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Abstract  Nanoparticles (NPs) have recently begun 
to be used extensively in many areas of our lives. It is 
stated that the resulting NPs pollution will affect even 
the most remote ecosystems on the Earth. Therefore, 
determining the effects of NPs on diverse ecosystems 
is a research topic of interest. From this perspective, 
current researches on NPs affecting forest ecosystems 
and forest trees are very scarce. The aim of this inves-
tigation was to reveal the inhibitory and toxic prop-
erties of CuO and ZnO-NPs on oriental beech seed 
germination parameters and identify the toxic thresh-
old values of CuO and ZnO-NPs. Therefore, the ori-
ental beech (Fagus orientalis L.) seeds obtained from 
ten populations (P1  to  P10) were treated with CuO 
and ZnO-NPs as single compounds at concentrations 
of 200, 400, 600, 800 and 1000 mg/L and germina-
tion rate (GR), germination percentage (GP), root 
collar diameter (RCD), plumula length (PL), radicle 

thickness (RT) and radicle diameter (RD) were deter-
mined for 35 days. The water containing CuO-ZnO 
NPs as a single compound at 1000 mg/L nega-
tively affected all growth in general. The significant 
decrease in our study occurred at P9. The CuO-ZnO 
NPs were reduced in GP, RCD, PL, RT, and RD as 
3.5–4.2%; 11.2–0.1%; 9.1–36.4%; 23.07–38.46%; and 
39.29–17.86%, while GR enhanced as 21.46–20.09%. 
It was found that water with a low concentration of 
NP (200 mg/L) is suitable for irrigation of seeds 
grown in soil media and does not have a significant 
toxic effect on the growth and uptake of metal ions. 
The findings and limitations of the present research 
allow us to assess the feasibility of reusing NP-con-
taminated water in agriculture. Nevertheless, further 
research is needed to understand the toxic effects of 
NP mixtures on growth and absorption mechanisms.

Keywords  Irrigation · Nanoparticle pollution · 
Wastewater use · Germination parameters · Seeds 
grown

1  Introduction

In the last century, dizzying speed developments 
have been experienced in the field of technology and 
industry, and these developments have caused perma-
nent and extreme changes around the world. Popula-
tion mobility to supply the workforce needed in fac-
tories has caused the population to gather in certain 

K. Isinkaralar · H. Şevik 
Department of Environmental Engineering, Faculty 
of Engineering and Architecture, Kastamonu University, 
37150 Kastamonu, Türkiye

O. Isinkaralar (*) 
Department of Landscape Architecture, Faculty 
of Engineering and Architecture, Kastamonu University, 
37150 Kastamonu, Türkiye
e-mail: obulan@kastamonu.edu.tr

H. B. Özel 
Faculty of Forestry, Department of Forestry, Bartın 
University, Bartın, Türkiye

http://orcid.org/0000-0001-9774-5137
http://crossmark.crossref.org/dialog/?doi=10.1007/s11270-024-07551-1&domain=pdf


	 Water Air Soil Pollut (2024) 235:738738  Page 2 of 19

Vol:. (1234567890)

regions, and urbanization has become a global prob-
lem in the long term (Sun et al., 2020). The current 
urbanization rate, around 9% in the early twentieth 
century, has exceeded 50% today and is estimated to 
reach 90% by 2030 (Li et al., 2021). Thus, urbaniza-
tion has become an irreversible problem on a global 
scale (Cai et al., 2021).

Fossil fuels primarily meet the energy needed 
in the industrial field, and global climate change, 
which is emphasised to occur mainly due to carbon 
emissions, has become another problem that is con-
sidered irreversible worldwide (Dong et  al., 2021; 
Fuller et al., 2022). It is worth noting that global cli-
mate change will directly or indirectly affect all liv-
ing things worldwide in the long term (Isinkaralar, 
2024). Along with industrial activities, mining activi-
ties have also accelerated, and the elements extracted 
from underground reserves and released into nature 
have caused pollution, one of the biggest problems 
worldwide (Zheng et al., 2023). In particular, air pol-
lution has reached such a level that today, it is stated 
that approximately 92% of the world’s population 
lives in areas with poor air quality, one in every eight 
deaths is related to air pollution, and air pollution 
causes premature births-death and serious illnesses 
for millions of people annually (Fisher et al., 2021). 
Air pollution is so threatening and harmful because of 
heavy metals, which are components of air pollution 
(Goossens et  al., 2021; Isinkaralar, 2022). Because 
heavy metals are pollutants that can be harmful and 
fatal even at low concentrations, they can remain 
intact for a long time, and their concentrations are 
constantly increasing due to human origin (Pacheco 
et al., 2023).

