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ABSTRACT: The incessant use of nanoparticles (NPs) may pose serious threats on ecosystem and plants are at
maximum risk of their delivery into the environment. The goal of this research was to explore the influence of nano-
sized Co30, on seed germination, early growth and physio-biochemical parameters of 6-day-old seedling of canola.
Seeds were sprouted in Petri plates involving eight various dosages of nano-sized Co;0, (0-4 g L) for 6 days.
Germination and early growth parameters (fresh and dry weights of seedling and lengths of radicle and seedling)
stimulated at 0.05 and/or 0.1 g L™ of nano-sized Co40, but retarded after 0.1 g L™ NPs. However, the length of
plumule retarded after 0.25 g L™ NPs. The antioxidant capacity and H,0, content raised at higher dosages of nano-
sized C030,. The activity of antioxidant enzymes were enhanced by nano-sized Co;0, treatment but were repressed at
higher dosages. The activity of phenylalanine ammonialyase and phenol content incremented at 0.5 and 1 g L™ of
nano-sized Co3;0, but decremented at higher dosages. The content of malondialdehyde and lipoxygenase activity
heightened after 0.1 g L™ of nano-sized Co30,. Altogether, the results confirmed the inducive oxidative stress of nano-
sized Co30, that was accompanied by plant defense system including enzymes, phenolic compounds and compatible
osmolytes such as proline. However, high dosages of the NPs caused toxic impacts on physio-biochemical traits of

canola seedling as an oilseed crop.

INTRODUCTION

Nanotechnology is at the front line of science and
innovation, which has been progressing rapidly and has
meaningful utilizations in human life [1-5]. The expanding
utilization of NPs can prompt their delivery into the climate
and their impacts on biological system [6]. The infiltration
of NPs into the cell wall of plants may lead to destructive
influence and alternation in the genetic and morpho-

physiological properties of plants. The reaction of plants to

NPs according to the plant species type and their
development stages, and additionally the NPs nature is
dissimilar [8].

Cobalt (Co) is a magnetic element with similar properties to
nickel and iron [9]. Co can be a pollutant in soils because of
agricultural additives or metal refineries [10]. In plants, Co
role in several

has a crucial processes such as

photosynthesis, respiration, and cell growth [11]. Two salts
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of Co are utilized in industry on a large scale; water
insoluble Co oxides (CoO, Co0,0; Co030,) and water
soluble cobalt chloride (CoCl,.6H,0) [12]. Cobalt oxide is
different fields, for
electrochromic, electrical and other opto-electronic devices
and sensors [13, 14].

The growth and development of plants begin from seed

utilized in instance, catalysis,

germination followed by elongation of radicle and plumule
egress [15]. The NPs, depending on their doses, have
stimulative and deleterious impacts on seed germination,
root elongation and biomass in plants [16]. In radish,
cucumber and lettuce seeds, CuO- and NiO-NPs caused to
decline of sprouting in seeds through infiltrating to seed
surfaces and delivering free metal ions close to seeds [17].
Other research demonstrated the ameliorative impacts of
TiO,- and SiO,-NPs on sprouting in seeds and growth of
Glycine max seedlings [18]. Additionally, sprouting in
seeds and growth of root of Cucurbita pepo were influenced
by ZnO NPs [19].
Oxidative stress and reactive oxygen species (ROS)
production is the critical biomarker of NPs toxicity and is
measured by direct ROS quantification or antioxidant
systems [20, 21]. It was reported ceria-NPs treatments
increased H,0,, heat shock protein 70, catalase and
ascorbate peroxidase protecting the plants from the
oxidative status in corn [22].

