Physiol Mol Biol Plants (January—February 2018) 24(1):115-123
https://doi.org/10.1007/s12298-017-0490-3

@ CrossMark

RESEARCH ARTICLE

Phytotoxicity of pesticides mancozeb and chlorpyrifos: correlation
with the antioxidative defence system in Allium cepa

Firdos Fatma' - Sonam Verma? - Aisha Kamal' - Alka Srivastava?

Received: 21 February 2017 /Revised: 17 October 2017/ Accepted: 21 November 2017/ Published online: 30 November 2017

© Prof. H.S. Srivastava Foundation for Science and Society 2017

Abstract Pesticides are a group of chemical substances
which are widely used to improve agricultural production.
However, these substances could be persistent in soil and
water, accumulative in sediment or bio-accumulative in
biota depending on their solubility, leading to different
types of environmental pollution. The present study was
done to assess the impact of pesticides-mancozeb and
chlorpyrifos, via morphological and physiological param-
eters using Allium cepa test system. Phytotoxic effects of
pesticides were examined via germination percentage,
survival percentage, root and shoot length, root shoot
length ratio, seedling vigor index, percentage of phyto-
toxicity and tolerance index. Oxidative stress on Allium
seedlings caused by pesticides was also assessed by
investigating the activity of antioxidative enzymes viz.
catalase, peroxidase and superoxide dismutase. Correlation
was worked out between morphological parameters and
antioxidative enzymes to bring out the alliance between
them. Mancozeb and chlorpyrifos concentrations were
significantly and positively correlated with the activity of
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antioxidative enzymes and negatively correlated with
morphological parameters. Significant positive correlation
between various morphological parameters showed their
interdependency. However, negative correlation was
obtained between activity of antioxidative enzymes and
morphological parameters. The enzymes however, showed
positive correlation with each other. Based on our result we
can conclude that all morphological parameters were
adversely affected by the two pesticides as reflected by
phytotoxicity in Allium. Their negative correlation with
activity of antioxidative enzymes indicates that upregula-
tion of antioxidative enzymes is not sufficient to overcome
the toxic effect, thereby signifying the threat being caused
by the regular use of these pesticides.

Keywords Antioxidative enzymes - Correlation -
Oxidative stress - Phytotoxicity

Introduction

Pesticides are toxic chemicals used on arable fields to
control diseases, pests and weeds so as to decrease yield
losses and also sustain high productivity. The widespread
use of these pesticides has led to their augmented accu-
mulation in soil, water and air (Bolognesi and Merlo 2011;
Harnpicharnchai et al. 2013), followed by bioaccumula-
tion, sometimes leading to influx in organisms, hindering
the essential metabolic functions which are similar in both
target and non target plants (Jafari et al. 2012; Naksen et al.
2016; Botias et al. 2016). The concern over the indis-
criminate use of pesticides has increased due to the rise in
pollution and also because of the risk to exposed organisms
(Moustafa et al. 2007). According to a report of FICCI
(2015), major share in the Indian crop protection market is
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of insecticides (60%) followed by fungicides and herbi-
cides which account for approximately 18 and 16%
respectively of total pesticides. The extensive use of pes-
ticides in agriculture causes high acute toxicity problems
which can deleteriously influence plant growth and devel-
opment and can cause long term damage to the environ-
ment and human lives even in trace levels (Songa and
Okonkwo 2016).

Two pesticides-mancozeb and chlorpyrifos were used in
the present investigation. Mancozeb (zinc;manganese(2+);
N-[2-(sulfidocarbothioylamino)ethyl]carbamodithioate, MZ)
is a fungicide of carbamate family, commonly used to
control fungal diseases and thus increase crop production.
Its morphotoxic and physiotoxic effects have been reported
by Anitha and Savitha (2013). Chlorpyrifos (O,0-diethylO-
3,5,6-trichloro-2-pyridyl-phosphorothioate, CPF), is a
broad spectrum insecticide and has been in use for several
years for controlling insects that effects crops plants, by
reducing pod damage (Wu and Laird 2003; Khan et al.
2009; Kumar et al. 2010) and also for subterranean termites
(Venkateswara Rao et al. 2005). Organophosphorus
insecticides and carbamate fungicides are universally used
as regular pesticides for food and cash crops including
vegetables and fruits (JanakiDevi et al. 2013). Thus they
result in environmental contamination which as a result
affect human health especially by over stimulation of
neurotransmission system (Naksen et al. 2016).