Recent developments in the technological field have 
brought the threat level of trace metal pollution to 
another dimension, and nanoparticles (NPs) pollution 
has come to the world agenda (Latif et al., 2020). NPs 
are used during the production of devices in all areas 
of life, especially chip and information technologies, 
which have domestic and industrial use (Medici et al., 
2021). CuO-NPs, one of the most widely used NPs, 
are widely used for nanomedical purposes due to their 
antimicrobial activities and their use as potential dis-
infectants against nosocomial infections (Intisar et al., 
2022; Nair et al., 2022). Apart from this, it is widely 
used in different fields, such as catalysts, gas sensors, 
detectors, semiconductors, plastics, metallic coatings, 
lubricants, inks, skin products, heat transfer nanofluids, 

and antimicrobial agents (Bhatt et al., 2022). However, 
although it is essential for human metabolism, as with 
all heavy metals, excessive Cu consumption is harm-
ful to health and can cause nausea, vomiting, diarrhea, 
liver and kidney damage, nose, mouth, and eye irrita-
tion, headache, dizziness, jaundice, hemolytic anemia, 
and It can eventually cause death (Francis et al., 2022; 
Rajput et  al., 2020). Therefore, Cu is on the priority 
pollutant list of ATSDR (2004) and USEPA (2016).

In summary, exposure to NPs has been caused 
by toxicity in the respiratory system, gastrointesti-
nal tract, and skin problems when certain levels are 
exceeded (Baskar et al., 2021). However, the increas-
ing production and widespread use of CuO-NPs may 
cause concerns for living things and ecosystems 
because they are highly toxic compared to other metal 
oxide NPs (Sajjad et al., 2023). Moreover, it is stated 
that nanoparticle pollution will damage all biologi-
cal life cycles, making them inoperable very slowly 
and will become an unsolvable problem. NPs pollu-
tion makes its effects felt in all living systems day by 
day, damages essential vitality functions in animal, 
plant, and human societies, causes serious losses, 
and destroys the ecological balance, causing irrevers-
ible systemic problems (Singh & Kumar, 2020). It is 
reported that previously uncommon life disruptions, 
diseases, natural degenerations, and sudden losses in 
natural resources have started to be observed due to 
NPs contamination reaching higher values, particu-
larly in less developed or developing nations. In the 
next 20–40 years, annual losses in plant, animal, and 
human populations due to NPs pollution will reach up 
to 33%, and new virological elements that have never 
been seen before will take shape. The plants will be 
among the living communities most affected by NPs 
pollution. It is emphasized that the effects of global 
warming, considered irreversible today, combined 
with NPs pollution, will reach even higher levels of 
damage very shortly. Different types of environmen-
tal pollution, especially in plants and their natural 
habitats, are very effective in this regard (Velusamy 
et al., 2024). Some of the most critical effects of NPs 
are seen on plants. Over the last few decades, vari-
ous studies on the effects of NPs on forest ecosys-
tems and forest elements have been carried out M. 
officinalis (Bordbar et  al., 2018), A. glabra (Nguyen 
et al., 2023), and T. officinale (Abrica-González et al., 
2023). However, NPs pollution will affect even the 
most remote ecosystems on Earth, reaching even 
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the so-called unreachable points and causing serious 
damage to life (Kolesnikov et al., 2024).

This study aimed to examine the effect on Fagus 
orientalis L. seeds grown in soil culture of irrigation 
with water containing CuO and ZnO-NPs applied as 
single compounds. Studies were not carried out over 
the entire lifetime of spinach, and the effect of expo-
sure to NP mixtures on seed germination was not 
assessed. The strength of this study will contribute 
to defining the suitability of irrigation of F. orienta-
lis seeds with water containing CuO and ZnO-NPs for 
future research.

