Pol. J. Environ. Stud. Vol. 32, No. 1 (2023), 125-131

DOL: 10.15244/pjoes/153983

ONLINE PUBLICATION DATE: 2022-12-05

Original Research

The Effects of Tea on Cadmium Accumulation

for the Emergent Accumulator Plant
Nasturtium officinale

Rui Li', Qiuyu Liao', Wanzhi Li', Lianying Zhou', Linxi Liu', Lijin Lin**, Zhi Huang!

!College of Horticulture, Sichuan Agricultural University, Chengdu 611130, China
Institute of Pomology and Olericulture, Sichuan Agricultural University, Chengdu 611130, China

Received: 26 June 2022
Accepted. 10 September 2022

Abstract

The paddy soils have been contaminated by cadmium (Cd). To remedy the Cd-contaminated paddy
soils, four tea types (black, green, white, and dark tea) were added to the Cd-contaminated paddy
soils and planted the emergent accumulator plants Nasturtium officinale, and the effects of tea the Cd
accumulation of N. officinale were studied. The green, white, and dark tea decreased the biomass of
N. officinale, while the black tea had no effects. Compared with the control, the green, white, and dark
teas decreased the root biomass by 12.73%, 8.18%, and 17.73%, respectively, and decreased the shoot
biomass by 31.50%, 26.43%, and 33.08%, respectively. All four tea types decreased the chlorophyll a,
chlorophyll b, and carotenoid contents in N. officinale. For antioxidant enzyme activity, the four tea
types decreased N. officinale superoxide dismutase and peroxidase activities, while only the dark tea
decreased the catalase activity. The four tea types had no effect on the shoot Cd content in N. officinale,
and decreased the shoot Cd extraction due to decreased, or zero effects on the soil exchangeable Cd
concentration. Therefore, tea cannot be used to improve the phytoextraction capacity of N. officinale for
Cd-contaminated paddy soils.
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Introduction

Soil heavy metal contamination has become
a serious problem in recent years, and is also one of
the main problems facing the current agricultural
environment [1]. This presents great potential hazards,
which are concealed, easily degraded, and difficult
to remedy [2]. Cadmium (Cd) is a toxic heavy metal,
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which has a very large contamination area in the
agricultural soils, especially in the paddy field soils
[1, 2]. Excessive Cd inhibits plant growth and even
leads plant death. It also threatens human health by
entering the human body through the food chain
[3]. Therefore, Cd-contaminated soil requires urgent
remediation.

Many soil heavy metal remediation methods exist,
including physical, chemical, and bioremediation
[4, 5]. Phytoremediation, which usually uses
hyperaccumulators, is one of the bioremediation
technique, and is environmentally friendly [1]. However,
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the application of hyperaccumulators is restricted
by their slow growth, small biomass, and narrow
distribution range [6]. To improve hyperaccumulator
phytoextraction capacity, some agronomic measures
are used in hyperaccumulators, including intercropping,
straw return, plant growth regulators, and more [7-9].
Straw return not only improves the soil physical
and chemical properties, while increasing the soil
nutrient content, but also changes the soil available Cd
concentration, thereby changing plant Cd uptake [10-12].
Tea is consumed on a daily basis, and is rich in inorganic
matter, water-insoluble protein, fat-soluble vitamins,
hydroxy acid salts, aromatic carboxylic acid esters,
hydroxyls, and oxygen, and can remove heavy metals and
fluoride from water [13, 14]. The main reason why tea is
chosen as the adsorption material is because polyphenols
are its main components. Its chemical structure contains
multiple hydroxy polyphenols, which have strong
chelating properties and can form stable complexes with
heavy metals, thus removing them [15-17]. A previous
study showed that tea applied to soil decreased the Cd
uptake in common pakchoi cabbage [18]. Furthermore,
no other reports exist regarding the application of tea
on plant Cd uptake. Therefore, if tea is applied to either
hyperaccumulator or accumulator Cd accumulation, their
phytoextraction capacity can be affected.