Pesticides after application undergo degradation by
physiochemical reactions such as autolysis, photolysis,
rearrangement and inactivation upon binding to soil and
macromolecules leading to regeneration of reactive oxygen
species (ROS) (Mahmood et al. 2014). ROS are responsible
for stress induced damages, and it is widely accepted that
chemical toxicity leads to their generation and conse-
quently in oxidative stress (Chen et al. 2010; Faize et al.
2011). Thus various strategies utilizing enzymatic and non
enzymatic components have been adopted by plants to
combat the oxidative damages to the cells. The enzymatic
components of the antioxidant machinery include ROS
scavenging enzymes like superoxide dismutase (SOD),
peroxidase (POD) and catalase (CAT) (Khan and Kour
2007). The non enzymatic components of the defence
system (e.g. ascorbate, glutathione, carotenoids and toco-
pherols) prevent cells from damage, also by scavenging
ROS (Jan et al. 2012).

In the current study, we have investigated the phyto-
toxic and physiotoxic effects of two pesticides via some
growth parameters and the activities of antioxidant
enzymes viz. CAT, POD and SOD) using the same test
system—Allium seedlings, in order to elucidate the stress
generated by pesticide pollution. We used plant model to
investigate the effect of pesticides because they are the non
target recipients of these pesticides. Their application to the
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target organisms is not a closed application i.e. they are
introduced in the environment thereby affecting non target
organisms either directly or indirectly by getting accumu-
lated in the soil and being absorbed later. Their absorption
by non target organisms, whether animals or plants is of
great concern as stress is imposed on the biota. Hence, we
have used a non target system, Allium cepa for evaluating
its response to the two pesticides.

Materials and methods
Chemicals

Mancozeb (75% W.P) and chlorpyrifos (20% EC) were
purchased from a local agricultural store in Lucknow,
India. The chemicals used for our study were of analytical
grade.

Plant material and pesticides treatment

The Allium cepa seeds were procured from the local
market of Lucknow, India. Healthy and equal sized seeds
were selected and surface sterilized by thoroughly wash-
ing with distilled water. Seeds were incubated for 24 h in
different concentrations of MZ viz. 10, 30, 50, 70, 90,
110, 130 and 150 ppm and CPF viz. 5, 10, 15, 20, 25 and
30 ppm and distilled water which served as control. Dif-
ferent concentrations had to be used on the basis of LC 50
which was determined by probit analysis (Finney 1952).
After 24 h, the control and treated seeds were placed on
doubled layered filter papers prewetted with distilled
water in petridish. These were incubated at 25 + 1 °C for
15 days with regular supply of distilled water. Three
replicates for each concentration were maintained
along with control for comparison and each replicate had
20 seeds per petridish.

Morphological analysis

Different morphological parameters of Allium seedlings
were investigated like seed germination percentage (G%),
survival percentage (S%), root length (RL), shoot length
(SL), root shoot length ratio (RSL ratio), seedling vigor
index (SVI), percentage of phytotoxicity (P%) and toler-
ance index (TI). The germination percentage was taken on
3rd day after sowing on filter paper by counting the number
of seeds germinated out of total number of seeds treated
(Scott et al. 1984; Akinci and Akinci 2010). After 7 days of
germination, S% was calculated as the ratio between the
total number of seedlings survived and total number of
seed treated. On 15th day the root and shoot length was
measured and their ratio was also calculated. The SVI is a
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property of the seed, assayed by multiplying germination
(%) and seedling length. It was calculated on 15th day as
described by Abdul Baki and Anderson (1973). The per-
centage of phytotoxicity and TI was calculated on 15th day
according to modified method of Chou et al. (1978) and
Turner and Marshal (1972) respectively.