2 � Materials and Methods

2.1 � Study Area and Preparation Sampling

Oriental beech seeds were selected from the forests of 
Türkiye in the current research. Details of the popula-
tions from different seeds are presented in Table 1.

All collected seeds were evaluated for germina-
tion, and oriental beech seeds with typical growth 
performance showed no problems in the embryo 

and endosperm parts utilized in the germination 
experiments.

2.2 � Germination Tests

The primary objectives of the study were to determine 
the effects of CuO and ZnO-NPs on the germination 
characteristics of oriental beech seeds and to identify 
the toxic levels. Therefore, five different concentra-
tions of NPs (200, 400, 600, 800, and 1000 mg/L) 
were specified in the laboratory in sterile and hygienic 
conditions and preserved in sterile concentration bot-
tles to be transferred to the seeds. The oriental beech 
seeds treated with the concentrations prepared in five 
different doses were placed in disposable sterile petri 
dishes with quantitative filter papers for germination 
tests. Five replicates were performed for each dose, 
and NPs were applied to 150 seeds, 30 healthy seeds 
in each replicate. In the germination experiments, a 
total of 900 seeds were utilized, including the con-
trol group. The germination assays were carried out 
in a 3M Climacell brand germination chamber. The 
temperature of the germination environment in the 

Table 1   Populations of the 
research field at the sites

No Location Coordinate Height (m) Direction Stand type

1 Adapazarı-Karasu 41º 01′ 13" 30º 44′ 45" 300–500 Northwest Knd₂
41º 00′ 38" 30º 45′ 01"

2 Balıkesir-Dursunbey 39º 27′ 35" 28º 33′ 54" 800–1000 North Knd₁
39º 27′ 30" 28º 32′ 44"

3 Bartın-Kumluca 41º 29′ 43" 32º 26′ 32" 450–700 North Knd3

41º 29′ 55" 32º 27′ 54"
4 Bursa-İnegöl 39º 58′ 44" 29º 29′ 04" 700–1200 Northwest Knd3

39º 58′ 02" 29º 28′ 46"
5 Çanakkale-Kalkım 39º 46′ 56" 27º 09′ 46" 400–600 North Knd₂

39º 46′ 11" 27º 09′ 10"
6 Düzce-Yığılca 31º 25′ 35" 31º 25′ 35" 700–1100 Northwest Knd3

31º 25′ 35" 31º 25′ 35"
7 Kahramanmaraş-Andırın 37º 46′ 12" 36º 22′ 10" 1400–1800 North Knd3

37º 44′ 52" 36º 23′ 34"
8 Karabük-Yenice 41º 09′ 08" 32º 16′ 37" 600–900 North Knd₁

41º 08′ 52" 32º 15′ 53"
9 Ordu-Akkuş 40º 47′ 25" 36º 58′ 50" 1100–1400 North Knd₂

40º 46′ 56" 36º 59′ 05"
10 Zonguldak-Devrek 41º 12′ 27" 31º 53′ 15" 500–700 Northwest Knd₁

41º 16′ 13" 32º 12′ 52"
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germination chamber was adjusted to 20ºC, relative 
humidity to 70%, and exposure time to 12 h.

Growth was monitored by applying 10 mL of 
NPs daily to the beech seeds placed in 100 mL petri 
dishes without touching each other. The number of 
emerging seeds was counted on the seventh day of 
the treatments, and the germination rate (GR) was 
analyzed. The application continued for 35 days, and 
seedling length (SL), root collar diameter (RCD), 
and plumula length (PL) were appointed in all ger-
minated seeds. Radicle  diameter  (RD) and Radicle 
thickness (RT) were measured using a digital micro 

compass. Non-germinating seeds were excised to 
ensure they were still germinated, and the germina-
tion percentage (GP) was calculated by dividing the 
total germinated seeds by the total healthy seeds. 
Similarly, the germination rate was used to ratio the 
number of germinated seeds to the number of healthy 
seeds on day 7.

