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Abstract: Phytoremediation is an environmentally friendly and highly promising method for soil
remediation, with the core issue being the selection of suitable plants and applicable conditions. During
the remediation of uranium-contaminated environments, the enrichment of uranium adversely affects
the normal growth of plants, causing stress effects. This study aimed to explore the stress response
mechanism of Bidens pilosa L. to uranium in the soil and the influence of chelating agents on its
uranium enrichment capacity through experiments on the remediation of uranium-contaminated soil.
The phenotypic, physiological, and chlorophyll fluorescence parameters of Bidens pilosa L., as well as

its uranium enrichment capacity, were studied under the influence of chelating agents and uranium. The
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results show that with the increase of uranium concentration, the levels of soluble protein,
malondialdehyde (MDA), peroxidase (POD), and catalase (CAT) in Bidens pilosa L. first increase and
then decrease. The maximum quantum yield (Fv/Fm) and non-photochemical quenching coefficient
(NPQ) significantly decrease with the increase of uranium concentration, while the actual quantum yield
(®PS 1) gradually increases. The application of chelating agents significantly enhances the uranium
enrichment capacity of Bidens pilosa L. Low concentrations of chelating agents promote the synthesis
of soluble protein, POD, and CAT, and reduce MDA content. Additionally, low concentrations of
chelating agents increase the Fv/Fm and ®PS I values of Bidens pilosa L. However, they could also
affect the open center structure of PS Il in plants, leading to the damage of the photoprotection system.
High concentrations of chelating agents could directly cause plant death. In terms of enrichment
capacity, when the soil uranium concentration is 50 mg/kg, under the action of 20 mmol/kg oxalic acid,
Bidens pilosa L. achieves a maximum total enrichment coefficient of 6.29, with an above-ground part
enrichment coefficient of 4.26 and a transfer coefficient of 2.09, exceeding the lower limits defined for
hyperaccumulator plants. Thus, it can be defined as a hyperaccumulator plant, but under these
conditions, Bidens pilosa L. does not survive for more than 24 h. Therefore, if Bidens pilosa L. is used
as a phytoremediation material for uranium-contaminated soil, the application of 10 mmol/kg citric acid
can enhance its uranium enrichment capacity while ensuring better survival rates. The above results
indicate that by adjusting the concentration of chelating agents, it is possible to effectively increase the
uranium enrichment efficiency of Bidens pilosa L. while minimizing damage to the plant itself, thereby
playing a more significant role in the remediation of uranium-contaminated soils. Furthermore,
understanding the precise biochemical and physiological responses of Bidens pilosa L. to uranium stress
and chelating agents can help in developing more refined strategies for using this plant in various
contaminated environments. This deeper insight into the plant’s response mechanisms also opens up
avenues for interventions to enhance its resilience and accumulation capacity, making phytoremediation
a more viable and efficient option for large-scale environmental cleanup efforts.
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Table 1 Physico-chemical parameters of experimental soil

pH 5.03~6.06
FHLE, gkg 19.94~71.41
25, gkg 0.81~2.76
KRR, g/kg 0.0~0.4
2%, g/kg 0.000 3~0.006 8
25, g/kg 0.096~0.425
R, g/kg 0.392~1.100
ST, g/kg 4.94~10.50
R, g/kg 0.007 4~0.017 4
SR, g/kg 1.35~5.73
SR, g/kg 1.03~1.59
SEE, g/kg 8.21~11.70
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Fig. 1 Plant growth (a) and leaf area (b)
at different uranium concentrations
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Fig. 3 Effects of uranium stress on stress response parameters of Bidens pilosa L.
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Fig. 4 Effect of citric acid on stress response parameter of Bidens pilosa L.
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Fig. 5 Effects of oxalic acid on the stress response system of Bidens pilosa L.
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Fig. 6 Effects of uranium concentration on chlorophyll fluorescence parameters of Bidens pilosa L.
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Fig. 7 Effect of citric acid on chlorophyll fluorescence parameters of Bidens pilosa L.



