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Effects of cypermethrin on
morphological, physiological and
biochemical attributes of Cicer
arietinum (Fabales: Fabaceae)

Sazada Siddiqui*

Department of Biology, College of Science, King Khalid University, Abha, Saudi Arabia

Cypermethrin, a synthetic pyrethroid, is a widely employed pesticide in large-
scale commercial agriculture and domestic settings to control pests and boost
crop yields. Despite its effectiveness in controlling pests, concerns persist about
the potential ecological and human health impacts associated with its use.
In the present study, the impact of cypermethrin on different parameters,
including growth indices, pollen morphology and pollen fertility, chlorophyll and
carotenoid content, hydrogen peroxide (H,O») scavenging, lipid peroxidation
(MDA concentration), superoxide dismutase (SOD), and catalase (CAT) activities,
was investigated in Cicer arietinum L. The results showed that plants exhibited
decreasing trends in plant height, number of branches, pods, and seeds per plant
as cypermethrin concentrations increased. These changes resulted in significant
reductions in the overall yield of the plants. The percentage of wrinkled pollen
significantly increased with higher concentrations of cypermethrin and longer
exposure durations. Exposure to cypermethrin showed significant variations in
pollen fertility of C. arietinum at different concentrations and time intervals in
comparison to control, which had a baseline pollen fertility of 79.12% + 4.59.
Chlorophyll and carotenoid content of C. arietinum were considerably affected
by cypermethrin, indicative of potential disturbances in essential photosynthetic
processes crucial for plant health. Further, with increasing concentrations of
cypermethrin ranging from 100 mg/L to 500 mg/L, noticeable effects were
observed on H,O»,_ scavenging, MDA concentration, SOD and CAT activities
of C. arietinum in dose-dependent manner. Further, it was found that the
duration of exposure and concentration of cypermethrin played a crucial role
in exacerbating these detrimental effects. The findings of the present study
raise concerns regarding the harmful effects of agricultural pesticides like
cypermethrin and highlight the need for more research on the nutritional value
of products derived from plants and seeds exposed to these agents.
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1 Introduction

The world is grappling with the dual challenge of a rapidly growing population
and diminishing food resources, prompting global concerns (Ridwan et al., 2022;
Rajak et al, 2023). The intensified development of the global economy has resulted
in a surge in pesticide production and usage. In agriculture, pesticides are common
chemical substances that are used to eradicate weeds, insects, and other pests
(Sharma et al., 2020; Kenko et al, 2023; Gautam et al, 2023). They are an
essential component of modern agricultural practices and play a crucial role in
safeguarding crops and enhancing yields, as approximately 45% of annual food
production is lost due to pest invasions (Borowik et al., 2023a,b; Skubala et al., 2024).
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However, the widespread use of pesticides poses significant
threats to ecosystems, human health, and other biotic elements
of the environment (Khan et al, 2023; Liess and Groning,
2024). Cypermethrin is a widely employed pesticide in large-
scale commercial agriculture and domestic settings to control
pests and boost crop yields (Nath et al., 2024). Classified as an
extremely effective synthetic type II pyrethroid, cypermethrin is
recognized as a valuable pesticide in agricultural, horticultural, and
aquatic systems, having comparatively less noxiousness to non-
target animals (Liu et al., 2009; Baruah et al., 2024). Cypermethrin
has very low vapor pressure and solubility in water, but it is
highly soluble in a wide range of organic solvents. It primarily
targets sodium channels and adenosine triphosphatase in pests
(Cavusoglu, 2011). Despite its effectiveness, concerns persist about
the potential ecological and human health impacts associated with
the use of cypermethrin and similar pesticides (Cavusoglu, 2011).
Methods for the determination of residues of cypermethrin in foods
and in the environment are well established. In most substrates,
the practical limit of determination of is 0.01 mg/kg (World Health
Organization, 1989).

