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Abstract
Ideal herbicides are used to shield crop plants from weed competition without harming the non-target plants. Metribuzin is a selective
triazinone herbicide applied to control broadleaf weeds, grasses, sedges. But application of metribuzin is reported to damage non-target plants
besides controlling the weed emergence. The present study investigated the possible ameliorative role of salicylic acid in protecting plants
from herbicide toxicity. Metribuzin treatment caused a signi�cant decrease in root length, number of root tips and ultimately in mitotic index
along with induction of different types of chromosomal abnormalities in the meristematic cells of Allium cepa roots. Exogenously salicylic
acid treatment resulted in signi�cant increase in root length, number of root tips and mitotic index and also resulted in signi�cant reduction in
chromosomal abnormalities. These results exemplify the ameliorative effect of salicylic acid under stress conditions and reveal that it is
effective in alleviating the toxic stress of herbicide metribuzin at different concentrations.

1. Introduction
Management of weeds is a basic necessity of modern agriculture in order to ensure high crops productivity. Unproductive weeds grow along
with crops and compete for space, sunlight, nutrients, water and thus reduced the crops yields (Bartucca et al., 2019). Herbicides are
commonly used to increase crop yields by suppressing the growth of unwanted wild species that compete for the same resources (Loddo et
al., 2020). But, frequent and overuse of these synthetic herbicides has resulted in serious contamination of soils and water bodies, causing
harm to aquatic life, and has been identi�ed as an environmental threat (Parveen et al., 2016). The most deplorable fact is that repeated
applications of these chemicals had a hostile impact on host plants that were being protected by these herbicides. Herbicides toxicity includes
reduced cell growth and tissue development, impaired chlorophyll synthesis, lowered photosynthesis and delayed �owering (Guzzo et al.,
2014; Kamal et al., 2020). Limiting impact are not con�ned to only morphological, biochemical or physiological effects but su�cient
literatures available revealing cytotoxicity, genotoxicity, chromosomal abnormalities, DNA damage, associated with herbicides usage
(Türkoğlu. 2012; Fatma et al. 2018a).

Metribuzin (MET) is a selective triazinone herbicide used to control broadleaf weeds and grasses in the vegetable and �eld crops. The
inhibitory effect of MET primarily targets photosynthetic e�ciency by inhibiting the Hill reaction (photolysis of water) and deactivating acetyl-
CoA-carboxylase enzymes, resulting in disruption of cell membrane biogenesis (Sherwani et al., 2015). Recently it was reported that
exogenous application of MET also imposed the cytotoxicity to non-target plants by inhibiting mitotic cell division and act as mitotic poison
(Menzyanova et al., 2020). The mitotic disorder manifested by altered miotic index (MI), chromosome abnormalities such as sticking of
chromosomes, bridges formation, fragmentation, micronuclei), uneven separation of chromosomes due to damage of mitotic spindle resulted
DNA breakdown (Liman et al., 2015; Diyanat et al., 2019). MET toxicity is linked to not only chromatid and chromosomal aberrations, but also
induced genotoxicity. Studies performed on Allium cepa (Rosculete et al., 2019), Vicia faba (Iqbal 2016), Lemna minor (Kostopoulou et al.
2020) gave statistically signi�cant results for cytotoxicity as well as genotoxicity upon usage of pesticides even under recommended dosage.

Salicylic acid (SA) is one of the important endogenous plant signaling hormones, helping in plant growth and development (Dempsey and
Klessig 2017). It is principally a plant produced phenolic compound playing key role in acclimation to stress (Khan et al. 2015). The increased
tolerance towards abiotic stress in plants through exogenous application of SA is accomplished through enhanced antioxidative defense
(Fayez and Bazaid 2014) and activation or regulation of defense genes (Ahmad et al. 2019). But studies are very limited to explore the
mitigating power of SA under pesticides toxicity. The object of the present study was to assess the ameliorative properties of SA against
cytotoxicity and genotoxicity due to herbicidal stress imposed to the A. cepa root system by metribuzin treatment. Evaluation of cytotoxic and
genotoxic stress was done by measuring root length (RL), root numbers (RN) and calculating mitotic index (MI), relative abnormality rate
(RAR) and abnormality percentage.

