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In vitro selection and characterization of cadmium-
tolerant calli of Tagetes erecta and Gomphrena globosa
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Ornamental plants (OPs) are beneficial to remove, control and reduce heavy metals
(HMs) in a process called 'phytoremediation’. This study evaluated the in vitro system-
based phytoremediation properties of Tagetes erecta and Gomphrena globosa
calli. Leaves from in vitro seed-grown T. erecta and G. globosa were used as an
explant source for callus culture. Callus culture was found optimal in MS medium
supplemented with 8 yM BAP + NAA for T. erecta and 2 y M 2, 4-D for G. globosa.
These plants were grown in their respective optimized (controlled) medium enriched
with different amounts (50, 100, 150, 200, and 250 uM) of Cadmium (Cd) added in the
form of Cadmium chloride (CdCl,). The in vitro calli developed were evaluated for Cd
stress tolerance based on callus diameter, growth tolerance index (GTl) and catalase
(CAT) activity. Over four weeks, the callus diameters of T. erecta and G. globosa
grown in different concentrations of Cd had lower growth than that of the controlled
one. On the other hand, the GTI measured were greatest at 150 uM of Cd for both
T. erecta (130.95%) and G. globosa (149.32%) suggesting a potential Cd tolerance.
However, the CAT activity in T. erecta callus increased with the Cd concentration
peaking at 150 uM then started declining while G. globosa callus showed the highest
CAT activity at 50 uM of Cd. Thus, T. erecta callus showed greater Cd tolerance with
the prospect of utilizing it for phytoremediation. The study also suggests growing T.
erecta at 150 uM Cd for tolerant calli.

Keywords: Cadmium tolerance, callus, catalase activity, growth tolerance index,
ornamental plants.
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xponential population growth has caused
Esigniﬁcant damage to the environment

and ecosystems. One of the many factors
affecting the environment is related to some
heavy metals '"HMs' (Khan et al., 2021). There
are several toxic HMs, including Cadmium 'Cd'
(Saini & Dhania, 2020) that poses a threat to biota
even at a very low concentration. Consumption
of food contaminated with Cd is hazardous to
human health (Khan et al., 2017). Accumulation
of Cd can cause renal tubular dysfunction
(Bernard, 2004) and affects the reproductive
systems (Kumar & Sharma, 2019). Additionally,
the presence of Cd affects mineral nutrient uptake

in plants and their growth. This is associated with
growth inhibition and low dry matter yield (Meena
et al., 2018; Fattahi et al., 2019), photosynthesis
and respiration inhibition (Navarro-Ledn et al.,
2019), and chlorosis (Chun et al., 2020).

There are various methods, including physical,
chemical, and biological approaches, being
used and developed for remediation of HMs.
One promising method that has the potential to
save energy and cost is called 'phytoremediation’
which involves using plants and plant processes
to remove, contain, or reduce pollutants in the
environment (Berti & Cunningham, 2000).
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The mechanism of HMs tolerance of plants has
been the subject of numerous studies aimed
at improving phytoremediation performance
(Yan et al., 2020). Tissue culture-based in vitro
breeding technique is a practical and economical
way to improve plants. During the tissue culture
process, callus cells can change due to mutagenic
conditions (Phillips et al., 1994; Wang & Wang,
2012), leading to somaclonal variation (Skirvin
et al., 1993). The culture stress process can also
induce genetic and epigenetic changes (Gao et
al., 2010), ultimately improving the genetics of
the plant.

The application of ornamental plants (OPs) for
phytoremediation of HMs as well as beautification
may be an attractive option (Khan et al., 2021).
Tagetes erecta (locally called 'Sayapatri’) and
Gomphrena globosa (locally called 'Makhamali")
are culturally important OPs in Nepal. These
two plant species possess industrial value with
extensive markets during 'Tihar festival' (i.e.
festival of lights observed in Oct/Nov) in Nepal.
It has been demonstrated that these plants can
effectively accumulate Chromium (Coelho et al.,
2017) and Arsenic (Signes-Pastor et al., 2015).
In vitro testing systems based on OPs can be a
quintessential tool for the characterization of
possible phytoremediation of different HMs (Khan
etal.,2021). In light of this knowledge, this study
aimed to evaluate the potential phytoremediation
properties of in vitro calli developed from T
erecta and G. globosa (see Figure 1).