Several crop plants, like Crepis capillaries, Vicia faba, Hordeum
vulgare, Pisum sativum, Allium cepa, and Cicer arietinum, have
been identified as bioindicators for evaluating the biological effects
of chemicals from diverse sources (Sheikh et al., 2020; Hoseiny-
Rad and Aivazi, 2020). Chickpea (Cicer arietinum L.) stands
out as the second most cultivated legume globally, following
soybeans (Pang et al., 2017). Although estimates vary, Nedumaran
et al. (2015) reported cultivation at 11 million hectares with
a production of 8 million tons, positioning chickpea as the
third most crucial food legume ever grown. Beyond its role
as a significant food source for both humans and animals,
chickpea contributes substantially to soil fertility conservation,
especially in dry, rain-fed regions, through symbiotic nitrogen
fixation (Sharma, 2012; Angaji et al., 2013). However, chickpea
faces challenges due to its limited competitiveness with weeds,
attributed to its sluggish growth and constrained development of
leaf area in the initial phases of growth (Hoseiny-Rad and Aivazi,
2020).

Previous research has explored the effects of various pesticides
on plants, such as the accumulation of atrazine in rice plants,
leading to toxic reactions through the over-formation of
reactive oxygen species (ROS) and activation of plant safety
mechanisms (Zhang et al, 2014). Yin et al. (2008) found that
isoproturon delayed wheat plant growth and impacted various
physiological processes, inducing oxidative stress. In our current
investigation, we examined the impact of cypermethrin on
different parameters in chickpea plants. This involved analyzing
growth patterns, pollen fertility, and pollen morphology, as
well as investigating potential alterations in the antioxidant
structure and photosynthetic procedure in cypermethrin-
induced stress. We specifically assessed hydrogen peroxide
(H20,) -scavenging, malondialdehyde (MDA) levels, catalase
(CAT), and superoxide dismutase (SOD) activity, in addition to
chlorophyll and carotenoid levels. Our primary objective was to
develop a comprehensive understanding of how cypermethrin
influences critical aspects of Cicer arietinum development
and biochemistry.
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2 Methodology

2.1 Procurement of chemical and seeds

Cypermethrin (CAS No. 52315-07-8) was purchased from
Sigma Chemicals Ltd., USA. Cicer arietinum seeds were obtained
from a certified dealer in Abha, Aseer Region, KSA.

2.2 Agroclimatic conditions of the
experimental site

The studies were carried out in the Department of Botany,
Science College, Alfarra Campus, King Khalid University,
Abha, Saudi Arabia. Abha is 2,270 meters above sea level
and situated in the southern region of Saudi Arabia, near
Aseer. Abhas high elevation gives it a semi-arid climate.
Abha, Asir, Saudi Arabia is located at latitude 18.216797 and
longitude 42.503765.

2.3 Plant materials and treatments

Fresh and vigorous seeds were surface sterilized using a 5%
NaOCl solution for 10min. Post-sterilization, the seeds were
carefully rinsed multiple times with distilled water. Subsequently,
the seeds were divided into distinct groups, each comprising
100 seeds. The experimental treatments involved subjecting the
seeds to five different concentrations (100 mg/L, 200 mg/L,
300 mg/L, 400 mg/L and 500 mg/L) of a 250 ml cypermethrin
solution, with exposure durations of 1 and 3h. For control
group (0) 100 seeds were treated with distilled water. Following
treatment, the seeds were permitted to germinate on petri plates
containing damp cotton, maintained at a controlled temperature
in the dark for 24h. The germination status of the seeds
was then assessed, and the resulting sprouts were utilized
for subsequent growth and yield investigations. Additionally,
another set of seeds for each concentration was planted in
earthen pots to facilitate biochemical studies. These seeds were
grown in greenhouse conditions. The temperature and humidity
in a greenhouse were 64 to 75°F and approximately 80%,
respectively. In parallel, plants in the control group, devoid of
any exposure, were cultivated to serve as a basis for comparative
analysis. The entire experiment was replicated three times under
consistent conditions to ensure the reliability and repeatability of
the results.

2.4 Growth studies

Growth parameters were examined on 14-day-old seedlings.
The studied growth parameters include Plant height, number of
branches, number and length of pods, number of seeds per pod,
along with their weights and total yield.
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2.5 Pollen studies

An examination of 100 pollens from each treatment was
conducted to assess fertility, pollen morphology, and shape. The
pollens were categorized based on their shape and dimensions
in equatorial and polar views, following the classification method
proposed by Erdtman (1966). For determining pollen viability, a
total of 100 pollen grains from each group were observed under a
light microscope. The viability level was assessed by a solution of 2,
3, 5-triphenyl tetrazolium chloride (TTC) (Norton, 1966).

