
plants exposed to abiotic and biotic stresses due to their 
passive life to be tolerant of unfavourable conditions and 
get used to these conditions. It has been argued in previous 
research that metabolic, genetic and physiological disor-
ders caused by biotic and abiotic stress factors cause slow 
growth of plants and low crop yields (Szőllősi 2014). It 
is necessary to recycle organic wastes and reduce the use 
of artificial fertilizers to understand and develop stress 
tolerance, grow more efficient products, and reduce envi-
ronmental pollution.

Conclusion

The findings of this study will provide a general evalu-
ation, and the results of the analysis will also give the 
producers and consumers an idea about the advantages 
and disadvantages in the areas where MIT is used. Accord-
ing to the data obtained by determining the biochemical 
effects of the MIT substance on P.sativum, it is thought 
that it can contribute to the researchers working with plant 
physiology to cover the deficiency on this subject to a cer-
tain degree in the literature to clarify some gaps. In light 
of these data, it can be concluded that vermicompost is a 
good solution for both recyclings the increased amount of 
organic waste and reducing the use of artificial fertiliz-
ers. Besides, VCT can positively reduce the damage in 
nature, even to a certain extent, due to increased chemical 
use and can be used as a support to improve plant stress 
metabolism. In a nutshell, MIT creates changes in some 
biochemical parameters on the forage pea (P.sativum), and 
these changes caused by stress in the plant are improved 
with the application of vermicompost.

Acknowledgments  We would like to express our gratitude to Kocaeli 
University [BAP- 2019/019] for their financial support during this 
study.

Author contributions  Burcu YUKSEL Conceptualization; Data cura-
tion; Formal analysis; Investigation; Methodology; Project adminis-
tration; Resources; Software; Supervision; Validation; Visualization; 
Roles/Writing - original draft; Writing - review & editing.

Duygu AYDIN Conceptualization; Data curation; Investigation; 
Methodology; Project administration; Resources; Software; Valida-
tion; Visualization.

Ozlem AKSOY Methodology; Project administration; Resources; 
Supervision; Validation; Visualization.

Funding  This study’s financial support is provided by Kocaeli Univer-
sity [BAP- 2019/019].

Declarations 

Ethics approval  No need for ethics approval.

Conflict of interest  The authors have declared no conflict of interest.

References

Aerts O, Goossens A, Lambert J, Lepoittevin J (2017) Contact allergy 
caused by isothiazolinone derivatives: an overview of non-cos-
metic and unusual cosmetic sources. Eur J Derm 27:115–122. 
https://​doi.​org/​10.​1684/​ejd.​2016.​2951

Aksoy O, Aydin D, Yuksel B (2022) The healing effect of liquid ver-
micompost against Kathon CG application in Pisum sativum spp. 
arvence. Acta Phy Plantarum 44:1–10

Aktaş T (2018) Effect Of Vermicompost On Plant Growth And Soil 
Physical and Chemical Properties in Soils With Different Tex-
tures. Thesis, University of Namık Kemal

Alexieva V, Sergiev I, Mapelli S, Karanov E (2001) The effect of 
drought and ultraviolet radiation on growth and stress markers in 
pea and wheat. Plant Cell Environ 24:1337–1344. https://​doi.​org/​
10.​1046/j.​1365-​3040.​2001.​00778.x

Ali H, Khan E, Sajad MA (2013) Phytoremediation of heavy metals—
concepts and applications. Chem 91:869–881. https://​doi.​org/​10.​
1016/j.​chemo​sphere.​2013.​01.​075

Arancon NQ, Edwards CA, Dick R, Dick L (2007) Vermicompost tea 
production and plant growth impacts. Biocycle 48:51–52

Asad NR, Asad LMBO, Almeida CEBD, Felzenszwal I, Cabral-Neto 
JB, Leitão AC (2004) Several pathways of hydrogen peroxide 
action that damage the E. coli genome. Genet Mol Biol 27:291–
303. https://​doi.​org/​10.​1590/​S1415-​47572​00400​02000​26

