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Consecutiv'é -4-year Elevated,f Atmospherlc CO on) Shaped MlCI‘Obl.‘:il:;.
Commumt‘les in the Rhlzosphere Soil of Robinmiaj pseudbacacza L. Seedllngs

’ -

Grown in Pb contamlnated Smls / )
]IA Klal : Lkhagva]argal Khadkhurel' ZHAO Yong hua , ZHANG Chun-yan' , ZHANG Ning-jing', GAO Yun-

feng?, WANG Z1 -wei’ J

(1. Key Aaboratory of Subsurface Hydrology and Enologlcdl Effects in Arid Region, Ministry of Education, School of Water and
Env1r0nment, Chang’an University, Xi’an 710054, China; 2. Shaanxi Key Laboratory of Land Consolidation, School of Land
Engineering, Chang’an University, Xi’an 710054, China)

Abstract: Elevated atmospheric CO, could affect the speciation of heavy metals in rhizosphere soils by changing root exudates, thereby
influencing soil microecosystem in the rhizosphere. Therefore, understanding the function of heavy metals in soils on rhizospheric
ecology under elevated atmospheric CO, scenarios is highly important. Here, we investigated the combined effects of a four-year period
of elevated air CO, concentrations [ (700 £27) pmol-L~"] and Pb-contamination (15.6 mg-kg™"' and 515.6 mg-kg™') on the soil
rhizopheric microbial community of Robinia pseudoacacia L. seedlings. Significant (P < 0.05) effects of CO,, Pb, and their
interaction on bacterial richness and fungal diversity were observed. Relative to Pb exposure alone, elevated CO, significantly increased
pH, total C, total N, and water-soluble organic carbon, and the C/N ratio under Pb exposure (P <0.05) and significantly decreased
total and soluble Pb content (P <0.05). The richness and diversity of bacteria increased (P <0.05) , fungal richness decreased ( P
<0.05), and microbial diversity increased (P < 0.05) under the combined treatments relative to Pb contamination alone. The
changes in the relative abundance of the top two dominant bacterial and fungal genera were not significant; however, differences in the
relative abundances of other groups, such as Anaerolineaceae, Solirubrobacterales, Eurotiomycetes, Aspergillus, and Trichocomaceae,
were significant between the different treatments. According to a redundancy analysis, total C and soluble Pb had a significant influence
(P <0.05) on the dominant bacterial genera, and total C affected (P <0.05) the dominant genera in the fungal community. These
results suggest that the responses of soil environmental factors to the combination of elevated atmospheric CO, and Pb could shape soil
microbial community structure in the rhizosphere of R. pseudoacacia seedlings.

Key words:elevated atmospheric CO,; Pb; combined effects; bacteria; fungi; community characteristics
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Table 1  Physical and chemical properties of the soil

used in the experiment (mean + SE)

WiH 1
ARy iz 403
pH(OK I 2.5:1) 7.1+0.3
LG/ g kg ™! 11.8 £0. 4
HHLC/g-kg ™! 6.2+0.2
BN/gokg ! 1.3 0.1
FH# N/mg-kg ™! 0.1+0.01
F3 P/mg-kg ™! 41.9£1.4
HR K/mg-kg ™! 149.6 5.9
PHE T3 e it/ meq - (100 g) = 27.2+1.1
AR/ mg kg ! 373.4 £9.1
B Pb/mg-kg ! 15.6+0.8
1.2 XSk o . ¥

SR 2 X 8 71, EREE . €O,
AR 22 PY, 2 I8RO, WEPIKT, K
5.0, (385 pmol-E7) FIFEHeE O, [ (700.+27)
wmol - L~ | 45/K°F AT 3 UK. AR I [ 52 ( LT 6
Tk 47 Y (GBT15618- 1995 ) ¢ % fin 0 F11 5007,
mg-kg_' Zﬁ:‘ Pbh mﬁ,%zg%ﬁi 15.6.mg--kg_] *ﬂ'}
515.6 mg-kg® | B~ Ph K, - 51iE s PHO-FI BB,
FOKOF B 9 W, K KA FE 4 KK €O, F PhO
(D1) K’ CO, +Pbl(D4)" ¥ E CO, + PhO(E1)
e B CO, + Pbl (E4) i 4 40, Hirh %f R4 Ky
D1, Bi— Pb AbFEK D4, Bi— CO, ZbBEN E1, A 4b
ik E4. A5G F 2014 455 H 1 HIFER E 2017 4F
9 H 30 HE5R Iz 4 MERKZE.