Materials and methods
In vitro seed germination and callus culture

The seeds of T. erecta and G. globosa, obtained
from the Puspa Bikash Kendra, Godawari,
Lalitpur, Nepal, were separated from other floral
parts and cleaned under running water with added
"Tween 20 solution' for 30 minutes. Sterilization
was performed inside a laminar flow cabinet
using 1% Sodium hypochlorite (NaOCl) solution
and 70% ethanol (CH,CH,OH). The seeds were
then germinated and grown on a hormone-
free MS medium as described by Murashige
& Skoog (1962). Later on, the leaves from the
seed-grown plants (size: lem x 0.5cm) were
removed and used as explants for growing calli
in culture. The hormones 6-Benzylaminopurine
(BAP), Naphthaleneacetic acid (NAA), and 2,
4-Dichlorophenoxyacetic acid (2, 4-D) were
added to the MS medium for callus culture
(Belarmino et al, 1992; Bodhipadma et al.,
2017).

Callus growth in Cd-enriched media

The type of medium used for growing callus
was selected based on the percentage of callus
induction and the average weight of the callus.
The selected medium was enriched with different
quantities of Cd (50, 100, 150, 200, and 250 uM)
by adding Cadmium chloride (CdCl,) solution
as described by Nehnevajova et al. (2007). The

Figure 1: The in vitro germinated plantlets from seeds: (A) 7. erecta and (B) G. globosa.
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effects of Cd on callus growth were monitored
by measuring the diameter of the callus using the
Diameter = \/Length <\ Width (Compton, 1994,
Chenar et al., 2016). formula:

The callus growth tolerance index (GTI) was used
to select calli that are tolerant to HMs exposure
(Samantaray et al., 2001). It was calculated using
the formula:

_ Mean callus growth in media with HMs
"~ Mean callus growth in media without HMs

x 100% (Routefal., 1998).

Catalase activity

Catalase activity was evaluated from the callius
developed on a Cd-enriched medium as described
by Zhang et al. (2007). To accomplish this, 1.0
gram of callus was combined with 3 ml of a
buffer solution (50 mmol/L sodium phosphate
buffer at pH 7.8 with 1.0 mmol/L Ethylene
diamine Tetra acetic Acid (EDTA) and 2%
polyvinylpyrrolidone) and then centrifuged for
10 minutes at 5000g (relative centrifugal force).
The resulting enzyme extract was added to a
reaction mixture containing phosphate buffer
(pH 7.0), 0.1 mmol/L EDTA and 20 mmol/L
hydrogen peroxide (H,O,, and the reaction was
monitored by measuring the depletion of H,O, at
240 nanometers applying the Beer-Lambert law
and using the Molar extinction coefficient (&) of
36 mol/L cm. As per the Beer-Lambert law, the
absorbance (A) of H,0, was calculated as:

A=¢lLc,

Where, ¢ = Molar extinction coefficient; L =
Length of light path; and ¢ = Concentration of
sample.

The results were reported as the amount of
enzyme activity per milliliter of sample per gram
of callus as described by Swinehart (1962).

Statistical analysis

The study collected data on the growth parameters
(percentage callus induction, diameter, and
GTI) from five different samples, and data on
the activity of the catalase enzyme from three
different samples. These were measured in the
form of 'mean' and 'Standard Error'. A statistical
test called 'Spearman's Correlation Test' was
used to investigate the relationship between the
concentration of Cd in the growth media and the
activity of the catalase enzyme.

Results

Selection of callus induction media

The T. erecta leaf explants showed the earliest
callus initiation on medium supplemented with
8 uM BAP + NAA, with 80% of the explants
forming callus in the first week as shown in Table
1.