Nasturtium officinale is a rapidly growing emergent
herbal accumulator plant [19]. Compared with other
hyperaccumulators or accumulators [20, 21], the
phytoextraction capacity of N. officinale can potentially
be improved. In this experiment, four tea types (black,
green, white, and dark teas) were added to the Cd-
contaminated soils, and their effects on N. officinale
Cd accumulation were studied. The aim of this study
was to screen the best tea type that could improve
the phytoextraction capacity of N. officinale, and to
provide a reference for the Cd-contaminated paddy soils
remediation.

Experimental
Materials

Shoot cuttings of N. officinale were collected from
the fields surrounding the Chengdu Campus of Sichuan
Agricultural University (30°71'N, 103°87'E). The four
tea types were: black tea (product name: Second-level
Gongfu Black Tea, produced by Leshan Yizhichun
Tea Company), green tea (product name: Lvmaofeng,
produced by Ya’an Southern Yejia Tea Company), white
tea (Gongmei, produced by Fuding Guanzhongshan
Tea Company), and dark tea (Tibetan Tea, produced by
Ya’an Helong Tea Factory).

Fluvo-aquic soil was collected from the fields
surrounding the Chengdu Campus of Sichuan
Agricultural University. The soil physical and chemical
properties were the same as described by Lin et al.
(2020) [22].

Experimental Design

The experiment was conducted in a greenhouse
at the Chengdu Campus of Sichuan Agricultural
University from September to November 2020.
In September 2020, the soil samples were treated, placed
into plastic pots (25 cm diameter and 10 cm depth),
and enriched with Cd (in the form of CdCl 2.5H,0)
according to Lin et al. (2020) [22]. A total of 2.5 kg
soil were weighed and placed in each pot, and the final
soil Cd concentration was 5 mg kg™ [23]. A total of 5 g
tea was added to the Cd-contaminated soil of each pot
(2 g tea per kilogram soil) [8], mixed thoroughly, and
maintained in a submerged state for seven days. There
were five treatments in the experiment: no application
(control), and application of black, green, white, or dark
tea. Each treatment was done in triplicate. In October
2020, shoot cuttings (10 cm in length) were placed into
the Cd-contaminated soil. Four cuttings were planted
in each pot. The plants were watered every day, and
the water level was maintained at 3 cm above the soil
surface until harvest.

In November 2020 (one month after transplanting),
the mature N. officinale leaves were collected to
determine the photosynthetic pigments (chlorophyll
a, chlorophyll b, total chlorophyll, and carotenoids)
contents and antioxidant enzymes [peroxidase (POD),
superoxide dismutase (SOD), and catalase (CAT)]
activities. The photosynthetic pigments contents were
determined according to the acetone-ethanol extraction
method [24], and the details were the same as reported
by Liu et al. (2021) [25]. The nitroblue tetrazolium,
guaiacol colorimetric, and potassium permanganate
titration methods were used to determine the SOD,
POD, and CAT activities, respectively, and the details
were also the same as reported by Lin et al. (2020) [22].
Hereafter, whole plants were harvested and treated as
reported by Lin et al. (2020) [22]. The biomass of root
and shoot (dry weight) were measured by an electronic
balance, and the root/shoot ratio (root biomass/ shoot
biomass) was calculated. Dried samples were used to
determine the root and shoot Cd contents using the
iCAP 6300 ICP-MS spectrometer (Thermo Scientific,
Waltham, MA, USA) as reported by Lin et al. (2020)
[22], and the translocation factor (TF: Cd content in
shoots/ Cd content in roots) was calculated [26]. Pot
soils were collected to determine the soil pH (using
a pH meter) and soil exchangeable Cd concentration
(using the iCAP 6300 ICP-MS spectrometer) as reported
by Lin et al. (2020) [22].

Statistical Analyses

Statistical analyses were performed using the SPSS
20.0 statistical software. Data were analyzed with one-
way analysis of variance (ANOVA), with the Duncan’s
Multiple Range Test (P<0.05).
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Results and Discussion
N. officinale Biomass