Atiyeh RM, Subler S, Edwards CA, Bachman G, Metzger JD, Shuster 
W (2000) Effects of vermicomposts and composts on plant growth 
in horticultural container media and soil. Pedobio 44:579–590. 
https://​doi.​org/​10.​1078/​S0031-​4056(04)​70073-6

Bachman GR, Metzger JD (2008) Growth of bedding plants in com-
mercial potting substrate amended with vermicompost. Bioresour 
Technol 99:3155–3161. https://​doi.​org/​10.​1016/j.​biort​ech.​2007.​
05.​069

Bartels D, Sunkar R (2005) Drought and salt tolerance in plants. Critl 
Rev Plant Sci 24:23–58. https://​doi.​org/​10.​1080/​07352​68059​
09104​10

Bhadauria T, Kumar P, Maikhuri R, Saxena KG (2014) Effect of appli-
cation of vermicompost and conventional compost derived from 
different residues on pea crop production and soil faunal diversity 
in agricultural system in Garhwal Himalayas India. Natural Sci 
6:1–14. https://​doi.​org/​10.​4236/​ns.​2014.​66042

Bilal M, Iqbal HMN (2019) An insight into toxicity and human-health-
related adverse consequences of cosmeceuticals — a review. Sci 
Total Environ 670:555–568. https://​doi.​org/​10.​1016/j.​scito​tenv.​
2019.​03.​261

Blouin M, Barrere J, Meyer N (2019) Vermicompost significantly 
affects plant growth. A meta-analysis. Agron Sustain Dev 34:1–
15. https://​doi.​org/​10.​1007/​s13593-​019-​0579-x

Boguszewska D, Grudkowska M, Zagdañska B (2010) Drought-respon-
sive antioxidant enzymes in potato (Solanum tuberosumL.). Potato 
Res 53:373–382. https://​doi.​org/​10.​1007/​s11540-​010-​9178-6

Bollmann UE, Fernández-Calviño D, Brandt KK, Storgaard MS, 
Sanderson H, Bester K (2017) Biocide runoff from building 
facades: degradation kinetics in soil. Env Sci Tech 51:3694–3702. 
https://​doi.​org/​10.​1021/​acs.​est.​6b055​12

Bradford MM (1976) A rapid and sensitive method for the quantita-
tion of microgram quantities of protein utilizing the principle of 
protein-dye binding. Anal Biochem 72:248–254. https://​doi.​org/​
10.​1016/​0003-​2697(76)​90527-3

Cai Y, Luo Q, Sun M, Corke H (2004) Antioxidant activity and phe-
nolic compounds of 112 traditional Chinese medicinal plants 

https://doi.org/10.1684/ejd.2016.2951
https://doi.org/10.1046/j.1365-3040.2001.00778.x
https://doi.org/10.1046/j.1365-3040.2001.00778.x
https://doi.org/10.1016/j.chemosphere.2013.01.075
https://doi.org/10.1016/j.chemosphere.2013.01.075
https://doi.org/10.1590/S1415-47572004000200026
https://doi.org/10.1078/S0031-4056(04)70073-6
https://doi.org/10.1016/j.biortech.2007.05.069
https://doi.org/10.1016/j.biortech.2007.05.069
https://doi.org/10.1080/07352680590910410
https://doi.org/10.1080/07352680590910410
https://doi.org/10.4236/ns.2014.66042
https://doi.org/10.1016/j.scitotenv.2019.03.261
https://doi.org/10.1016/j.scitotenv.2019.03.261
https://doi.org/10.1007/s13593-019-0579-x
https://doi.org/10.1007/s11540-010-9178-6
https://doi.org/10.1021/acs.est.6b05512
https://doi.org/10.1016/0003-2697(76)90527-3
https://doi.org/10.1016/0003-2697(76)90527-3


	 Biologia

1 3

associated with anticancer. Life Sci 74:2157–2184. https://​doi.​
org/​10.​1016/j.​lfs.​2003.​09.​047

Cakmak I, Horst WJ (1991) Effect of aluminum on lipid peroxidation, 
superoxide dismutase, catalase, and peroxidase activities in root 
tips of soybean (Glycine max). Phy Plant 83:463–468. https://​doi.​
org/​10.​1111/j.​1399-​3054.​1991.​tb001​21.x

