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Abstract: The soil ecological restoration and land recycling of the closed tailings reservoir not only avoid the risk of
random discharge, but also increase the land use area. Mulberry has strong root system, strong stress resistance, large
biomass and wide application. It has great potential in the remediation and reuse of heavy metals in mines. In this study,
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the growth of one-year-old seedlings of three mulberry varieties (Y120, G12 and G62) after 60 days of planting in arse-
nic and nickel combined pollution soil in the mining area and the enrichment of arsenic and nickel in different parts
were compared by the original soil pot method. At the same time, the difference of rhizosphere soil microorganisms was
analyzed by metagenomics to preliminarily elucidate the adaptability of different mulberry varieties to arsenic and
nickel combined pollution mine soil and its relationship with rhizosphere soil microbial diversity. The results showed
that after 60 days of planting, the pollution index of nickel in the rhizosphere soil of the three varieties decreased from
moderate to mild before planting, and the pollution index of arsenic in the rhizosphere soil of G62 decreased from se-
vere pollution to moderate pollution. The shoot and root growth of the three mulberry varieties were inhibited, but the
growth of G62 was better than that of Y120 and G12, and the growth of G12 was worse. The transport coefficient and
enrichment coefficient of arsenic in the three mulberry varieties were less than that of nickel. The enrichment ability of
arsenic was root>leaf>stem. The accumulation of arsenic in roots accounted for 47.33%-50.52% of the total plant, and
the difference between varieties was not significant. However, the enrichment ability of nickel was different among dif-
ferent varieties. The accumulation of nickel in roots accounted for 25.67% (G12), 38.46% (G62) and 47.14% (Y 120) of
the total plant, and the difference between varieties was significant. The richness of Nocardioides, Thiomonas and
Rhizobium in the rhizosphere soil of G62 with better growth was significantly higher than that of G12 and Y120, and the
richness of Thiomonas sp. in G62 was the highest. Combined with the fact that the arsenic pollution index of G62
rhizosphere soil decreased more, these genera and species may be more involved in the barrier absorption or detoxifica-
tion of arsenic in mulberry rhizosphere. The richness of Sphingopyxis sp. was the highest in G12, and the variety had the
lowest arsenic and nickel transferred and enriched in the body, which may be related to its more participation in the
detoxification of arsenic and nickel combined pollution in mulberry. The results of this study will lay a foundation for
the screening of mulberry varieties resistant to compound heavy metals that are suitable for the growth of mining areas
and the screening and utilization of strains that can promote the growth of mulberry in the soil of arsenic and nickel
combined pollution mines.
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rieties
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Fig. 1 Growth of different mulberry varieties planted in tailings reservoir soil after 60 days
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Fig. 2 Plant height and leaf numbers of different mulberry varieties planted in tailings reservoir soil after 60 days
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Tab. 1 Content changes of As and Ni in tailings reservoir soil after planting different mulberry varieties
e ST YA A VYR
TE b Element mass fraction/(mg-kg™) Pollution index Pollution level
Element  Variety Tk FikiL FikLAT FikiL Tk T

Before planting After planting Before planting After planting Before planting After planting

As G12 88.19+2.59° 75.08+1.59° 3.53£0.10° 3.00+0.06" Y Y

G62 88.19+2.59° 69.25+4.60° 3.53+0.10° 2.7740.18° WG SUEREEA]

Y120 88.19+2.59° 80.79+4.43° 3.53+0.10° 3.23+0.18° RS Gl RCE S

Ni G12 393.39+6.07° 246.93+6.44° 2.07+0.03° 1.30£0.33° RS LR

G62 393.39+6.07° 302.72+15.25" 2.07+0.03° 1.59+0.23" RS g LR

Y120  393.39£6.07° 307.32+16.76° 2.07+0.03" 1.62+0.09* rp sy gL BT Y

e FATEE R A F/NG FREF R A B 25 7 2 (P<0.05 ),
Note: Different lowercase letters after the same row of data indicate significant difference among treatments (P<0.05).
2 FERWMIIT AsTI NI WEEEBBE
Tab. 2 Enrichment and transfer ability of As and Ni in different mulberry varieties