Allelopathy is a common phenomenon in agricultural
production, and can affect plant growth, development,
and mineral element uptake [27]. Mulching with crop
straw can change the soil physicochemical properties by
releasing allelochemicals into the soil and affecting plant
growth [28]. Under Cd-contaminated soil conditions,
adding tea residues can increase the edible parts of
Chinese cabbage [29]. In this experiment, the black
tea application did not significantly (P>0.05) affect
N. officinale biomass (Table 1). The green, white, and
dark teas decreased the root biomass of N. officinale by
12.73%, 8.18%, and 17.73%, respectively, and decreased
the shoot biomass by 31.50%, 26.43%, and 33.08%,
respectively. These results indicate that tea application
inhibited N. officinale growth to some extent. The
reason for this may be that tea produces substances
such as caffeine and phenols, which causes toxicity
to other plants. When the phenolic acid concentration
reaches a certain level, the cytoplasmic membrane is
depolarized, thus destroying the potential difference
on both membrane sides and increasing cell membrane
permeability, thereby causing ion extravagation, which
eventually inhibits N. officinale growth [30, 31]. All
four tea treatments enhanced the root/shoot ratio of
N. officinale in this experiment. This further indicates
that N. officinale increased its root proportion to
increase its resistance to tea inhibition.

Table 1. Biomass of N. officinale.

Photosynthetic Pigment Content in N. officinale

When Cd enters plants, excess reactive oxygen
species are generated and reactive oxygen radicals
target the chlorophyll, thereby resulting in the
destruction of chlorophyll and carotenoid structures,
and eventual leaf chlorosis [32]. In this experiment, after
applying the four teas, the chlorophyll a, chlorophyll
b, and carotenoid contents in N. officinale decreased
(Table 2). Compared with the control, the black,
green, white, and dark teas decreased the chlorophyll
a content by 12.41%, 56.21%, 23.02%, and 58.54%,
respectively, decreased the chlorophyll » content by
12.95%, 58.68%, 21.76%, and 60.61%, respectively, and
decreased the carotenoid content by 15.88%, 48.93%,
21.46%, and 56.65%, respectively. Therefore, tea
inhibited N. officinale photosynthetic pigment synthesis.
These results may be related to the caffeine and phenol
toxicity as produced by teas [30, 31]. On the other hand,
the addition of tea to the soil may cause an imbalance in
the soil microbial community structure, which affects
plant nutrient absorption and photosynthetic pigment
synthesis [33].

Antioxidant Enzyme Activity of N. officinale

Under heavy metal stress, reactive oxygen species are
produced inside the plant body, and this damages the cell
structure and function of plants [34]. Previous studies
showed that some plant straws increased the SOD,
POD, and CAT activities of the Cd-hyperaccumulator

Treatments Roots (g plant™) Shoots (g plant™) Root/shoot ratio
Control 0.220+£0.011a 1.578+0.070a 0.140+0.011b
Black 0.223+0.013a 1.377+0.091a 0.162+0.007a
Green 0.192+0.009¢ 1.081+0.015b 0.178+0.006a
White 0.202+0.007b 1.161+0.085b 0.175+0.009a
Dark 0.181+0.003¢ 1.056+0.079¢ 0.175+0.016a

Values are means (+SD) of triplicates. Different letters indicate significant differences among the treatments (Duncan’s Multiple
Range Test, P<0.05). Root/shoot ratio = root biomass/ shoot biomass.

Table 2. Photosynthetic pigment content in N. officinale.

Treatments Chlorophyll a (mg g™") Chlorophyll » (mg g™) Carotenoid (mg g™")
Control 1.1124+0.044a 0.363+0.017a 0.233+0.009a
Black 0.9744+0.035b 0.316+0.007b 0.196+0.012b
Green 0.487+0.023d 0.150+0.013d 0.119+0.010¢
White 0.856+0.020c 0.284+0.012¢ 0.183+0.012b
Dark 0.461+0.030d 0.143+0.004d 0.101£0.004¢

Values are means (+SD) of triplicates. Different letters indicate significant differences among the treatments (Duncan’s Multiple

Range Test, P<0.05).
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Table 3. Antioxidant enzyme activity of N. officinale.
Treatments SOD activity (U g™) CAT activity (mg g”' min™") POD activity (U g”! min™)
Control 337.19+10.13a 5.584+0.053a 5222+118.82a
Black 306.69+13.10b 5.603+0.069a 4622+124.92b
Green 266.45+7.72¢ 5.670+0.041a 3779+106.50cd
White 278.78+12.50c 5.588+0.035a 39344124.78¢
Dark 242.81+12.44d 5.445+0.033b 3576+77.39d

Values are means (+SD) of triplicates. Different letters indicate significant differences among the treatments (Duncan’s Multiple

Range Test, P<0.05).