2. Materials And Method

2.1. Test Organism and Herbicide Application
Equal-sized and healthy bulbs (25–30 mm in diameter) of a commercial variety of A. cepa L. (2n = 16) were used as the test plant. The bulbs
were carefully unscaled and the old roots were removed. They were then placed on top of test-tubes containing distilled water and were
allowed to germinate for 24 h at room temperature. When the emerged roots were 1–2 cm long, the bulbs were treated with the series of
concentrations of metribuzin for 24 h with and without 1mM salicylic acid. The different concentrations of the herbicide metribuzin used were
10, 20, 40, 60, 80 and 100 ppm. The concentrations used on the basis of LC 50 which was determined by probit analysis (Finney 1952). The
control group was maintained with distilled water at same temperature and other conditions. The experiment was arranged in three replicates
in completely randomized design.

2.2. Morphological and Cytological investigation
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After treatment, the bulbs were washed thoroughly under running tap water. On third day number (RN) and length of root tips (RL) were
recorded for morphological analysis. The root tips from each bulb were plucked and �xed in �xative, Carnoy’s �uid (1:3, glacial acetic acid:
ethanol) for 24h and then preserved in 70% ethanol for cytological analysis. Hydrolysis, squashing, staining of cells and preparation of slides
was done according to the method outlined by Sharma and Sharma (1980). The slides were mounted and observed under the light
microscope for different mitotic stages and chromosome abnormalities. Henceforth counts of different mitotic stages were also recorded and
following formulae were used to calculate percentage mitotic index (MI), relative abnormality rate (RAR) and abnormality percentage.

Mitoticindex(%) =
Totalnumberofdividingcells
Totalnumberofcellsobserved × 100

Relativeabnormalityrate(%) =
Totalnumberofabnormalcells
Totalnumberofcellsobserved × 100

Abnormalitypercentage(%) =
Numberofanykindofabnormalityobserved

Totalnumberofcellsobserved × 100

2.3 Statistical analysis
The experiment was conducted in triplicate and approximately 1000 cells were analyzed. The data obtained for each attributes were analyzed
by one-way analysis of variance (ANOVA) and Duncan’s multiple range test (DMRT) by using statistical software SPSS 15.0 for Windows
(SPSS Inc., Chicago, Ill., USA). Signi�cance was considered at p < 0.05.

3. Results

3.1. Pre-soaking with SA reduced morphotoxicity effect
The morphotoxic effect of herbicide metribuzin with and without SA application is depicted in Fig. 1. According to our result, different
concentration of metribuzin resulted in signi�cant and dose dependent decrease in RN and RL as compared to the control. In control, the RN
and RL recorded were 23.12 ± 1.22 and 3.58 ± 0.11cm respectively, which signi�cantly decreased to 6.22 ± 1.01 and 1.01 ± 0.21cm respectively
for the highest concentration of metribuzin (100 ppm). The set of plants treated with SA (1mM) alone showed a signi�cant increase in RN and
RL as compared to control i.e. 30.11 ± 1.33 and 4.33 ± 0.21cm respectively.

3.2. SA improves mitotic index (MI) and restrict relative abnormality rate (RAR)
The changes in MI of cells of A. cepa root tips after herbicide stress with and without SA application is present in Table. 1. The MI, a measure
of frequency of cell division in the meristematic tissues was found to decrease signi�cantly and dose dependently as compared to control in
set of plants stressed with metribuzin. In control MI calculated was 21.73 ± 2.02%, which decreased to 5.22 ± 1.22% for 100 ppm concentration
of metribuzin. The MI for the plants treated with SA was more than the control i.e. 25.67 ± 1.33%. Further application of SA with herbicide
metribuzin resulted in signi�cant increase in MI as compared to set of plant treated with only herbicide as well as plants maintained as
control. At 100 ppm metribuzin the calculated MI was 5.22 ± 1.22% which signi�cantly increased to 8.98 ± 1.78% (for 1mM SA + 100 ppm
metribuzin). The relative abnormality rate calculated for various abnormalities encountered in A. cepa root tips after metribuzin treatment with
and without SA is shown in Table 1. The RAR decreased signi�cantly at all concentrations used in present study. It’s clearly seen that the RAR
for 100 ppm metribuzin is 14.22 ± 0.12% which signi�cantly decreased to 11.33 ± 0.45% when 1mM SA was added with 100 ppm metribuzin.
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Table 1
Mitotic index and Relative abnormality rate obtained in control and different concentrations of

Metribuzin for 24h with and without SA.
Metribuzin concentration (ppm) Mitotic Index (%) Relative Abnormality Rate (%)