To conduct this viability test, a drop of TTC solution was kept
on a slide, and pollens were spread using a brush, followed by the
placement of a cover slip. After the application of TTC, counting
was done, and the pollens were categorized into three sets based on
staining density. Pollen exhibiting a dark red stain were considered
viable; those with a light red stain were categorized as semi-viable;
and unstained pollens were classified as non-viable, following the
criteria established by Eti (1991) and Stosser (1984).

2.6 Photosynthetic pigment measurement

The chlorophyll estimation was carried out using the Acetone
method, following Arnon (1949). Chlorophyll extraction was
performed in 80% acetone, and absorbance was measured at
wavelengths of 663 nm and 645nm. Chlorophyll and carotenoid
content were calculated by Khan et al. (2019).

2.7 Hydrogen peroxide (H2O;) scavenging
effects

The assessment of hydrogen peroxide scavenging activity was
conducted following the technique stated by Ruch et al. (1989),
employing spectrophotometry at 230 nm. Leaf extracts in methanol
were prepared at 100 wg/mL concentration and then mixed with a
H,0; solution (0.6 mL; 40 mM) in phosphate buffer (PB) having a
pH of 7.4. The volume of the final solution was adjusted to 3 mL,
and the mixture was kept in incubation for 10 min. PB solution
with no H,O, was kept as a reference. At 230 nm, absorbance was
measured for all compounds. The degree of H,O, scavenging by
plant extracts was subsequently calculated by Khan et al. (2019).

2.8 Lipid peroxidation

Rao and Sresty (2000) were followed for the estimation of
lipid peroxidation. 0.2 g of frozen leaf sections were homogenized
in 2mL of 0.1% trichloroacetic acid (TCA) and subjected to
centrifugation at 10,000 rpm for 10 min to precipitate the remains.
Supernatant aliquots were then added to 4mL of 20% TCA with
0.5% thiobarbituric acid and 100 pL of butylated hydroxyl toluene
in 4% ethanol. The mixture was incubated for 1h at 90°C, later
cooled in an ice bath and subsequently centrifuged at 10,000
rpm for 5min. The supernatant and the unspecific turbidity of
the sample were measured at 532nm and 600 nm, respectively.
This turbidity value was subtracted from the absorbance at

Frontiers in Sustainable Food Systems

10.3389/fsufs.2024.1446308

532nm. A solution of 0.25% TBA in 10% TCA served as a blank
reference. The content of TBA reactive substances was depicted
as nmol/g fresh weight by means of an extinction coefficient of
155 mM~! em™~1.

2.9 Superoxide dismutase (SOD) and
catalase (CAT) activity

Total CAT activity was examined by quantifying the intake of
H, 0, at 240 nm, following the technique described by Gallego et al.
(1996). The enzymatic actions of both SOD and CAT were stated as
units per milligram of protein (U mg~! protein). The measurement
of SOD activity was conducted following Khan et al. (2019) with
slight modifications.

2.10 Statistical analysis

One way ANOVA using SPSS software (version 16.0, SPSS
Inc., Chicago, IL, USA) was applied to find the significance of
differences in variables. The changes were considered statistically
significant at p < 0.05. All the outcomes are expressed as mean +
standard error.

3 Results

3.1 Effects of cypermethrin on growth and
development of C. arietinum

Table 1, Figure 1 show the impact of diverse cypermethrin
concentrations from 100 mg/L to 500 mg/L on several growth
parameters of C. arietinum. In both 1 and 3h exposures to
increasing concentrations of cypermethrin, noticeable adverse
effects were observed on various growth parameters of C.
arietinum. Relative to the control group, the plants exhibited
decreasing trends in plant height (21.04% in 1h; 25.32% in 3h),
branches (31.48% in 1 h; 37.23% in 3 h), pods (13.87% in 1 h; 17.33%
in 3h), and seeds per plant (40.45% in 1h; 44.87% in 3h), as
cypermethrin concentrations increased. These changes resulted in
significant reductions in the overall yield of the plants (14.95% in
1h; 40.53% in 3 h). Furthermore, negative consequences extended
to individual seed quality, as evidenced by a decrease in pod length
(72.54% in 1h; 64.07% in 3 h) and the weight of seeds (14.61% in
1h; 10.24% in 3 h).