Galinsoga parviflora, while other plant straws decreased
these activities [8, 35, 36]. In this experiment, the SOD
activity of N. officinale treated with teas was lower
than the control (Table 3). The black, green, white,
and dark teas reduced the SOD activity by 9.05%,
20.98%, 17.32%, and 27.99%, respectively, compared
with the control. The black, green, and white teas did
not significantly (P>0.05) affect the CAT activity of N.
officinale, while the dark tea reduced the CAT activity.
The POD activity of N. officinale treated with the teas
was also lower than the control. The black, green, white,
and dark teas reduced the POD activity of N. officinale
by 11.49%, 27.63%, 24.66%, and 31.52%, respectively.
These results are consistent with previous studies
[8, 35, 36], indicating that the tea treatments reduced
N. officinale Cd-resistance.

Cd Content in N. officinale

Under heavy metal contaminated soil, it is important
to adjust plant heavy metal absorption by changing the
external environment, which is important for alleviating
the heavy metal stress on the plants [37]. Certain
studies showed that adding straws from different
crops to soil reduced the heavy metal uptake of plants
[37, 38]. For hyperaccumulators or accumulators,
certain plant straws (such as Youngia erythrocarpa
and Cardamine hirsuta) promoted the Cd uptake of
the Cd-hyperaccumulator Galinsoga parviflora and
the Cd-accumulator Capsella bursa-pastoris, while
other plant straws inhibited these properties [8, 35, 36,

Table 4. Cd content in N. officinale.

39-41]. In this experiment, the black, green, and white
teas did not significantly (P>0.05) affect the Cd content
in N. officinale roots, while the dark tea increased
this root Cd content (Table 4). None of the four teas
significantly (P>0.05) affected the shoot Cd content
in N. officinale. Therefore, tea had no effect on N.
officinale Cd uptake, which differs from other plant
straws [8, 35, 36, 39-41]. These results may be related
to the soil available Cd concentration. There are many
hydroxyl and carboxyl functional groups in tea residues,
and these functional groups can form relatively stable
complexes with the heavy metal ions [42]. Tea can also
effectively remove heavy metals from water, and the
amount of tea is significantly positively correlated with
the heavy metal ion removal rate [43]. These factors
directly decrease the soil available Cd concentration,
and thus decrease N. officinale Cd uptake. The black
and green teas in this experiment reduced the TF of
N. officinale, while the white and dark teas had no
significant (P>0.05) effects. This indicates that tea
treatment cannot promote the Cd transport from the
roots to shoots of N. officinale.

Cd Extraction by N. officinale

The black tea did not significantly (P>0.05) affect
the root Cd extraction of N. officinale, while the
green, white, and dark teas decreased the root Cd
extraction (Fig. 1). All four teas decreased the shoot
Cd extraction of N. officinale (Fig. 2). Therefore, tea
treatment decreased the phytoremediation capacity

Treatments Roots (mg kg™) Shoots (mg kg™) TF
Control 26.02+0.56b 36.49+0.74ab 1.403+0.049a
Black 26.70+0.66ab 35.49+0.49b 1.330+0.023b
Green 26.34+0.17ab 35.25+0.66b 1.338+0.032b
White 25.96+0.47b 35.31£1.10b 1.360+0.018ab
Dark 27.10+0.38a 37.354+0.66a 1.378+0.028ab

Values are means (+SD) of triplicates. Different letters indicate significant differences among the treatments (Duncan’s Multiple
Range Test, P<0.05). Translocation factor (TF) = Cd content in shoots/Cd content in roots.
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Fig. 1. Cd extraction by roots of N. officinale. Values are
means (£SD) of triplicates. Different letters indicate significant
differences among the treatments (Duncan’s Multiple Range
Test, P<0.05).
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Fig. 2. Cd extraction by shoots of N. officinale. Values are
means (+SD) of triplicates. Different letters indicate significant
differences among the treatments (Duncan’s Multiple Range
Test, P<0.05).
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Different letters indicate significant differences among the
treatments (Duncan’s Multiple Range Test, P<0.05).

of N. officinale, and cannot be used for Cd-contaminated
paddy soils.