Chaichi W, Djazouli Z, Zebib B, Merah O (2018) Effect of vermicom-
post tea on faba bean growth and yield. Compost Sci Util 26:279–
285. https://​doi.​org/​10.​1080/​10656​57X.​2018.​15289​08

Chang MW, Nakrani R (2014) Six children with allergic contact der-
matitis to methylisothiazolinone in wet wipes (baby wipes). Pedi. 
133:434–438. https://​doi.​org/​10.​1542/​peds.​2013-​1453

Das K, Roychoudhury A (2014) Reactive oxygen species (ROS) and 
the response of antioxidants as ROS-scavengers during environ-
mental stress in plants. Fron Environ Sci 2:53. https://​doi.​org/​10.​
3389/​fenvs.​2014.​00053

De Groot AC, Herxheimer A (1989) Isothiazolinone preservative: 
cause of a continuing epidemic of cosmetic dermatitis. The Lan 
333:314–316. https://​doi.​org/​10.​1016/​S0140-​6736(89)​91318-4

Del Río LA, Corpas FJ, López-Huertas E, Palma JM (2018), Plant 
superoxide dismutases: function under abiotic stress conditions 
Gupta, et al. (Eds.), Antioxidants and Antioxidant Enzymes in 
Higher Plants, Springer, Cham, Switzerland pp. 1-26

Demir H, Polat E, Sönmez İ (2010) Ülkemiz için yeni bir organik 
gübre: solucan gübresi. Tarım Ak 14:54–60

Dixit V, Pandey V, Shyam R (2001) Differential antioxidative responses 
to cadmium in roots and leaves of pea (Pisum sativum L. cv. 
Azad). J Exp Bot 52:1101–1109. https://​doi.​org/​10.​1093/​jexbot/​
52.​358.​1101

Domínguez J, Edwards CA (2011) Biology and ecology of earthworm 
species used for vermicomposting. Vermiculture technology. 
Earthworms, organic wastes, and environmental management. 
CRC Press, Boca Raton, pp 27–40

Doupis G, Chartzoulakis K, Beis A, Patakas A (2011) Allometric and 
biochemical responses of grapevines subjected to drought and 
enhanced ultraviolet-B radiation. Australian J Grape Grape Wine 
Res 17:36–42. https://​doi.​org/​10.​1111/j.​1755-​0238.​2010.​00114.x

Farmer EE, Mueller MJ (2013) ROS-mediated lipid peroxidation and 
RES-activated signaling. Ann Rev Plant Bio 64:429–450. https://​
doi.​org/​10.​1146/​annur​ev-​arpla​nt-​050312-​120132

Farooq MA, Niazi AK, Akhtar J, Farooq M, Souri Z, Karimi N, Rengel 
Z (2019) Acquiring control: the evolution of ROS-induced oxida-
tive stress and redox signaling pathways in plant stress responses. 
Plant Phy Biochem 141:353–369. https://​doi.​org/​10.​1016/j.​plaphy.​
2019.​04.​039

Fewings J, Menne T, Hospital G (1999) An update of the risk assess-
ment for methylchloroisothiazolinone/methylisothiamlinone ( 
MCI/MI ) with focus on rinse-off products. Contact Derma 41:1–
13. https://​doi.​org/​10.​1111/j.​1600-​0536.​1999.​tb062​00.x

Filippi F, Vincenzi C, Bruni F, Piraccini BM, La Placa M (2020) Meth-
ylisothiazolinone is still used and undeclared: a pediatric case of 
airborne contact dermatitis caused by water-based poster paints 
for children. Contact Derma 82:260–261. https://​doi.​org/​10.​1111/​
cod.​13457

Fischer TW, Kleszczyński K, Hardkop LH, Kruse N, Zillikens D 
(2013) Melatonin enhances antioxidative enzyme gene expres-
sion (CAT, GPx, SOD), prevents their UVR-induced depletion, 
and protects against the formation of DNA damage (8-hydroxy-2′-
deoxyguanosine) in ex vivo human skin. J Pineal Res 54:303–312. 
https://​doi.​org/​10.​1111/​jpi.​12018