3.2 Effects of cypermethrin on pollen
morphology of C. arietinum

Cypermethrin has a notable detrimental effect on the pollen
morphology of C. arietinum, as evidenced by increased wrinkled
pollen, a higher proportion of pollen without visible pores, and an
elevated occurrence of abnormal pollen shapes. Table 2, Figure 2
illustrate the impact of various concentrations of cypermethrin
(100 mg/L to 500 mg/L) and different exposure durations (1 h and
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TABLE 1 Impact on the growth and yield of C. arietinum treated with cypermethrin for 1 and 3 h.

10.3389/fsufs.2024.1446308

Concentration [\[oe}§ No. of Length No. of Total no. 100 seeds Totalyield
(mg/L) branches podsper perpod seedsper ofseeds weight(g) per plant
per plant plant (cm) pod per plant (gm)

1h

0 55367 +2.72 | 4.86+049 | 49534265 | 3.06+0.16 4124046 | 97.05+4.08 | 5.13+0.40 4.48 4+ 0.65
100 mg/L 59.53 4+ 4.74 | 394+0.68° | 4846+282 | 21240.13" 3674054 | 81.75+441° | 424+056° | 3914089
200 mg/L 4884 +431° | 3.82+067° | 4743+388 | 0964034 3.664+0.68 | 72.64+3.65° | 4284059 | 331+0.68
300 mg/L 46.574+0.32° | 376 £0.83° | 4543+326° | 0924035° | 3324069 | 68.73+4.16° | 420+0.61° 3.48 +0.61
400 mg/L 44.46 +5.88° | 3.62+091° | 43534289 | 0.77+£0.27° 343+049 | 60.88+586° | 4.62+0.46 3714055
500 mg/L 4371 4+4.66° | 3334071 | 42.6643.38° | 0.84+0.28" 3434068 | 5779 £4.19° | 4.38 4 0.64° 3.81 +0.60
3h

0 45264272 | 3764039 | 39.63+235 | 206+0.16 3004046 | 87.06+3.08 | 4.10+0.30 3.38 4 0.55
100 mg/L 39.53£4.74° | 2934057 | 383643.58 | 1.00+0.13" 2664054 | 71.85+542° | 3.94+0.46 2.8140.79
200 mg/L 38.934+4.31° | 2834067 | 37334377 | 0.86+0.34° 2464058 | 62.74+564° | 3884049 | 2.5140.68°
300 mg/L 36.46 +£4.32° | 2.864+0.73° | 35634446 | 0.82+035" | 033+£059C | 5883+4.15°  3.80+0.51 2.28 £0.71°
400 mg/L 34.46 £5.88° | 2.5040.80° | 35.63+3.89° | 0.67+027° | 0264039 | 50.98+4.81° | 3.7240.56 2.11 £ 0.65°
500 mg/L 33.80 £ 4.66° | 2.36+0.68° | 3276 £2.38° | 074+£028° | 0204058 | 47.99+5.09° | 3.68 % 0.60 2.01 = 0.50°

p < 0.05; p < 0.01 compared to control group. Data are mean of three replicates & SE, 0 = Control group.

FIGURE 1
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0.05%

Effect on morphology of C. arietinum. treated with cypermethrin for 1 and 3 h.

3h) on the pollen morphology of C. arietinum. In comparison to
control, the percentage of wrinkled pollen significantly increased
with higher concentrations of cypermethrin (with 3.71 £ 1.47 in
control group to 40.35 + 4.58; p < 0.01 at 500 mg/L for 1h)
and longer exposure durations (with 2.77 & 1.27 in control to
31.75 & 5.37; p < 0.01 at 500 mg/L for 3h). This is evident in all
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treated groups, indicating a dose-dependent and time-dependent
effect on pollen morphology. Treatment with cypermethrin led to
a significant rise in the percentage of pollen without visible pores.
This effect was more pronounced with increased concentrations
and exposure durations (with 2.54 £+ 1.45 at control to 26.55
+ 3.39; at 500 mg/L for 1h and, with 2.78 £ 0.91 at control
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to 51.37 £ 4.53; at 500 mg/L for 3h) highlighting the adverse
impact of cypermethrin on the structural integrity of pollen
grains. Similarly, the percentage of pollen with abnormal shapes
displayed a significant rise in relation to cypermethrin treatment
in Table 2.

TABLE 2 Impact on the pollen morphology of C. arietinum treated with
cypermethrin for 1 and 3 h.