JLH e JGE J§i 843 41 Element mass fraction/(mg-kg ") e I R H

Element Variety + 3 Soil #R Root 2% Stem it Leaf TF BCF
As Gl2 75.08+1.59" 2.87+0.76° 0.89+0.53" 1.92+0.38° 1.04+0.35° 0.08+0.00°
G62 69.25+4.60° 3.09+0.37° 0.96+0.09" 2.20+0.32° 1.02+0.02% 0.09+0.01%
Y120 80.79+4.43% 5.01+1.02% 1.14+0.23* 4.44+1.02° 1.11+0.03* 0.14+0.04"
Ni Gl12 246.93+6.44° 18.02+1.54° 26.18+1.35° 26.01£1.29° 3.16+0.40° 0.33+0.05°
G62 302.72+15.25° 30.14+1.24° 17.21+1.39° 31.03+£2.79* 1.74+0.23° 0.25+0.01°
Y120 307.32+16.76* 33.80+2.17% 13.77+1.34° 24.13+0.89° 1.19+0.21° 0.24+0.03*

T BRI ARG 5B m A B 22 5 3% (P<0.05 ).

Note: Different lowercase letters after the same column of data indicate significant difference among treatments (P<0.05).
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Fig. 3 Alpha diversity of rhizosphere soil microorganisms of different mulberry varieties after planting in tailings reservoir soil
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Fig. 5 Unifrac analysis heat map of rhizosphere soil samples of different mulberry varieties after planting in tailings reservoir soil
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Fig. 6 Abundance of microbial genera in rhizosphere soil of different mulberry varieties after planting in tailings reservoir soil
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planting in tailings reservoir soil



1974 o AE A F AR

445 8

palustris . Variovorax sp. . Sphingobium sp. #ll
Actinoplanes sp. 5 75 Y 120 Fl1 G12 A~ i FiAR
PR EEY R ERT Ge2, MRESHE
ZZ 5RMXF As I Ni E BT A ¢;
Thiomonas sp.7E G62 Hi[ G5 HTH £ 2 5 M Xt
As HIFEEA K

3 itig

H AT, & T 5 4 8 15 Y 4 X5 SR52 m (4
REBEPELR—FELEIGR L, FrrlEmis
Y2720 0 R AR SEBR TE A JE T e g,
15t 22 VU 2 Fh i 42 8 19 e S AE IR S A e P,
B, WFRE A 4R TE Y X R A K 5%
M) ELA FE A B RIS B L. ARWFRIT R As
NI Z AT 1 g A [ SRR A A K
FEPE RN A2 PE K H S5 AR PR - 36 W) 2 AR PR R oG
AT, A FHIE B2 S PR ) SRR s
2R I R R0k 1E .

e &I, 76 As FINi 5, 55 X +
B A 60 d 5, 3 DS AL LA AR K
Z R E R B0 . As AT DL i B I 2R G Al
JEREHEAM Y, St o n SR, el
5HEY RS TS, RGN GERIER,
SR TG PR A AT AR, IR S A A N IR oAb
o AL A K 7 A A7 T I 4 A B B gk
Homs BT pEgE, As Fil Cd 175 Y8 BOL
AR 1L 158, A SRR 7920 A=
K52, JTTWEaiER. vl 685 AR W R As
52 AR R R Z A K, WilaEE As A
Ni EAETGRMBRAAEKETZME As 1 Cd
BEBRER, FEAFFE—BRIEY, e
JoE AT R s A0 B v 1 [ sES A R AR K
i — A B P, AR, WEEE S
MERIZEAH LG, 3 SRR EAR TR I T R Y
As BAERET), BB BRI RIS As i, &
HH A AR R TT BB ELA B 2 As RE T, AT AR
As X B TENE , TARRESY 3 AW il Fb ket
As W E R E RECYEAL, BXT Ni #95 £ R/
s RPN RE, [FRTHR B, AR A 5 R
AR X Ni B4R RE I S As ANF], JLHE
R, 3 A ERER, GI2 # iR Ni
MIRE il , WEMRT G62 Ml Y120, HAKRT
ZANE R, R EDRaR R R, XA
AT Ni Bhasm, ok, +iEH Ni

