
339

INTRODUCTION

Chrysanthemum morifolium is a perennial 
herb that belongs to the Composaetae (Astera-
ceae) family (Arora, 1990). Chrysanthemum 
is a cut flower that is economically important 
worldwide, as there are a great number of cul-
tivars for cut flowers, pot flowers, and garden 
flowers (Teixeira et al., 2004; Shatnawi et al., 
2011). This plant propagates asexually by shoot 
cuttings or suckers. Moreover, this method is 

very slow (Karim et al., 2002), where cuttings 
are obtained from the progenitor plant. On the 
other hand, progenitors can be exposed to virus 
infection. However, as a result thus production 
costs increased (Teixeira et al., 2004; Shatnawi 
et al., 2011). In the future, there is a requirement 
for easy and quick methods of propagation. The 
only way is by applying in vitro propagation 
procedures, which can be applied to the clonal 
propagation of many plants, including Chrysan-
themum (Kumar et al., 2006). 
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ABSTRACT
This study investigated the effects of heavy metals – lead (Pb), cadmium (Cd), and chromium (Cr) – and the influ-
ence of titanium dioxide (TiO2) and silica (SiO2) nanoparticles on the in vitro growth and development of Chry-
santhemum morifolium microshoots cultured on Murashige and Skoog (MS) medium. Microshoots were cultured 
for five weeks on MS medium supplemented with varying concentrations of Pb, Cd, or Cr, individually and in 
combination with TiO2 or SiO2 nanoparticles. The results demonstrated that supplementation with Pb, Cd, or Cr 
significantly influenced shoot proliferation, shoot length, leaf number, and biomass accumulation. The addition of 
TiO2 and Si nanoparticles further enhanced shoot formation and leaf number compared to control treatments. For 
Pb treatments, the highest number of shoots (14.2 ± 1.29 per explant) was obtained on MS medium containing 
1.0 mg/L Pb and 25 mg/L Ti. In the presence of Cd, shoot multiplication increased notably, with the maximum 
number of shoots (15.84 ± 1.93) achieved at 6.0 mg/L Cd and 25 mg/L Si nanoparticles. Similarly, Cr treatments 
enhanced shoot regeneration, with the highest number of shoots (15.6 ± 1.02) observed at 6.0 mg/L Cr and 25 mg/L 
Si. Although shoot length generally decreased with increasing heavy metal concentrations, the number of leaves 
and both fresh and dry biomass increased significantly (p < 0.05) in the presence of nanoparticles. Metal uptake 
analysis revealed that Pb and Cd accumulated in the explants proportionally to their concentrations in the medium, 
while Cr absorption remained negligible. Overall, moderate levels of Pb, Cd, or Cr, particularly when combined 
with TiO2 or Si nanoparticles, promoted in vitro morphogenesis and biomass production in C. morifolium. How-
ever, concentrations beyond optimal levels exhibited inhibitory effects on growth parameters.
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In vitro propagation can augment the repro-
duction rates (Alrayes et al., 2018; Al Shhab 
et al., 2021; Osman et al., 2021). The culture 
will be a true-to-mother type of plant. This pro-
cedure has previously been used to study high 
proliferation of C. morifolium (Shatnawi et al., 
2022). Accordingly, there is a need to cultivate 
an affordable system for high-production chry-
santhemum plants that are adapted to stress 
such as salinity and heavy metals. Heavy metal 
and salinity are one of the high important abi-
otic stresses for plant cultivation. Heavy met-
als and salinity can cause catastrophic damage 
to land. On the other hand, heavy metals and 
salinity disturb biological processes in plants, 
resulting in a decrease in growth and yield. The 
only way for easy methods of monitoring plant 
responses to heavy metals and salinity is by us-
ing in vitro culture (Shibli et al., 2000; 2007). 
Consequently, it is vital to study the association 
between in vitro and responses to both heavy 
metals and salinity. Heavy metal can change 
physiological processes in plants by reducing 
cellular division and leading to plant death (Ali 
et al., 1994). This is because, under in vitro 
conditions, growth and physiological responses 
could be controlled. 