1.3 CO, MBEEALF AEYRIAE SR PR e R 4

CO, ZhFHR A A CO, 15 %A% RN 5 5 il &
G5 Je - HEAK 4y 23 SR R AL AR 1 T T4
(OTC, PHRFERE B X & 45 L FRHE A BRA ) R4
HEAT. OTC ¥l R Ge i T4 28 240 /KA X A7 3
53 (34°15'N,108°55'E) , OTC 45#y -k )\ IE | 25 B
ARLR B SR 1 Jo 35 3RS, OTC P17 114
FE 4 m, 75 1.6 m, mHE CO, FFIRS CO, X HEAR
Gy 3 AN, 31k 6 AN FFTIAE , 4 OTC HHIEZ) 2 m,
B UL T 1) /NS 25 57 1T A AN T, 4 A A K 2R 1 )
XF REAR Al v BE CO, A8 F-B10R51 R 27. 9°C I
28.4°C P SR 0K 77. 3% 1 75. 9% .

W T A 1 39 A 2R 08 4 (K 70 em x
B840 cm x = 50 em) , FEFESE Y 40 kg (TH
), [f— Pb K E 9 ANEE, BT TAH S
[i]— Pb AbFE 43 3 %, F 2014 4£ 5 H 1 H#EFH
FRFIF RS 10 d RS A KRB 2L B 40 BRI
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FTOvE Wi 3K 43 3 1 29 Sk T [l e KR K i Y
60% . AN, eI ] S B B 2 rp 0 2 S M4 i
PRV | TR R 35 T THUAS .

FE2017 4£ 9 H 30 H R Z ARG A2 HUE
BT 5 , R FHENE LR BUR PR + 38, L bRib A A
M AR AEZ TS 1 1 mm 30 5 4 M £y, Hrh
— {3 KT T Pb B (TC) BV (TN) 1 pH {5
Br, B — 1 BT - 80°C My vk Af I T AR bR S 9y
BTSN UK R (WSOC) 20 HT.

1.4 EmH S5k
1.4.1 ABr -4 pH { . WSOC, TC, TN, C/N &
Pb &b

FRFR A58 pH (ECR H HLA2L . WSOC 437 %
FA LR (TOC) 43 Hr S 1 FEEC AR +FE 10 ¢
F =R A 50 mL JE CO, 67K R 10 BA /)N
Yo B R BR, 7E IR IR A8 AT 25T, 250
remin ' IE % 15l,h"'. 7ki/ﬁa%{&}ﬂé\¢£%@%‘b*ﬂA
14 000_ r-mir}._}l"“% L} 6 min , BUE ‘ﬂ:.Eﬁ Lﬁzﬁé’ﬂ‘
b 0722 pum FRIIE 554 A 4 D R0 A7 200 25 5, R JH
TOC AU H A HE TOC-500) ZHT F 3t e C
B H AR - WSOC k. ARl TC N R

Fﬁﬁf‘%ﬁﬁ'ﬁﬁ(ﬁ( % [F Flemental , Vario Maqrg cube)” o

W2 PR Ph & REAMTY 0.5 g MR AR
FI H,05: HNO, (1: 8, V/V) I MW T i i ( 1
Wz 5E) 1H M5, I8 AR 1CP-MS (32 [E Thermo
Fisher-X series) Z3#T Pb & &.
1.4.2  HRPR EHERUE YIRS B0 M

JH ZR Soil Microbe DNA KitTM 13 DNA 21t
R & (L E) FEHURPR SR 140 . DNA, DNA
(B EUTT 0. 8% Bht iR W6 e FlL Yk A 1, (] Bsf >R
FHE ANy R DNA BE T2 B ilE . RIH514Y
338F ( 5'-ACTCCTACGGGAGGCAGCA- 3") Hl 806R
(5'-GCACTACHVGGGTWTCTAAT -3") §" MG 4 1 V3
~ V4 [X.16S tDNA , R 5149 ITS5 (5'-GGAAGTAAA
GTCGTAACAAGG-3") 1 ITS1(5'-GCTGCGTTCATCG
ATGC-3") 4 B LR 1TS1 X, FH 2% Byt B AR 5 e L Uk
X B3R PCR 91 =Wy kA5 kil , X+ H A B B i 1l
JE T AXYGEN 2wl % e Inl A i) . R
Quant-iT PicoGreen dsDNA Assay Kit {&5f] &1 PCR
P14 = 0 e 534 (3R BioTek, FIx800 2¢
Fea ) , 55 K F Mumina MiSeq -5 7547 i 18 &
3T (IR AR A DR B A BRA R ) . X545
Bk B QUME 4% 4 ( Quantitative Insights Into