5103 AN TLAT O A 5 bl 30 e I AL AR B R 6 2 o A A 5T 2085
0.9 0.8
CJOA-0 C10A-0 1.0
ZZ20A-5 OA-5 C10A-0
SSOA-10 SYOA-10 0.8 ZZ0A-5
07 ? Y OA-10
' L /)
£ o = N 7 % 0.6
=08V 1) c e N | N[ ¢
- % §§ ° 06} % " g §§ é “ 0.4 ?/‘"\
n NN el N
NN NIANIAN| A\
0.7 é é§ \ 0.5 é\ %L é& é 0.0 é&
0 50 100 200 0 50 100 200 0 50 100 200
ik £/ (mg/kg) it/ (mg/kg) il L/ (mg/kg)
B8 FRXS LB B S BRSO S A R
Fig. 8 Effect of oxalic acid on chlorophyll fluorescence parameters of Bidens pilosa L.
ol —
sl B 3t _
€t B
& Mol
iy
18 3+ i
i) =
1
Fuesegg8wwsS888eY Fuessgg8uevrsesgsggsrw
o ARDEDEDEE I DRDEDEDE I« LA RDRDEDEDEE . SDRDEDEDEN I e
220533 233395 23 220538 2333393 232
TR RERE =28888 &8 TrREERR 228888 &8
B B4
5r 3
K4t
& 5| bk 2
1B #
R g
520 B
- =
Flr
O%m@ocooommoocoowm Oowmooooommooooomm
<< 992472998 << P39S 2277998 2 <
229395 2333395 23 2233593 2333395 23
"R RRR 22§§§§ & COREER 29§§§§ SRS
EAH A
9 JinEs &5 JE R R S5

Fig. 9 Transfer coefficient of Bidens pilosa L. after application of chelating agent

=)

K, BE RO R R T 6.1, 13.5 %, e
Al 3K 6.29, 763X AR IR B T, il i) 2 2 i 4R
TR AT PR AR B B A M A, M L E AR R
BOoh 211, 4.26, iz ZE R Rk F] 2.09, il T E
SRR AP S HCT BREY; Bk 2 100 mg/kg
BF, Fr A R B ORI T MR /Y, 10 mmol/kg il
20 mmol/kg AT G R 4T T 1) 4 ' 4R BB ) $2 71
oK, BE R BET IR E T 5.1, 8.3 5, M
R EE RN 1,56, 3.36; Mk IE i — 41
% 200 mg/kg B, INAF IR FI IR 5, T 4T By
SVEERBON 0.34 73 51T 2 0.57 F100.43, FUR
ANBR G, 255 TS AT, TR R AT AR S S G R it fn

HexE

AN LS Bly et B R v v R A o L TE R A A
IR
3 it
1) 38 vl 4 7 2 B S ) TR R A K
T e FAVKEAE, ok BB, AR A K g
TERIIE T, P T 20 4 6 B5E 1 I 32 40, JCRR AR i 4
ERRE BT, WA RS im k42 5 B S A AR &
B E DL AR T S PR A AR S O T R
7S ER YA

2) EIEEFRE T, M 5 mmol/kg 5
10 mmol/kg ¥ B 1Y 746 12 R R 4 A1 AR A TN



2086

FETREREHAR 58k

P AL Z G0 BT P, B AT A0 AR A 1) SR AL AR B 5 TR
B 2 318 18 VR A e R iR T A S PR
B, (A S BERRL I AR R G5 i vk B R 4 L H
S S5ORE Wy A0 LRSS T A7, O R A AR A, A
Yy i B G R R, R IR T E . fE
AR R MR 3 2 F T, SR X YR B F OB AR P RS
NP TR R

3) FrRERR SRR 04l 25 ol B R Y 4R B
BB KgHE T, BARRCR BB RIE TR . Y4
i%%%ﬁﬁﬂm@@ﬁh%ﬁ@&ﬂmmwm
I RAVE IR, S RS 4 R AT ik 6.29, M 3B
o EERBGE R 4.26, 712 ZEGRF] 2.09, Ml T
T SOHE Y A TS ECT R, v LhE Ok
B, ABAE AT AT B A I B () AN B
24 he WHRTEIG ALY 16 2 T T 7
TE AT 1 [R)IE AT e 4R v B A X il ) e AR
I, W43 ] 10 mmol/kg A8 #7452 4 Bl v B
TR .

£ & k-

(1] 270K, IME, 56, 55 @8 KRG R
AFZIRAIHTT). PEFRYEIE, 2018(2): 104-105, 109.
LI Yuangang, SUN Juan, HE Zhanfei, et al. Analysis on

/JL ﬂl EE

environment pollution and ecological impact in open-pit
mining and extractive metallurgy for uranium mine[J].
Western Resources, 2018(2): 104-105, 109(in Chinese).

[2] DEROSA C. Agency for toxic substances and disease
registry’s toxicological profiles: Contribution to public
health[J]. Toxicology and Industrial Health, 1994, 10(3):
117.

