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LI Yu-tong'*, YANG Shan', ZHANG Yi',/EAN Lk | LIU Kun'"| ZHANG Sheng' .
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Abstract;, Soil|archaeal communities play an essentml role in the biogeochemical cyde% of agricultural ecosystems. Howeveli, the
respoiise q,,nd mechanlsms of ,soil archaeal community structuré and assembly processes to heavy «metal pollution remain poorly
understood. This study examined the archaeal ;commuinity canl_[l)gsitf(l)n and assembly process and their relationships with environmental
factors in frable soils' around high geological background areas, metal enterprises, and mining areas, based on high-throughput
sequencing. The arable soils within the study area exhibited high spatial heterogeneity of heavy metal content, as well as severe
cadmium pollution. The ecological risk levels were high in some soil samples from mining areas, but low to moderate in other soil
samples. Crenarchaeota (62.7%-98.3% ) was the dominant phyla in all soil samples, followed by Halobacterota (1. 1% -23.2% ).
The pH, organic matter, arsenic, and lead contents of the soil were significantly correlated with the archaeal community (P <0.05),
making them the main driving factors of archaeal community structure. The null-model analysis showed that the assembly process of the
archaeal community was mainly influenced by heterogeneous processes, including heterogeneous selection ( deterministic process) and
dispersal limitation (stochastic process). Heterogeneous selection played a vital role in our study areas, while homogeneous selection
only occurred in samples around the metal enterprises. Therefore, environmental selection was the ultimate driver of the archaeal
community assembly process in this study, and its relative importance varied according to habitat type. Environmental heterogeneity
increased the contribution of heterogeneous selection to community assembly, thus enhancing the community’s resistance to
environmental stress, and contributing to the stability and sustainability of the agricultural ecosystem.

Key words : community assembly; archaeal community; environmental selection; heavy metals pollution; high geological background
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1 #B57EE

1.1 FRiREE

ARG 3 ) 7E TP T RS IXE TN Bl R i
(TN.TJ) .75 (L ELPg b A SR 4 J8 i1 (LD . YM) Al
5 L1 - 74 o S8 b, J5 55 9 54t (CJ HF) BiF I A FH R
#5510 NRIZ RS, 3 0FIE XA B A
ULEE 1, 08 F 0 A 1R F RS, IR IE R B
JKFEi. R 200 m x 200 m RAK A FEVE A 15 A
F— PR SCR B S 2 ORFEE R HE 0 ~ 20 em IR
J2 YRR S A AR B R BURE A, SBRAE AR |
AT R A G AL — A AR, A RE
48 MRS RCT BFEE 5 % S50 & L 5 B — 1
FICBR B O, A VKA B RIRAR N, TR EURT
[m152 56 %, — 80°C VKA ¥4 Uk T4 AR 7, JH-T DNA

>z

1 RERRMASHTRE
Fig. 1 Map of the sampling sites

1.2 BIERREEFE bR

+ 48 pH SR H AR E K1 2.5:1; 3
AP R AR IR AR LI ; LIRS &R 4R
(Cd) B (Pb) K (Hg) B (Zn) il (Cu) & (Cr) .
BROND) NSS4 @A (As) FH A B & 25 5 IR BTG
{X (ICP-MS, Thermo Fisher, ) l|E.
1.3 13 DNA $£t

WRAT b 3535 LE W R 2 B FR A W AT 12 4%
DNA #2 Y5 Mlumina MiSeq & i@ &= W /7. #] H
Qiagen DNA Extraction Kits {7 & ( Qiagen GmbH
P ) FE4T DNA BEEL, AR5 050 B 5 R AT 4. B
5] ¥ 524F (5'-TGYCAGCCGCCGCGGTAA- 3') Al
958R ( 5'-YCCGGCGTTGAVTCCAATT- 3') % 16S
rRNA ) V4 ~ V5 X 1T PCR § 4.
1.4 Bt

TFHUGAS I B AKHE S AR R 2
BHEA BRA R 27 6 AT AR SR A (T B
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F) 1 FLASH ( V1.2.11, http://ccb. jhu. edu/ nrp = MNTD,, - MNTD,,, (3)
software/ FLASH/ ) X BEFE iy 19 P S R4 T B 42, R ~ sd(MNTD,,)

