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This study explores the impact of  seed nano-priming with green-synthesized copper oxide 
nanoparticles (CuO NPs) using Mimosa pigra leaf  extract on the germination and seedling 
growth of  tomato (Solanum lycopersicum). CuO NPs were synthesized through a plant-me-
diated green synthesis approach, where phytochemicals in M. pigra extract reduced Cu²⁺ ions 
and stabilized the nanoparticles. The resulting nanoparticles were characterized using UV-vis 
spectroscopy and SEM, revealing a surface plasmon resonance (SPR) peak at 224 nm and a 
nanoscale morphology with an average size of  108 nm. XRD analysis confirmed a crystalline 
monoclinic structure, with an average crystallite size of  30.68 nm. FTIR spectra showed char-
acteristic Cu-O bond vibrations and plant-related functional groups, confirming successful 
nanoparticle synthesis. Seed germination experiments evaluated the effects of  CuO NPs across 
a concentration gradient (0–1000 ppm). Results demonstrated a biphasic effect on germina-
tion and seedling growth. Low concentrations (5–100 ppm) enhanced germination percent-
ages and growth metrics, while higher concentrations (≥500 ppm) inhibited these parameters. 
The 50 ppm treatment exhibited the highest germination rate, whereas 1000 ppm significantly 
suppressed seed germination and seedling growth. Statistical analysis indicated significant dif-
ferences in root and shoot lengths across treatments, with oxidative stress and genotoxicity 
attributed to higher CuO NP concentrations as key inhibitory factors. These findings highlight 
the dual role of  CuO NPs, emphasizing the potential of  green-synthesized nanoparticles as 
bio-enhancers at optimal concentrations, while cautioning against their phytotoxic effects at 
elevated levels. This research underscores the need for further studies to optimize nanoparticle 
applications in agriculture and mitigate environmental risks.
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INTRODUCTION 
Nanoparticles are very small particles with dimensions 
ranging between 1 and 100 nanometers in size and 
have a higher surface area-to-volume ratio. Therefore, 
nanoparticles exhibit properties different from those of  
their bulk form. Synthesis of  nanoparticles is categorized 
into three main protocols: physical, chemical, and 
biological. This classification is based on the reducing 
agent or electrical source involved in the synthesis 
process (Shende et al., 2015). In the physical method, 
the source of  electrons is a physical source such as an 
electrical current. In the chemical method, the electron 
source is a chemical solvent, and in the biological method, 
the electron source is an organism or a biomolecule 
(Khaldari et al., 2021). Growing interest in biological 
methods utilizes natural resources such as bacteria, fungi, 
algae, and plant extracts as reducing and capping agents 
to synthesize nanoparticles (Sabouri et al., 2020). Studies 
have been conducted and have successfully identified the 
properties of  nanoparticles as antioxidant, anticoagulant, 
antibacterial, and antimicrobial agents (Zahra Sabouri 
et al., 2022). The application of  nanoparticles in 
agriculture is a trending and promising development for 
a better future.  In agriculture, nanoparticles can act as 
fertilizers, fungicides, bactericides, and insecticides (Feigl, 

2023). Once nanoparticles uptake into plants, they get 
translocated and affect the growth and development by 
both promoting or retarding the physiological princesses 
(Li et al., 2015, Murali et al., 2022). Plants can take up 
nanoparticles from the entire plant surface such as roots, 
shoots, etc. (Wang et al., 2023). They further described 
that nanoparticles move from roots through primary root 
pores, penetrate the root cell wall, and are taken up from 
leaves through the periderm pores and stomata. After 
being absorbed, these nanoparticles are conveyed through 
the plant via both symplastic and apoplastic routes, 
facilitating their movement within the organism (Feigl, 
2023). Plants showed varied responses to nanoparticles 
based on their specific species, owing to differences in 
their physiological characteristics and the growth medium 
(Dev et al., 2017).
The research involved the green synthesis of  CuO 
NPs by utilizing M. pigra plant extract. The synthesized 
nanoparticles underwent a thorough characterization. 
Subsequently, the study explored the potential influence 
of  these CuO NPs on both seed germination and 
seedling growth of  tomato. Different concentrations 
of  the nanoparticle suspension were employed to assess 
their effects, aiming to identify any consequential impacts 
during the process.
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LITERATURE REVIEW
Copper is an abundant metal in the Earth’s crust, with 
an availability of  60 mg/kg of  Cu in the lithosphere, and 
soils typically contain 2-50 mg/kg (Alloway, 2014). CuO 
NPs have various impacts on plants, both positive and 
negative, on growth and development. Studies conducted 
on CuO NPs have revealed that the effects include higher 
growth and production, greater stress tolerance, better 
defence mechanisms against pathogens, and improved 
nutrient uptake and utilization (Faraz et al., 2023). Still, 
a higher concentration of  Cu causes oxidative stress, 
negative effects on the uptake of  other elements, reduced 
photosynthetic pigment levels, and impairment of  
cellular components in plants (Shabbir et al., 2020). In a 
study conducted by Zhang et al. (2019), it was concluded 
that plants exposed to higher concentrations of  Cu 
exhibit various toxic symptoms, including root and shoot 
growth retardation, and in some cases, the death of  the 
plant (Zhang et al., 2019). The mechanism behind growth 
retardation involves the generation of  higher levels of  
Reactive Oxygen Species (ROS), leading to oxidative 
stress, subsequent cytotoxicity, and damage to DNA (Naz 
et al., 2020). CuO NPs toxicity could also be caused by 
the Fenton reaction, where Cu ions convert hydrogen 
peroxide into hydroxyl radicals, resulting in damage to 
nearby macromolecules (Chung et al., 2019). Alternatively, 
a lack of  copper can lead to diverse abnormalities in 
plants, including the distortion of  young leaves, necrosis, 
bending of  stems, compromised vegetative growth, and 
diminished quality of  grains (Siddiqi & Husen, 2020).
Seed priming is a simple and effective hydration strategy 
to promote seed germination. During this process, seeds 
undergo physiological changes that result in improved and 
increased pre-germinative metabolic processes (Dawood, 
2018). Seed nano-priming involves the use of  suspensions 
or Nano formulations in which specific nanoparticles can 
be taken up by the seeds (Acharya et al., 2019). Once the 
seeds are introduced to the nanoparticle suspension, the 
nanoparticles are taken up from the solution by the seeds, 
and the majority of  the taken-up nanoparticles reside in 
the seed coat (Gabriel et al., 2020). The high concentration 
of  nanoparticles in the seed coat could act as a barrier 
to pathogens, functioning as fungicides or bactericides 
(Gross et al., 2020). Hence, nanoparticles in the seeds can 
act on pathogens directly or by altering the metabolism of  
seeds or seedlings to enhance the innate immune system. 
They can also alter hormone production, thereby making 
the plants more resistant to diseases or abiotic stresses 
(Panyuta et al., 2016).
The Mimosa genus belongs to the Fabaceae family, 
specifically the subfamily Mimosoideae, encompassing 
approximately 400 varieties of  shrubs and herbs 
(Ahuchaogu et al., 2017). A study conducted on screening 
the phytochemicals in M. pigra using methanol and 
water revealed the presence of  flavonoids, quinones, 
saponins, sterols, and tannins in the leaves and (Rosado-
Vallado et al., 2000) tannins, phlorotannins, flavonoids, 
triterpenes and saponins in roots (Olusayo et al., 2016). 