Table 1: Effects of BAP, NAA, and 2, 4-D supplemented MS media on callus initiation of 7. erecta

observed during a four-week period

BAP NAA 2,4-D Weight measured
(M) (M) (M) Week1 | Week2 | Week3 | Week4 in Vgeek 4 (gm)
0 0 0 0% 0% 0% 0% 0

2 2 0 0% 0% 40% 100% | 0.85+0.12

4 4 0 0% 0% 0% 20% 0.33+0.14

6 6 0 0% 0% 0% 80% 0.77+0.27

8 8 0 80% 80% 80% 100% 1.03£0.20

10 10 0 0% 80% 80% 100% 1.25+0.35

0 0 10 0% 40% 60% 60% 0.82+0.32

0 0 11 40% 60% 60% 80% 0.64+0.33

0 0 12 0% 40% 40% 60% 0.91£0.40

0 0 13 0% 60% 80% 80% 0.67+0.29

0 0 14 60% 60% 80% 80% 0.83+0.3
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After four weeks, 2 uM, 8 uM, and 10 uM BAP + NAA showed 100% callus formation, but none of the
concentrations of 2, 4-D showed 100% callus formation. After four weeks, calli were weighed where
10 uM BAP + NAA gave the highest final weight. All the calli obtained from the combination of BAP
and NAA were greenish-yellow (see Figure 2A), whereas the calli added to the 2, 4-D supplemented
medium were brownish and granular. Since the search was directed towards rapid callus initiation, the

MS medium supplemented with 8 uM BAP + NAA was selected as a controlled growth medium for 7.
erecta calli.

On the other hand, G. globosa showed callus initiation in the first week, with all the concentrations of
2, 4-D; however, 100% initiation was shown only in the media supplemented with 2 and 8 uM 2, 4-D.
All the calli were pale yellow (see Figure 2C). As shown in Table 2, the MS medium containing 2 pM
2, 4-D showed the fastest callus initiation and better growth, and was thus used as a controlled growth
medium for G. globosa calli.

Figure 2: Callus culture of 7. erecta and G. globosa: (A) callus developed from in vitro leaf explants
of T. erecta in MS medium supplemented with 8 pM BAP+NAA; (B) T. erecta callus developed
in 150 pM Cd enriched MS medium supplemented with 8 pM BAP+NAA; (C) Callus developed
from in vitro leaf explants of G. globosa in MS medium supplemented with 2 puM 2,4-D; and (D)
G. globosa callus developed in 150 pM Cd enriched MS medium supplemented with 2 pM 2,4-D.
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Table 2: Effects of 2, 4-D supplemented media on callus growth of G. globosa observed during a

four-week period

2,4-D(nM) | Week1l < Week2 | Week3
2 100% 100% 100%

4 80% 80% 80%

6 80% 100% 100%

8 100% 100% 100%
16 80% 100% 100%

Callus diameter and GTI in Cd-enriched media

In the first week, all of the Tagetes erecta calli
samples grown in the controlled medium and
those containing 100 and 150 uM of CdCl, were
successfully initiated. After two weeks, the calli
grown in a medium with 100 pM CdCl, had the
greater diameter, followed by those with 50 uM
CdCl, (see Figure 3). In the third week too, the
calli grown in a medium with 100 uM CdCl,
had the largest diameter. The highest increase in
overall diameter was seen in the controlled calli,
followed by those with 200 and 150 uM CdCl,.
The T erecta calli turned brown when exposed to
all concentrations of Cd treatment, with the most

severe browning observed with 250 uM CdClL,.
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Figure 3: Effects of CdCl, concentrations
(50, 100, 150, 200, and 250 pM) on the callus
diameter of 7. erecta.

In the case of G. globosa, the calli grown on the
controlled medium were found to have the highest
diameter followed by the medium supplemented
with 150 uM CdCl, throughout all the four weeks
of callus growth (Figure 4). The browning of the
calli was observed at the concentration of 150 pM
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Week 4 Weight measured in Week 4 (gm)
100% 0.93+0.4
80% 1.08+0.26
100% 0.31+0.1
100% 0.65+0.21
100% 0.65+0.2
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Figure 4: Effects of CdCl, concentrations (50,
100, 150, 200, and 250 pM) on the callus

diameter of G. globosa.