Canola is a crucial source of vegetable oil in the world [23].
Due to need to understand of mechanisms of NPs on plant
metabolism, it is crucial more studying on interaction of
NPs with plants. To the best of author’s knowledge, few
researches have undertaken the impact of nano-sized cobalt
oxide on plants. So, the current research was undertaken in
order to explore the influence of nano-sized Coz;0,4 on seed
germination, and

early growth physio-biochemical

properties of B. napus seedling.
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MATERIALS AND METHODS
Nano-sized Co;0, analysis

Nano-sized Co3;0, was bought from the corporation of
Nanomaterials Pioneers (Mashhad, Iran). As indicated by
the information gave by the corporation, the NPs were
spherical, dark brown in color with surface area of 30-80 m?
g, 6.11 g cm®? true density and 99.5% purity. The TEM
and XRD images were shown in Supplementary Figures 1
and 2. The XRD image showed a pure cubic phase structure
and the TEM image showed the NPs size was less than 50
nm.

NPs were suspended in double-distilled water (ddH,0) to
acquire 0, 0.05, 0.1, 0.25, 0.5, 1, 2 and 4 g L™ dosages and
homogenized via sonication (Bandelin Sonorex, Faraz-Teb
Tajhiz, Iran) for a half-hour prior to utilization.

Seed germination

The seeds of canola cultivar Zarfam were bought from
Khorasan Razavi Agricultural and Natural Resources
Mashhad,

visually for uniform size and healthy aspect to minimize

Research Center, Iran. Seeds were selected
errors in sprouting of seed. The seeds were sterilized
utilizing NaOCI solution (10%) for 5 min and rinsed three
times with ddH,0. The 25 seeds were placed in a 9 cm Petri
plate with a one piece of sterilized filter paper (Whatman
No. 1) and afterward 7 mL of each dosage treatment
(distilled water (dH,0O) for control) was added. Finally, the
Petri plates were placed in a germinator (light intensity 18
umol photon m 2 s7%; 25°C, 16h light/8h dark). The number
of sprouted seeds was noted daily for 6 days (seeds were
regarded as sprouted that their rootlet showed at least 1
mm) and germination percentage (GP) and germination rate
(GR) were calculated [24, 25].

Also, growth parameters involving lengths of seedling
(plantlet), plumule (shootlet) and radicle (rootlet), FW and
DW of seedling were measured (Sartorius digital scale
TE214S) (Figure 1) and the remained seedlings were frozen

in liquid nitrogen for additional assays.
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Figure 1. Influence of dosages of nano-sizes Co3;0,4 on elongation of 6-day-old seedling of canola.

Physio-biochemical analysis in 6-day-old seedling

The content of malondialdehyde was measured by
absorbance at 532 nm [26]. The contents of other aldehydes
(propanal, butanal, hexanal, heptanal and propanol dimethyl
acetal) were calculated at 455 nm and the absorbance of
other non-specific pigments was read at 600 nm and was
deducted from this amount [27]. Lipoxygenase (EC
1.13.11.12) activity was measured with linoleic acid as a
substrate [28]. Antioxidant capacity of methanolic extract
was carried out using stable free radical 2,2-diphenyl-1-
picrylhydrazyl (DPPH) and the absorbance was recorded at
517 nm [29]. The content of H,O, as pM g FW was
calculated at 390 nm [30].

The enzymes activities of CAT [31], SOD [32], APX [33],
GPOX [34], PPO [35] and PAL [36] were estimated by a
spectrophotometric method at 240, 560, 290, 436, 430, and
290 nm, respectively. Moreover, total protein was assayed
at 595 nm [37]. The proline content was determined by
absorbance at 520 nm [38]. Additionally, total phenols
content was assayed using Folin-Ciocalteu reagent at 765
nm [39].

The cobalt content of seedling was measured using ICP-
OES (SPECTRO ARCOS, 76004555, Germany). Briefly,
dried samples (70°C for 48 h) were digested in 5 mL HNO;
for 24 h and heated at 90°C for one hour. After cooling, 1
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mL H,0, (30% v/v) was added and the samples were placed
on heat block (LMS-1002, LabTech, Korea) until drying the
mixture. Afterwards, the samples were removed from the
heat block cooled down and the volume made up to 25 mL
with dH,0 [40].