Phytochemicals serve as both reducing and capping 
agents in the green synthesis of  nanoparticles. These 
compounds play a crucial part in stabilizing the 
nanoparticles, preventing agglomeration, and controlling 
both size and morphology in the synthesis of  metal oxide 
nanoparticles (Hosseinzadeh et al., 2023). 

MATERIALS AND METHODS
Materials
Mimosa pigra fresh plant leaves were collected from 
Uhana, Ampara, Sri Lanka. Extra pure AR cupric sulfate 
(CuSO4·5H2O, minimum purity 99.5 %) was purchased 
from Sisco Research Laboratories Pvt. Ltd. Sodium 
hydroxide pellets (NaOH, minimum purity 98 %) was 
purchased from Loba Chemie Pvt. Ltd. Tomato seeds 
(Solanum lycopersicum) of  the “Thilina” variety were 
acquired from a certified seed producer with registration 
number SA/CMB/00023, minimum germination rate 
of  75 % and an expiration date of  17 November 2024. 
Freshly prepared double-distilled water (DDW) was used 
for the experiment. 

Preparation of  the Mimosa Pigra Extract 
The leaves of  Mimosa pigra were washed in running 
tap water for five minutes and soaked in DDW thrice. 
Subsequently, the leaves were dehydrated at 42 °C for 24 
hours. The leaf  debris was separated, and the remaining 
pinnules were isolated. The collected pinnules were 
ground followed by sieving to eliminate larger particles. 
Six grams of  dry powder were added to 100 ml of  DDW 
and heated at 60 °C for one hour while continuously 
stirred by a magnetic stirrer. The leaf  debris was separated 
from the extraction by filtering thrice using Whatman 
No. 1 filter paper. The filtrate was subsequently used for 
synthesis of  nanoparticles.

Synthesis of  CuO NPs
A 0.01 M CuSO4 solution was prepared and stirred for 30 
minutes at room temperature. The freshly prepared plant 
extract filtrate was mixed with the precursor salt in a 1:9 
ratio, respectively. While the mixture was under constant 
stirring, the pH was raised to 10 by incrementally adding 
1 M sodium hydroxide. The reaction mixture was stirred 
for two hours,then left undisturbed for 24 hours to 
facilitate the synthesis of  CuO NPs. After the incubation 
time, the colloidal solution was centrifuged at 6000 rpm 
for 10 minutes to obtain a pellet, which was then purified 
by washing with DDW thrice. The final sediment was hot 
air-dried for 12 hours at 80 °C, and the dried CuO NPs 
were crushed by a mortar and pestle, and the fine powder 
was stored for future use.

CuO NPs Characterization 
The prepared CuO NPs were synthesized by 
bioreduction of  copper ions using a plant extract, which 
was confirmed by visually observing the color change. 
UV-visible spectroscopy analysis was performed on the 
nanoparticle suspension made with DDW to confirm the 
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successful synthesis of  CuO NPs in the resolution of  1 
within the range of  190 nm to 450 nm using a quartz 
cuvette. To determine the morphology of  the synthesized 
nanoparticles, a Scanning Electron Microscope (SEM) 
analysis was conducted. The SEM pictures were 
analyzed, and particle size was measured using Image J 
software (Schneider et al., 2012). X-ray diffraction (XRD) 
techniques were used to classify the green synthesised CuO 
NPs nanoparticles and the presence of  phase and crystal 
structure in CuO NPs was determined. The IR spectra 
spectrum given in cm-1 were recorded on ATR method by 
Fourier Transform Infrared Spectroscopy (FTIR). 