Concentration Wrinkled Pollen Pollen
(mg/L) pollen (%) without with
visible abnormal
pore (%) shape (%)
1h
0 371+ 147 254+ 145 123 4+0.04
100 mg/L 14.75 £ 3.52° 17.55 £ 2.15° 8.77 £2.17°
200 mg/L 20.65 + 4.23° 25.75 +3.22° 14.22 + 3.52°
300 mg/L 27.15 4 2.78° 32.88 + 4.55" 17.32 £2.13°
400 mg/L 35.25+3.11° 40.77 £3.22° 2045 + 3.45°
500 mg/L 4035 + 4.58° 45.23 £ 4.58° 26.55 + 3.39°
3h
0 277 £127 2.78 £ 0.91 2.34 4 0.09
100 mg/L 10.77 £ 3.17° 20.75 £ 3.74° 10.45 £ 2.75°
200 mg/L 15.15 £ 3.75° 27.68 + 4.25" 19.75 £ 4.23°
300 mg/L 23.45 4 4.65° 34.99 +3.75" 25.85 + 3.75"
400 mg/L 2745 +4.23° 45.95 + 435" 31.78 4+ 4.23°
500 mg/L 31.75 £ 5.37° 51.37 + 4.53" 35.88 + 3.15°

p < 0.05; °p < 0.01 compared to control group. Data are mean of three replicates =SE, 0 =
Control group.

10.3389/fsufs.2024.1446308

3.3 Effects of cypermethrin on pollen
fertility of C. arietinum

Exposure to cypermethrin showed significant variations in
pollen fertility of C. arietinum at different concentrations and
time intervals in comparison to the control, which had a
baseline pollen fertility of 79.12% =+ 4.59. After a 1h exposure,
lower concentrations of cypermethrin slightly increased the
pollen fertility of C. arietinum compared to the control, with
concentrations of 100 mg/L and 200 mg/L resulting in increased
pollen fertility to 84.54% =+ 6.23 and 80.14% =+ 5.73, respectively.
However, higher concentrations exhibited a significant decline in
the fertility of pollens, with 500 mg/L showing the maximum
reduction in the fertility of pollens with a pollen fertility of 65.57%
+4.32 (p < 0.01). In the 3 h exposure, a similar but non-significant
pattern was observed. It was observed that the two-time intervals
(I'h and 3 h) revealed distinct effects of cypermethrin on the pollen
fertility of C. arietinum. For instance, after 1h of exposure, a
concentration of 300 mg/L demonstrated a significant reduction
in pollen fertility to 73.12% == 4.42, whereas at 3h of exposure
with the same concentration, a pollen fertility rate of 70.78% =+
6.12 was observed, and similar trends were observed for other
concentrations as well (Figures 3, 4). The decrease in the percentage
of fertile pollen with increasing dosage is likely attributable to the
toxic effects of cypermethrin on pollen.

3.4 Effects of cypermethrin on leaf
pigments of C. arietinum

Chlorophyll (Figure 5A) and carotenoid content (Figure 58) of
C. arietinum were considerably affected by cypermethrin, indicative
of potential disturbances in essential photosynthetic processes

FIGURE 2

Impact on pollen morphology of C. arietinum treated with cypermethrin for 1 and or 3h in PMCs. (A) Wrinkled pollen grain; (B, C) Pollen without
visible pore; (D) Pollen with abnormal shape. Scale bars = 10 uM; bars = 10 uM.
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FIGURE 3
Effect of cypermethrin on pollen fertility C. arietinum for 1 and
3h.Sp < 0.05; °p < 0.01 compared to control group. Data are mean
of three replicates £SE, 0 = Control group.

crucial for plant health. Upon exposure to cypermethrin for 1h,
a visible dose-dependent response was observed with a 12.5%
decrease at 500 mg/L in comparison to the control. Overall, a
statistically significant reduction in chlorophyll content was noted
as the concentration of cypermethrin increased in Figure 5A.
Concentrations equal to or exceeding 200 mg/L exhibited a
noteworthy decline in chlorophyll content compared to the
control group. Similarly, after a 3h exposure, a dose-dependent
decrease in chlorophyll content was evident, with all concentrations
ranging from 100 mg/L to 500 mg/L displaying statistically
significant reductions compared to the control, with an 18.75%
reduction at 500 mg/L in Figure 5A. These findings emphasize
the concentration-dependent and exposure duration-dependent
impact of cypermethrin on the chlorophyll content of C. arietinum.