2.3 � Statical Analysis

The data were assessed by using software SPSS 
23.0 (IBM Corp., USA) with a significance level of 

Fig. 1   Variation loading (mg/L) of (a) 200-CuO and 200-ZnO, (b) 400-CuO and 400-ZnO, (c) 600-CuO and 600-ZnO, (d) 800-CuO 
and 800-ZnO, (e) 1000-CuO and 1000-ZnO, (f) all concentration in all populations for CH
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p < 0.05, one-way analysis of variance (ANOVA), and 
Duncan’s multiple range test were performed on the 
values. In recent years, this method has been widely 
applied in similar research in the field (Ahmed et al., 
2018; Chen et al., 2022).

3 � Results

Findings regarding GR are summarized in Table 2. 
To test the CuO values, the change in GR con-
centration was examined to ensure that it was 

statistically significant at all doses and in all popu-
lations. While pondering, the highest value at the 
lowest dose was obtained at P9, and the highest 
value at the highest dose was acquired at P4. When 
we look at the doses according to the average val-
ues, it is seen that the highest value is in the appli-
cation of 200 and 400 mg/L NPs. When looking at 
the populations according to the average values the 
highest value was in P4 and P9. The ZnO results 
showed that the GR effect of treatment doses was 
not statistically significant for all populations, 
excluding the P1 and the P6. At the same time, the 

Fig. 2   Variation loading (mg/L)of (a) 200-CuO and 200-ZnO, (b) 400-CuO and 400-ZnO, (c) 600-CuO and 600-ZnO, (d) 800-CuO 
and 800-ZnO, (e) 1000-CuO and 1000-ZnO, (f) all concentration in all populations for GP
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change in GR on a population basis is statistically 
significant at all doses except the 200 mg/L dose of 
NPs application.

In general, the lowest GR was underscored 
in the control group in all populations, while the 
highest GR value was achieved in the low-dose 
(200 mg/L) NPs. However, Fig.  1 demonstrates 
that the GR value decreased as the nanoparticle 
application increased. Based on population, the 
lowest point value was recorded in P7, while the 
highest values were obtained in P4 and P9. In the 
control group, the lowest value was gained in P7 
(17.8%), and the highest was found in P9 (21.9%). 
GR, which increased to 21.7% with 200 mg/L NPs 
in P7, decreased negatively with the dose increase 
and decreased to 17.5% in 1000 mg/L NPs. In P9, 
GR, which increased to 30.1% at 200 mg/L NPs, 
decreased to 26.3% at 1000 mg/L NPs due to dose 
increase.

The change in GP levels as a function of popula-
tion and dose is presented in Table 2. Considering 
CuO values, the change in GP content was statis-
tically significant on a dose-dependent scale in all 
populations except P4 and P6. It was stated to be 
statistically significant on a population basis at all 
doses. At the lightest dose, the lowest value was 
observed in P3, P7, and P10, while at the highest 
dose, the lowest value was observed in P3 and P7. 
The highest value was found in 200 and 400 mg/L 
dose nanoparticle application when the doses were 
analyzed according to the mean values. Again, 
when the populations were analyzed in terms of 
mean levels, it was seen that the maximum value 
was obtained in P9. According to the results of var-
iance analysis of ZnO values, treatment doses were 
statistically significant in GP in almost all popu-
lations. Similarly, the population-based change 
attributed to GP at all doses was statistically 
significant.

In general, the minimum GP was achieved in 
the high-dose (1000 mg/L) NPs, and the maxi-
mum GP was recorded in the 400 mg/L NPs in all 
populations. Nevertheless, Fig. 2 illustrates that the 
GP value decreased as the NPs increased. Gener-
ally, the lower level was achieved in the P7 popu-
lation, while the maximum values were observed 
in the P4 and P8 populations. Meanwhile, in the 
control group, the lowest value was recorded in P7 
(57.6%), while the highest value was determined in Ta
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P9. In P7, GP increased to 65.6% in the 200 mg/L 
NPs and to 65.9% in the 400 mg/L NPs and then 
started to decrease inversely proportional to the 
dose increase. In P9, GP increased to 84.1% at 200 
mg/L NPs but decreased with increasing dose to 
75.4% at 1000 mg/L NPs.

Population and dose-dependent variation of SL 
concentration is presented in Table  3. The analy-
sis of variance results of CuO values indicated 
that the change in SL concentration was not sta-
tistically significant in all populations on a dose 
basis. At doses of 200 and 400 mg/L NPs, the 
highest values were obtained in P4, P8, and P9. 