Seed Preparation 
The tomato seeds underwent a cleaning process, starting 
with a 5-minute washing under running tap water, 
followed by immersing in a 5 % (v/v) detergent solution 
for an additional 5 minutes. Subsequently, the seeds 
were disinfected using 70 % (v/v) ethanol solution for 
1 minute. Additional disinfection was carried out by 
immersing the seeds in 1.5 % (v/v) NaOCl solution for 
10 minutes. Finally, the seeds were rinsed three times 
using DDW, each time seeds were kept submerged for 5 
minutes, to remove any remaining disinfectant. 

Germination Experimental Design 
Different concentrations (5, 10, 50, 100, 500, and 1000 
ppm) of   CuO NPs solutions were prepared using DDW, 
subjected to sonication for one hour at a temperature of  
40 °C. Tomato seeds were then immersed for 4 hours 
in the respective concentration solutions of  CuO NPs. 
Sterilized tissue paper was positioned in each petri 
dish, and subsequently, 2 ml of  CuO NPs suspension 
was promptly poured after thorough agitation of  each 
treatment concentration. Ten pre-soaked seeds were 
placed in each petri dish, covered, sealed with parafilm, 
and allowed to germinate in vitro in an incubator at room 
temperature (25 °C) for seven days. On the 3rd day, 1 ml 
of  DDW was added to each petri dish. The experimental 
design was a completely randomized design (CRD) 
with five replicates, and observations were conducted 

daily for seven consecutive days to count the number 
of  germinated seeds. On the 8th day, root length, shoot 
length, and fresh weight were measured.

Germination Parameters
The final germination percentage (FGP) is considered as 
the average number of  seeds that germinate during the 
set time period and is calculated according to the equation 
mentioned below (01).
FGP %= (number of  germinated seeds/number of  
incubated seeds)× 100			             (01)
On the 8th day, the seedlings were collected, and their 
biometric data, comprising shoot length (mm), root 
length (mm), and fresh weight of  seedlings (mg), were 
measured and then averaged. The Vigor Index was 
determined using the provided equation (02)  from 
Krushangi Maisuria and Patel (2009).
Vigor Index = {Root length (mm) + Shoot length (mm)} 
x Seed germination %			             (02)

Data Analysis
The data were analyzed to determine the significance 
of  each treatment compared to the control group (5, 
10, 50, 100, 500, and 1000 ppm). Statistical analysis 
was performed on all experiment parameters using a 
completely randomized design and the one-way ANOVA 
test conducted by R statistical software. A p-value less than 
0.0001 was considered statistically significant compared 
to the control group. Subsequently, Duncan’s Multiple 
Range Test (DMRT) and Dunnett’s test were employed 
to assess the least significant difference between pairs 
of  means. The graphs were generated using R statistical 
software.

RESULTS AND DISCUSSION
Mechanism of  CuO NPs Synthesis
The formation of  metallic nanoparticles through plant 
extract-mediated green synthesis follows a bottom-up 
approach and can be categorized into three phases: The 
activation phase, the Growth phase, and the Termination 
phase (Redhi, 2018).

Figure 1: (A) plant extract, (B) precursor salt, (C) mixture of  plant extract and precursor salt, (D) mixture of  plant extract 
and precursor salt after adjusting pH to 10, (E) extracted nanoparticles before drying, (F) nanoparticle after drying.

In the activation phase, metal salt solution undergoes 
reduction into metal ions via phytochemical constituents, 
followed by nucleation of  metal atoms leading to the 

formation of  particles with an increased size range 
compared to the atomic level. The synthesis concludes 
with the termination phase, where the capping of  active 
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molecules onto the surface of  the metals provides steric 
hindrance, limiting particle aggregation and ensuring a 
stable morphology and size in the nano-range, ultimately 
leading to the formation of  stable metal nanoparticles 
(Singh et al. 2021). Bioactive molecules such as flavonoids, 
alkaloids, saponins, steroids, terpenoids, and tannins 
play a crucial role in reducing metal ions to metals and 
stabilizing them in the colloidal size range (Kuppusamy 
et al., 2016). Mimosa leaf  extract, rich in diverse 
phytochemicals, effectively reduces Cu2+ ions (formed 
upon dissolving CuSO4 in water) and acts as a capping 
agent for the nanoparticles. The Cu2+ ions undergo 
reduction to copper atoms, initiating the growth phase 
where atoms aggregate and form nanoparticles (Alhalili, 
2022). Upon the drop-by-drop addition of  1 M sodium 
hydroxide to the mixture, the solution undergoes a 
spontaneous color change from green to dark green to 
brown as illustrated in Figure 01, indicating the formation 
of  CuO-NPs (Amin et al., 2021).
The synthesis of  nanoparticle morphology is influenced 
by various parameters, including plant material, extraction 
method, phytochemical content, pH of  the mixture, 
reaction temperature, reactant concentration, reaction 
time, and product recovery (Singh et al., 2021). The type 
of  plant material (root, leaves, fruit) and various factors 
such as climate, age of  the plant, and geographical location 
significantly impact the composition of  phytochemicals 
in the plant (Banu, 2015). Different extraction methods 