Gameiro A, Coutinho I, Ramos L, Gonçalo M (2014) Methylisothia-
zolinone: second “epidemic” of isothiazolinone sensitization. 
Contact Derma 70:242–243. https://​doi.​org/​10.​1111/​cod.​12200

Gardner KH, Davis MDP, Richardson DM, Pittelkow MR (2010) 
The hazards of moist toilet paper: allergy to the preservative 

Methylchloroisothiazolinone/methylisothiazolinone. Arch Derma-
tol 146:886–890. https://​doi.​org/​10.​1001/​archd​ermat​ol.​2010.​114

Geier J, Lessmann H (2020) Contact allergy to metalworking fluids. 
Cont Derm 1–17. https://​doi.​org/​10.​5414/​dbp52​023

Gill SS, Tuteja N (2010) Reactive oxygen species and antioxidant 
machinery in abiotic stress tolerance in crop plants. P phys and 
bioch 48:909–930. https://​doi.​org/​10.​1016/j.​plaphy.​2010.​08.​016

Gratão PL, Polle A, Lea PJ, Azevedo RA (2005) Making the life of 
heavy metal-stressed plants a little easier. Func plant bio 32:481–
494. https://​doi.​org/​10.​1071/​FP050​16

Halliwell B (2006) Reactive species and antioxidants. Redox biology is 
a fundamental theme of aerobic life. Plant Physiol 141:312–322. 
https://​doi.​org/​10.​1104/​pp.​106.​077073

Halliwell B, Chirico S (1993) Lipid peroxidation: its mechanism, 
measurement, and significance. Amer J Clin Nutr 57:715S–725S. 
https://​doi.​org/​10.​1093/​ajcn/​57.5.​715S

Heath RL, Packer L (1968) Photoperoxidation in isolated chloroplasts: 
I. kinetics and stoichiometry of fatty acid peroxidation. Arch 
Biochem Biophy 125:189–198. https://​doi.​org/​10.​1016/​0003-​
9861(68)​90654-1

Hoa LTH, Hung VTN, Trang DT, Thu TNH, Le DC (2019) Develop-
ment and validation of an HPLC method for simultaneous assay 
of MCI and MI in shampoos containing plant extracts. Int J Anal 
Chem 2019:1–10. https://​doi.​org/​10.​1155/​2019/​18517​96

Hoogewijs D, Houthoofd K, Matthijssens F, Vandesompele J, Vanfle-
teren JR (2008) Selection and validation of a set of reliable refer-
ence genes for quantitative sod gene expression analysis in C. ele-
gans. BMC mol bio 9:1–8. https://​doi.​org/​10.​1186/​1471-​2199-9-9

Hussain N, Chatterjee SK, Maiti TK, Goswami L, Das S, Deb U, Bhat-
tacharya SS (2021) Metal induced non-metallothionein protein in 
earthworm: a new pathway for cadmium detoxification in chlora-
gogenous tissue. J Hazard Mater 401:123357. https://​doi.​org/​10.​
1016/j.​jhazm​at.​2020.​123357

Jadia CD, Fulekar MH (2008) Phytoremediation: the application of 
vermicompost to remove zinc, cadmium, copper, nickel, and lead 
by sunflower plant. Environ Eng Man J 7:557–558

Kim Y, Robinson B, Boyer S, Zhong H, Dickinson N (2015) Interac-
tions of native and introduced earthworms with soils and plant 
rhizospheres in production landscapes of New Zealand. Appl Soil 
Eco 96:141–150. https://​doi.​org/​10.​1016/j.​apsoil.​2015.​07.​008

Li MH (2019) Comparative toxicities of 10 widely used biocides in 
three freshwater invertebrate species. Chem Ecol 35:472–482. 
https://​doi.​org/​10.​1080/​02757​540.​2019.​15793​11

Lin Z, Zhen Z, Ren L, Yang J, Luo C, Zhong L, Zhang D (2018) 
Effects of two ecological earthworm species on atrazine degrada-
tion performance and bacterial community structure in red soil. 
Chemosphere 196:467–475. https://​doi.​org/​10.​1016/j.​chemo​
sphere.​2017.​12.​177