Considering the ZnO results, it was verified that 
the treatment doses were not statistically signifi-
cant on SL in all populations except P9. Likewise, 
the change in SL by population was not statisti-
cally significant at all doses except for the control 
group. Generally speaking, the lowest SL value 
in all populations was recorded in the 1000 mg/L 
NPs, while the highest SL value was recorded in 
the 200 and 400 mg/L NPs.

Figure  3 provides that the SL value decreases 
as the nanoparticle concentration increases. On a 
population basis, the lowest level was achieved in 
P7, while the maximum level was achieved in P9. 

Fig. 3   Variation loading (mg/L) of (a) 200-CuO and 200-ZnO, (b) 400-CuO and 400-ZnO, (c) 600-CuO and 600-ZnO, (d) 800-CuO 
and 800-ZnO, (e) 1000-CuO and 1000-ZnO, (f) all concentration in all populations for SL
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Among the control group, the minimum value was 
found in P7 (6.3%), while the maximum value was 
reached in P4, P8 and P9 (7.2%). SL, which reached 
6.7% with 200 mg/L NPs in P7, started to decline 
inversely proportional to the dose increase and 
decreased to 6.2% in 1000 mg/L NPs. In P9, SL 
increased to 8.0% with 200 mg/L NPs, decreased 
with dose increase, and decreased to 6.4% with 1000 
mg/L NPs.

The change in RCD concentration based on popu-
lation and dose is given in Table 4. Similarly, CuO 
values are examined, and the change in RCD con-
centration on a dose basis in all populations and on a 
population basis at all doses is not statistically signif-
icant. When the populations were examined accord-
ing to average values, the highest value was obtained 
in P9. Considering the ZnO results, the applica-
tion doses were not statistically significant in all 
populations on RCD. Additionally, the population-
based change in RCD at all doses is not statistically 
significant.

Overall, the lowest RCD value in all populations 
was gained in the control group, while the highest 
RCD value was obtained in the 200 and 400 mg/L 
treatments. However, Fig. 4 presents that the RCD 
value decreased as the NPs increased. Regarding 
population, the minimum value was found in P7, 
whereas the maximum value was found in P9.

In Table 5, there were CuO values in the PL con-
centration changed in all populations or on a popu-
lation basis at all doses except reference samples. It 
was determined that the lowest value in the control 
dose, reference, was seen in P7. When we look at 
the doses considering the average values, the high-
est values were obtained in the control group and 
low-dose nanoparticle applications. In contrast, the 
highest values were obtained in high-dose nanopar-
ticle applications. According to the ZnO analysis 
of variance results, application doses on PL were 
statistically significant in all populations except P3 
and P7. Except for the control dose, the population-
based change in PL at all doses is not statistically 
significant.

While the lowest PL value was achieved in the 
1000 mg/L NPs in all populations, the highest value 
was gained in the control group. Figure  5 exhibits 
that the PL value decreases as the NPs increase. 
Whereas the lowest value on a population basis 
was recorded in P7, the highest value was achieved Ta
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in P9. In the control group, the lowest value was 
obtained in P7 (0.8%) and the highest in P9 (1.1%).

The change in RT concentration based on popula-
tion and dose is given in Table  6. Considering the 
variance analysis results, CuO values determined 
that the RT concentration change was not statisti-
cally significant on a dose basis in all populations 
except P2, P4, P6, and P9. Again, it is not statisti-
cally significant on a population basis at all doses 
except reference. Notably, the highest value was 
obtained at reference in P2, P4, P6, and P9. As pre-
viously mentioned, the highest value was seen in the 

control group, and the lowest was seen in the highest 
dose nanoparticle application. When looking at the 
populations according to the average values, it was 
determined that the highest value was in P9. When 
the ZnO results were examined, it was stated that the 
application doses were statistically significant on RT 
in all populations except P7. At the same time, the 
population-based change in RT was not statistically 
significant at all doses except the control group.