The GTI of both G. globosa and T. erecta calli
were found to be the highest when the medium
contained 150 uM of CdCl, (Figure 5). Similarly,
the second highest growth rate was observed in the
medium containing 200 uM of CdCl,. The GTI for
G. globosa was 149.32% while it was 130.95% for
T. erecta, suggesting a potential tolerance level to
Cd stress of calli in both the plants.
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Figure 5: GTI of 7. erecta and G. globosa in
media enriched with 50 pM, 100 pM, 150 pM,
200 pM, and 250 pM CdClL,
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Catalase activity

The CAT activity in the 7. erecta calli were
found to have increased with the increase in the
concentration of CdCl, in the medium, reaching
a peak (nearly 60) at a concentration of 150
uM, before decreasing as shown in Figure 6.
In contrast, the highest level of CAT activity
(nearly 45) in G. globosa callus was observed
at a concentration of 50 uM CdCl,. A positive
correlation was seen between the concentration
of CdCl, and CAT activity in 7. erecta callus up
to 150 uM CdCl, [Spearman’s rank correlation
coefficient (1) = 0.54 & p = 0.18]. In contrast,
G. globosa callus showed a significant negative
correlation between the concentration of CdCl,
and CAT activity at 50 pM CdCl, [Spearman’s
rank correlation coefficient (1) =-0.51 & p=0.5].

uT. erecta
u G. globosa

60
50 —
40 1
30
20 I I
10 ' I I

0 i || l || - ||

' N &

- Q Q N
& 3 N N
Concentration of CdCl, (nM)

CAT Activity in pmol min™' gm!

Figure6: CAT activity of calli of both 7. erecta
and G. globosa in controlled medium 'C' and
the media supplemented with 50 pM, 100 pM,
150 pM, 200 pM, and 250 pM CdClL,.

Discussion

The T. erecta callus were successfully induced with
a combination of BAP and NAA at a concentration
of 8 uM, similar to the results of previous studies
by Benitez-Garcia et al. (2014) and Munshi et
al. (2021), although Belarmino et al (1992)
reported difficulty in regenerating callus from leaf
explant. The browning of 7. erecta callus in media
supplemented with 2, 4-D could be caused by the
oxidation of phenolic compounds, leading to cell
death (Khosroushahi et al., 2011; Vijayalakhsmi
& Shourie, 2017). In contrast, the G. globosa
callus formation was the most effective at a low
concentration of 2, 4-D, similar to the findings of
Vieira et al. (1994) and Bodhipadma et al. (2017).

The T. erecta callus grown in media containing
200 uM CdCl, had the greatest diameter among
all treatment groups, but it did not have the
highest fresh weight. This phenomenon might
be caused by the reduction in cell division and
an increase in cell growth caused by the toxic
effect of Cd (Zou et al., 2012). Labancova et al.
(2020) found that poplar callus entered a linear
phase characterized by decreased cell division
rate and increased cell growth when exposed to
10 uM Cd. Additionally, the presence of chloride
in the Cd source (i.e. CdCl,) has been reported to
promote cell elongation, as it has a better ability
to regulate osmosis and generate turgor pressure
(Colmenero-Flores et al., 2019). In the case of G.
globosa, both the growth in length and biomass
were at the highest when the media contained
150 uM of CdCl,. This indicated that the growth
in length and biomass of the callus had a similar
pattern. Namjooyan et al. (2012) and Israr et al.
(2006) both found that Cd reduced callus growth
in Carthamus tinctorius and Gomphrena globosa,
respectively, with the most significant reduction at
higher concentrations (75 pM, 100 pM, and 250
uM, respectively). Our study also found that the
callus growth was highest in the explants exposed
to 150 uM Cd, which is suggested to be due to Cd
accumulation.