Nanoparticles are substances of very small 
size with unique properties. Recently, the use 
of nanoparticle synthesis has played an essen-
tial role in agriculture and the biological system 
(Kim et al., 2017; Shibli et al., 2022; Kasmi 
et al., 2005). These methods can develop new 
processes for significant needs (Jadczak et al., 
2019). Using nanotechnology can simplify the 
development of resources with specific char-
acteristics for positive utilization (Gupta et al., 
2007; 2014). The addition of nanoparticles to 
tissue culture medium can increase the propaga-
tion rate of many plants. However, AgNPs had 
a positive influence on date palm callus growth, 
the rate of stimulus depended on AgNPs concen-
tration and plant genotypes (Rahmawati et al., 
2022). Many studies have shown that nanopar-
ticles enhance the growth of tissue culture plants 
by changing medium constituents and altering 
their physical conditions. Nanoparticles have 
high accessibility because of the increased spe-
cific surface area, making absorption easier 
(Mousavi and Rezaei, 2011). Saxena et al. (2016) 
reported that nanoparticles have been replacing 
mineral nutrients to enhance growth. Wang et al. 
(2016) mention that nanoparticles increase plant 

growth yield, development, secondary metabo-
lites production, and seed germination. 

The use of nanoparticles has increased in 
tissue culture since it can increase their growth 
processes and biochemical variables (Sharma et 
al., 2012). However, the current study attempt-
ed to evaluate the effects of different kinds of 
nanoparticles on in vitro C. morifolium plants 
grown under heavy metals and salts. In vitro cul-
ture has a significant impact on the production of 
ornamental plants to improve their performance 
under abiotic stress (Shanawi et al., 2021). In 
plant nanotechnology, improved plant charac-
ters and crop output by decreasing input losses 
and ensuring efficient nutrient and water man-
agement. However, until now, there has been no 
published report on the application of nanomate-
rial for evaluating the influence of nanoparticles 
on the in vitro growth of C. morifolilim and abi-
otic stress. Thus, the current study evaluated the 
possible influence of nanoparticles on the in vi-
tro growth of C. morifolium tissue culture plants 
grown under heavy metals.

NPs play a significant role in improving 
plant growth and are responsible for the transfer 
of energy needed for metabolic processes within 
the plant. Therefore, the current investigation 
did not consider the possibility of toxic effects 
of nanoparticles at higher concentrations and 
their potential long-term impact on regenerated 
plants, this because C. morifolium is a cut flower 
plant, which is not an edible plant, and it is dif-
ficult to enter the food chain. 

NPs play a significant role in improving 
plant growth and are responsible for the transfer 
of energy needed for metabolic processes within 
the plant. Therefore, the current investigation 
did not consider the possibility of toxic effects 
of nanoparticles at higher concentrations and 
their potential long-term impact on regenerated 
plants, this because C. morifolium is a cut flower 
plant, which is not an edible plant, and it is dif-
ficult to enter the food chain.

MATERIAL AND METHODS

Plant materials

In vitro Chrysanthemum morifolium plantlets 
obtained from Biotechnology Laboratories/Fac-
ulty of Agriculture, Al-Balqa University, Jordan 
(Shatnawi et al., 2010).
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Culture media

The plant tissue culture media used were MS 
medium (Murashige and Skoog, 1962) – all – all 
the constituents of the MS medium dissolved in 
water. Growth regulators were melted in water 
with added drops of 1.0 N NaOH. Sucrose (30 
g/L) was supplementary as a source of carbon. 
Eight grams per liter of agar was used as a so-
lidifying agent, and 75 ml of medium was dis-
pensed into a 250 ml glass flask. The media pH 
was adjusted to 5.8±2 before autoclaving. For gas 
exchange, a cotton wool closer was inserted into 
each flask. Then the medium was sterilized in an 
autoclave at 121 °C for 15 minutes. Repeated sub-
culture on MS medium to increase C. morifolium 
micoshoots. Subculturing was achieved every 
four to five weeks to a fresh medium for propaga-
tion and to evade the appearance of brown color. 
Microshoots were cultivated on the growth root 
under cool white fluorescent lights at 24 ± 2 °C 
with a 16-hour photoperiod and a photosynthetic 
photon flux density (PPFD) of 40–50 µmol m²s¹. 