Statistical analysis

The experiment was conducted in a completely randomised
design. All of the experiments were performed at least four
independent repetitions. Statistical analyses were performed
using ANOVA by SPSS v. 22 software (Armonk, NY: IBM
Corp, 2013) and were expressed as the mean values + SD.
Duncan’s test was utilized to compare the means at 5%

probability level.
RESULTS
Seed germination and early growth parameters

In B. napus seeds, GP and GR were calculated at various
dosages of nano-sized Co;0, (Table 1). GP was increased at
0.05 and 0.1 g L™ of nano-sized Co;0, and decreased in
0.25-4 g L™ of NPs. GR remained steady up to 0.1 g L™
nano-sized Co;0, but declined due to higher dosages.
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Also, some early growth and biomass parameters e.g. length
of radicle, plumule and seedling, FW and DW of seedling
were measured in B. napus (Table 1). Length of radicle and
seedling of B. napus were increased at the low dosages
(0.05 and 0.1 g L% of nano-sized CosO, and were

decreased after 0.1 g L™'; however, length of plumule was
decreased after 0.25 g L™.

Seedling FW and DW increased at 0.05 and 0.1 g L of
nano-sized Cos0, but started to decline at 0.25 g L of
nano-sized Co;0, and maximum reduction occurred at 4 g

L* of treatment.

Table 1. Influence of various dosages of nano-sized CosO,4 on GP, GR, lengths of radicle, plumule, and seedling, and FW and DW of 6-day-old seedling of

B. napus. Data represent mean + SD (n=4). Dissimilar letters express meaningful differences (Duncan's test; P<0.05).

. Plumule Seedling . .
Co304NPs GP GR Radicle length enath enath Seedling FW Seedling DW
1 eng eng
(gL (%) (number/day) (cm) (@ @
(cm) (cm)

0 88.0+2.4° 15.8+0.7% 9.0+0.3° 5.6+0.2% 14.6+0.5° 0.085+0.004° 0.0051+0.0002°
0.05 97.7+2.2° 16.0+0.6% 9.9+0.4% 6.2+0.3% 16.1+0.6% 0.094+0.004° 0.0055+0.0002?
0.1 96.2+2.1° 15.9+0.8% 10.2+0.4% 5.8+0.3% 16.1+0.7% 0.090+0.004° 0.0052:0.0002%°
0.25 82.2+3.4° 14.7+0.6° 8.30.6° 5.2+0.4° 13.5+0.9° 0.078+0.003° 0.0046+0.0003°
05 76.2+4.6° 14.5+0.8" 6.3+0.4¢ 4.3+0.3¢ 10.6+0.8¢ 0.063+0.003" 0.0042+0.0002°

1 61.5+4.5° 13.440.9° 5.1+0.6° 4.0+0.2° 9.1+0.8° 0.058+0.003° 0.0033+0.0002°

2 50.0+2.2f 11.3+0.5 4.5+0.4° 2.7+0.2° 7.3+0.6" 0.036+0.003" 0.0032+0.0003°

4 45.045.1" 10.4+0.8 2.520.4" 2.0+0.19f 4.6+0.6° 0.033+0.003" 0.0024+0.0001"

Oxidative indexes, proline, DPPH, phenol and cobalt
contents in 6-day-old seedling

Effects of nano-sized Co;0,4 on lipid peroxidation, H,0,
and lipoxygenase activity contents are displayed in Table 2.
Results showed that by increasing the dosage of nano-sized
Co0304, MDA and other aldehydes enhanced and reached
the maximum at 2 and 4 g L™ H,0, content increased
meaningfully after 0.1 g L™ of cobalt oxide NPs applied and
reached a peak at 4 g L™ (~2.6 fold of control). Also, nano-
sized Co30, treatment improved LOX activity at 0.25-4 g
Lt and the maximum increase was at 4 g L™.