SRS Y K R R A
W AZE R AE RS, RN WS miEY ) Fe
W, R REEY =R IRDY B —Jrim,
G62 H Ni ¥ 3 it i 1y RE ) &Laik , m g 5 H A= 7
ML A, W 8 4 Ja A A7 A2 VR A i Jik rh 7
F iz, WA E AT 8P T 6 CRAE P 19 1
AR A O BIRSE ISR 4R 0 A RE
J1 CA>Ni>Cr>As™!, ABFFEH) 3 A Fpf i ffoxt
Ni B & E/EIET As, HADKE Ni B975 448 80N
HEETS Je R R, b G12 ff 1 Ni Sk
1 37.23%, A BW5ERIT G12 B Ni B
(s 1 FBILT o

AT G62 £ As Al Ni 754" 11 +- 3 A=
K4y, Rt R 8o 2, AlGe S HAR bR 1%
A4 Thiomonas, Rhizobium #1 Nocardioides = /&
A, HEMEYM R E S S — PR E
BERgE AL ) A Iy, A4 R 8 N P
K 0 FUE TR MR, BRI, A H
FAEYI I A KIE AT SR MR . Thiomonas
ATDARIH As VERRRIR A 5%, Ay Bk hE
WAL As (1) 1R ifE—RBE s R IR T A
FRAER, 1 T AR SRR A FRak , AT e
FERRAE!, G62 MRPR 4 1) Thiomonas sp. 42
B, TIREMEdE T G62 XTERAIE ERE ST, M
OTAME T T EERERAR R, i G2 ALK,
RIBE 24, K280 R . Rhizobium X}
As I E B Az, IF B T3 1e SRR AL,
HnfE EAER R IR /S i Y PR T A
IR, G62 bR 148 i Rhizobium etli
FERE , AT AE A HAAR FRydceE P AN SRy Al ke A A=
YRl A A A, 1 As I Ni s TR b A 4%
A E R . Nocardioides 7E £ F As 1542 PR+
WHhEE, 5 As SREFEMAXMY, Ausd
Nocardioides sp. 7E42 1< R 47 G62 HRFx -4
BERE, TR MANE As BIPTHEREE L &1
% T %4 Fi] . Rhodopseudomonas #i1 Bradyrhizobium
W HRA A As IWRETT, RR S sS4 As
MmN AN As, AFFHEY WK, H
Rhodopseudomonas A Z Fl i B AL , FTAT ALK R
WHh As BT y120 MRPR PR
Rhodopseudomonas palustris F  Bradyrhizobium
japonicum7E 3 > W b FPAR R A B v i) 3 A
L ATREEES SRR As BYfE R

FWAVE R IR E 2 501 W 2 AR AR A



559 4]

RAFRAE: As FINi BARE™ 11 XS AN]SR i B A 1 BAR B A ) 2R PR 50

1975

XF R S N R, AR, AL
s, EEK, Wik, NELSERLAG —EMNE
LM AZRE ST, (R L 4 815 Y N
M H 2528 WS ARBFgE Y, 7E As I Ni &
G YR E T E P FERR 60 d 5, G62 11
SYECEORI R ROE I, A KB, HARRMAR PR 1
SR As 1 Ni & 20 HIFEAK 21.47%F01 23.05%,
YRR TR, 454 HARBR Rhodopseudomonas
palustris, Bradyrhizobium japonicum, Thiomonas
sp.. Rhizobium etli FI Nocardioides sp. = J& &5 &5 114
ML, HEFEADE G2 AE N A a1 5 R A
HOE B2 s, I8 ik — 20 kA Yy
PEAEVER, EHIR NG S AR, DL &5 G62
XF As Fll Ni 25715 9 -3 b i & 52 AR e
ANUAT 38 S AR ER WG G5 RN As Rl Ni, it
T4, 30 As f Ni Xl B EREDPLFE
TEALEE, SCELR A B 5 F A S s A&
B

S % 3Lk

[1] TANG L, LIU X, WANG X, LIU S, DENG H. Statistical
analysis of tailings ponds in China[J]. Journal of Geochemi-
cal Exploration, 2020, 216: 106579.