Microbial Ecology, v1.8.0, http://qiime. org/) iH 5l
BEIR]FS ) B <150 bp BIFERFE S 5505 ks
FCHREREL > 1 WP & A S R Bl R > 8 1Y)77
H,JFid if QUME #1441 ] USEARCH (v5. 2. 236,
http://www. driveS. com/usearch/ ) ;25 I 5Bk & A&
P2 X640 A5 1 36 1) v 3 1t 40 0 P 54 E 97 % 1)
JFH) AL F Al b 1T OTU (operational taxonomic
unit, ATRAEYES 0T Rl 4010) | SR 5 T X 41 B R
Silva 04 %2 ( Releasel15, http://www. arb-silva. de)
AT o e S T B B Y ITS P 81 R
UNITE %048 % ( ReleaseS. 0, https://unite. ut. ee/ ) #f
Fior 2t fr % 0 FE gk e mh I 647 OTU H & A1
SRERGTEF R AT A FEFEAIA OTU
SIFT (L5948 Venn FISEHL) 6 QUME HfiH5
HAREAR 1 Shannon ZREVEFEBOM Chaol 75 FE i
PR ) i R AR T4 S DR A
XF R EERT 50 ML R B 4 AR A AT %%ﬁﬁﬁ- i
AL AR SR V-1 MRS 1 5 5 T Gality 762
a8 F B( http ;#7huttenhower. sph. har'sfard.-“"“édd'/
galaxy/ ) #f 13 22T MR 51 43 7 % I it @linear
discriminant’ gﬁaly’s-is ef%ct‘:s“‘i‘.‘ze , LEFSe) El@ ﬁ’*}? ) 7T6H5JJ
AN 53T ( linear discriminant analysis, LDA )Xﬂ‘ﬁ '
S M AT I 225 5005 9 0 i 10 8 B
LDA #373i).
1.5 HdEsor

BARGE T 20 Hr R ) SPSS 26. 0 8k A4FEAT, R
MR 2 T7 2253 BT ( Two-way analysis of variance ) 43 H7
CO, .Pb Rz HAZ HAE FHR I8 4 v AR s T SRR AE 1
S 5% SR 2 B R ) OLSD (fe/h B E Rk
Fisher’s least significant difference ) A3 B Ak P TE] fry 22
SPE R CanocoS. O A4 X A0 X = B8 4% &5 B | 10
RLAR PR e 20 A EL R ALY m 5 LIRS D 19T
LAY T (redundancy analysis, RDA) .

HRESR

2.1 FURELH AR PR AR AE AR R P PR

t 2% 2 v, KA CO, THE P AbBE K — 5 4
AT MRER T3 pH {8 .C/N K WSOC 245 Ba 14 i
(P <0.05) ,TC F1 TN 7E Pb M HBAAbFE T 4t FA
JiFtE s KA CO, Fhmfgm (P <0.05) T Pb AbBE T
MRFR 3R N A& pH. TC, WSOC K C/N A fF
TFHEAEAR B3, BWE co, FRPR L 5% Ph
KA Ph B0 IR (D) BRAR (P <0.05) , i AR &2 Pbh X
ZHEfN(P <0.05). AN, Pb X} pH TN & WSOC 5
i i 3, CO, X} pH Al TN 5200 & 3 {5 — & %4545
PRI 5 A8 AR .
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F2 AEALETHENERFETIEFTERNERRZPh MRS ( FHE+ERE) RAESNER (F BEFREEEKE)Y
Table 2 Soil characteristics in the rhizosphere of Robinia pseudoacacia L. seedlings under different treatments and Pb accumulation

in roots (mean + SE) and summary results ( F-values and significance levels) from an analysis of variance (ANOVA)

TC TN WSOC L Pb A Ph FLER
5 b H
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Fig. 1 Venn diagrams representation of OTUs of bacteria and fungi used to compare samples

in the rhizosphere soil of Robinia pseudoacacia L. seedlings
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Fig. 2 Relative abundance of soil bacteria and fungi at the genus
level in the rhizosphere of Robinia pseudoacacia L.

seedlings under different treatments
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Fig. 3 Heat-maps of the relative abundance of bacterial and fungal genera in the rhizosphere soil of Robinia pseudoacacia L. seedlings
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