Extraction and assay of antioxidative enzymes

Allium seedlings were used on day 15 after sowing to
analyze the effects of MZ and CPF treatment on activities
of enzymatic antioxidants like catalase (CAT; EC.
1.11.1.6), peroxidase (POD; EC. 1.11.1.7) and superoxide
dismutase (SOD; EC. 1.15.1.1).

CAT activity

Fresh leaf material (100 mg) was ground in 4 ml of
extraction buffer (pH 7.0), in pre-chilled pestle and mortar
under cold condition and was then -centrifuged at
12,000 rpm for 15 min. The supernatant was mixed with
0.005 M H,0, in potassium phosphate buffer (pH 7.0). 2 N
H,SO,4 was added to stop the reaction after 5 min. The
reactants were standardized against 0.1 N KMnO,4. CAT
activity was determined by the method of Euler and
Josephson (1927).

POD activity

Fresh leaf material (50 mg) was ground in 10 ml of
extraction buffer in pre-chilled pestle and mortar under
cold condition and was then centrifuged at 12,000 rpm for
15 min. 5 ml of 0.1 M phosphate buffer (pH 6.0), 1 ml of
0.01% H,0, and 1 ml of 0.5% (w/v) p-phenylenediamine
was added to 1 ml extract. 5 N H,SO,4 was added to stop
the reaction. Absorbance was read at 485 nm (Luck 1963).

SOD activity

Fresh leaf material (100 mg) was homogenized in extrac-
tion mixture containing phosphate buffer (pH 7.0), EDTA
and PVP in pre-chilled mortar and pestle under cold con-
dition and was then centrifuged for 15 min. Enzyme extract
was added to the test tubes containing phosphate buffer
(pH 7.8), nitro blue tetrazolium (NBT), methionine, ribo-
flavin and EDTA and then samples were kept in sunlight
for 15 min to complete the reaction. Absorbance was read
at 560 nm, by a modified method of Beauchamp and Fri-
dovich (1971), in which one unit of SOD activity was
expressed as the amount of enzyme required to cause 50%
inhibition of photochemical reduction of NBT.

Statistical analysis

All the data of the study was analyzed by SPSS version 15
statistical software for windows by applying one way
analysis of variance (ANOVA) and Duncan’s multiple
range test (DMRT). The correlation between the parame-
ters was assessed by Pearson Correlation Coefficient
analysis (Zou et al. 2003).

Results
Morphological parameters of seedlings

The present study reveals that G% and S% of Allium seeds
treated with different concentrations of the two pesticides
showed a significant dose dependent decrease i.e. with
increasing pesticides concentrations there was a decrease in
G% and S% (Tables 1 and 2). In case of MZ treated Allium
seeds the G% decreased from 100% in control to 91.66% at
10 ppm and further decreased to 41.66% at 150 ppm.
Similar results were found for CPF treated seeds, where the
G% decreased from 100% in control to 71.66% in 5 ppm
and further decreased to 18.33% at 30 ppm. In case of MZ,
the LC 50 was recorded at 88 ppm but in CPF, it was at
9 ppm. The S% of treated Allium seedlings was 100% in
control for both MZ and CPF. In MZ, it decreased to
86.66% at 10 ppm and further decreased to 23.33% at
highest concentration of MZ used. For CPF it was 48.33%
at 5 ppm and further decreased to 13.33% at the highest
concentration (30 ppm) used.