[3] SHMAEFSKY B R. Principles of phytoremediation
[M]//SHMAEFSKY B R. Concepts and strategies in plant
sciences. Cham: Springer International Publishing, 2020:
1-26.

[4] Introduction to phytoremediation[R]. Washington: Na-
tional Risk Management Research Laboratory Office of
Research and Development, 2000.

[51 ak2EAL, FoRar. TR ahis Je iz & 1)
2008, 27(1): 44-49.

ZHANG Xueli, WANG Erqi. Review on phytoremedia-

AR,

tion of uranium-contaminated environment[J]. Uranium

Mining and Metallurgy, 2008, 27(1): 44-49(in Chinese)
(61 JHKk4:, ZAWI, w0, 55 AR A AT oy e BE Bl a0

Wl 7 5 il AR AR W O B [J]. % A S 3, 2013, 27(12):

1920-1926.

[7]

(8]

[9]

L10]

[11]

[12]

[13]

[14]

[15]

TANG Yongjin, LUO Xuegang, ZENG Feng, et al. Re-
sponse of plants to high concentrations of uranium stress
and the screening of remediation plants[J]. Journal of Nu-
clear Agricultural Sciences, 2013, 27(12): 1920-1926(in
Chinese).

SHAHANDEH H, HOSSNER L R. Role of soil proper-
ties in phytoaccumulation of uranium[J]. Water, Air, and
Soil Pollution, 2002, 141(1): 165-180.

STOJANOVIC M, PEZO L, LACNJEVAC C, et al. Bio-
metric approach in selecting plants for phytoaccumula-
tion of uranium[J]. International Journal of Phytoremedi-
ation, 2016, 18(5): 527-533.

HU N, LANG T, DING D, et al. Enhancement of repeat-
ed applications of chelates on phytoremediation of urani-
um contaminated soil by Macleaya cordata[J]. Journal of
Environmental Radioactivity, 2019, 199/200: 58-65.
CHANG P, KIM K W, YOSHIDA S, et al. Uranium ac-
cumulation of crop plants enhanced by citric acid[J].
Environmental Geochemistry and Health, 2005, 27(5):
529-538.

CHEN L, LONG C, WANG D, et al. Phytoremediation of
cadmium (Cd) and uranium (U) contaminated soils by
Brassica juncea L. enhanced with exogenous application
of plant growth regulators[J]. Chemosphere, 2020, 242:
125112.

CHEN B D, ZHU Y G, SMITH F A. Effects of arbuscu-
lar mycorrhizal inoculation on uranium and arsenic accu-
mulation by Chinese brake fern (Pteris vittata L. ) from a
uranium mining-impacted soil[J]. Chemosphere, 2006,
62(9): 1464-1473.

SRR, BRIT R, Wi, 5. R SR IR RS
R AT R D). A GEIE GRIFHRIT), 2021(3): 65-
70.

GUO Chenran, CHEN Jingying, YAO Yihui, et al. Study
on lolium perenne-glomus intraradice combined remedia-
tion of uranium-contaminated soils[J]. Nonferrous Met-
als (Extractive Metallurgy), 2021(3): 65-70(in Chinese).
PRk, AR, BT, 5. PRI R THIR VRIS 2 s g+
W RESE J]. 5 T RE AL FHR, 2018, 52(10): 1748-
1755.

CHEN Wei, HU Nan, CHEN Ke, et al. Phytoremediation
of uranium contaminated soil by macleaya cordata and
Salicaceae in intercropping pattern[J]. Atomic Energy
Science and Technology, 2018, 52(10): 1748-1755(in
Chinese).

ZHANG Y, DING D, LI G, et al. Enhanced effects and

mechanisms of Syngonium podophyllum-peperomia tet-


https://doi.org/10.3969/j.issn.1672-562X.2018.02.048
https://doi.org/10.3969/j.issn.1672-562X.2018.02.048
https://doi.org/10.1177/074823379401000301
https://doi.org/10.3969/j.issn.1000-8063.2008.01.009
https://doi.org/10.3969/j.issn.1000-8063.2008.01.009
https://doi.org/10.3969/j.issn.1000-8063.2008.01.009
https://doi.org/10.11869/hnxb.2013.12.1920
https://doi.org/10.11869/hnxb.2013.12.1920
https://doi.org/10.11869/hnxb.2013.12.1920
https://doi.org/10.11869/hnxb.2013.12.1920
https://doi.org/10.1080/15226514.2015.1115966
https://doi.org/10.1080/15226514.2015.1115966
https://doi.org/10.1080/15226514.2015.1115966
https://doi.org/10.1016/j.jenvrad.2018.12.023
https://doi.org/10.1016/j.jenvrad.2018.12.023
https://doi.org/10.1016/j.chemosphere.2019.125112
https://doi.org/10.1016/j.chemosphere.2005.06.008
https://doi.org/10.7538/yzk.2018.youxian.0116
https://doi.org/10.7538/yzk.2018.youxian.0116
https://doi.org/10.7538/yzk.2018.youxian.0116