Effect of nanoparticles on plant tissue culture 

This study examined how different concen-
trations of silicon dioxide (SiO2) nanoparticles 
(Natsheh et al., 2023) and titanium dioxide (TiO2) 
(Kandiel et al., 2012) affected the growth of C. 
morifoloium microshoots. The microshoots, 
which had an apical meristem and measured 10–
12 mm, were placed in an MS (Murashige and 
Skoog) basal medium. Different concentrations 
of the nanoparticles (0.0, 0.25, 0.5, 1.0, and 5.0 
mg/L) and 0.5 mg/L of the plant growth regula-
tor benzyl adenine (BA) were added to this me-
dium. Before being added to the medium, the 
nanoparticles were sonicated for 20 minutes and 
then stirred for another 20 minutes to guarantee 
adequate dispersal. Its pH was adjusted to 5.8. 
Five replicates of each concentration were tested 
in 250 mL flasks, each holding 75 mL of medium 
and five microshoots. 

To measure the developmental response to the 
nanoparticle treatments, the researchers gathered 
data following a five-week growth period. Maxi-
mum shoot height, total number of shoots, num-
ber of leaves, and fresh and dry weight (biomass) 
were among the parameters measured. Before be-
ing weighed, the microshoots were harvested and 
dried at 85 °C for 24 hours in order to calculate 
their dry weight. An evaluation of the effects of 

each nanoparticle concentration on the overall 
growth and vigor of microshoots was made pos-
sible by recording the final biomass as the mean 
weight in grams.

Effect of different concentrations 		
of heavy metals

C. morifoloium microshoots with apical meri-
stem 10–12 mm in length were subculture on MS 
containing different concentrations of titanium di-
oxide and silica (0.0, 0.25, and 25 mg/L) nanopar-
tices with the addition to different concentrations 
of heavy metals such as chromium (Cr), lead (Pb), 
or cadmium (Cd) at a concentration of 0, 1, 3, or 
6 mg/. The pH of the medium was adjusted to 5.8. 
Each replicate containing 75 mL of the medium 
aliquot in a 250 mL flask. The medium was solidi-
fied with 8.0 g/L agar. The medium was solidified 
with 8.0 g/L agar. Every treatment had five mi-
croshoots, and each treatment contained five rep-
licates. The culture condition is as stated above. 
After five weeks of growth periods, data were 
collected on maximum shoot height, number of 
shoots, number of leaves, fresh and dry weight.

Experimental design and data analysis 

The experimental design of the current inves-
tigation was operated using a completely random-
ized design (CRD) with five replications in each 
treatment which were repeated twice. The data 
were collected after five weeks. Analysis of vari-
ance (ANOVA) was used to analyze the results. 
The results were analyzed using the SPSS pro-
gram (version 19). Standard errors were calcu-
lated for each mean and the mean was separated 
according to the Tukeys HSD test at a 0.05 level 
of probability (SPSS, 2017).

RESULTS

C. morifolium microshoots were cultured for 
five weeks on MS medium augmented with vari-
ous heavy metal concentrations of lead, cadmium, 
or chromium, with the addition of titanium or sili-
ca nanoparticles. The increase in lead, cadmium, 
and chromium was found to increase shoot num-
ber, shoot length, number of leaves, and biomass 
(Figures 1, 2, and 3). The addition of titanium 
and silica in the medium influences shoot forma-
tion. The supplementation of lead, cadmium, or 
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chromium decreased shoot length significantly 
(Figures 1, 2, and 3). However, media containing 
lead, cadmium, or chromium with or without tita-
nium and silica did not show any noticeable signs 
of phenotypic change. The growth of the shoot 
biomass (dry weight) was not influenced by the 
addition of lead at 0.5 mg/L in the medium, com-
parable to the control. Moreover, a high concen-
tration of lead in the medium led to an increase in 
biomass growth. However, the highest number of 
new shots (14.2) was noticed in the MS medium 
supplemented with 1.0 mg/L lead and 25 mg/L 
titanium in the medium (Figure 1).

Several shoots formed under different concen-
trations of lead with the supplementation of titani-
um or silica, ranging from 8.84±1.38 to 14.2±1.29 
per explant. Notably, in the existence of different 
concentrations of titanium, silica, with cadmium, 

shoot multiplication was higher than the control 
(Figure 1). The highest number of leaves was 
observed in the medium comprising 6 mg/L of 
lead with 25 mg/L silica, reaching 108.64±8.26. 
Conversely, lower doses of lead (1.0 mg/L) with 
lower doses of silica (0.25 mg/L) resulted in the 
maximum number of shoots (13.36±1.66) and 
with a shoot length of 3.81±0.25. Furthermore, 
the titanium and silica nanoparticles use concen-
tration has significant positive effects on the num-
ber of shoots, leaf number, and biomass (fresh 
and dry) weight. 