Livanos P, Apostolakos P, Galatis B (2012) Plant cell division: ROS 
homeostasis is required. Plant Signal Behav 7:771–778. https://​
doi.​org/​10.​4161/​psb.​20530

Maji D, Misra P, Singh S, Kalra A (2017) Humic acid rich vermicom-
post promotes plant growth by improving microbial community 
structure of soil as well as root nodulation and mycorrhizal colo-
nization in the roots of Pisum sativum. Applied Soil Ecol 110:97–
108. https://​doi.​org/​10.​1016/j.​apsoil.​2016.​10.​008

Michaletti A, Naghavi MR, Toorchi M, Zolla L, Rinalducci S (2018) 
Metabolomics and proteomics reveal drought-stress responses of 
leaf tissues from spring-wheat. Sci Rep 8:1–18. https://​doi.​org/​10.​
1038/​s41598-​018-​24012-y

Militello M, Hu S, Laughter M, Dunnick CA (2020) American contact 
dermatitis society allergens of the year 2000 to 2020. Dermat Clin 
38:309–320. https://​doi.​org/​10.​1016/j.​det.​2020.​02.​011

Miller GAD, Suzuki N, Ciftci-Yilmaz S, Mittler R (2010) Reactive 
oxygen species homeostasis and signalling during drought and 

https://doi.org/10.1016/j.lfs.2003.09.047
https://doi.org/10.1016/j.lfs.2003.09.047
https://doi.org/10.1111/j.1399-3054.1991.tb00121.x
https://doi.org/10.1111/j.1399-3054.1991.tb00121.x
https://doi.org/10.1080/1065657X.2018.1528908
https://doi.org/10.1542/peds.2013-1453
https://doi.org/10.3389/fenvs.2014.00053
https://doi.org/10.3389/fenvs.2014.00053
https://doi.org/10.1016/S0140-6736(89)91318-4
https://doi.org/10.1093/jexbot/52.358.1101
https://doi.org/10.1093/jexbot/52.358.1101
https://doi.org/10.1111/j.1755-0238.2010.00114.x
https://doi.org/10.1146/annurev-arplant-050312-120132
https://doi.org/10.1146/annurev-arplant-050312-120132
https://doi.org/10.1016/j.plaphy.2019.04.039
https://doi.org/10.1016/j.plaphy.2019.04.039
https://doi.org/10.1111/j.1600-0536.1999.tb06200.x
https://doi.org/10.1111/cod.13457
https://doi.org/10.1111/cod.13457
https://doi.org/10.1111/jpi.12018
https://doi.org/10.1111/cod.12200
https://doi.org/10.1001/archdermatol.2010.114
https://doi.org/10.5414/dbp52023
https://doi.org/10.1016/j.plaphy.2010.08.016
https://doi.org/10.1071/FP05016
https://doi.org/10.1104/pp.106.077073
https://doi.org/10.1093/ajcn/57.5.715S
https://doi.org/10.1016/0003-9861(68)90654-1
https://doi.org/10.1016/0003-9861(68)90654-1
https://doi.org/10.1155/2019/1851796
https://doi.org/10.1186/1471-2199-9-9
https://doi.org/10.1016/j.jhazmat.2020.123357
https://doi.org/10.1016/j.jhazmat.2020.123357
https://doi.org/10.1016/j.apsoil.2015.07.008
https://doi.org/10.1080/02757540.2019.1579311
https://doi.org/10.1016/j.chemosphere.2017.12.177
https://doi.org/10.1016/j.chemosphere.2017.12.177
https://doi.org/10.4161/psb.20530
https://doi.org/10.4161/psb.20530
https://doi.org/10.1016/j.apsoil.2016.10.008
https://doi.org/10.1038/s41598-018-24012-y
https://doi.org/10.1038/s41598-018-24012-y
https://doi.org/10.1016/j.det.2020.02.011


Biologia	

1 3

salinity stresses. Pl c & envir 33:453–467. https://​doi.​org/​10.​
1111/j.​1365-​3040.​2009.​02041.x