SA(-) SA(+) SA(-) SA(+)

0 21.73 ± 2.02g 25.67 ± 1.33g    

10 17.34 ± 1.23f 22.02 ± 1.67f,,g 2.34 ± 0.11a 2.01 ± 0.02a

20 15.32 ± 1.01e 19.22 ± 2.12e 4.23 ± 0.12b 3.89 ± 0.09b

40 11.23 ± 2.12d 16.67 ± 1.21d 6.78 ± 0.09c 5.45 ± 0.22c

60 9.23 ± 1.21c 13.02 ± 2.03c 9.88 ± 0.12d 7.56 ± 0.34d,e

80 7.77 ± 1.01b 11.45 ± 1.14b 11.23 ± 0.44e 9.34 ± 0.67e

100 5.22 ± 1.22a 8.98 ± 1.78a 14.22 ± 0.12f 11.33 ± 0.45f

Data are means ± SD of three replicates. Different letters (a, b, c, d, e, f and g are subsets) are signi�cantly different at p ≤ 0.05, as determined
by Duncan’s multiple range test (DMRT)

3.3. SA mitigates metribuzin-induced genotoxicity
Genotoxic nature of metribuzin and ameliorative effect of SA was studied by observing the various chromosomal abnormalities (Fig. 2) at all
concentrations of metribuzin with and without SA and is represented in Table 2. It is clearly seen that the abnormalities signi�cantly increased
at higher concentrations of metribuzin as compared to control. Consequently the increase in abnormality percentage is positively correlated to
the genotoxicity of herbicide metribuzin on the A. cepa root tip cell. All the concentrations of metribuzin used in experiment induced signi�cant
and dose dependent increase in chromosomal abnormalities. The chromosomal abnormality percentage for various abnormalities was found
to decrease in set of plants treated with herbicide along with SA (1mM). The most common abnormalities were stickiness, c-metaphase,
disturbed metaphase. In addition, at anaphase and telophase, fragments, bridges, lagging chromosomes and irregular anaphase were also
observed. Lower rate of chromosomal abnormities were observed when treated with SA.
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Table 2
Percentage of chromosomal abnormalities (%) obtained for different concentrations of Metribuzin for 24h treatment with and without SA.

Data are means ± SD of three replicates. Different letters (a, b, c, d and e are subsets) are signi�cantly different at p < 0.05, as determined by
Duncan’s multiple range test (DMRT)

  Concentrations

(ppm)