On the whole, the minimum RT was obtained in 
the 1000 mg/L NPs in all populations, while the max-
imum value was found in the control group. Figure 6 

Fig. 4   Variation loading (mg/L) of (a) 200-CuO and 200-ZnO, (b) 400-CuO and 400-ZnO, (c) 600-CuO and 600-ZnO, (d) 800-CuO 
and 800-ZnO, (e) 1000-CuO and 1000-ZnO, (f) all concentration in all populations for KBC
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determines that the RT value decreases as the NPs 
increases.

The change in RD concentration based on pop-
ulation and dose is given in Table  7. The CuO 
results show that the RD concentration change is 
not statistically significant on a population basis at 
all doses. It was appointed that the RD concentra-
tion change was statistically significant on a dose 
basis in all populations. When the average values 
are examined, considering the doses, the highest 
value was seen in the control group, while the low-
est value was obtained in the highest dose nano-
particle application. Again, when the populations 
are examined by looking at the average values, it is 
quite striking that the highest value is given in P9, 
and the lowest value is seen in P7. Considering the 
ZnO results, the application doses were not statis-
tically significant on RD in all populations except 
P1, P3, P5, and P7. Likewise, the population-based 
change in RD at all doses is not statistically signifi-
cant Table 8.

The lowest RD value in all populations was 
reached in the 1000 mg/L NPs, while the maxi-
mum RD value was found in the control group. As 
depicted in Fig.  7, the RD value decreases as the 
NPs increase. In terms of population, the lowest 
value was achieved in P7, while the highest value 
was obtained in P9.

4 � Discussion

The interaction of genetic structure and environ-
mental factors shapes all phenotypic characteristics 
of plants. Another critical factor affecting the devel-
opment of plants is the stress factors that the plant 
is affected by NPs (Zoufan et al., 2020). Stress fac-
tors such as drought, frost, and pollution are among 
the stress factors that can significantly negatively 
affect plant development. Trace metal pollution is a 
stress factor that significantly affects plant develop-
ment. CuO and ZnO are also one of the important 
and widespread NPs, and even though it is necessary 
as a plant nutrient element, it is fundamental to note 
that the baseline heavy metals are toxic and harmful 
to living things in high concentrations (Koç et  al., 
2024; Pelegrino et  al., 2020). Therefore, it can be 
predicted that CuO pollution will cause heavy metal 
stress in plants. It suggests that CuO and ZnO NPs Ta
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applications affect the development of seeds (Gbair 
& Alshamsi, 2022; Thounaojam et al., 2021). Gen-
erally, germination and seedling characteristics are 
positively affected at low CuO and ZnO nanoparti-
cle doses, but the parameters decrease with increas-
ing doses. In high-dose CuO and ZnO nanoparticle 
applications, the values obtained are generally much 
lower than the control group, and this decrease 
can exceed 25% compared to the average values 
(Hidouri et al., 2022; Mousa et al., 2021). Therefore, 
low nanoparticle applications positively affected 
germination and seedling characters but had a nega-
tive effect as the dose increased. This reveals that 

individuals will be significantly affected by CuO and 
ZnO nanoparticle pollution, especially in the early 
period. This situation is compatible with the infor-
mation obtained in the literature by Da Costa et al. 
(2020), Fedorenko et al. (2021), Yadav et al. (2023), 
and Mahawar et al. (2024).

Metal oxide nanoparticles such as CuO and ZnO 
offer promising perspectives for the development of 
new agrochemical formulations of pesticides and 
fertilizers (Simonin et  al., 2018). However, CuO 
and ZnO may have detrimental effects on micro-
bial activity. Studies reveal that CuO and ZnO have 
harmful effects on soil microbial activities, and the 