and various solvents can result in extracting distinct 
phytochemicals from the plant material (Altemimi et al., 
2017). Changes in pH impact the alteration of  charges in 
plant metabolites, thereby influencing the reduction and 
chelation of  metal ions during the process (Vijayaraghavan 
& Ashokkumar, 2017).
Temperature plays a significant role in determining 
nanoparticle size, shape, and yield. Typically, elevated 
temperatures are observed to enhance the nucleation 
rate, consequently promoting the production of  
crystalline nanoparticles (Lade & Shanware, 2020). The 
concentration of  the precursor salt and the phytochemical 
concentration of  the plant extract has a significant 
impact on the formation of  nanoparticles. As the 
concentration increases, the synthesis of  nanoparticles 
also increases (Seifipour et al., 2020). The reaction time 
of  the mixture affects the synthesis of  nanoparticles, as 
various plant phytochemicals influence the activation, 
growth, and termination phases differently for each 
type of  nanoparticle. The final production of  stabilized 
nanoparticles varies in time depending on the plant 
extract used, the method employed, and the concentration 
applied (Ahmad et al., 2016). The final product recovery 
yields crystals for nanoparticle synthesis, but processes 
such as calcination or drying may induce changes in 
particle size due to agglomeration. 

Characterization of  CuO NPs.

Figure 2: UV-vis spectroscopy analysis of  CuO NPs

Figure 3:  SEM images of  CuO NPs at a scale of  200 nm
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Surface plasmon resonance (SPR) within the range of  
190nm to 450 nm was observed, with peak absorbance at 
224 nm, confirming the green synthesis of  nanoparticles 
as illustrated in Figure 02. Similar results were obtained 
through the green synthesis of  CuO NPs using Pimpinella 
anisum seed extract, with peak UV-vis absorbance 
observed in the range of  250 nm to 300 nm (Elamin & 
Taha, 2023). Rangasamy et al., in 2023, studied the green 
synthesis of  CuO NPs using Tecoma stans, having a 
similar absorption peak at 296 nm. Further, studies done 
by Amaliyah et al., in 2020 by green synthesising CuO NPs 
from Piper retrofractum as a bio reductant and capping 
agent, revealed that the UV Vis spectrophotometer 
readings of  SPR peak at 234 - 255 nm. These results are 
in par with the results we received from the present study. 
The SEM images presented in Figure 03 revealed the 
diverse shapes and sizes of  CuO NPs. These nanoparticles 

exhibit a range of  shapes and sizes within the nanoscale 
dimension, with an average diameter of  approximately 
108 nm. Additionally, they demonstrate a tendency 
to aggregate and exist in from oval to circular shapes. 
CuO NPs were synthesized through green synthesis 
methods using orange peel extract or mint leaves extract, 
with copper sulfate serving as the precursor salt, and 
the synthesis process did not involve calcination but 
instead entailed oven drying at 45 °C for 24 hours. The 
resulting CuO NPs were found to be in the nanometer 
range, approximately 150 nm in size (Mahmoud et al., 
2021). Copper oxide nanoparticles were synthesized via 
green synthesis using Antigonon leptopus leaf  extract 
and copper sulfate, followed by air drying in an oven 
at 80 °C without undergoing calcination. The resulting 
nanoparticles exhibited a size range between 110 to 280 
nm (Sravanthi et al., 2016).

Figure 4: XRD pattern for  CuO NPs

Figure 5: FTIR spectra of  CuO NPs
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The X-ray diffraction pattern of  green-synthesized 
CuO NPs is illustrated in Figure 04. This pattern was 
investigated at 40 kV and 30 mA using a K-beta filter 
(CuKα radiation, λ = 0.15406 nm). XRD data revealed the 
crystalline structure of  the synthesized CuO NPs, with 
peak positions at 32.59°, 35.6°, 36.49°, 38.73°, 46.25°, 
48.83°, 53.49°, 58.36°, 61.61°, 65.80°, 66.33°, 68.16°, and 
72.48°, indexed as (110), (002), (002), (111), (202), (202), 
(020), (202), (113), (311), (311), (220), and (220) planes, 
respectively. These results match the standard CuO 
diffraction data from the Joint Committee on Powder 
Diffraction Standards (JCPDS 45-0937), indicating the 
crystalline monoclinic structure. The average crystalline 
size of  the synthesized NPs was calculated as 30.68 nm using 
the Debye-Scherrer formula (Ganesh Kumar et al., 2016).
D = Kλ/βcosθ				                  (3)
Where D denotes the crystallite size of  copper oxide 
nanoparticles, λ is the wavelength of  the X-ray source 
(0.15406 nm) used in XRD, β is the full width at half  
maximum (FWHM) of  the diffraction peak, K  is the 
Scherrer constant, which ranges from 0.9 to 1, and θ is the 