Mishra S, Srivastava S, Tripathi RD, Govindarajan R, Kuriakose SV, 
Prasad MNV (2006) Phytochelatin synthesis and response of 
antioxidants during cadmium stress in Bacopa monnieri L◊. Pl 
Physiol Biochem 44:25–37. https://​doi.​org/​10.​1016/j.​plaphy.​2006.​
01.​007

Mondal A, Goswami L, Hussain N, Barman S, Kalita E, Bhattacharyya 
P, Bhattacharya SS (2020) Detoxification and eco-friendly recy-
cling of brick kiln coal ash using Eisenia fetida: a clean approach 
through vermitechnology. Chemosphere 244:125470. https://​doi.​
org/​10.​1016/j.​chemo​sphere.​2019.​125470

Murphy BW (2014) Soil organic matter and soil function—review of 
the literature and underlying data. Department of the Environment 
Canberra, Australia. http://​public.​verde​terre​prod.​fr/​Livres%​20sem​
is%​20dir​ect/​Soil_​Organ​ic_​Matter-​Brian_​Murphy.​pdf. Accessed 
26 March 2021

Nagajyoti PC, Lee KD, Sreekanth TVM (2010) Heavy metals, occur-
rence and toxicity for plants: a review. Env chem let 8:199–216. 
https://​doi.​org/​10.​1007/​s10311-​010-​0297-8

Nielsen H (1994) Occupational exposure to Isothiazolinones. Cont 
Dermat 31:18–21. https://​doi.​org/​10.​1111/j.​1600-​0536.​1994.​
tb018​98.x

Nowak M, Zawadzka K, Lisowska K (2020) Occurrence of methyli-
sothiazolinone in water and soil samples in Poland and its bio-
degradation by Phanerochaete chrysosporium. Chem 254:126723. 
https://​doi.​org/​10.​1016/j.​chemo​sphere.​2020.​126723

Palma JM, Sandalio LM, Corpas FJ, Romero-Puertas MC, McCarthy I, 
Luis A (2002) Plant proteases, protein degradation, and oxidative 
stress: role of peroxisomes. Plant Physi Biochem 40:521–530. 
https://​doi.​org/​10.​1016/​S0981-​9428(02)​01404-3

Parida AK, Das AB (2005) Salt tolerance and salinity effects on plants: 
a review. Ecotoxic Environ Saf 60:324–349. https://​doi.​org/​10.​
1016/j.​ecoenv.​2004.​06.​010

Park S, Kwon J (2016) The fate of two isothiazolinone biocides , 
5-chloro-2-methylisothiazol- fresheners and assessment of inha-
lation exposure. Chem 144:2270–2276. https://​doi.​org/​10.​1016/j.​
chemo​sphere.​2015.​10.​136

Rafoth A, Gabriel S, Sacher F, Brauch HJ (2007) Analysis of isothia-
zolinones in environmental waters by gas chromatography-mass 
spectrometry. J Chromato A 1164:74–81. https://​doi.​org/​10.​
1016/j.​chroma.​2007.​07.​040

Ren CG, Li X, Liu XL, Wei XD, Dai CC (2014) Hydrogen peroxide 
regulated photosynthesis in C4-pepc transgenic rice. Plant Physiol 
Biochem 74:218–229. https://​doi.​org/​10.​1016/j.​plaphy.​2013.​11.​
011

Roy J, Ojha PK, Carnesecchi E, Lombardo A, Roy K, Benfenati E 
(2020) First report on a classification-based QSAR model for 
chemical toxicity to earthworm. J Hazard Mater 386:121660. 
https://​doi.​org/​10.​1016/j.​jhazm​at.​2019.​121660

Roy B, Kadam K, Krishnan SP, Natarajan C, Mukherjee A (2021) 
Assessing combined toxic effects of tetracycline and P25 titanium 
dioxide nanoparticles using Allium cepa bioassay. Front Env Sci 
Engin 15:1–12. https://​doi.​org/​10.​1007/​s11783-​020-​1298-x