The GTI was higher in the calli exposed to 150
uM of CdCl, for both T. erecta and G. globosa
plants, indicating that these calli had a mechanism
for tolerance to Cd (Bernabe'-Antonio et al.,
2015). However, after a positive response to 150
uM CdCl,, the biomass declined again, which
may be due to the phenomenon of hormesis
which is an adaptive response where low levels
of stress activate cellular and molecular pathways
that enhance the ability of the cell and organism
to withstand more severe stress (Calabrese ef al.,
2007; Bernebe-Antonio et al., 2015).

A high level of antioxidant enzymes can improve
tolerance to stress caused by heavy metals
(Gechev et al., 2006). Tolerant calli have been
found to have significantly higher CAT activity
than non-tolerant calli (Rout & Sahoo, 2007).
This study observed that as the concentration
of CdCl, increased, the activity of CAT initially
increased, but then decreased at toxicity levels
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of CdCl,. This decline in CAT activity was
accompanied by the browning of the calli, which
is a sign of cell necrosis caused by the production
of phenolic compounds (Sandalio et al., 2001;
Shekhawat et al., 2010). Browning was more
severe when CAT activity decreased, suggesting
that phenolic compounds were replacing the
scavenging role of Catalase on Hydrogen peroxide
(Michalak, 2006). Phenolic compounds can act
as antioxidants in their reduced form, but are
cytotoxic in their oxidized form (Michalak et al.,
2006; Khosroushahi et al., 2011; Vijayalakshmi
& Shourie, 2017).

It was suggested that the variation in the activity
of the calli in different media with and without
Cd was caused by mutation. The presence of Cd
in culture media can lead to increased somaclonal
variation and spontaneous mutations in some
callus cells, resulting in regeneration with altered
metal accumulation (Nehnevajova & Herzig,
2007). The use of phytohormones such as 2, 4-D
and NAA can also lead to mutation through an
increase in cytosine methylation in plant tissue
cultures (Phillips et al., 1994). However, the use
of constant hormone concentration across all
Cd treatments suggested that the mutation is a
result of changes in Cd concentration rather than
hormone.

Conclusion

This study presents an initial step in the form
of a callus culture to develop tolerant plants
for phytoremediation of Cadmium. The results
suggest that callus in MS media
supplemented with 150 uM Cd is appropriate
for developing Cd-tolerant calli for 7. erecta.
The toxicity symptoms could be profound above
this level as detected in our study. Although
the results for the tolerant calli of G. globosa
did not materialize, the outcome obtained has
given a toxicity level for its callus. The toxicity
levels for the calli of these plants indicated that
the calli of 7. erecta were more tolerant than
that of G. globosa. Our study suggests that
the calli of 7. erecta treated with 150 uM Cd
can be used to develop its plantlets. Thus, the
selection of tolerant calli and the toxicity level
of HMs in ornamental plants can be determined

culture
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by understanding the stress responses of their
calli. This method of selection can be used in
other plants as well, but its use, especially, in
selecting tolerant ornamental plants can be
beneficial as they are less likely to end up in
their food-chain process and since their flower
parts have an insignificant accumulation of
heavy metals. Besides, the cut-flowers of these
plants could still be used, and hence could be
idle for phytoremediation.

Acknowledgments

We are grateful to the University Grants
Commission,  Sanothimi, = Bhaktapur  for
providing us financial support to conduct this
study. Similarly, we are thankful to the Central
Department of Botany, Tribhuvan University,
Kirtipur for providing us access to all the
laboratory facilities. Last but not the least, we
would like to acknowledge Associate Professor,
Deepak Raj Pant for his valuable suggestions.

Author's contribution

The concept and design were developed by GL.
KKP and PRG polished the designs whereas BS,
SL and GL carried out experimentation.

Data availability

The data that support the findings of this study
are available on request from the corresponding
author.

Conflict of interest

The authors declare no conflict of interest

Funding

This project was funded by University Grants
Commission, Sanothimi, Bhaktapur, Nepal.

Ethical approval and consent

No harm to any plants or animals was done.



Lama et al.

Banko Janakari, Vol 34 No. 1

References

Belarmino, M.M., Toshinorians, A.B.E., &
Sasahara, S. (1992). Callus induction and plant
regeneration in African marigold (7. erecta L.).
Japaneese Journal of Breeding, 42: 835—-841.