Titanium and silica nanoparticles in the pres-
ence of cadmium showed an increase in the num-
ber of shoots, a decrease in the length of shoots, 
increase in the number of leaves at increasing 
concentrations of titanium and silica nanopar-
ticles. In the presence of cadmium, fresh and dry 

Figure 1. Influence of various concentrations of titanium (TiO2) and silica nanoparticles on the in vitro growth of 
Chrysanthemum morifolium on MS medium containing various concentrations of Lead 

after five-week growth period
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weight increased in the presence of nanoparticles 
(titanium and silica) (Figure 2). The number of 
shoots per explant ranged from 3.52±0.43 to 
15.84±1.93 when MS medium was supplemented 
with cadmium nanoparticle (titanium or silica). In 
the current study C. morifolium microshoots were 
statistically significant with Cd and nanoparticle 
(titanium and silica) applications. In culture me-
dia containing Cd and nanoparticles (titanium and 
silica), the maximum number of shoots per ex-
plant (15.84±1.93) was recorded on MS medium 
supplemented with 6.0 mg/L cadmium and 25 
mg/L silica nanoparticles. 

The lowest shoot numbers were detected on 
the control medium. Maximum shoot lengths 
(6.29 ±0.26) were detected using MS medium 
augmented with 6.0 mg/L cadmium and 25 mg/L 
silica nanoparticles. The lowest shoot lengths in 

Cd and nanoparticle (titanium and silica), appli-
cations were obtained on MS medium contain-
ing 1.0 mg/L cadmium and 25 mg/L silica (Table 
2). The highest leaf number (128.12±7.11) was 
achieved from the explants in MS medium sup-
plemented with 3.0 mg/L cadmium and 25 mg/L 
titanium. While the lowest was recorded with the 
control treatment (33.24±3.82). Moreover, maxi-
mum fresh weight (15.64±1.07) was recorded on 
MS medium supplemented with 3.0 mg/L cadmi-
um and 25 mg/L titanium. As the cadmium con-
centrations increased in the presence of nanopar-
ticles, the fresh weight of the plants increased. 
There were statistically significant decreases 
in fresh and dry weight with the application of 
nanoparticles compared to the control (p < 0.05). 
The lowest dry weight (0.67±0.1) was detected 
control treatment.

Figure 2. Influence of various concentrations of titanium and silica nanoparticles on the in vitro growth of 
Chrysanthemum moriflium on MS medium containing various concentrations of Cadmium after five weeks

of growth period
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The amount of chromium supplemented to 
MS with titanium or silica nanoparticles was 
shown to promote growth. The number of new 
shoots was found to increase with the increase 
of chromium in the presence of titanium or silica 
nanoparticles. The highest number of new shoots 
(15.6±1.02) was found on MS medium cultured 
on MS medium supplemented with 6.0 mg/L 
chromium and 25 mg/L silica nanoparticles (Fig-
ure 3). The maximum length of shoot 6.29±0.26 
cm was observed in the control, and the shortest 
shoot (4.08±0.21) length was obtained on MS 
medium augmented with 3.0 mg/L chromium and 
0.25 titanium. Moreover, shoot length decreased 
significantly with the addition of chromium in the 
presence of titanium and silica nanoparticles.

The number of leaves increased with the pres-
ence of chromium with and without titanium or 

silica nanoparticles. The highest number of leaves 
was detected on MS medium supplemented with 
6.0 mg/L chromium and 25 mg/ L silica nanopar-
ticles. There were significant compared with the 
control treatment. There were significant varia-
tions in the number of leaves affected by chro-
mium supplementation. However, changes were 
only significantly high in the MS medium supple-
mented with chromium with the addition of tita-
nium or silica nanoparticles. There were statisti-
cally significant increases in fresh and dry weight 
with the application of chromium and nanopar-
ticles compared to the control (p < 0.05). Thus, 
maximum fresh weight was recorded on MS me-
dium added with 1.0 mg/L chromium and 0.25 
mg/L silica. The lowest dry weight (0.67±0.1) 
was detected on the controlled treatment. There 
were highly significant changes in the average 

Figure 3. Influence of various concentrations of titanium and silica nanoparticles on the in vitro growth of 
Chrysanthemum morifolium on the MS medium containing various concentrations of Chromium after five weeks 

of growth period
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fresh and dry weight were detected when chro-
mium used with silica and titanium nanoparticles. 