Soil pH value and Exchangeable Cd Concentration
Soil available Cd concentration is directly affected

by soil pH value, and soil pH value is in turn affected
by the organic acid levels generated from straw [44,
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Fig. 4. Soil exchangeable Cd concentration. Values are means
(+SD) of triplicates. Different letters indicate significant
differences among the treatments (Duncan’s Multiple Range
Test, P<0.05).

45]. Therefore, if the soil pH value is low, then the soil
available Cd concentration becomes high, and more
Cd can be absorbed by plants. In this experiment, only
the black tea reduced the soil pH value, while the other
three teas had no significant (P>0.05) effects (Fig. 3).
The black, green, and white teas decreased the soil
exchangeable Cd concentration, while the dark tea had
no significant (P>0.05) effects (Fig. 4). These results
indicate that tea may fix or adsorb Cd in the soil [42,
43], and further suggest that tea treatment decreased the
soil available Cd concentration to some extent, thereby
leading to zero effects or decreased Cd uptake by N.
officinale.

Conclusions

The four teas in this study could not promote
N. officinale growth. However, they decreased
the biomass, photosynthetic pigment content, and
antioxidant enzyme activity of N. officinale to some
extent. Generally, the four teas had no effect on Cd
content in N. officinale, but reduced the Cd transport
from the roots to shoots, and decreased the Cd
extraction ability of N. officinale. Therefore, tea is not
suitable for improving the phytoextraction capacity of
N. officinale.

Conflict of Interest

The authors declare no conflict of interest.

References

1. ZHENG H.G. Advances in remediation techniques for
soil heavy metal pollution. Environmental Science and
Technology, 37 (S2), 213, 2014.

2. FAN S.X., GAN Z.T, LI M.J, ZHANG Z.Q., ZHOU Q.
Progress of assessment methods of heavy metal pollution
in soil. Chinese Agricultural Science Bulletin, 26 (17), 310,
2010.



130

LiR., etal

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

MEI G.Q. Harmfulness and treatment of heavy metal
waste water. Studies of Trace Elements and Health, 21 (4),
54,2004.

XIA L.J, HUA L. LI X.D. The mechanism of
bioremediation on heavy metal pollution and its research
development. Acta Agr. Nucleatae Sin, 12, 60, 1998.

YAN XM. HE JZ. Repaired mechanism of
microorganism in the soil polluted with heavy metal
and its research advance. J. Anhui Agric. Sci, 30, 877,
2002.

WU L.H,, LI H.,, LUO Y.M., CHRISTIE P. Nutrients can
enhance phytoremediation by Indian mustard. Environ.
Geochem. Heal, 26, 331, 2004.

HUANG K., LIN L., LIAO M., LIU J.,, LIANG D., XIA H.,
WANG X., WANG J., DENG, H. Effects of intercropping
with different Solanum plants on the physiological
characteristics and cadmium accumulation of Solanum
nigrum. International Journal of Environmental Analytical
Chemistry, 101, 15, 2835, 2021.

WANG J, LIU C., ZHANG X., LIN L., LIAO M,, LV X.,
XIA H., LIANG D. Effects of applying hyperaccumulator
straw in soil on growth and cadmium accumulation of
Galinsoga parviflora. Environ. Prog. Sustain, 35, 618,
2016.

RAN Z., CHEN C., CHEN F,, LIAO M., LIN L., LV X,,
DENG Q., WANG X., WANG J., TANG Y., LI H. Effects
of indole-3-butytric acid on lead and zinc accumulations in
Pseudostellaria maximowicziana. Environ. Monit. Assess,
190, 212, 2018.

SHEN Y.Y., CHEN H. The progress of study on soil
improvement research with straw stalk. Chinese Agr Sci
Bull, 25 (19), 291, 2009.

JIANG Y.H., Y R., MA Y.L. The effect of stubble return
on agro-ecological system and crop growth. Chinese J Soil
Sci, 32 (5), 209, 2001.

XU GW.,, LI S., ZHAO Y.F., CHEN M.C,, LI Y.J. Effects
of straw returning and nitrogen fertilizer application
on root secretion and nitrogen utilization of rice. Acta
Prataculturae Sinica, 23 (2), 140, 2014.