Benitez-Garcia, 1., Vanegas-Espinoza, P.E.,
Meléndez-Martinez, A.J., Heredia, F.J., Paredes-
Lopez, O., & Villar-Martinez, A.A.D. (2014).
Callus culture development of two varieties
of Tagetes erecta and carotenoid production.
Electronic Journal of Biotechnology, 17: 107-
113.

Bernard, A. (2004). Renal dysfunction induced
by cadmium: biomarkers of critical effects.
BioMetals, 17: 519-523.

Bernabe’-Antonio, A., Alvarez, L., Buendia-
Gonzalez, L., Maldonado-Magana, A., & Cruz-
Sosa, F. (2015). Accumulation and tolerance of
Cr and Pb using a cell suspension culture system
of Jatropha curcas. Plant Cell, Tissue and Organ
Culture, 120 (1): 221-228.

Berti, W.R. & Cunningham, S.D. (2000).
Phytostabilization of metals. In I. Raskin, & B.D.
Ensley (Eds.), Phytoremediation of toxic metals:
using plants to clean-up the environment (pp. 71—
88), John Wiley and Sons, Inc., New York.

Bodhipadma, K., Noichinda, S., Wachirabongkoth,
P., Thongruang, A., Nathalang, K., Palapol, Y.,
& Leung, D.W.M. (2017). Callus induction and
influence of uv-c on betalain content in the callus

of an amaranth. Romanian Biotechnological
Letters, 22 (4): 12793-12801.

Calabrese, E.J., Bachmann, K.A., Bailer, A.J.,
Bolger, PM., Borak, J., Cai, L., Cedergreen,
N., Cherian, M.G., Chiueh, C.C., Clarkson,
T.W., Cook, R.R., Diamond, D.M., Doolittle,
D.J., Dorato, M.A., Duke, S.O., Feinendegen,
L., Gardner, ......... , & Mattson, M.P. (2007).
Biological  stress response  terminology:
integrating the concepts of adaptive response and
preconditioning stress within a hormetic dose-
response framework. Toxicology and Applied
Pharmacology, 222 (1): 122—128.

Chenar, H.M., Kahrizi D., & Molsaghi M.M.
(2016). Callus induction is affected by explant
type and plant growth regulators in chickpea
(Cicer arietinum L.). Biharean Biologist, 10 (1):
28-32.

Chun, C.P., Zhou, W., Ling, L.L., Cao, L., Fu,
X.Z., Peng, L.Z., & Li, Z.G. (2020). Uptake
of cadmium (Cd) by selected citrus rootstock
cultivars. Scientia Horticulturae, 263: 109061.

Coelho, L.C., Bastos, A.R.R., Pinho, P.J., Souza,
G.A., Carvalho, J.G., Coehlo, V.A.T., Oliveira,
L.C.A., Domingues, R.R., & Faquin, V. (2017).
Marigold (7agetes erecta): the potential value in
the phytoremediation of chromium. Pedosphere,
27: 559-568.

Compton, M.E. (1994). Statistical methods
suitable for the analysis of plant tissue culture
data. Plant Cell Tissue and Organ Culture, 37 (3):
217-242.

Colmenero-Flores, IM,, Franco-Navarro,
J.D., Cubero-Font, P., Peinado-Torrubia, P., &
Rosales, M.A. (2019). Chloride as a beneficial
macronutrient in higher plants: new roles and
regulation. International Journal of Molecular
Sciences, 20 (19): 4686.

Fattahi, B., Arzani, K., Souri, M.K., & Barzegar,
M. (2019). Effects of cadmium and lead on seed
germination, morphological traits, and essential
oil composition of sweet basil (Ocimum basilicum
L.). Industrial Crops and Products, 138: 111584.

Gao, D., Yang, D., Cao, M., Ao, X., Sui, Q.,
Wang, Q., Kimatu, J.N., & Wang, L. (2010). In
vitro micropropagation of Freesia hybrida and
the assessment of genetic and epigenetic stability
in regenerated plantlets. Journal of Plant Growth
Regulation, 29: 257-267.