Compared to the control, the amount of proline was
incremented after 0.1 g L™ of nano-sized Co;0, and
received to maximum level at 2 g L' but decremented in 4
g L (Table 2).
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Also, DPPH in the control and treated seedlings were
shown in Table 2. Notable differences of antioxidant
capacity were detected in treated seedlingsat 0.5and 1 g L™
of nano-sized Co;0, compared to the control.

The amount of total phenols of seedling under different
dosages of nano-sized CozO4 displayed no remarkable
variation at 0.05, 0.1 and 0.25 g L. Its level enhanced at
0.5and 1 g L™ (Table 2).

The results of Co accumulation in B. napus seedlings with
nano-sized Coz0, treatment showed a clear dose-dependent
impact and maximum levels (~45 fold of the control) were
related to 2 and 4 g L™ (Table 2).



M. Jahani et al/ Journal of Chemical Health Risks 12(2) (2022) 237-246

Table 2. Oxidative indexes, proline, DPPH, phenol and cobalt contents of 6-day-old seedling of B. napus under various dosages of nano-sized Co;0,4. Data

represent mean + SD (n=4). Dissimilar letters express meaningful differences (Duncan's test;P<0.05).

MDA H,0, Proline DPPH Phenol Seedling cobalt
Co0304NPs content Other aldehydes content LOX content (%) content content
-1 1 1 1 activity 1 1 1
(L™ (Mg (MM g~ FW) (mM g . . (umol g (mgg (mg kg~ DW)
(Unit/mg protein)
FW) FW) FW) DW)

0 0.61+0.05¢ 1.14+0.06° 0.34+0.02° 0.019+0.002° 0.98+0.059  71.39+2.85°  1.53+0.08° 8.77+0.53"
0.05 0.62+0.04¢ 1.1240.09° 0.32+0.02° 0.018+0.002° 0.9740.07¢  73.64+2.17°  1.57+0.07° 42.79+3.05°
0.1 0.59+0.05¢ 1.0940.05° 0.35+0.02° 0.019+0.002° 0.98+0.06°  73.67+2.57°  1.60+0.06" 78.03+5.21¢
0.25 0.77+0.06° 1.17+0.06° 0.46+0.03° 0.024+0.002° 1.16+0.04°  72.62+#3.30°  1.56+0.07°  132.40+10.61°
0.5 0.80+0.02° 1.46+0.08° 0.54+0.04° 0.026+0.003° 1.18+0.05°  83.80+2.46°  1.86+0.10°  225.41+9.62°

1 1.02+0.07° 1.49+0.03° 0.70+0.05° 0.033+0.002" 1.33+0.08°  85.94#3.15°  1.98+0.12*  241.66+22.87°

2 1.19+0.09° 1.6740.07% 0.730.02° 0.036+0.004" 1.44+0.10°  67.68+1.69° 1.38+0.06°  378.61+19.38°

4 1.22+0.04% 1.69+0.1° 0.84+0.03% 0.044+0.003° 0.85+0.04°  64.98+1.36° 1.30+0.09°  391.77+25.93°

Antioxidant enzymes activities and protein content in 6-
day-old seedling

Alterations of enzymatic antioxidants activities (CAT,
GPOX, APX, SOD, PPO, and PAL) and protein amount in

maximum at 1 and 2 g L. Also, an enhancement in SOD

activity was found at same dosages (1 and 2 g L™).

B. napus seedlings treated with different dosages of nano- The activity of PPO exhibited meaningful increment at 1-2

sized Co;0, are shown in Table 3.

g L™ nano-sized Coz0, and the activity of PAL incremented
The activities of CAT and GPOX increased after 0.1 g L™

at higher dosages of nano-sized Co3;0, and maximum

application of nano-sized Co;O; and showed maximum activity was observed at 0.5 and 1 g L nano-sized Co,0,.