Fig. 5   Variation loading (mg/L) of (a) 200-CuO and 200-ZnO, (b) 400-CuO and 400-ZnO, (c) 600-CuO and 600-ZnO, (d) 800-CuO 
and 800-ZnO, (e) 1000-CuO and 1000-ZnO, (f) all concentration in all populations for PL
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adverse effects increase over time (Nie et al., 2020; 
Sepasgozar et  al., 2021). This situation increases 
the extent of anxiety. Studies have given that NPs 
significantly weaken germination even in the seeds 
of species that are short-lived and have very rapid 
germination ability and energy and that they stop 
entirely after a particular toxicological threshold 
value (García-Gómez & Fernández, 2019; Liu et al., 
2016). In xerophyte plant species living in arid and 
semi-arid areas, the particles of very low natural 
nanomaterials support the plant up to a specific vital 
cycle against the danger of drought. After a certain 
level, they also cause toxic effects in such plants 
(Burachevskaya et  al., 2021; Kohatsu et  al., 2021). 
For example, Cu-NPs accumulate in C. sativus plant 
tissues, indicating a higher accumulation level in 
root tissues, and the genotoxic effect causes genomic 
DNA modifications. In addition, Cu-NPs have been 
found to cause a significant decrease in chlorophyll 
a and b contents, an increase in H2O2 and MDA 
contents, as well as an increase in electrolyte leak-
age, which causes damage to the root plasma mem-
brane, and induce oxidative stress (Mohebian et al., 
2022; Sarkar et al., 2021). In our study, a significant 
decrease occurred at P9. Although it negatively 
affected all growth in general, growth was observed 
only in GR, and these values were 21.46% and 
20.09% for CuO and ZnO. 3.5% and 4.2% in GP; 
11.2% and 0.1% in RCD; 9.1% and 36.4% in PL; 
23.07% and 38.46% in RT; There was a decrease 
in RD to 39.29% and 17.86%. Therefore, it can be 
expected that the impact of CuO pollution will be 
higher, especially in arid areas. As standard in the 
literature, global climate change’s most important 
and destructive effect will manifest in temperature 
increase and drought (Sheteiwy et  al., 2021; Zong 
et  al., 2022). It is almost certain that this situation 
will cause the effects of drought stress to be felt to 
a greater extent through the effect of NPs in plants.

5 � Conclusion and Future Aspects

The germination and seedling parameters gathered 
from various populations vary significantly depend-
ing on the population. The lowest values in all 
parameters were obtained in P3, P7, and P10 popula-
tions, while the highest values were obtained in P4 
and P9 populations. This shows that the effects of Ta
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CuO-NP applications on the populations were at dif-
ferent levels. The fact that the population’s genetic 
structure and diversity are at varying levels leads to 
different responses to environmental stress factors. 
The phytotoxicity of NPs on plant seed germination 
and seedling development depends on the properties 
and concentration of NPs, the plant species, and their 
tolerance to stress. However, the number of studies 
on the long-term effects of NPs, especially on for-
est trees and seeds, is not yet sufficient, and many 
unknowns remain.

In addition, our results also suggest that envi-
ronmental pollution is highly associated with the 
rapid increase in the use of NPs. However, there 
is not enough research on the impacts of NPs on 
ecosystems and forests yet. Future investigations 
should prioritize the identification and focus on 
the extent to which the concentrations of NPs in 
nature increase and at which concentrations they 
pose a hazard. Moreover, the effects of NPs on spe-
cies and ecosystems, such as how they affect fruit 
yield and quality, species and thus biodiversity, 

Fig. 6   Variation loading (mg/L) of (a) 200-CuO and 200-ZnO, (b) 400-CuO and 400-ZnO, (c) 600-CuO and 600-ZnO, (d) 800-CuO 
and 800-ZnO, (e) 1000-CuO and 1000-ZnO, (f) all concentration in all populations for RT
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and their effects on fauna and microfauna should 
also be investigated in detail. Although considered 
a significant problem, there is insufficient informa-
tion on the increase in concentrations of NPs in 
nature and at what concentrations they pose a haz-
ard. The toxicity limits of NPs and the variation of 
this limit according to plant species and the current 
situation should be examined as a priority. Further-
more, the outcomes can guide future research, and 

the effects of NPs on plant species and their eco-
systems should be explored in a multidimensional 
manner. The findings of the present studies show 
that some populations are less severely affected by 
contamination. These populations can be used as a 
primary seed source for seedling production. How-
ever, before this stage, studies on the subject should 
be conducted at a more advanced stage, such as the 
seedling stage.

Fig. 7   Variation loading (mg/L) of (a) 200-CuO and 200-ZnO, (b) 400-CuO and 400-ZnO, (c) 600-CuO and 600-ZnO, (d) 800-CuO 
and 800-ZnO, (e) 1000-CuO and 1000-ZnO, (f) all concentration in all populations for RD
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