The effect of different concentrations of MZ and CPF on
shoot and root length was found to be statistically signifi-
cant and there was dose depended decrease with treatment
at various concentrations of pesticides as shown in
Tables 1 and 2. For both the pesticide, maximum SL and
RL were found in control. In MZ there was a slight
decrease in SL and RL compared to control at 10 ppm, but
in CPF treated seedlings there was a drastic decline in the
shoot and root length in 5 ppm. The RSL ratio, being
important for functional balance between photosynthesis
and water absorption by the roots showed a significant dose
dependent decrease for pesticide treatment. The RSL ratio
was highest in control and at 10 ppm gradually decreased
as the concentration of MZ was increased. The RSL ratio
for CPF was again highest for control and was reduced
with increase in concentration of CPF.

The P% for both pesticides was 0% for control, but there
was a gradual and statistically significant increase at higher
concentrations. In MZ at 10 ppm, P% was 39.31% and
increased to 87.5% at 150 ppm. For CPF treated Allium
seeds it increased from 62.01% at 5 ppm to 93.02% at
30 ppm. The increased pesticide level adversely influenced
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the SVI of Allium. SVI gradually decreased with increasing
concentration of pesticides i.e. a significant dose dependent
decrease was observed in both (MZ and CPF) treatments.
Similar trend was found in TI of treated Allium seedlings
for MZ and CPF treatments.

Antioxidative enzymes

In the present study both, control Allium seedlings and
those exposed to pesticides showed statistically significant
increase in values for activity of all analyzed enzymes such
as CAT, POD and SOD i.e. enzyme activity increased as
pesticide concentration was increased (Fig. 1). The activity
of CAT in treated Allium seedlings exhibited a significant
dose dependent increase. In MZ treatment, CAT activity

was minimum at control which then increased slightly at
10 ppm, and then became maximum at 150 ppm (Fig. 1a).
In CPF treated seedlings, minimum CAT activity was
observed in control which was gradually increased from
5 ppm of CPF to 30 ppm (Fig. 1b).

POD activity of Allium showed a gradual significant
increase from control to treated ones. The POD activity
recorded for control of MZ and CPF was 0.49 + 0.04 and
0.58 + 0.02 AOD/100 mg FW which gradually increased
in 10 ppm and was maximum for 150 ppm concentration
of MZ (Fig. 1c¢). In CPF treated Allium the POD activity
significantly increased from 5-30 ppm as shown in Fig. 1d.

The pesticide treated Allium seedlings showed a sig-
nificant enhancement in SOD activity as the concentration
of the pesticide was increased. The minimum SOD activity
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Table 3 Correlation between different parameters of Allium treated with mancozeb

Parameters Germination Survival Root Shoot Root shoot length ~ Catalase Peroxidase Superoxide
(%) (%) length length ratio dismutase
Germination (%) 1
Survival (%) (.98 ** 1
Root length 0.85%** 0.89%#* 1
Shoot length 0.927%%* 0.93%** 0.95%%*%* 1
Root shoot length 0.40 0.45 0.59 0.39 1
ratio
Catalase — 0.87%%* — 0.89%* —0.76%* —0.86¥* —0.19 1
Peroxidase — 0.93%%* —093*%*  —0.76% —087¥* —0.22 0.98%** 1]
Superoxide - 0.71 - 0.75 — 0.69%  —0.75% 0.03 0.90%**  0.86%* 1
dismutase
Significant correlation between the parameters indicated by * P < 0.05, ** P < 0.01, *** P < 0.001
Table 4 Correlation between different parameters of Allium treated with chlorpyrifos
Parameters Germination ~ Survival ~ Root Shoot Root shoot length  Catalase Peroxidase Superoxide
(%) (%) length length ratio dismutase
Germination (%) 1
Survival (%) 0.97%** 1
Root length 0.94#3% 0.98%#%* 1
Shoot length 0.98%#%* 0.97#%%* 0.927%%* 1
Root shoot length ratio 0.78* 0.82* 0.92** 0.72 1
Catalase — 0.96%** —0.92%%  —0.85* —098** —0.62 1
Peroxidase — 0.88%* — 0.81* —071%  —091*%* —042 0.94%* 1
Superoxide dismutase — 0.90%* — 0.85* —0.78%  —0.93*%* —0.54 0.97%**  (.94%* 1