[2] MOHANTY M, DHAL N K, PATRA P, DAS B, REDDY P
S R. Phytoremediation: a novel approach for utilization of
iron-ore wastes[J]. Reviews of Environmental Contamination
and Toxicology, 2010, 206: 29-47.

[3] GARCIA-GIMéENEZ R, JIMéNEZ-BALLESTA R. Mine
tailings influencing soil contamination by potentially toxic
elements[J]. Environmental Earth Sciences, 2017, 76: 1-12.

[4] GUO Y, BAO Z, DENG Y, MA Z, YAN S. Environmental

geochemistry of abandoned flotation tailing reservior from

the Tonglvshan Fe-Cu sulfide mine in Daye, central China[J].

Bulletin of Environmental Contamination and Toxicology,
2011, 87: 91-95.

[5] KOSSOFF D, DUBBIN W, ALFREDSSON M, EDWARDS
S, MACKLIN M, HUDSON-EDWARDS K A. Mine tailings
dams: characteristics, failure, environmental impacts, and
remediation[J]. Applied Geochemistry, 2014, 51: 229-245.

[6] LIU R, LIU J, ZHANG Z, BORTHWICK A, ZHANG K.
Accidental water pollution risk analysis of mine tailings
ponds in Guanting reservoir watershed, Zhangjiakou city,
China[J]. International Journal of Environmental Research
and Public Health, 2015, 12(12): 15269-15284.

(71 JMEE. RE L TR AR Ak 5 Al R T SR A
. P ER2EBEBET, 2015, 30(4): 459-467.

(8]

(9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

ZHOU J M. Changes in soil quality and sustainable utiliza-
tion of cultivated land resources in China[J]. Journal of Chi-
nese Academy of Sciences, 2015, 30(4): 459-467. (in Chi-
nese)

CHANDRA K, PROSHAD R, ISLAM M, IDRIS A M. An
integrated overview of metals contamination, source-specific
risks investigation in coal mining vicinity soils[J]. Environ-
mental Geochemistry and Health, 2023, 45(11): 7425-7458.
AZIZ K H H, MUSTAFA F S, OMER K M, HAMA S,
HAMARAWF R F, RAHMAN K O. Heavy metal pollution
in the aquatic environment: efficient and low-cost removal
approaches to eliminate their toxicity: a review[J]. RSC Ad-
vances, 2023, 13(26): 17595-17610.

HE B, YUN Z, SHI J, JIANG G. Research progress of heavy
metal pollution in China: sources, analytical methods, status,
and toxicity[J]. Chinese Science Bulletin, 2013, 58: 134-140.
YU H, ZAHIDI I, FAI C M. Reclaiming abandoned mine
tailings ponds for agricultural use: opportunities and chal-
lenges[J]. Environmental Research, 2023, 232: 116336.
XUDM, ZHAN CL, LIU H X, LIN H Z. A critical review
on environmental implications, recycling strategies, and
ecological remediation for mine tailings[J]. Environmental
Science and Pollution Research, 2019, 26: 35657-35669.
JIANG Y, JIANG S, HUANG R, WANG M, CAO H, L1 Z.
Phytoremediation potential of forage mulberry (Morus atro-
purpurea Roxb.) for cadmium contaminated paddy soils[J].
International Journal of Phytoremediation, 2022, 24(5):
518-524.