Cypermethrin exposure also adversely affected the carotenoid
content of C. arietinum indicating potential disruptions in essential
pigment concentrations crucial for plant health. Following a
1h exposure, a concentration dependent decrease in carotenoid
content was observed, with a 58.9% decrease at 500 mg/L
Similarly, after a 3h exposure, a concentration-dependent decline
in carotenoid content was evident across all concentrations
compared to the control group, with a 54.1% decrease at 500 mg/L.
The consistent and statistically significant differences highlight
the concentration-dependent and exposure duration-dependent
effects of cypermethrin on the carotenoid content of the plant in
Figure 5B.

3.5 Effects of cypermethrin on HO,_
scavenging, MDA, SOD, and CAT activities
C. arietinum

Figures 6A-D show the effect of different cypermethrin
concentrations from 100 mg/L to 500 mg/L on various
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biochemical parameters such as H,O, scavenging (Figure 6A),
lipid peroxidation concentration (MDA; Figure 6B), superoxide
dismutase (SOD) activity (Figure 6C) and catalase (CAT) activity
(Figure 6D) on C. arietinum for 1 and 3h. In both 1 and 3h
exposures to increasing concentrations of cypermethrin ranging
from 100 mg/L to 500 mg/L, noticeable enhanced effects were
observed on various parameters such as hydrogen peroxide
scavenging, MDA, SOD and CAT activity of C. arietinum in a
dose-dependent manner, which is very significantly increased (p <
0.01) when compared to control.

4 Discussion

This implies that cypermethrin not only impacts the overall
productivity of the plants but also affects the characteristics
of the produced seeds. Interestingly, the duration of exposure
played a crucial role in exacerbating these detrimental effects. The
3h exposure to cypermethrin demonstrated a more pronounced
negative influence on all measured growth parameters compared
to the 1h exposure. This suggests that prolonged exposure to
cypermethrin intensifies its impact on the growth and reproductive
aspects of chickpea plants. The findings align with results obtained
by Obidola et al. (2019) in cowpea, indicating a common sensitivity
of leguminous crops to cypermethrin. Ramzan et al. (2022)
have also found that cypermethrin has the most toxic effects
on growth parameters like root length, stem length, and dry
weight in Helianthus annus and Brassica juncea. A very strong
negative correlation was found between the concentration of
cypermethrin and plant height in 1h treatment (—0.88) and 3h
treatment (—0.95). Increased exposures to pesticides reduce the
photosynthetic capacity of the plants by inhibiting PSII, which in
turn reduces the overall growth of the plant (Ramzan et al., 2022;
Borowik et al., 2023a; Khurshid et al., 2024).

Higher concentrations and longer durations were associated
with a greater incidence of abnormal pollen shapes, suggesting a
disruptive influence on the typical morphology of C. arietinum
pollen. It has been found that pesticides have direct negative effects
on the morphology and anatomy of pollens (Wronska-Pilarel
et al, 2023). It is well known that the generative reproduction
organs of plants are more susceptible to stress than the vegetative
portions. Because of this, pollen is frequently used to evaluate the
harmful effects of xenobiotics (Zanelli et al., 2023).

This toxic impact becomes more pronounced at higher
dosages, and the observed reduction in fertile pollens compared
to the control may have negative implications for the long-term
productivity and quality of chickpeas (Cali, 2009). Similar negative
effects on pollen viability were reported in eggplants exposed to
a combination of two organophosphate insecticides and a dinitro
herbicide. Furthermore, the fungicide propiconazole was found
to adversely affect pollen germination and pollen tube growth
in Tradescantia virginiana. Regardless of the type or dosage of
herbicide used, pesticide treatment reduces the viability of pollen
grains in both laboratory testing and field observations (Wronska-
Pilarelk et al, 2023), and thus the significance of adequate
pollination and fertilization in economically important crops is
emphasized in various studies.
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FIGURE 4

PMCs of C. arietinum; bars =10 pM.

Impact on pollen fertility of C. arietinum treated with cypermethrin for 1 and 3 h in PMCs. (A) Fertile pollen grain in PMCs; (B) Sterile pollen grain in
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FIGURE 5
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Effect of Cypermethrin on chlorophyll (A) and carotenoids (B) on C. arietinum for 1 and 3h. p < 0.05; °p < 0.01 compared to control group. Data
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In pigment investigations, when the concentration of
cypermethrin increased, the chlorophyll content in C. ariteinum
leaves reduced considerably. Reduced pigment content can be
attributed to various factors, and several studies have revealed a
decrease in chlorophyll content in responses to increased stress
(Chen et al., 2024; Skubatla et al., 2024; Somtrakoon et al., 2024).