Stickiness Fragmentation Clumping Disorientation C
metaphase

Bridges Laggard Precocious
movement

  0 0.11 ± 
0.02

0.03 ± 0.00 0.00 ± 
0.00

0.02 ± 0.00 0.00 ± 0.00 0.00 ± 
0.00

0.00 ± 
0.00

0.00 ± 0.00

  10 0.99 ± 
0.02c

0.00 ± 0.00a 0.00 ± 
0.00a

0.00 ± 0.00a 0.00 ± 
0.00a

0.00 ± 
0.00a

0.00 ± 
0.00a

0.00 ± 
0.00a

  20 0.45 ± 
0.02b

0.00 ± 0.00a 0.00 ± 
0.00a

0.22 ± 0.02a 0.00 ± 
0.00a

0.00 ± 
0.00a

0.89 ± 
0.01a,b

0.00 ± 
0.00a

  SA(-) 40 0.00 ± 
0.00a

1.06 ± 0.11b 0.76 ± 
0.20a,b

0.74 ± 0.11a,b 0.00 ± 
0.00a

0.67 ± 
0.01a

0.00 ± 
0.00a

0.66 ± 
0.02b

  60 1.34 ± 
0.20d

1.56 ± 0.09c 1.03 ± 
0.10b

1.28 ± 0.20b 1.43 ± 
0.07b

1.03 ± 
0.02a,b

1.78 ± 
0.18c

0.87 ± 
0.04b,c

  80 0.00 ± 
0.00a

1.67 ± 0.04c 00.00 ± 
0.00a

1.33 ± 0.12b 2.09 ± 
0.12c

1.11 ± 
0.04a,b

1.98 ± 
0.04d

0.83 ± 
0.02b

  100 1.98 ± 
0.02e

1.98 ± 0.02d 1.53 ± 
0.02c

1.45 ± 0.02c 2.78 ± 
0.50d

1.45 ± 
0.07b,c

0.67 ± 
0.03b

1.11 ± 
0.02c

  0

10

0.16 ± 
0.01

0.00 ± 
0.00a

0.11 ± 0.03

0.00 ± 0.00a

0.02 ± 
0.00

0.00 ± 
0.00a

0.04 ± 0.00

0.00 ± 0.00a

0.34 ± 0.01

0.00 ± 
0.00a

0.00 ± 
0.00

0.00 ± 
0.00a

0.00 ± 
0.00

0.00 ± 
0.00a

0.00 ± 0.00

0.00 ± 
0.00a

  20 0.00 ± 
0.00a

0.75 ± 0.02a 0.26 ± 
0.04a

0.00 ± 0.00a 0.00 ± 
0.00a

0.00 ± 
0.00a

0.00 ± 
0.00a

0.00 ± 
0.00a

SA(+) 40 0.35 ± 
0.01a

0.89 ± 0.11a,b 0.65 ± 
0.05a,b

0.00 ± 0.00a 0.00 ± 
0.00a

0.00 ± 
0.00a

0.00 ± 
0.00a

0.30 ± 
0.04a

  60 1.67 ± 
0.03b

1.22 ± 0.03b 0.88 ± 
0.25b

0.65 ± 0.05a,b 1.02 ± 
0.06a

0.16 ± 
0.01a,b

1.67 ± 
0.38b

0.44 ± 
0.07b

  80 0.00 ± 
0.00a

1.45 ± 0.10c 1.01 ± 
0.03c

0.88 ± 0.10a,b 1.88 ± 
0.22c

0.33 ± 
0.02a,b

1.89 ± 
0.27b,c

0.78 ± 
0.22c

  100 1.87 ± 
0.12c

1.76 ± 0.01d 1.11 ± 
0.01c

1.08 ± 0.02b 1.99 ± 
0.11d

0.78 ± 
0.01b

0.00 ± 
0.00a

0.98 ± 
0.02d

4. Discussion
According to the present study application of metribuzin had signi�cant toxic effect to plant growth and development. Toxic effects of
metribuzin are manifested by retarded growth and damaged roots due to altered metabolism associated with degradation of plant food
reserve and absorption of minerals and water by roots (Tudi et al., 2021). Similar �ndings of dose dependent increase in morphotoxicity of
metribuzin + 2,4-D were also reported in wheat varieties Choudhary et al. (2016). As per our experiment this toxicity can be overcome to some
extend by the external application of SA (1mM) as the RN and RL increased in plants treated with SA along with the metribuzin when
compared to plant stressed only with metribuzin. The ameliorating effect of SA under exposure of different fungicides, pesticides insecticides
along with various abiotic stresses has been thoroughly discussed. In this context, it was also reported that SA improves morphological
growth, physiological attributes and enhanced antioxidant machinery of Vigna radiata exposed to three different pesticides Metribuzin,
Mancozeb and Chlorpyrifos (Fatma et al., 2018b).

A reliable parameter to identify cytotoxicity is mitotic index (MI) as it re�ects the rate of the cell division in root meristematic tissues (Bianchi
et al. 2016). According to our experiment MI decreased signi�cantly (p ≤ 0.05) and progressively as the concentration of metribuzin was
increased as compared to control. The reduction of mitotic activity seems to be a common effect of herbicide tested for their action on mitosis
(Mesi and Kopliku 2013). This reduction in mitotic activity may be due to blocking of mitotic cell cycle during interphase (Fioresi et al., 2020),
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inhibition of nuclear-proteins synthesis essential for normal mitotic sequence (Venturelli 2015), suppression of DNA synthesis (Küçük et al.
2018) or change in the relative duration of the mitotic stages (Mekki et al., 2016).

In our experiment we tried to overcome the reduction in MI by the ameliorative effect of SA. It is evident from present study that SA treatment
signi�cantly improved the MI in root meristematic cells of A. cepa at different concentrations of metribuzin. Thus, from the data of the present
study, it is apparent that SA is also effective at higher concentrations of metribuzin used in study. Present result was very much correlated to
the result of Singh et al. (2013), investigating the possible mitigating role of salicylic acid (SA) in protecting plant (Vicia faba) from
cytotoxicity of insecticides by observing signi�cantly increased MI. Thus, the ameliorative response of SA which provides a basis to control
herbicide contamination in crop production is by regulating plant response to organic contaminants (Varhney et al. 2015). Further Singh et al.
(2012) reported that combined treatments of pendimethalin with SA increased MI when compared with pendimethalin treatments.