Bragg angle. The difference between the SEM value and 
the crystallite size calculated from the XRD data could 
be due to the aggregation of  nanoparticles and surface 
amorphous materials on the NPs.
The synthesized CuO NPs were characterized using FTIR 
spectroscopy, and the results are illustrated in Figure 05. 
The spectrum shows strong absorption bands at 595.45, 
584.08, 576.09, and 560.42 cm⁻¹, which can be attributed 
to Cu-O bond vibrations, confirming the synthesis of  
CuO nanoparticles (Alhalili, 2022). The presence of  O-H 
stretching frequencies is indicated at 3851.29 and 3646.98 
cm⁻¹, while the C≡C (alkyne) stretching or C≡N (nitrile) 
groups are observed at 2165.48 cm⁻¹. The frequency 
peak at 1505.59 cmcm⁻¹ (C=C stretching vibrations) 
could be attributed to aromatic compounds, possibly 
from plant phenols, and the frequency peak at 1093.12 
cmcm⁻¹ (C-O stretching) could be due to the presence of  
alcohols, ethers, or esters from the plant extract. Similar 
results have also been reported in previous work where 
CuO nanoparticles were synthesized using different leaf  
extracts (Černík & Thekkae Padil, 2013; Shkir, 2022).

Figure 6: The cumulative daily germination percentage of  tomato seeds

Figure 7: Effect of  different concentrations of  CuO NPs on the final germination percentage of  tomato seeds after 
7 days of  incubation. Bars illustrate ± standard error. T1 (0 ppm), T2 (5 ppm), T3 (10 ppm), T4 (50 ppm), T5 (100 
ppm), T6 (500 ppm), T7 (1000 ppm)
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Effect of  CuO NPs on Germination
Seeds treated with different concentrations of  CuO NPs 
were allowed to germinate, and the daily cumulative 
germination percentage was calculated and illustrated 
in Figure 04. The germination of  tomato seeds 
commenced on day 2, with the highest percentage of  
germinated seeds observed in treatment added with 50 
ppm treatment, while the lowest germination percentage 
was observed in the 1000 ppm treatment. On day 5, the 
highest germination percentage was observed in the 100 
ppm treatment, while the lowest was observed in the 
1000 ppm treatment. Additionally, all other treatments 
exhibited higher germination percentages compared to 
the control treatment (0 ppm).
From Figure 06, it is evident that the germination 
percentage of  the 1000 ppm treatment consistently 
remained lower than that of  the other treatments. 
Treatments with concentrations of  5 ppm, 10 ppm, 
50 ppm, and 100 ppm exhibited a similar trend in 
germination. In 500-ppm concentrated treatment, the 
germination percentage increased until the 5th day, 
after which there was little to no further increase in 
germination percentage. As depicted in Figure 07, the 
final germination percentage was highest in the 5 ppm 
treatment (78 ± 4.47 %) and the 100 ppm treatment (78 
± 14.83 %). Conversely, the minimum final germination 
was observed in the treatment with 1000 ppm treatment 
(52 ± 22.80 %), while the control treatment resulted 
with the germination percentage of  62 ± 13.03 %. The 
statistical analysis using one-way ANOVA indicated that 
there is no significant difference among the treatments, 
with a p-value less than 0.0001 (F value = 1.10, P > F = 
0.10).
The study conducted on germination of  Hordeum 
vulgare L. var. Ardhaoui seeds treated with copper oxide 
nanoparticles revealed consistent results. The highest final 
and cumulative germination percentage was observed at a 

concentration of  100 mg/L, while the lowest was recorded 
at a concentration of  2000 mg/L (Kadri et al., 2022). 
The researchers concluded that low concentrations of  
CuO NPs led to enhanced seed germination parameters. 
However, the present study revealed the inhibitory 
effects of  concentrations exceeding 500 ppm on  seed 
germination. 
As per the investigations of  Khodakovskaya et al. (2012) 
Copper nanoparticles have been observed to come into 
contact with seed coats, penetrate the seeds, and enhance 
seed germination and seedling growth in plants. The 
elevated rates of  seed germination could be attributed to 
the photo-generation of  ROS such as hydroxide anions 
and superoxide, which facilitate the re-activation of  aged 
seeds (Zheng et al., 2005). Increased concentrations of  
CuO nanoparticles can induce oxidative stress and harm 
plant cells, ultimately leading to diminished growth and 
yield (Feigl, 2023). Genotoxicity could be a cause of  low 
germination of  seeds at higher concentrations of  CuO NPs. 
Nanoparticle-induced genotoxicity can be categorized 
into two mechanisms: direct or indirect genotoxicity. 
Direct genotoxicity occurs when nanoparticles pass 
through the cell and nucleus membranes via diffusion or 
endocytosis and directly interact with the DNA. Indirect 
genotoxicity, nanoparticles interact with nuclear proteins 
or induce oxidative stress via ROS, thereby impairing 
DNA function (Karami et al., 2016). The salinity of  
the environment surrounding the seed affects seed 
germination through osmotic stress (Munns, 2002), which 
Inhibiting water absorption during the imbibition process 
by elevating the external osmotic potential and thereby 
lowering germination rate and longer germination time 
(Munns & Tester, 2008). Concentrations exceeding 100 
ppm may contribute to poor or reduced germination 
percentages due to osmotic stress induced by CuO NPs.