The carotenoid contents in this study reduced when
treated with cypermethrin, although at a slower rate than
the contents of chlorophyll. Cypermethrin not only caused
pigment degradation but also lowered the biosynthesis
mechanism, as seen by the decrease in carotenoid concentration.
It is well-established that carotenoids play a vital role
in protecting cells against photooxidation by assisting in
the dissipation of excessive excitation energy (Vukovic
et al, 2021; Gautam et al, 2023). Cypermethrin not only
induces the dilapidation of pigments but hampers their
biosynthesis process by inhibiting membrane bound enzymes
(Stelzer 1988; 1990;

and Gordon, Michelangeli et al,

Frontiers in Sustainable Food Systems

Cavusoglu, 2011; Somtrakoon et al., 2024; Ariola and Ramize,
2024).

In our study, we observed a gradual increase in both
SOD and CAT activities
concentration of cypermethrin increased in comparison to

in treated populations as the

the control group. The significant rise in SOD and CAT
activity at maximum concentration suggests an augmented
generation of ROS. This increase leads to the transformation
of superoxide anion free radicals into H,O,, as indicated
by the elevated hydrogen peroxide scavenging observed in
our results. According to Ayhan et al. (2024), the presence
of hazardous chemicals serious

causes oxidative damage

to various cell structures and biomolecules. Antioxidant
enzymes like CAT and SOD can cause oxidative damage
and SOD is an essential part of antioxidative mechanisms in
cell metabolism.

oxidative stress-induced harm to

To evaluate lipid

membranes, we monitored the change in malondialdehyde
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FIGURE 6

Effect of cypermethrin on Hydrogen peroxide scavenging (A), lipid peroxidation (B), SOD (C) and CAT (D) activities, on C. arietinum for 1 and 3h. “p <
0.05; ’p < 0.01 compared to control group. Data are mean of three replicates + SE, 0 = Control group.

I 3 Hours

CAT Activity (Unitimg, Protein)

100 200 300 420
Concentration of Cypermethrin (mg/L)

(MDA) concentration. Higher levels of MDA indicate increased
cellular harm and the presence of oxidative stress (Khan
et al, 2019). Our findings revealed a concentration-dependent
response to cypermethrin, with elevated MDA levels observed.
Interestingly, we observed a trend where longer exposure
durations tended to lower SOD and CAT activities (Figures 6C,
D). This was evident in the comparison between the 1 and
3h treatments, suggesting a potential adaptation or regulation
mechanism in response to prolonged cypermethrin exposure.
Several studies have consistently demonstrated that plants have
developed intricate antioxidant defense mechanisms relying
on enzymes like SOD and CAT to neutralize free radicals and
peroxides (Sharma et al., 2024). The enzyme SOD serves as
the primary defense against reactive oxygen species (ROS)
generated during oxidative stress (Khan et al, 2019). The
augmentation of stress tolerance in plants under various stressful
conditions is closely linked to an elevation in the activity
of antioxidant enzymes (Aioub et al, 2021; Khurshid et al,
2024).
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5 Conclusion

The present study aimed to develop a comprehensive
understanding of how cypermethrin influences critical aspects of
development and biochemistry in C. arietinum. The results of this
investigation showed that cypermethrin can alter and negatively
affect the morphology, biochemistry, and physiological aspects
of C. arietinum. The duration of exposure and concentration
of cypermethrin played a crucial role in exacerbating these
detrimental effects. Our concerns regarding the harmful effects of
agricultural pesticides like cypermethrin should be raised by these
results, which also highlight the need for more research on the
nutritional value of products derived from plants and seeds exposed
to these agents. In order to achieve high crop yields, traditional
intensive cropping systems heavily utilize chemical fertilizers,
plant growth regulators, and pesticides. However, increased use
of chemical pesticides on agricultural crops has raised a number
of economic, ecological and health concerns. Governments in
developed nations are establishing goals to limit the use of
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pesticides as awareness of this issue grows, but the adoption and
scope of organic farming are growing more slowly, despite the
efforts of various organizations to support it. This low adoption rate
can be explained by a variety of factors, including the information
given to farmers and their perceptions of the production risk
associated with the new technology. So, more robust efforts are
needed in this direction.
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