GAN T, LIN Z, BAO L, HUI T, CUI X, HUANG Y, WANG
H, SU C, JIAO F, ZHANG M. Comparative proteomic
analysis of tolerant and sensitive varieties reveals that
phenylpropanoid biosynthesis contributes to salt tolerance in
mulberry[J].
2021, 22(17): 9402.

JIANG Y, JIANG S, HUANG R, WANG M, CAO H, LI Z.
Accumulation of Cd by three forage mulberry (Morus atro-

International Journal of Molecular Sciences,

purpurea Roxb.) cultivars in heavy metal—polluted farmland:
a field experiment[J]. Environmental Science and Pollution
Research, 2021, 28(3): 3354-3360.

JIANG Y, JIANG S, LI Z, YAN X, QIN Z, HUANG R.
Field scale remediation of Cd and Pb contaminated paddy
soil using three mulberry (Morus alba L.) cultivars[J]. Eco-
logical Engineering, 2019, 129: 38-44.

WANG L, JI G. Glutathione and calcium biomineralization
of mulberry (Morus alba L.) involved in the heavy metal de-
toxification of lead-contaminated soil[J]. Journal of Soil
Science and Plant Nutrition, 2021, 21: 1182-1190.

LEI M, PAN Y, CHEN C, DU H, TIE B, YAN X, HUANG

R. Application of economic plant for remediation of cad-



1976 O AE B F R 5 45 %
mium contaminated soils: three mulberry (Moms alba L.) 25-34.
varieties cultivated in two polluted fields[J]. Chemosphere, WANG X H, HAN S Y, SUN Y P, ZHANG F, LUO Z H,
2019, 236: 124379. CHEN B. Transcriptome analysis of mulberry seedlings un-

[19] ZHOU L, ZHAO Y, WANG S. Cadmium transfer and de- der cadmium stress[J]. China Agricultural Bulletin, 2023,
toxification mechanisms in a soil-mulberry—silkworm sys- 39(13): 25-34. (in Chinese)
tem: phytoremediation potential[J]. Environmental Science [29] BEss, RS, M0, B, BEE. cd Mo po*
and Pollution Research, 2015, 22: 18031-18039. JPRSELNS 4 St i bk S 4l i e RS2 IR =

[20] WAN X, LEI M, CHEN T, TAN Y, YANG J. Safe utiliza- UIFE R 22223 (B AREBL A RR), 2023, 43(5): 67-73.
tion of heavy-metal-contaminated farmland by mulberry tree CHEN R P, TANG L Q, FAN Z Q, ZHAO Y, CAI Z H. Ef-
cultivation and silk production[J]. Science of the Total En- fects of Cd*" and Pb*" stress on seed germination and seed-
vironment, 2017, 599: 1867-1873. ling growth of four mulberry varieties[J]. Journal of Yunnan

[21] SI L, ZHANG J, HUSSAIN A, QIAO Y, ZHOU J, WANG Normal University (Natural Science Edition), 2023, 43(5):
X. Accumulation and translocation of food chain in 67-73. (in Chinese)
soil-mulberry (Morus alba L.)-silkworm (Bombyx mori) un- [30] AL, FTER - FEERIARL, R, £5UUIE, AR, FME
der single and combined stress of lead and cadmium[J]. . T S BGRR[0, B R,
Ecotoxicology and Environmental Safety, 2021, 208: 2023(1): 58-64.

111582. DONG Z K, ALIABD R L, SONG M, CAIK X, YANG G

[22] XIEJ, XU W, ZHANG M, QIU C, LIU J, WISNIEWSKI M, X, SUN G L. Study on the remediation potential of mulberry
OU T, ZHOU Z, XIANG Z. The impact of the endophytic trees for soil heavy metal pollution[J]. Shelterbelt Technol-
bacterial community on mulberry tree growth in the Three ogy, 2023(1): 58-64. (in Chinese)

Gorges Reservoir Ecosystem, China[J]. Environmental Mi- [31] ZE#E. ZEbishih Bk M 88 4 s 7 A7 FR Ak S 4 [R]
crobiology, 2021, 23(4): 1858-1875. I ERE[D]. BB BERE T A2, 2021.