CAI H.M., CHEN G.J., PENG CY., et al. Removal of
fluoride from drinking water using tea waste loaded
with Al/Fe oxides: A novel, safe and efficient biosorbent.
Applied Surface Science, 328, 34, 2015.

YUAN X.Z., MENG Y.T., ZENG G.M., et al. Evaluation
of tea-derived biosurfactant on removing heavy metal
ions from dilute wastewater by ion flotation. Colloids &
Surfaces A Physicochemical & Engineering Aspects, 317
(1-3), 256, 2018.

HUANG Y. Research progress on removal of
environmental pollutants with tea waste adsorption
materials. Journal of Hunan City University (Natural
Science), 28 (1), 2019.

DURAN C., OZDES D., GUNDOGDU A, et al. Tea-
industry waste activated carbon, as a novel adsorbent, for
separation, preconcentration and speciation of chromium.
Anal Chim Acta, 688 (1), 75, 2011.

AMIRHOSSEIN M., TAN S., SABA Y., Valorization of
wasted black tea as a low-cost adsorbent for nickel and
zinc removal from aqueous solution. J Chem, 2016, 1,
2016.

YANG Z., LIU L., LV Y,, et al. Metal availability, soil
nutrient, and enzyme activity in response to application of
organic amendments in Cd-contaminated soil. Environ Sci
Pollut Res Int, 25 (3), 2425, 2018.

LIN L.J,, LUO L., MIAO M.A., ZHANG X., YANG D.Y.
Cadmium accumulation characteristics of emerged plant

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Nasturtium officinale R. BR. Resources and Environment
in the Yangtze Basin, 24 (4), 684, 2015.

ZHANG S.R., LIN H.C,, DENG L.J., GONG G.S,, JIA
Y.X.,, XU X.X.,, TANG Y., LI L., CHEN H. Cadmium
tolerance and accumulation characteristics of Siegesbeckia
orientalis L. Ecol Eng, 51, 133, 2013.

WEI S.H., ZHOU Q.X., WANG X., ZHANG K.S., GUO
G.L., MA L.Q. A newly-discovered Cd-hyperaccumulator
Solanum nigrum L. Chin Sci Bull, 50 (1), 33, 2005.

LIN L.J, WU CF, JIANG W, LIAO M.A., TANG
Y., WANG J., LV X L., LIANG D., XIA H., WANG
X., DENG Q.X.,, WANG Z.H. Grafting increases
cadmium accumulation in the post-grafting generations
of the potential cadmium hyperaccumulator Solanum
photeinocarpum. Chemistry and Ecology, 36, 7, 685, 2020.
HU R,P., ZHANG Z.J., LIN L.J.,, LIAO M.A,, TANG Y.,
LIANG D., XIA H., WANG J., WANG X., LV X.L., REN
W. Intercropping with hyperaccumulator plants decreases
the cadmium accumulation in grape seedlings. Acta Agr.
Scand. B-S. P, 69 (4), 304, 2019.

HAO Z.B., CANG J., XU Z. Plant physiology experiment.
Harbin Institute of Technology Press, Harbin, China, 2004.
LIU L., HAN J.X., DENG L.L., ZHOU H.X., BIE Y.H.,
JING Q.H., LIN L.J, WANG J., LTIAO M.A. Effects
of diethyl aminoethyl hexanoate on the physiology and
selenium absorption of grape seedlings. Acta Physiol
Plant, 43, 115, 2021.

RASTMANESH F., MOORE F., KESHAVARZI B.
Speciation and phytoavailability of heavy metals in
contaminated soils in Sarcheshmeh Area, Kerman
Province, Iran. Bulletin of Environmental Contamination
and Toxicology, 85 (5), 515, 2020.

ADELINE D.S.N., ERICA M.P.C., RAVAGNANI GJT.,
ANDREIA C.PR.D., ROCHA S.A, ZUCARELI V.,
LOPES A.D. Allelopathic potential of plant aqueous
mixtures on Euphorbia heterophylla. Agriculture, 10
(449), 449, 2020.

CHENG F., CHENG Z. Research progress on the use of
plant allelopathy in agriculture and the physiological and
ecological mechanisms of allelopathy. Front Plant Sci, 6,
1020, 2015.