Effect of  CuO NPs on Seedling Growth

Figure 8: Effect on different concentrations of  CuO NPs on fresh weight (mg). Results illustrated the means of  
population and the bar illustrates ± standard error.T1 (0 ppm), T2 (5 ppm), T3 (10 ppm), T4 (50 ppm), T5 (100 ppm), 
T6 (500 ppm), T7 (1000 ppm). 
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Figure 9:  Effect on different concentrations of  CuO NPs on root length (mm). Results illustrated the means of  
population and the bar illustrates ± standard error. Different letters above the bars indicate significant differences at 
p < 0.0001 per DMRT analysis. T1 (0 ppm), T2 (5 ppm), T3 (10 ppm), T4 (50 ppm), T5 (100 ppm), T6 (500 ppm), 
T7 (1000 ppm)

In the analysis of  fresh weight of  seedlings using one-
way ANOVA, no significance difference was observed 
among the treatments, with a p-value of  less than 0.0001 
(F value = 3.289, P > F = 0.004). As illustrated in Figure 
08, the highest mean fresh weight was obtained from the 
5-ppm treatment, measured at 24.22 ± 9.86 mg, while the 
lowest was recorded in the 1000 ppm treatment, with the 
recorded value of  16.86 ± 5.56 mg. The control treatment 
(0 ppm) resulted with  a fresh weight of  22.48 ± 10.05 
mg. The treatments of  10 ppm, 50 ppm, 100 ppm, and 
500 ppm had mean fresh weights of  21.27 ± 7.57, 23.41 
± 8.10, 20.03 ± 5.99, and 18.69 ± 5.81 mg, respectively. 
Effect of  ethylene on copper oxide nanoparticle-induced 
toxicity in rice seedlings treated with concentrations of  0, 
100, 250, 450, and 600 mg/L, were studied by Azhar et al. 
(2022), resulted with  a significant reduction in the fresh 
weight of  both shoot and root weight with increasing 
concentration. The lowest fresh weight at 600 mg/L, 
while the maximum fresh weight in the treatment with 
0 ppm. In another study on the effects of  copper oxide 
nanoparticles on the growth of  rice, where rice seeds 
were treated with concentrations of  62.5, 125, and 250 
mg/L CuO NPs, it was found that these concentrations 
led to reductions in the weight of  rice roots and leaves 
compared to the control. Specifically, the weight of  
rice roots decreased by 31.1 %, 67.2 %, and 73.5 %, 
respectively, while the weight of  rice leaves decreased 
by 38.4 %, 62.7 %, and 72.8 %, respectively, compared 
to the control treatment (Yang et al., 2020). They further 
described that the decrease in fresh weight was attributed 
to the phototoxicity of  CuO NPs on rice seedlings. Similar 
phototoxic effects have been observed in several studies 
involving different plant species such as Schoenoplectus 
tabernaemontani (Zhang et al., 2014), wheat (Dimkpa et 
al., 2012), and rice (Shaw and Hossain, 2013). Further, a 
study conducted to investigate the effects of  CuO NPs 
on Triticum aestivum L. at a concentration of  150 mg/L 
increase the ROS, Reactive Nitrogen Species (RNS), and 

Hydrogen Sulfide (H2S) content, which contributed to the 
inhibition of  growth (Kacziba et al., 2023). Once copper 
enters the plant, toxicity can occur through the generation 
of  excess ROS, leading to oxidative stress and subsequent 
cytotoxicity. Additionally, there is the potential for CuO 
NPs to cause genetic damage (Naz et al., 2020). If  CuO 
nanoparticles release Cu ions, these ions can bind to 
protein thiol groups, inducing conformational changes in 
the proteins (Feigl, 2023). Another mechanism of  toxicity 
is through the Fenton reaction, where Cu ions catalyze the 
conversion of  hydrogen peroxide into hydroxyl radicals, 
resulting in damage to nearby macromolecules (Chung 
et al., 2019). Moreover, the effect of  CuO NPs on the 
fresh weight of  tomatoes exhibited a biphasic pattern: at 
low concentrations, there was an increase in fresh weight, 
whereas in high concentrations, fresh weight decreases 
when compared to the control treatment. Further studies 
are required to understand the underlying causes of  this 
biphasic effect.
Root length was analyzed using one-way ANOVA, and 
a significant difference was observed with a confidence 
interval of  0.0001 (F=16.06). The Dunnett test revealed 
that the treatments added with 10, 50, 100, 500, and 1000 
ppm exhibited significant differences when compared 
to the control treatment (0 ppm). DMRT separated the 
means of  each treatment, as mentioned in Figure 09 . The 
maximum mean root length was observed in the control 
group (0 ppm), with a mean root length of  25.08 ± 13.60 
mm, while the minimum was recorded in the treatment 
group of  1000 ppm, which was 4.83 ± 1.5434 mm. 
According to the DMRT analysis, both the treatment 
groups 0 and 5 ppm showed no significant difference 
in mean root length (5 ppm recorded as 20.74 ± 14.83 
mm). Treatment with 10 ppm had a significant mean 
root length difference compared to 0 ppm and 5 ppm, 
recorded as 13.22 ± 9.34 mm. The treatments of  50 ppm, 
100 ppm, and 500 ppm showed no significant difference 
with each other but had a significant difference compared 
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to other treatments, with mean root lengths of  12.19 
± 6.39, 8.90 ± 5.53, and 8.90 ± 3.73 mm, respectively. 
The treatment effect demonstrates a downward trend 
as the concentration of  CuO NPs increases, indicating 
a negative effect on the root length of  the tomato 
seedlings. Consistent results were observed in the research 
conducted by Khaldari, Naghavi, and Motamedi, (2021), 
on the treatment of  tomato seeds with green-synthesized 
nanoparticles in the range of  0, 4, 40, 400, and 4000 
μg/mL. Except for the 4 μg/ml treatment, all other 
treatments showed a retardation of  root growth. A similar 
pattern was recorded for lettuce in the same research, 
where concentrations over 4 μg/ml caused retardation of  
root growth. The impact of  nanoparticles on plants can 
exhibit a wide range of  outcomes, influenced by various 
nanoparticle characteristics including their type, size, 
concentration, as well as chemical and physical properties. 
Additionally, plant-specific factors play a significant role 
in determining the effects observed (Shalaby et al., 2016). 
In the study investigating the impact of  excessive copper 