[23] OZTURK M, KAMILI A N, ALTAY V, ROHELA G K. LI X. Distribution characteristics of heavy metals and lead
Mulberry: mycorrhizal interactions and development related isotope tracing in farmland soil of Yanbian county, Panzhi-
to other organisms[M]. Botany to Phytochemistry. Springer. hua city[D]. Chengdu: Chengdu University of Technology,
2023: 57-68. 2021. (in Chinese)

[24] HU G, CAO H, YE C, WANG F. Effect of cadmium stress [32] COX M, KOVAR J. Soil arsenic effects on canola seedling
on the bacterial community in the rhizosphere of mulberry growth and ion uptake[J]. Communications in Soil Science
(Morus alba L.)[J]. Brazilian Journal of Microbiology, 2023, and Plant Analysis, 2001, 32(1/2): 107-117.

54(3): 2297-2305. [33] MA J F, YAMAIJI N, MITANI N, XU X Y, SU Y H,

[25] GUO Z, ZENG P, XIAO X, PENG C. Physiological, ana- MCGRATH S P, ZHAO F J. Transporters of arsenite in rice
tomical, and transcriptional responses of mulberry (Morus and their role in arsenic accumulation in rice grain[J]. Pro-
alba L.) to Cd stress in contaminated soil[J]. Environmental ceedings of the National Academy of Sciences, 2008,
Pollution, 2021, 284: 117387. 105(29): 9931-9935.

[26] ZENG P, GUO Z, XIAO X, PENG C, LIAO B, ZHOU H, [34] STEFFENS J. The heavy metal-binding peptides of plants[J].
GU J. Facilitation of Morus alba L. intercropped with Sedum Annual Review of Plant Biology, 1990, 41(1): 553-575.
alfredii H. and Arundo donax L. on soil contaminated with [35] POYNTON C Y, HUANG J W, BLAYLOCK M ]I,
potentially toxic metals[J]. Chemosphere, 2022, 290: KOCHIAN L V, ELLESS M P. Mechanisms of arsenic hy-
133107. peraccumulation in Pteris species: root as influx and trans-

[27] BREE, k75, BERE, PhiEhs, ik E, REx, FH. location[J]. Planta, 2004, 219: 1080-1088.
AN SRR TR BT AZ 0], SO RRE, 2021, [36] ABBAS G, MURTAZA B, BIBI I, SHAHID M, NIAZIN K,
49(1): 10-16. KHAN M I, AMJAD M, HUSSAIN M, NATASHA. Arsenic
CHEN L, ZHANG F, LUO Z H, SUN Y P, HAN S Y, WU uptake, toxicity, detoxification, and speciation in plants:
K'Y, WANG X H. Cadmium tolerance of seedlings of dif- physiological, biochemical, and molecular aspects[J]. Inter-
ferent mulberry varieties[J]. Guizhou Agricultural Sciences, national Journal of Environmental Research and Public
2021, 49(1): 10-16. (in Chinese) Health, 2018, 15(1): 59.

(28] EWELr, sithE, Mz, K37, PRIE, B, MbbaT [37] WS &, VL, KRR, WpoR, A, B RAEAEK

WL A ] D ERAEER, 2023, 39(13):

IRF U] AR T A7 X 8 P B R Y AR AT N (D). T LB UR



559 4]

RAFRAE: As FINi BARE™ 11 XS AN]SR i B A 1 BAR B A ) 2R PR 50

1977

[38]

[39]

[40]

[41]

[42]

[43]

), 2023, 20(2): 119-126, 131.