MS medium supplemented with leads, cad-
mium or chrome showed high differentiation in in 
vitro growth of C. morifolium. The increase in the 
leads, cadmium, or chrome metals concentration 
over the optimal concentration showed a detri-
mental growth effect on the explants. MS medium 
supplemented with lead, cadmium, or chrome and 
nanoparticles showed a high regrowth (Table 1). 
The increase in the leads, cadmium, or chrome 
concentration showed a detrimental effect on 
the explants. As the leads increased from 1.0 to 
3.0 mg in the medium, there were no leads in C. 
morifolium ex-plants. Furthermore, an increase 
in leads up to 6 mg/L showed an increased lead 
in the explants (21.165). Moreover, increased Cr 
concentration in the medium did not increase Cr in 
the explant. On the other hand, increased lead in 
the medium (6 mg) caused an increase in leads 
in the explants (21.165). Meanwhile, cadmium 
absorption increased with increasing cadmium 
concentration in the media to reach a maximum 
value of (210.35) in shoot pre-exposed explants. 
Meanwhile, no influence on growth was obtained 
by the end of the experiment, most explants had 
normal growth after five weeks of growth peri-
ods, and no Cr was absorbed by the explant.

MS medium supplemented with leads, cad-
mium or chrome showed high differentiation in 
vitro growth of C. morifolium. The increase in the 
leads, cadmium, or chrome metals concentration 
over the optimal concentration showed a detri-
mental growth effect on the explants. MS medi-
um supplemented with lead, cadmium, or chrome 
and nanoparticles showed a high regrowth. The 
increase in the lead, cadmium, or chromium con-
centration showed a detrimental effect on the ex-
plants. As the leads increased from 1 to 3 mg in 
the medium, there were no leads in C. morifolium 
ex-plants (Table 1). Furthermore, an increase in 
leads up to 6 mg/L showed an increased lead in 
the explants (21.165). Moreover, increased Cr 

concentration in the medium did not increase 
Cr in the explant. On the other hand, increased 
lead in the medium (6 mg) caused an increase in 
lead in the explants (21.165) (Figure 4). 

Meanwhile, cadmium absorption increased 
with increasing cadmium concentration in the 
media to reach a maximum value of 210.35 mm 
in shoot pre-exposed explants. Meanwhile, no 
influence on growth was obtained by the end of 
the experiment; most explants had normal growth 
after five weeks of growth periods, and no Cr was 
absorbed by the explant (Table 2). 

The results obtained in the current study can 
be transferred to greenhouse or field conditions 
only to a limited and conditional extent. The de-
gree of transferability depends on the plant’s bio-
logical system that is being evaluated, and how 
closely the in vitro environment is similar to the 
real growing conditions. The in vitro studies are 
effective for introductory selection of treatments, 
allowing the investigator to narrow down candi-
dates. Moreover, the straight prediction of plant 
growth, yield, or long-term stress tolerance in 
greenhouse or field conditions is often unreliable. 
In addition, in vitro conditions are highly con-
trolled, while greenhouse and field environments 
include changes in temperature, light, wind, soil 
structure, and biotic interactions. 

DISCUSSION

C. morifolium is an important plant and shows 
good heavy metal accumulation. Moreover, there 
is no complete and extensive study of C. morifo-
lium responses to nanoparticle stress in tissue cul-
ture conditions (Figures 1, 2 or 3). Therefore, this 
study has been conducted to study the influence 
of heavy metals (Cd, Cr, or Pb) and nanomateri-
als (titanium or silica) on the in vitro growth of C. 
morifolium. In the current studies, the growth re-
sponses of the three types of heavy metals showed 
differences based on the concentration and 

Table 1. Influence of various lead and different titanium (TiO2) nanoparticles on lead concentration in the explants 
after five weeks of growth periods

Lead concentration per explant (µg)Lead concentration (mg/L)Titanium (TiO2) concentration (mg/L)

Nil0.00.0

Nil1.00.5

Nil3.050

21.165 ±0.26.050
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combinations of nanomaterials used. Using heavy 
metals, the environmental systems were trans-
ferred from biotic to abiotic (Misra et al., 2009). 