5103

FATINAE LB B X o S e i Y P 3 w7 AL B 2 S

1 {9 82 0 £ T 5 2087

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

raphylla co-planting on phytoremediation of low concen-
tration uranium-bearing wastewater[J].
2021, 279: 130810.

YAN A, WANG Y, TAN S N, et al. Phytoremediation: A

Chemosphere,

promising approach for revegetation of heavy metal-pol-
luted land[J]. Frontiers in Plant Science, 2020, 11: 359.
TRHERF . 2 R FIA FLRR A AW 18 2 SRS Je ke K
A MRV 152 [D]. b at: i B AR B 2 B,
2022.

hEEY SR TS, P EAYEM]. st B R
1, 1998.

IMRAN M, HU S, LUO X, et al. Phytoremediation
through Bidens pilosa L., a nonhazardous approach for
uranium remediation of contaminated water[J]. Interna-
tional Journal of Phytoremediation, 2019, 21(8): 752-759.
) 5K £ 24 5 B PR GB 5009.268—2016 £
AR ZITCRIINE(S]. Jbat: spEARE T R, 2016.
HEASFREER. HT 962—2018 3 pHIE I & F {7 1
[S]. dbxt: hEFRER A iR, 2018,

FEZ MR . LY/T 1225—1999 7 Ak 4 3250k 4H A%,
(HUBRZELAR) iz [S]. Abat: HrEAMoll A, 1999.
AL, NY/T 85—1988 -3 HLFTIE L [S]. Jbat:
Fh ALY H R, 1988.

R, NY/T 53—1987  HIELEME L LI
FIK)[S]. Abat: spEgl AL, 1987.

FEZ Mol R LY/T 12282015 # bk 4 358 50 oy 0 a2

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[S]. A3t A bR AL, 2016.

B 2Ol 8. LY/T 1232—2015 27k 1 2 8 50 0 2
[S]. b3t v psafi i it 2016.
A0l R . LY/T 1234—2015  ZR Ak 1 SE40 5090 5
[S]. db&T: Hr AR AL, 2016.
AR, LY/T 1251—1999  ZRdk 0K i k43
SIMT[S]. Abnt: H ERRIE S R, 1999.
IR R, GB/T 17141—1997 3 ir 85 4B
WE A 85 T IR O R S]. dbat: T EFREE
Bl AL, 1998.

PRSP ER. HI 680—2013 - IEAPIERY K. i,
T B, BRI E SO iR S5 EIA[S]. dbat: i
WAL= A, 2014

TRUNAZ. G5 Y 1 SRR RE -T2k W 2 AR 5T
[D]. i FH: P2, 2015.

AL HE R AR AR AR e Homa R AL IR 5 D].
- AR, 2019.

iR, R, S0, 45, Im AR TR A M SR 3R S
BYZSE: HE, CN201110254698.6[P]. 2011-12-21.
EFF, BRIGEH, RHE R, 45 UMM 35 Y SR
PEIUE I B AR WS S48 A R[], 58 ST B9, 2016,
36(2): 94-103.

WANG Dan, CHEN Xiaoming, TANG Yunlai, et al. Dis-
cussion on key issues to research the phytoextraction
technology of containmination of radionuclides in soil[J].

Radiation Protection, 2016, 36(2): 94-103(in Chinese).


https://doi.org/10.1016/j.chemosphere.2021.130810
https://doi.org/10.3389/fpls.2020.00359

	1 材料与方法
	1.1 主要实验材料
	1.2 实验方法
	1.3 参数测量及数据处理方法

	2 结果与讨论
	2.1 铀胁迫对鬼针草表型参数的影响
	2.2 抗氧化酶逆境响应体系
	2.3 叶绿素荧光参数
	2.4 螯合剂对鬼针草铀富集能力的影响

	3 结论
	参考文献