Schwensen JF, Johansen JD (2020) Isothiazolinones Kanerva’s Occu-
pational Dermatology 36: 507–520. https://​doi.​org/​10.​1007/​978-
3-​319-​68617-2_​216

Sharma P, Jha AB, Dubey RS, Pessarakli M (2012) Reactive oxygen 
species, oxidative damage, and antioxidative defense mechanism 
in plants under stressful conditions. J of Bot 2012:1–26. https://​
doi.​org/​10.​1155/​2012/​217037

Szőllősi R (2014) Superoxide dismutase (SOD) and abiotic stress tol-
erance in plants: an overview. Oxidative Damage Plants 89-129. 
https://​doi.​org/​10.​1016/​B978-0-​12-​799963-​0.​00003-4

Thyssen JP, Sederberg-Olsen N, Thomsen JF, Menné T (2006) Contact 
dermatitis from methylisothiazolinone in a paint factory. Cont 
Derm 54:322–324. https://​doi.​org/​10.​1111/j.​0105-​1873.​2006.​
00850.x

Tripathi BN, Gaur JP (2004) Relationship between copper-and zinc-
induced oxidative stress and proline accumulation in Scened-
esmus sp. Planta Med 219:397–404. https://​doi.​org/​10.​1007/​
s00425-​004-​1237-2

Turrens JF (2003) Mitochondrial formation of reactive oxygen spe-
cies. The J of Physi 552:335–344. https://​doi.​org/​10.​1113/​jphys​
iol.​2003.​049478

Urwin R, Wilkinson M (2013) Methylchloroisothiazolinone and meth-
ylisothiazolinone contact allergy: a new “epidemic”. Cont Derma 
68:253–255. https://​doi.​org/​10.​1111/​cod.​12064

Uter W, Yazar K, Kratz EM, Mildau G, Lidén C (2014) Coupled expo-
sure to ingredients of cosmetic products: II. Preservatives. Cont 
Dermat 70:219–226. https://​doi.​org/​10.​1111/​cod.​12165

Valavanidis A, Vlahogianni T, Dassenakis M, Scoullos M (2006) 
Molecular biomarkers of oxidative stress in aquatic organisms 
in relation to toxic environmental pollutants. Ecotox Environ Saf 
64:178–189. https://​doi.​org/​10.​1016/j.​ecoenv.​2005.​03.​013

Valko M, Leibfritz D, Moncol J, Cronin MT, Mazur M, Telser J (2007) 
Free radicals and antioxidants in normal physiological functions 
and human disease. Interna J Bioch Cell Bio 39:44–84. https://​
doi.​org/​10.​1016/j.​biocel.​2006.​07.​001

Wang Q, Cao J, Jiang M (2020) Self-healing coating to reduce iso-
thiazolinone (MCI/MI) leaching from preservative-treated bam-
boo. BioRes 15:1904–1914. https://​doi.​org/​10.​15376/​biores.​15.1.​
1904-​1914

Wasternack C, Hause B (2013) Jasmonates: biosynthesis, perception, 
signal transduction and action in plant stress response, growth and 
development. An update to the 2007 review in Annals of Botany. 
Annals of botany 111(6):1021–1058

Yazar K, Johnsson S, Lind ML, Boman A, Lidén C (2011) Preserva-
tives and fragrances in selected consumer-available cosmetics and 
detergents. Cont Dermat 64:265–272. https://​doi.​org/​10.​1111/j.​
1600-​0536.​2010.​01828.x

Yuksel B, Aksoy O (2017) Cytological effects of coumarin on the mito-
sis of lens culinaris medik. Fresenius Environ Bull 26:6400–6407

Yuksel B, Aksoy O (2019) Analysis of the effects of coumarin on 
lens culinaris medik by some biochemical parameters using real-
time polymerase chain reaction. Leg Res-An Inter J 42:640–645. 
https://​doi.​org/​10.​18805/​LR-​439

Yuksel B, Aksoy O, Kutluk T (2021) Molecular and spectroscopic eval-
uation of the effects of coumarin on lentil. Cyt Gen 55:274–282. 
https://​doi.​org/​10.​3103/​S0095​45272​10301​17