The difference in shoot formation between 
different types of heavy metals and nanoparti-
cles used could be due to increased or decreased 
growth of the in vitro plant. Moreover, Prażak 
and Molas (2015) reported that an increase in 
copper (CuO) concentrations in MS increases 
the micropropagation rate. In addition, AL-
Mayahi (2014) reported that 2.0 μM copper 
sulphate and 2.0 μM cobalt chloride enhanced 
regeneration frequency and root induction in 
Phoenix dactylifera plant. This is similar to our 
results, where Cd, Cr, or Pb enhanced shoot for-
mation. The application of 150 μM CdCl2 on 
Momordica cymbalaria affected growth and re-
duced the regeneration capability of the in vitro 
plant (Chaitanya et al., 2022). This may be due 
to the effectivity of the heavy metals on cells’ 
totipotency, enzyme activity, and photosynthesis 
activity (Chen et al., 2015; Amari et al., 2017).

The application of nanoparticles increased 
the growth of in vitro plants (Figures 1, 2, and 3). 
This observation is similar to previous findings 
on Indica rice using 40–50 mg/L TiO2 nanopar-
ticles (Chutiatifit and Sutjaitorrakul, 2018). TiO2 
nanoparticles can encourage in vitro growth, 
improve cell division, enhance plant growth, 
and production of secondary metabolites (Mah-
moodzadeh et al., 2013). Moreover, TiO2 has con-
firmed its effectiveness in inducing photosynthet-
ic gene expression (Mandeh et al., 2012). In addi-
tion, nanoparticles could emerge as new chemical 
elicitors acting as signaling agents affecting plant 
metabolism (Gonçalves et al., 2021). In addition, 
Gonçalves et al. (2021) indicated that the addition 
of NPs into the culture medium depended on the 
type of NP tested and the plant species. 

The addition of ZnO NPs was found to re-
duce the growth of Solanum melongena seed-
lings (Thunugunta et al., 2018). Moreover, this 
is similar to a previous finding by Baskar et al. 
(2020) on Abelmoschus esculentus. In addition, 

Figure 4. Influence of various cadmium and different titanium (TiO2) dioxide on cadmium concentration
in the explants after five weeks of growth periods 

Table 2. Influence of various chromium and different titanium (TiO2) dioxide on chrome concentration on 
microshoots of Chrysanthemum morifolium after a five-week growth period

Chromium concentration per explant 
(µg)

Chromium concentration 
(mg/L)

Titanium (TiO2) concentration 
(mg/L)

Nil0.00.0

Nil1.050

Nil3.050

Nil3.00.5

Nil6.00.5

Nil6.050
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CuO NPs at high concentrations reduced shoot 
and root growth in Oryza sativa plants (Da Costa 
et al., 2016). Chang et al. (2012) reported that 
CuO-NPs could cause genotoxicity in plant tis-
sues if the CuO-NP amounts exceed the physi-
ological tolerance range because Cu is indis-
pensable to maintaining homeostasis in living 
systems. In this study, nanoparticles were em-
ployed to improve the in vitro growth of C. mori-
folium under an MS medium containing different 
concentrations of heavy metals. This is because 
nanoparticles can inhibit ethylene biosynthesis 
or may activate growth regulators in plants (Sar-
mast et al., 2011; Aghdaei et al., 2012). Kim et 
al. (2017) indicated that nanoparticles appeared 
as elicitors and contributed as signaling agents, 
prompting plant metabolism. However, various 
concentrations of nanoparticles have a positive 
effect on the induction of secondary metabolites 
(Fatima et al., 2020). 

Heavy stress can affect plant growth per-
formance. In vitro plants need heavy metals in 
small quantities during plant growth (Sarkar et 
al., 2010; Radovanovic et al., 2015). However, 
C. morifolium shows different tolerance to the 
presence of lead, cadmium, or chromium in its 
shoots (Table 1 or 2 and Figure 4). This is similar 
to a previous finding by Hatamian et al. (2020) 
on hackberry seedlings. The presence of titanium 
particles did not increase lead concentration in 
the ex-plants. Meanwhile, using cadmium and 
titanium showed increased cadmium concentra-
tion in the explants (Table 2). Correspondingly, 
the presence of cadmium and titanium increased 
the ability of the ex-plant to absorb heavy met-
als. Moreover, cadmium detected in the explant 
increased with increasing cadmium concentration 
in the media. 