-1
value at0.25and 0.5 g L~ dosages. In comparison of control, amount of protein of seedling

By incrementing the dosage of nano-sized CosOs APX incremented notably at 0.25 and 0.5 g L™ of nano-sized

activity was meaningfully enhanced and reached the C0:0; but declined at higher dosages.

Table 3. Influence of various dosages of nano-sized Co3;O4 on enzymes activities and protein content of 6-day-old seedling of B. napus. Data represent

mean + SD (n=4). Dissimilar letters express meaningful differences (Duncan's test;P<0.05).

CAT activi GPOX activi APX activi PPO activi Protein
Co304 NPs ] 4 ] b ] Y SOD activity ] Y PAL activity
1 (Unit/mg (Unit/mg (Unit/mg . ) (Unit/mg . . content
(gL™) . ) . (Unit/mg protein) . (Unit/mg protein) 1
protein) protein) protein) protein) (mg g~ FW)

0 0.58+0.05° 1.02+0.06" 1.61+0.10° 1.23+0.05° 0.29+0.02° 0.57+0.03° 1.36+0.07°
0.05 0.60+0.04° 1.06+0.07° 1.66+0.09° 1.21+0.05° 0.27+0.02° 0.56+0.03" 1.34+0.09°
0.1 0.59+0.05" 1.04+0.05° 1.68+0.08° 1.25+0.06° 0.28+0.02° 0.58+0.03" 1.36+0.07°
0.25 0.74+0.03% 1.39+0.04° 1.64+0.11° 1.52+0.09° 0.260.02° 0.57+0.04° 1.53+0.09°
0.5 0.75+0.06% 1.43+0.08° 2.000.14° 1.53+0.07° 0.28+0.03° 0.79+0.05% 1.68+0.10°
1 0.48+0.03° 1.00+0.07" 2.32+0.08% 1.80+0.14° 0.35+0.01° 0.80+0.07% 1.29+0.06°
2 0.47+0.04° 0.87+0.05° 2.36+0.16% 1.87+0.06° 0.38+0.01% 0.48+0.04° 1.15+0.03¢
4 0.40+0.02¢ 0.79+0.03° 1.50+0.17° 1.18+0.10° 0.26+0.03° 0.41+0.05° 1.00+0.06°
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DISCUSSION

Aggregation of NPs in ecosystem may influence plants
process and function [41]. Sprouting of seed ensures plant
endurance and may alter species composition in the
ecosystem [42]. The influence of NPs on sprouting of seed
as a first step of plant growth and development is very
important that is related to the dosage of these compounds
[41].

Cobalt oxide NPs can cross plasmalemma and translocate in
different tissues after absorption into the plants [43]. In this
study, higher amounts of Co3;0, NPs than the control
confirmed aggregation of these NPs in canola seedlings.
This study showed that GP was enhanced at 0.05 and 0.1 g
L of nano-sized Co30,. It is possible that NPs infiltrate to
the seed coat and apply an advantageous impact on the
process of sprouting of seed [44]. In addition, all early
growth parameters (fresh and dry weight of seedling and
length of radicles, plumule and seedling) were stimulated
by 0.05 and/or 0.1 g L of nano-sized Coz0,, The positive
responses could due to the amplified uptake of the water
and cell division by treated seeds [45, 46]. By contrast, a
decrease in both early growth and germination parameters
was observed in seedling treated with high dosages of nano-
sized C030,. Similarly, the decline of root length in Allium
cepa [47] and Solanum melongena [48] exposed to nano-
sized cobalt oxide was reported. Interestingly, it was
reported that nano-sized Coz0, did not retard the sprouting
of cucumber seeds and even ameliorated rootlet length of
radish at high dosages [17]. Also, in Arabidopsis thaliana
seeds, treatment of Fe3O4 NPs did not cause any impact on
sprouting in a dosage range of 0.4-4 g L™ [16].