ZHENG P F, JIANG T, MI M S, DAL J B, ZHOU X, TANG
S M. Enrichment behavior of heavy metals in soil of mining
area by mulberry in different growth periods[J]. Land and
Resources Guide, 2023, 20(2): 119-126, 131. (in Chinese)
DAI F, LUO G, LI Z, WEI X, WANG Z, LIN S, TANG C.
Physiological and transcriptomic analyses of mulberry
stress[J].
Ecotoxicology and Environmental Safety, 2020, 205: 111298.
PISHCHIK V, MIRSKAYA G, CHIZHEVSKAYA E,
CHEBOTAR V, CHAKRABARTY D. Nickel stress-toler-
ance in plant-bacterial associations[J]. Peer], 2021, 9:
¢12230.

SALT D E, BLAYLOCK M, KUMAR N P, DUSHENKOV
V, ENSLEY B D, CHET I, RASKIN I. Phytoremediation: a

(Morus atropurpurea) response to cadmium

novel strategy for the removal of toxic metals from the envi-
ronment using plants[J]. Biotechnology, 1995, 13(5): 468-474.
ZENG P, HUANG F, GUO Z, XIAO X, PENG C. Physio-
logical responses of Morus alba L. in heavy metal
(loid)—contaminated soil and its associated improvement of
the microbial diversity[J]. Environmental Science and Pollu-
tion Research, 2020, 27: 4294-308.

AHEMAD M, KIBRET M. Mechanisms and applications of
plant growth promoting rhizobacteria: current perspective[J].
Journal of King Saud University Science, 2014, 26(1): 1-20.
BRYAN C G, MARCHAL M, BATTAGLIA-BRUNET F,
KUGLER V, LEMAITRE-GUILLIER C, LIEVREMONT D,
BERTIN P N, ARSENE-PLOETZE F. Carbon and arsenic

[44]

[45]

[46]

[47]

(48]

metabolism in Thiomonas strains: differences revealed di-
verse adaptation processes[J]. BMC Microbiology, 2009,
9(1): 1-12.

ROJAS-SOLIS D, LARSEN J, LINDIG-CISNEROS R.
Arsenic and mercury tolerant rhizobacteria that can improve
phytoremediation of heavy metal contaminated soils[J].
PeerJ, 2023, 11: €14697.

EDULAMUDI P, ANTONY MASILAMANI A J, VANGA
U R, DIVI VENKATA RAMANA S G, KONADA V M.
Biosorption and symbiotic potential of horse gram rhizobia
in soils contaminated with cobalt[J]. Current Microbiology,
2023, 80(5): 174.

L1 Y, ZHANG M, XU R, LIN H, SUN X, XU F, GAO P,
KONG T, XIAO E, YANG N. Arsenic and antimony
co-contamination influences on soil microbial community
composition and functions: relevance to arsenic resistance
and carbon, nitrogen, and sulfur cycling[J]. Environment In-
ternational, 2021, 153: 106522.

SULTANA M, VOGLER S, ZARGAR K, SCHMIDT A C,
SALTIKOV C, SEIFERT J, SCHLOMANN M. New clus-
ters of arsenite oxidase and unusual bacterial groups in en-
richments from arsenic-contaminated soil[J]. Archives of
Microbiology, 2012, 194: 623-635.

DHAR K, VENKATESWARLU K, MEGHARAJ M.
Anoxygenic phototrophic purple non-sulfur bacteria: tool for
bioremediation of hazardous environmental pollutants[J].
World Journal of Microbiology and Biotechnology, 2023,
39(10): 283.



	9-1761-1779.pdf
	9-1780-1790.pdf
	9-1791-1800.pdf
	9-1801-1810.pdf
	9-1811-1822.pdf
	9-1823-1831.pdf
	9-1832-1839.pdf
	9-1840-1850.pdf
	9-1851-1856.pdf
	9-1857-1867.pdf
	9-1868-1876.pdf
	9-1877-1885.pdf
	9-1886-1894.pdf
	9-1895-1901.pdf
	9-1902-1911.pdf
	9-1912-1918.pdf
	9-1919-1925.pdf
	9-1926-1935.pdf
	9-1936-1946.pdf
	9-1947-1957.pdf
	9-1958-1965.pdf
	9-1966-1977.pdf
	9-1978-1988.pdf
	9-1989-1997.pdf