Significant correlation between the parameters was indicated by * P < 0.05, ** P < 0.01, *** P < 0.001

was observed in control. For lower MZ concentration i.e.
10 ppm minimum SOD activity was recorded which
increased for the higher concentration of MZ (150 ppm) as
shown in Fig. le. Among CPF treated Allium, SOD activity
was minimum in 5 ppm which increased to maximum for
the higher concentration of CPF i.e. 30 ppm (Fig. 1f).

Significant positive correlation was observed between
various morphological parameters, negative correlation
was found between different morphological parameters and
activity of antioxidative enzymes (CAT, POD, and SOD)
while significant positive correlation in between activity of
antioxidative enzymes was observed at P < 0.05, 0.01 and
0.001 as shown in Tables 3 and 4.

An interesting observation is that, for the two pesticides
at their respective LC 50, the activity of the three enzymes
evaluated for their activity were almost similar, indicating
that a optimum level of the enzyme was required by the
non-target plants to show tolerance. CAT activity was
approximately 165 and 160 pmole H,O, decomposed/
100 mg FW for MZ and CPF at their respective LC 50.
Similarly SOD activity was 0.9 EU/100 mg FW at LC 50

@ Springer

for MZ and 0.85 EU/100 mg FW at LC 50 for CPF. POD
activity for MZ and CPF was 3.5 and 3.2 O0.D/100 mg FW
respectively at their LC 50.

Discussion

Extensive use of pesticides nowadays for agriculture and
domestic purpose is reported to pose a potential unwanted
threat to environment and other life forms existing in the
ecosystem (Mrema et al. 2013; Tsaboula et al. 2016). The
treatment of seeds with pesticides, helps in protecting them
and the seedlings from pests and diseases but their rate of
germination and growth is affected (Dhanamanjuri et al.
2013). Chlorpyrifos is a frequently used organophosphate
insecticide in world for controlling insects in agricultural
and non agricultural fields. According to Parween et al.
(2011) exposure of Vigna radiata L. to chlorpyrifos
resulted in depressed plant growth and nitrogen
metabolism.
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Our results indicate a significant lowering effect of
pesticides on seed germination, and the effects were
enhanced with dosage elevation. Thus germination of seed,
a primary physiological process of plant growth is greatly
influenced by environmental stress (Koornneef et al. 2002),
and is very sensitive, to contaminants like pesticides
(Goswami et al. 2013). Similar findings were reported by
Calvelo et al. (2010) during their investigation of phyto-
toxic effect of hexachlorocyclohexane on germination and
seedling development of Hordeum vulgare L., Brassica sp.,
and Phaseolus vulgaris L. In our investigation, the S%, RL,
SL and RSL ratio of treated Allium seeds with different
concentrations of pesticides were lower than control
showing a significant dose dependent reduction. This
indicated a significant phytotoxic nature of the pesticides
used in the current study. Growth parameters such as RL,
SL and RSL ratio can be used to estimate the toxicity of
pollutants such as pesticides (Nielson and Rank 1994;
Amin 2002). Growth retardation of plants at higher con-
centration of applied pesticides indicates reduction in cell
division, cell elongation and conversion of indole-3 acetic
acid (IAA) into various photo-oxidative products as these
compounds function as strong auxin antagonists (Tevini
and Teramura 1989). The difference in SVI was also found
to be significant between treatments for both pesticides.
Similar result was reported in the experiment on seed
germination and seedling growth of haricot bean cultivars
which showed significant dose dependent decrease of SL
and RL at higher concentration of copper sulphate (Hab-
tamu et al. 2013). The phytotoxicity significantly increased
and is indicative of the toxic nature of the pesticide used in
experiment.