Gechev, T.S., Breusegem, F.V., Stone, J.M.,
Denev, 1., & Laloi, C. (2006). Reactive oxygen
species as signals that modulate plant stress

responses and programmed cell death. BioEssays,
28 (11): 1091-1101.

Israr, M., Sahi, S.V., & Jain, J. (2006). Cadmium

37



Banko Janakari, Vol 34 No. 1

Lama et al.

accumulation and antioxidative responses in
the Sesbania drummondii callus. Archives of
Environmental Contamination and Toxicology,
50: 121-127.

Khan, M.A., Khan, S., Khan, A., & Alam, M.
(2017). Soil contamination with cadmium,
consequences and remediation using organic
amendments. Science of the Total Environment,
601-602: 1591-1605.

Khan, A .H.A., Kiyani, A., Mirza, C.R., Butt, T.A.,
Barros, R., Ali, B., Igbal, M., & Yousaf, S. (2021).
Ornamental plants for the phytoremediation of
heavy metals: present knowledge and future

perspectives.
110780.

Environmental Research, 195:

Khosroushahi, A.Y., Naderi-Manesh, H., &
Simonsen, H.T. (2011). Effect of antioxidants
and carbohydrates in callus cultures of Taxus
brevifolia: evaluation of browning, callus
growth, total phenolics and paclitaxel production.
Biolmpacts, 1 (1): 37-45.

Kumar, S. & Sharma, A. (2019). Cadmium
toxicity: effects on human reproduction and
fertility. Reviews on Environmental Health, 34:
327-338.

Labancova, E., Vivodova, Z., Kucerova, D.,
Liskova, D., & Kollarova, K. (2020). The
cadmium tolerance development of poplar callus
is influenced by silicon. Ecotoxicology, 29(7),
987-1002.

Meena, M., Aamir, M., Kumar, V., Swapnil,
P, & Upadhyay, R. (2018). Evaluation of
morpho-physiological growth parameters of
tomato in response to Cd induced toxicity and
characterization of metal sensitive NRAMP3
transporter ~ protein.  Environmental  and
Experimental Botany, 148: 144-167.

Michalak, A. (2006). Phenolic compounds and
their antioxidant activity in plants growing
under heavy metal stress. Polish Journal of

Environmental Studies, 15 (4): 523-530.

Munshi, J.L., Baksha, R., Rahaman, M.Z., Huque,

38

N.N,, Zinat, E.A., & Momta, N. (2021). In vitro
plant regeneration from leaf explants of Tagetes

erecta L. Bangladesh Journal of Scientific and
Industrial Research, 56 (2): 69-74.

Murashige, T., & Skoog, F. (1962). A revised
medium for rapid growth and bioassays with
tobacco tissue cultures. Plant Physiology, 15:
473-497.

Namjooyan, S., Khavari-Nejad, R., Bernard, F.,
Namdjoyan, S., & Piri, H. (2012). The effect of
cadmium on growth and antioxidant responses
in the safflower (Carthamus tinctorius L.) callus.
Turkish Journal of Agriculture and Forestry, 36:
145-152.

Navarro-Leon, E., Oviedo-Silva, J., Ruiz, J.M.,
& Blasco, B. (2019). Possible role of HMA4a
TILLING mutants of Brassica rapa in cadmium

phytoremediation programs. Ecotoxicology and
Environmental Safety, 180: 88—94.

Nehnevajova, E., & Herzig, R. (2007). In vitro
breeding of Brassica juncea L. to enhance metal

accumulation and extraction properties. Plant
Cell Reports, 26: 429-437.

Phillips, R.L., Kaeppler, S.M., & Olhoft, P.
(1994). Genetic instability of plant tissue cultures:
breakdown of normal controls. Proceedings of
the National Academy of Sciences of the United
States of America, 91: 5222-5226.