Zhen Z, Liu H, Wang N, Guo L, Meng J, Ding N, Jiang G (2014) 
Effects of manure compost application on soil microbial commu-
nity diversity and soil microenvironments in a temperate cropland 
in China. PLoS One 9:e108555. https://​doi.​org/​10.​1371/​journ​al.​
pone.​01085​55

Publisher’s note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1111/j.1365-3040.2009.02041.x
https://doi.org/10.1111/j.1365-3040.2009.02041.x
https://doi.org/10.1016/j.plaphy.2006.01.007
https://doi.org/10.1016/j.plaphy.2006.01.007
https://doi.org/10.1016/j.chemosphere.2019.125470
https://doi.org/10.1016/j.chemosphere.2019.125470
http://public.verdeterreprod.fr/Livres%20semis%20direct/Soil_Organic_Matter-Brian_Murphy.pdf
http://public.verdeterreprod.fr/Livres%20semis%20direct/Soil_Organic_Matter-Brian_Murphy.pdf
https://doi.org/10.1007/s10311-010-0297-8
https://doi.org/10.1111/j.1600-0536.1994.tb01898.x
https://doi.org/10.1111/j.1600-0536.1994.tb01898.x
https://doi.org/10.1016/j.chemosphere.2020.126723
https://doi.org/10.1016/S0981-9428(02)01404-3
https://doi.org/10.1016/j.ecoenv.2004.06.010
https://doi.org/10.1016/j.ecoenv.2004.06.010
https://doi.org/10.1016/j.chemosphere.2015.10.136
https://doi.org/10.1016/j.chemosphere.2015.10.136
https://doi.org/10.1016/j.chroma.2007.07.040
https://doi.org/10.1016/j.chroma.2007.07.040
https://doi.org/10.1016/j.plaphy.2013.11.011
https://doi.org/10.1016/j.plaphy.2013.11.011
https://doi.org/10.1016/j.jhazmat.2019.121660
https://doi.org/10.1007/s11783-020-1298-x
https://doi.org/10.1007/978-3-319-68617-2_216
https://doi.org/10.1007/978-3-319-68617-2_216
https://doi.org/10.1155/2012/217037
https://doi.org/10.1155/2012/217037
https://doi.org/10.1016/B978-0-12-799963-0.00003-4
https://doi.org/10.1111/j.0105-1873.2006.00850.x
https://doi.org/10.1111/j.0105-1873.2006.00850.x
https://doi.org/10.1007/s00425-004-1237-2
https://doi.org/10.1007/s00425-004-1237-2
https://doi.org/10.1113/jphysiol.2003.049478
https://doi.org/10.1113/jphysiol.2003.049478
https://doi.org/10.1111/cod.12064
https://doi.org/10.1111/cod.12165
https://doi.org/10.1016/j.ecoenv.2005.03.013
https://doi.org/10.1016/j.biocel.2006.07.001
https://doi.org/10.1016/j.biocel.2006.07.001
https://doi.org/10.15376/biores.15.1.1904-1914
https://doi.org/10.15376/biores.15.1.1904-1914
https://doi.org/10.1111/j.1600-0536.2010.01828.x
https://doi.org/10.1111/j.1600-0536.2010.01828.x
https://doi.org/10.18805/LR-439
https://doi.org/10.3103/S0095452721030117
https://doi.org/10.1371/journal.pone.0108555
https://doi.org/10.1371/journal.pone.0108555

	The impact of Vermicompost on Pisum sativum spp. Arvence L exposed to methylisothiazolinone
	Abstract
	Introduction
	Materials and methods
	Plant material, the 2-methyl-2H-isothiazol-3-one (MIT) and vermicompost
	Determination of EC50 values
	Vermicompost efficiency ratio
	Biochemical analysis
	Total protein determination
	Measurement of malondialdehyde amount
	Measurement of H2O2 concentration
	Superoxide dismutase (SOD) activity

	Statistical analysis

	Results
	Total protein determination
	Measurement of malondialdehyde (MDA) amount
	Measurement of H2O2 concentration
	(SOD) activity

	Discussion
	Conclusion
	Acknowledgments 
	References