on tomato plants, focusing on growth parameters, enzyme 
activities, chlorophyll, and Mineral Content, researchers 
confirmed a decline over time in dry mass, root length, and 
foliar area, correlating with increased concentrations of  
copper solution. Notably, copper accumulation was more 
pronounced in roots compared to leaves. Furthermore, 
the uptake of  minerals was notably influenced by rising 
copper concentrations in the solution, with calcium 
(Ca), iron (Fe), and zinc (Zn) contents in leaves showing 
a decrease (Martins & Mourato, 2006). The diminished 
root length observed in tomato seedlings may stem from 
DNA deformation induced by the elevated accumulation 
of  copper in the roots. As the concentration of  copper 
increases, so does its accumulation in the roots of  the 
seedlings, consequently leading to the inhibition of  root 
growth. The study on 10-day lettuce seedlings exposed 
to Cu in the form of  CuO NPs (16 nm diameter) 
revealed root inhibition as the concentration of  CuO 
NPs gradually increased from 0 ppm to 798.9 ppm. 
Contrary to expectations, the conclusion drawn from 

Figure 10:  Effect on different concentrations of  CuO NPs on shoot length (mm). Results illustrated the means of  
population and the bar illustrates ± standard error.Different letters above the bars indicate significant differences at 
p < 0.0001 per DMRT analysis. T1 (0 ppm), T2 (5 ppm), T3 (10 ppm), T4 (50 ppm), T5 (100 ppm), T6 (500 ppm), 
T7 (1000 ppm)

Figure 11:  Effect on different concentrations of  CuO NPs on seed vigor index. Results illustrated the means of  population 
and the bar illustrates ± standard error. Different letters above the bars indicate significant differences at p < 0.0001 per 
DMRT analysis. T1 (0 ppm), T2 (5 ppm), T3 (10 ppm), T4 (50 ppm), T5 (100 ppm), T6 (500 ppm), T7 (1000 ppm)
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their findings suggested that the effect on root length 
induced by CuO NPs may not solely be attributed to 
Cu²⁺ toxicity but could be specific to the crop species 
under investigation (Margenot et al., 2018). These studies 
collectively elucidate the ROS  effect induced by CuO NPs 
on tomato seedlings, resulting in the inhibition of  root 
length. The presence of  ROS, triggered by the exposure 
to CuO NPs, leads to a significant reduction in root 
length across various concentrations. This phenomenon 
underscores the detrimental impact of  CuO NPs on the 
root development of  tomato seedlings, highlighting the 
need for further research to understand the underlying 
mechanisms and potential mitigation strategies.
Shoot lengths of  different concentrations of  CuO NPs 
were recorded and analyzed using one-way ANOVA, 
revealing a significant difference at a confidence level of  
0.0001 (F = 7.91). According to DMRT, mean differences 
were grouped as depicted in Figure 10 . The maximum 
shoot lengths were observed in groups of  0, 10, 50, and 
100 ppm, with mean shoot lengths of  30.81 ± 13.42, 
30.24 ± 10.20, 34.09 ± 10.25, and 32.74 ± 7.56 mm, 
respectively. The lowest shoot lengths were obtained in 
the groups of  5 and 1000 ppm, recorded as 20.74 ± 14.83 
and 20.92 ± 8.92 mm, respectively. Additionally, the group 
treated with 500 ppm showed no significant difference 
from any other groups, with a mean shoot length of  
27.84 ± 8.00 mm. The results indicate that shoot length 
was notably inhibited at certain concentrations, namely 5 
ppm and 1000 ppm. This disparity may be attributed to 
outliers within the data from the 5-ppm group, potentially 
skewing the results. Additionally, it’s plausible that the 
increment of  CuO NPs could lead to an inhibitory effect 
on shoot growth beyond the concentration of  100 ppm, 
suggesting a potential threshold for CuO NPs beyond 
which their adverse impact on shoot development 
becomes more pronounced. Previous studies have 
yielded similar results regarding the inhibition of  shoot 
length at high concentrations of  CuO NPs. For instance, 
in a study on the foliar application of  copper oxide 
nanoparticles in Brassica juncea, concentrations ranging 
from 0 to 16 mg/L were investigated. It was observed 
that at 8 mg/L, the shoot length was induced and reached 
its maximum. However, at 16 mg/L, the shoot length 
decreased, indicating that concentrations higher than the 
optimum level could adversely affect shoot length (Faraz 
et al., 2022). Similar outcomes were observed in a study 
involving the treatment of  tomato seeds with green-
synthesized CuO NPs across a range of  concentrations 
from 0 to 4000 μg/ml specifically, the shoot length 
was induced at a concentration of  4 μg/mL. However, 
subsequent increases in CuO NPs concentration led to 
a decrease in shoot length, indicating an adverse effect 
on shoot growth with higher concentrations (Khaldari 
et al., 2021). These findings imply the biphasic effect 
of  nanoparticles, wherein low concentrations stimulate 
or enhance a biological process, but after reaching an 
optimum concentration, inhibition or toxicity affects the 
seedlings. Further studies are required to understand this 