The experimental result of the current study showed that metribuzin is able to induce signi�cant chromosomal abnormalities in the root
meristematic cells of A. cepa as compared to control, which indicate the genotoxic potential of metribuzin. The various abnormalities recorded
were stickiness, fragmentation, clumping disorientation, C-metaphase, bridge at anaphase, laggard and precocious movement of
chromosomes (Özkara et al., 2015). SA treatment resulted in signi�cant decrease in the frequency of cells with chromosomal abnormalities
which implies that SA tries to ameliorate genotoxicity stress created by metribuzin. The current �ndings are in agreement with the earlier
reports signifying SA-induced response to DNA damaging agents by inducing expression of defence genes (Ahmad et al., 2020). Among these
abnormalities stickiness was the major abnormality noted which is considered to be a chromatid type physiological aberration (Ping et al.
2012) and attributed to the effect of environmental pollutants on degradation or depolymerization of chromosomal DNA (Kushwah et al.,
2017), DNA condensation (Mahanty et al., 2017) and exchanges among chromosomes (Goujon et al. 2015). There was a signi�cant increase
in stickiness which was dose dependent and is considered as common sign of highly toxic effects on chromosomes and irreversible type that
probably leading to cell death (Turkoglu 2012). Stickiness can be caused by loss of chromosome movement thus preventing them from
reaching �nal destination or sub-chromatid linkage between chromosomes. This can also be explained as physical adhesion of the
chromosome proteins (Goujon et al. 2015).

After stickiness, disorientation of chromosomes at meta and anaphase was seen increasing signi�cantly, which may be due to spindle
dissolution. This dissolution could be due to alteration of the gene which controls the spindle mechanism. Singh et al. (2021) when
investigating the effect of pesticides on Vigna species found that disoriented metaphase induced due to the disturbance of spindle apparatus.
In addition to this, bridges formation due to chromatid breakage and fusion during the translocation of unequal chromatids or due to dicentric
chromosome presence thus, bridges resulting in structural chromosome mutations (Liman et al. 2015). On the other hand, C-metaphase and
laggard chromosome are due to spindle failure (Mesi and Kopliku 2013) which was recorded at higher concentrations of metribuzin. Inhibition
of spindle organization by various chemicals, can lead to conditions of scattering of chromosomes, also known as C-metaphase. Laggard
chromosomes might be due to the hindrance of pro-metaphase movement of chromosomes accompanied by adhesion of centromere to the
nuclear membrane (Kuchy et al., 2016) and as a result they increase the risk for aneuploidy. Similar �nding was reported by Karaismailoglu
(2016) while investigating the toxic effect of herbicide on A. cepa. In our study, SA application were found effective in inducing the adaptive
response to genotoxic stress since it signi�cantly reduces the chromosomal abnormalities in the root meristematic cells of A. cepa induced by
herbicide metribuzin. The underlying mechanisms is not well known, but it might be due to activation of mitogen activate kinase protein and
up regulation of other stress gene(s)

5. Conclusion
The experimental conclusion from the present study could elucidate that the application of herbicide metribuzin created a cytotoxic and
genotoxic effect on the root meristematic cells of A. cepa. These toxic effects increased signi�cantly and dose dependently, but application of
salicylic acid ameliorated these attributes which arise under herbicide stress. SA improves the various morphological attributes and reduces
chromosomal abnormalities in the root meristematic cells of A. cepa induced by metribuzin. Henceforth, we can conclude that SA (1mM) is
able to ameliorate the abnormalities caused in A. cepa root meristematic cells due to metribuzin stress.
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Figure 1

(a) No. of root tips (b) Average length of root obtained in control and different concentrations of metribuzin for 24h treatment with and without
SA. Data are means± SD of three replicates. Different letters (a, b, c and d are subsets) are signi�cantly different at p ≤ 0.05, as determined by
Duncan’s multiple range test (DMRT)
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Figure 2

Abnormalities in dividing cells induced by metribuzin treatment; (A) disorientation and clumping at metaphase, (B) disorientation at
metaphase, (C) disorientation, clumping and laggard at metaphase, (D) disorientation, bridge and laggard at anaphase, (E-F) C-metaphase, (G)
disorientation and clumping at anaphase, (H) bridge at anaphase, (I) chromosome clumping and multiple bridges at anaphase.
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