LYU Y.F. Study on Passivation of Cd-contaminated soil by
oil cake and green tea residue (Master Thesis). Sichuan
Agricultural University, 2017.

CAO PR., LIU CY., LI D. Autointoxication of tea
(Camellia sinensis) and identification of its autotoxins.
Allelopathy J, 28 (2), 155, 2012.

PENG P, LI PW, HOU Y., HU X. Influence of
environment on the production of allelochemicals in tea
trees. Chinese Tea, 30 (1), 14, 2009.

PARMAR P., KUMARI N., SHARMA V. Structural and
functional alterations in photosynthetic apparatus of plants
under cadmium stress. Bot Stud, 54 (1), 45, 2013.

LI Y.C.,, CHEN ZP, LIN WW.,, LI ZW., LIN WX.
Research advances in mechanisms and preventions of
continuous cropping obstacles of tea plants. Ecological
Science, 38 (5), 225, 2019.

CHO U., PARK J. Mercury-induced oxidative stress in
tomato seedlings. Plant Sci, 156 (1), 1, 2000.

LIN L., LIAO M., REN Y., LUO L., ZHANG X., YANG
D., HE J. Effects of mulching tolerant plant straw on
soil surface on growth and cadmium accumulation of
Galinsoga parviflora. PLOS ONE, 9 (12), 114957, 2014.
TANG FY., LIN L.J, LIAO J.Q., LIAO M.A., HE J.,,
YANG D.Y., ZHANG X. Effects of applying accumulator
straw in soil on growth and cadmium accumulation of



The Effects of Tea on Cadmium Accumulation...

131

37.

38.

39.

40.

Galinsoga parviflora. Acta Agriculturae Boreali-Sinica,
30 (4), 213, 2015.

LIU L., WANG J.J,, LIN L.J, WU Y.M., LTAO M.A,,
WANG J., TANG Y., SUN G.C., DENG Q.X., Wang X.,
LV X.L., WEI R. Mulching with crop straws influences
cadmium accumulation of Cyphomandra betacea
seedlings. Environ Prog Sustain, 38 (6), 13229, 2019.
WANG Y., WANG X., DENG Q.X., MAO M.A., XIA
H., WANG J, LV X.L., WANG Y.Q., ZHANG H.F,
ZHANG X.A., LUO X. Living plants and straws of four
hyperaccumulator plants increase the cadmium uptake of
Ziziphus acidojujuba seedlings. Int J Environ an Ch, 2021.
https://doi.org/10.1080/03067319.2021.1882450

WANG H., SHI J., LIN L.J., YANG, D.Y., HUANG K.W.,
ZHANG X. Effects of mulching with cadmium tolerant
plant straws on growth and cadmium accumulation
of Capsela Bursa-pastoris in cadmium contaminated
soil. Bulletin of Soil and Water Conservation, 36 (1), 184,
2016.

LIN L.J., YANG D.Y., TANG FY., LUO L., LIAO M.A.,
YUAO, L. Effects of applying accumulator straw in soil

41.

42.

43.

44,

45.

on cadmium accumulation of Capsella Bursa-pastoris.
Chinese Journal of Soil Science, 46 (2), 483, 2015.

HU R.P, SHIJ., HUANG T.Y., LIN L.J. Effects of applying
hyperaccumulator straw in soil on growth and cadmium
accumulation of Capsella Bursa-pastoris.Bulletin of Soil
and Water Conservation, 35 (5), 217, 2015.

ZHOU J.J. Adsorption of lead,zinc,and cadmium ions from
aqueous solution by teswaste adsorbents (Master Thesis).
Hunan University, 2013.

CELEBI H., GOK G., GOK O. Adsorption capability
of brewed tea waste in waters containing toxic lead (II),
cadmium (II), nickel (II), and zinc (II) heavy metal ions.
Sci Rep, 10 (1), 17570, 2020.

CHAI Q., HUANG G. Review on action mechanism
affecting factors and applied potential of alopathy. Acta
Botanica Boreal-occidentalia Sinica, 23 (3), 509, 2002.
GUO G., ZHOU Q., MA L.Q. Availability and assessment
of fixing additives for the in situ remediation of heavy
metal contaminated soils: a review. Environmental
Monitoring & Assessment, 116 (3) 513, 2006.