Rout, G.R.J., Samantaray, S., & Das, P. (1998). In
vitro selection and characterization of Ni-tolerant
callus lines of Setaria italica L. Acta Physiologiae
Plantarum, 20 (3): 269-275.

Rout, G.R. & Sahoo, S. (2007). In vitro selection
and plant regeneration of copper-tolerant plants
from leaf explants of Nicotiana tobacum L. cv.
‘Xanthi’. Plant Breeding, 126: 403-4009.

Saini, S. & Dhania, G. (2020). Cadmium as an
environmental pollutant: ecotoxicological effects,
health hazards, and bioremediation approaches
for its detoxification from contaminated sites.
In Bioremediation of industrial waste for
environmental safety (Volume II): biological



Lama et al.

Banko Janakari, Vol 34 No. 1

agents and methods for industrial waste
management (pp. 357-387). Springer, Singapore.

Samantaray, S., Rout, G.R., & Das, P. (2001).
Induction, selection and characterization of Cr
and Ni-tolerant cell lines of Echinochloa colona
(L.) link in vitro. Journal of plant Physiology,
158: 1281-1290.

Sandalio, L.M., Dalurza, H.C., Gémez, M.,
Romero-Puertas, M.C., & Rio, L.A. (2001).
Cadmium-induced changes in the growth and
oxidative metabolism of pea plants. Journal of
Experimental Botany, 52 (364): 2115-2126.

Shekhawat, G.S., Verma, K., Jana, S., Singh,
K., Teotia, P., & Prasad, A. (2010). In vitro
biochemical evaluation of cadmium tolerance
mechanism in callus and seedlings of Brassica
Juncea. Protoplasma, 239: 31-38.

Signes-Pastor, A.J., Munera-Picazo, S., Burlo,
F., Cano-Lamadrid, M., & Carbonell-Barrachina,
A.A. (2015). Phytoremediation assessment of
Gomphrena globosa and Zinnia elegans grown
in arsenic-contaminated hydroponic conditions
as a safe and feasible alternative to be applied in
arsenic-contaminated soils of the Bengal Delta.
Environmental Monitoring and Assessment, 187
(6): 1-9.

Skirvin, M., Norton, M., & McPheeters, K.D.
(1993). Somaclonal variation: has it proved useful
for plant improvement? Acta Horticulturae, 336:
333-340.

Swinehart, D.F. (1962). The beer-lambert law.
Journal of Chemical Education, 39 (7): 333.

Vieira, C.C.J., Mercier, H., Chu, E.P, &
Figueiredo-Ribeiro, R.C.L. (1994). Gomphrena
species (globe amaranth): in vitro culture and
production of secondary metabolites. Medicinal
and Aromatic Plants, V1I (28): 257-270.

Vijayalakshmi, U. & Shourie, A. (2016). Remedial
effect of ascorbic acid and citric acid on oxidative
browning of Glycyrrhiza glabra callus cultures.
BioTechnologia of Biotechnology,
Computational Biology and Bionanotechnology,

Journal

97 (3): 179-186.

Wang, Q. & Wang, L. (2012). An evolutionary
view of plant tissue culture: somaclonal variation
and selection. Plant cell Reports, 31: 1535-1547.

Yan, A., Wang, Y., Tan, S.N., Yusof, M.L.M.,
Ghosh, S., & Chen, Z. (2020). Phytoremediation:
a promising approach for revegetation of heavy
metal-polluted land. Frontiers in Plant Science,
11: 359.

Zhang, F.Q., Wang, Y.S., Lou, Z.P., & Dong,
J.D. (2007). Effect of heavy metal stress on
antioxidative enzymes and lipid peroxidation in
leaves and roots of two mangrove plant seedlings

(Kandelia candel and Bruguiera gymnorrhiza).
Chemosphere, 67 (1): 44-50.

Zou, J., Yue, J., Jiang, W., & Liu, D. (2012).
Effects of cadmium stress on root tip cells and
some physiological indexes in Allium cepa var.
agrogarum L. Acta Biologica Cracoviensia, 54
(1): 129-141.

39



	_Hlk89945590
	_Hlk119235766
	_GoBack