Increasing chromium concentration in the 
medium did not show an increase in chromium 
in the plants. It has been proposed that TiO₂ and 
SiO₂ interact with enzymes and inactivate them; 
thus, increasing chromium concentrations was 
not observed in the plant. Although TiO₂ and SiO₂ 
may stabilize chromium in the medium, making 
it difficult to absorb. As reported by Chavan et al. 
(2020), titanium also makes plants more resistant 
to environmental stress conditions. Titanium pro-
motes micronutrient absorption and can replace it 
is deficient in the plant (Ghoto et al., 2020). 

The physiological mechanism responsible for 
the stimulating effect of TiO₂ and SiO₂ nanopar-
ticles on Chrysanthemum morifolium growth 

under heavy metal stress showed a positive effect 
on in vitro growth of C. morifolium, This because 
nanoparticles may reduce heavy metal uptake, by 
holding together metal ions, reducing metal bio-
availability, and decreasing heavy metal uptake 
into the plants, changing cell wall characteristics 
through increasing cell rigidity. Moreover, TiO₂ 
and SiO₂ nanoparticles can enhance the antioxidant 
defense plant system by generating excess reac-
tive oxygen species (OS), or increased superoxide 
dismutase enzyme (Misra et al., 2013; Moghadam 
et al., 2015). In addition, TiO₂ and SiO₂ nanopar-
ticles may enhance photosynthetic activity in the 
plants and then increase the biomass of the plants. 
In addition, TiO₂ and SiO₂ may decrease oxidative 
stress, then protect chlorophyll and photosynthet-
ic pigments from degradation. Furthermore, TiO₂ 
and SiO₂ nanoparticles may affect phytohormone 
levels such as abscise acid, salicylic acid, auxin, 
or cytokinin, which may enhance the expression 
of metal detoxifying enzymes. 

TiO₂ and SiO₂ may result in low availabil-
ity of heavy metals, so the plant may dedicated 
uptake system. NPS can protect plants from en-
vironmental stresses, such as heavy metals. This 
is because NPs can eliminate free radicals and 
protect plant cells from oxidative damage. In 
addition, NPS can withstand the impact of ter-
penes, ketones, aldehydes, alkaloids, and phenols 
(Bacilieri et al., 2017). Although the absence 
of microbe, under in vitro conditions, showed a 
change in morphology and acclimation to stress, 
which can change plant responses. Chavan et al. 
(2020) indicated that TiO₂ and SiO₂ make plants 
more resistant to environmental stress conditions. 
NPs influence the accumulation of salicylic acid 
within the plant, which increases plant biological 
stresses. TiO₂ and SiO₂ reduce the bioavailability 
of chromium, improving plant growth, biomass, 
yield, and carbon metabolism through enhanced 
chlorophyll content and reducing oxidative stress 
(Almohammedi et al., 2023). Wu et al. (2016) 
NPs decreased the activity of the enzymes su-
peroxide dismutase, ascorbate peroxidase, and 
catalase. Consequently, NPs can enhance biore-
mediation under in vitro conditions, thus enhanc-
ing plant metabolic processes (Srivastav et al., 
2018). Thus, using TiO₂ and SiO₂ nanoparticles 
at different concentrations could serve to remedi-
ate heavy metals. Furthermore, the presence TiO₂ 
and SiO₂ the phytohormones in the medium that 
are involved in the in vitro grwoth and develop-
ment and plant defense responses to stress.
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CONCLUSIONS

In this study, Chrysanthemum morifolium 
was tested under in vitro conditions for its re-
sponse to different concentrations of Pb, Cd, and 
Cr. Moderate levels of these metals supported 
plant growth, but higher concentrations inhibited 
development. The addition of TiO₂ nanoparticles 
mitigated cadmium toxicity in plant cultures by 
modulating photosynthetic and antioxidative sys-
tems, thereby improving physiological responses 
under heavy metal stress. Nanoparticle-supple-
mented in vitro systems may be helpful for stress 
screening and increasing biomass production in 
the presence of heavy metals. Because C. mori-
folium can tolerate and accumulate certain heavy 
metals, it could be considered for phytoremedia-
tion research. It is essential to adjust nanoparticle 
and metal doses to prevent toxic effects, and more 
research is needed to understand the underlying 
physiological mechanisms and to test these find-
ings in conditions outside the laboratory.
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