non-linear relationship for each nanoparticle with each 
plant.
Figure 11 illustrates the seed vigor index of  tomato under 
different CuO NPs concentrations. Seed vigor assesses 
the potential for seed germination and subsequent 
growth. The index combines parameters of  germination 
rate and seedling growth to provide a comprehensive 
evaluation of  seed vigor. High seed vigor index values 
indicate seeds that are more likely to germinate quickly 
and produce vigorous, healthy seedlings. In the current 
study, the data were analyzed using one-way ANOVA 
and found to be significant within a confidence interval 
of  0.0001 (F = 7.553). In Dunnett’s test, the significant 
difference between 0 and 1000 ppm suggests the 
inhibitory effect of  CuO NPs on the seed vigor index 
for tomatoes. According to the DMRT test, the treatment 
group with the highest mean, 50 ppm, had a mean seed 
vigor index of  3373.56 ± 1303.54. Treatment groups of  
0, 5, 10, and 100 ppm showed no significance within the 
group but exhibited significant differences compared to 
50 ppm and 1000 ppm, with mean seed vigor indices 
of  3176.000 ± 1720.04, 3069.41 ± 2355.8508, 3192 ± 
1345.10, and 3182± 866.94, respectively. The treatment 
group of  500 ppm showed no significant difference 
compared to the 50 ppm group, with a mean seed vigor 
index of  2280± 719.46. The current research clearly 
found that the green-synthesized CuO NPs produced 
by M. pigra had an adverse inhibitory effect on tomato 
seedling seed vigor at the concentration of  1000 ppm 
while showing an inducing effect at the concentration of  
50 ppm. In a previous study, copper oxide nanoparticles 
derived from Zizyphus spina leaf  extract were investigated 
regarding their effects on tomato seeds. It was found 
that the maximum seed vigor index was observed at 
concentrations of  100 and 250 ppm (El-Abeid et al., 
2024). A study on CuO nanoparticles’ effects on wheat 
confirmed similar results, indicating that beyond the 1 
ppm to 10 ppm treatment range, a drastic decline in seed 
vigor index was observed (Ibrahim et al., 2022). In the 
study on the biosynthesis of  Zinc Oxide Nanoparticles 
via Leaf  Extracts of  Catharanthus roseus on Seedling Vigor 
of  Eleusine coracana, they were treated with different Zinc 
Oxide Nanoparticles concentrations ranging from 0, 100, 
500, to 1000 ppm. It was observed that the maximum 
seed vigor index was achieved at 100 and 500 ppm, while 
the lowest seed vigor index was recorded at 1000 ppm, 
indicating the inhibitory effect of  high concentrations 
of  nanoparticles (Mishra et al., 2023). In a previous study 
on ZnO-NPs conducted on Camelina seedlings, it was 
found that the highest seed vigor index was observed 
at 1 ppm, with a decline in seed vigor index beyond 
this concentration. The minimum seed vigor index 
was recorded at 1000 ppm (Sarkhosh et al., 2022). The 
results obtained aligning with previous studies suggest 
a significant inhibitory effect of  CuO nanoparticles 
synthesized via green synthesis using M. pigra on tomato 
seedlings, particularly at higher concentrations. 
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CONCLUSION
In conclusion, this study successfully synthesized copper 
oxide nanoparticles (CuO NPs) using Mimosa pigra leaf  
extract, with UV-visible spectroscopy, SEM, XRD, and 
FTIR analysis confirming their synthesis and providing 
detailed structural insights. The UV-visible spectrum 
showed a surface plasmon resonance (SPR) peak at 224 
nm, while SEM revealed a nanoscale morphology with 
an average size of  108 nm. XRD analysis confirmed a 
crystalline monoclinic structure with an average crystallite 
size of  30.68 nm, and FTIR spectra highlighted key 
functional groups, including Cu-O bond vibrations and 
plant-related compounds.Our investigations revealed 
a significant inhibitory effect on root growth and seed 
vigor at CuO NP concentrations greater than 50 ppm. 
We observed a biphasic effect of  these nanoparticles on 
various aspects of  tomato seedling growth and vigor, 
including germination rate, fresh weight of  seedlings, root 
length, shoot length, and seed vigor index. This biphasic 
response underscores the complex nature of  nanoparticle-
plant interactions, where low concentrations may stimulate 
growth, while higher concentrations result in inhibition 
or toxicity. This non-linear relationship highlights 
the need to optimize nanoparticle concentrations to 
achieve desired outcomes in agricultural applications. 
Additionally, our study contributes to the growing body 
of  research on nanoparticle exposure’s impact on plant 
health and emphasizes the need for further investigation 
into the underlying mechanisms. Based on our findings, 
we recommend further studies within the concentration 
range of  50 ppm to 100 ppm.
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