The use of pesticides indiscriminately for better yield of
crops has led to an increase in the level of pollution.
Consequently the plants undergo molecular damage (Ab-
dollahi et al. 2004) whereby reactive oxygen species are
released which may even affect the genomic DNA (Moller
et al. 2014). They defend themselves from the oxidative
stress using their antioxidative response system (Dey and
De 2012). The pesticides under investigation seem to have
imposed oxidative stress on treated Allium seedlings, which
is a rapid and sensitive response of plants to environmental
stress (Jiang and Yang 2009; Jan et al. 2012) as revealed by
the activity of the antioxidative enzymes. Plants have a
complex antioxidant system comprising of enzymes such
as CAT, POD, and SOD (Pandey and Rizvi 2010) to mit-
igate and repair the damage caused by ROS. There are
various evidence of pesticide degradation by elevated
activity of oxidoreductase enzymes which reflects the level
of toxicity and also the ability to combat the stress (Wu and
Von Tiedemann 2002; Peixoto et al. 2006; Song et al.
2007; Yildiztekin et al. 2015; Singh and Kaur 2016).

In our results, the CAT activity of treated Allium
seedlings showed significant dose dependent enhance-
ment. CAT is an oxidoreductase enzyme involved in the
removal of toxic H,O, by converting H,O, to H,O and
0,. Similar result was also observed by Zhang et al.
(2009) in wheat and rice plants by application of 1,2,4-
trichlorobenzene and in bitter gourd by application of
dimethoate (Mishra et al. 2009). However, the activity of
CAT in fresh tea plants was slightly increased by
phenanthrene stress (Mei et al. 2009).

Another indicator of oxidative damage in plants is POD,
an antioxidative enzymes involved in the elimination of
ROS. The breakdown of H,O, and lignin biosynthesis in
the presence of H,O, is done by POD (Bowler et al. 1992).
Compared to the control, a dose dependent increase was
observed in POD activity. According to Morimura et al.
(1996) the role of POD in the detoxification of H,O, under
insecticide induced oxidative stress, is suggested by its
marked increase in the activity. Similar results were also
observed under the treatments of fungicide and herbicides
(Gopi et al. 2007; Jianga et al. 2010).

Mancozeb and chlorpyrifos treated Allium seedlings in
this study have shown significant enhancement in SOD
activity, an essential component of a plants antioxidative
defense system. SOD enzyme has a potential to convert
free radicals to H,O, by dismutation. A dose dependent
increase in the level of SOD was observed. Similar aug-
mentation in SOD activity was reported in Glycine max L.
under stress generated by insecticide (Bashir et al. 2007),
herbicide (Jianga et al. 2010; Wu et al. 2010) in wheat and
rice, respectively, thus indicating that elevated SOD
enzymatic activity was stimulated by scavenging of O3~
therefore protected Allium seedling from MZ and CPF
toxicity.

The result revealed positive correlation between differ-
ent morphological parameters which showed that they are
dependent on each other and the decrease in one morpho-
logical parameter appears to be related with the remaining
parameters. Significant negative correlation between
antioxidative enzymes and morphological parameters
indicated that the morphological toxicity caused by pesti-
cides, could be correlated to the increase into overcome the
stress generated by the pesticides.

In conclusion, it can be said that Allium seedlings treated
with MZ and CPF, besides showing significant dose
dependent inhibitory effect on various growth parameter,
also explicated the providence of pesticide metabolizing
antioxidative enzyme system. The increase in antioxidative
enzyme can circumvent the effect of pesticides upto a
certain extent, which can vary in different plant systems
and also for different pesticides. Since, the upregulation of
the antioxidative enzymes viz. CAT, POD and SOD is not
able to reduce the morphotoxicity of the pesticides, the
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matter is of great concern and needs the focus of scientists
worldwide. The growing use of pesticides over the years,
their persistence in the environment and the gradual
accumulation of their breakdown compounds necessitates
the evaluation of extent of phytotoxicity of pesticides
individually and the ability of the plant system to cir-
cumvent the effect.
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