Oxidative stress and excessive formation of ROS (H,0,,
0O,", OOH’" and OH") is accepted as one of the leading
mechanisms of NPs toxicity [20]. Nano-cobalt can deliver
ions and due to fast generate of ROS at cell, higher than
those induced by cobalt ions [49]. Here, evaluation of
Cos0, NPs-treated seedlings exhibited a conspicuous
increment in H,O, content after 0.1 g L™. Similarly, nano-
alumina (50 g L™) and nano-sized CeO, (0.2-3.2 g L)
treatments increased H,O, content in leaves of wheat and
marigold, respectively [50, 51].
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Moreover, the activities of antioxidant enzymes altered
depend on NPs dosage. The CAT activity increased at 0.25
and 0.5 g L™ of nano-sized Co;0, that may be attributed to
the accumulation of the NPs in tissues and induction an
oxidative stress. Also, the activity of SOD was stimulated
meaningfully, up to 2 g L of NPs. This enzyme indicates
the conversion of O, to H,O, [52]. A similar pattern was
observed in the increase of APX activity that catalyzes
H,0, to H,O that may protect canola seedlings exposed to
nano-sized Co30,. The heightened SOD and CAT activity
in the pumpkin and ryegrass imposed by nano-sized iron
was demonstrated [53]. The activity of GPOX as a tensile
enzyme was increased after cobalt oxide NPs treatment and
such this alteration has been reported under cadmium
treatment [54]. Moreover, the activity of PPO was enhanced
after the usage of nano-sized Co;04 at 1 and 2 g L. PPO
enzyme converts phenols into quinines and has related with
ROS eliminate and detoxification of metal [55, 56].

The results showed similar trend and an increase of both
phenolic contents and capacity for scavenging DPPH free
radicals under cobalt oxide NPs. Phenolic compounds are a
main group of plant defense system against oxidative status
[57]. Therefore, the increase of phenol in canola seedlings
may be related to the NPs-induced plant defense. In
addition, the effect of cobalt oxide NPs on the activity of
PAL is explored to evaluate resistance behavior of the plant.
Conversion of L-phenylalanine to trans-cinnamic acid
catalyzes by PAL and this reaction is the first step to
produce phenylpropanoid [51]. However, as the dosage of
NPs increased after 1 g L™, the PAL activity and phenol
content tend to decline.

The final result of oxidative damage could be assessed by
peroxidation reactions products like MDA as an indicator of
lipoperoxidation [5, 20, and 58]. In the tested seedling,
Co030,4
incrementing the MDA and other aldehydes contents. The

nano-sized generate  lipoperoxidation by
reason for such a trend can be attributed to increment of
ROS production which induce membrane destabilization

resulting in the formation of peroxides. Similarly, the
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increase of MDA was observed in strawberry exposed to
100 pmol L™ nano selenium [59].

Increase of LOX that catalyzes peroxidation of unsaturated
fatty acids of biomembranes after 0.1 g L™ of nano-sized
Co3;0, could be due to the stimulation of the enzyme
activity and involving in lipoperoxidation.

Proline is an organic osmolite that plays a crucial role in
modulating stress in plants [60]. The proline accumulated
under nano-sized Co3;0, treatment which may be due to
increment of proline synthesis or decline of proline

degradation in response to high dosage of NPs.
CONCLUSIONS

Exposure to NPs can ameliorate sprouting of seed. There
was a meaningful decrement in canola seed germination and
early growth parameters imposed by nano-sized Co30,,
despite an increment at lower dosages. Moreover, these data
exhibited that nano-sized Coz;O, could incite oxidative
stress and notable cytotoxic impacts at high dosages in
canola seedlings, despite the activation of antioxidant
defense system. Consequently, this impact seems to be
cause to injury at the plasmalemma level. The study of
magnetic  contamination with  cobalt oxide NPs
administered to canola seedlings led to beneficial results for
environmental issues and identifying potential agricultural

applications in crop improvement.
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