P QIIME (V1. 9. 1, http://qiime. org/ ) JF #4 Vi F2 F BNTI = BMNTD,;, - BMNTD (4)

ke 5 1 0T 25 BR i & 1R, 45 2045 205 51 )5 #H]
Uparse 7. 0 4% i 97 % HAR U SRS LA 2 25 50T
(operational taxonomic units, OTUs) , J{>k H SILVA
BAHEIE (http ://www. arb-silva. de/) X OTUs #4771
B iz H Mothur THRBEIE o ZHEME, QIIME # & &
GREW GTEREE B Z RS M R AE(V
3. 6.2) AT TUAY 53T (redundancy analysis, RDA) fll
Spearman FH M4 HT 4.

HRA Stegen' "' BIBFFE 735, (] R 9 “ picante”
£ 31 8 4 B I 43 25 B ( mean nearest taxon
distance, MNTD) , Fifi J5 F1] FH S B RDKE 2 58 & & W 43
SR S P FRBEAL B 4 999 WK, LA MNTD WL ff
L FAG R A B Bl LR =2 1] 1) s 22, 45 31 el 43 2
F5 %% (nearest taxon index, NTI). NTI ?’%Fﬁ?% N AT
RS HL R G 5 2R R 1Y il ) B 88 1 P
NTI >0 FIRAI PRI, NTI < 0738 4L P9 b
FEAE I BE oy HL A+ ﬂ31+%qzﬂjﬂiﬁﬁlé]ﬂﬁﬁ%
( between commumty mean nearest taxo:n tame
BMNTD) JHAAR b #67% 5 5 % B i, Teiln B b
K ( between,_commumty nearest texon “
BNTL) 2 fb BMNTD L {F il 2% 454 T SERIREER
bl 2 |,8le1 | >R BRI AR | ,BN;FI | <2 p
RoiE SR T AT !

index ,

MNTD = Zf min(Ai,j ) (1)
BMNTD =0.5 | Zkamm(Aw ) +
_Z:fimmin(Ai”Jk) ] (2)

sd(BMNTD,; )
X f, A S RBE kR m th OTU, MM F 5 n,
Fln, ZHE?E & Flm ™ OTU 2048 ; min (Aiy, )
min (A7, j, ) 73 BSERETE k1 OTU, 5 m h OTU, Fif¥
& m hOTU, 5 k h OTU, Z MM/ NR G K B IR
2. MNTD,, il BMNTD,, J& L5 5 () F 24 SL PR e,
MNTD, , #1 BMNTD, & A5 BAIL 43 B 999 IR A5 3]
- 355 T I
AR HR 4 Stegen TR Oy R RC,,,
( Bray-Curtis-based Raup-Crick ) 2k & ft % T Bray-
Curtis FH 57 PEH Raup Crick $5 FIOULIN AR F1 22 455 74 Fifi
BUEZ 0] 22 5% 454 BNTL A RC,,, 455, #E iRy
s ) B e 4% (BNTI < - 2) %H#ﬁ@lﬁﬁ
(BNTIL > 2 ) £H.)if, bt AL/ éﬁ%x@?ﬁ?ﬁ%@%ﬂ
(IBNTI| <2, RCy, 4> 0.95) %nﬂﬁ‘%,@?f“ﬁi
(IBNTL| 42, RCyl< 0.95). | BNTI <2,
| RC,,,, | £0.95% mu&%m@&&mﬂ%%ﬂl%’“%
1.5 iﬁ%ﬁéﬁk)ﬁéﬁ* BEPEA -
KH Hakanson[20 Eﬁ(%fﬁiﬁfiifaﬁ/ZEl?ﬁ&
WF9E X A e A, 3 ot W e 1 300
AR, "
RI = DEl= > (T, xC) = > (T, xC/C,)
(5)
b, REHEE AR S KR AEE 1 N BRI
TEAES KIS HE 5L €, R T8 4 @ 1 S R 15 e 4
B ¢ PR ESENSINE; ¢, WEELE
RPN BRI, AR SCR PR (B AR D PPN AR il T,
e R A Em B R H B Zn (1) < Cr(2) < Cu,
Ni .Pbh(5) <As(10) <Cd(30) <Hg(40).

# 1 Hakanson B4 7S XUE 2 R AR 4

Table 1  Indices used to assess the potential ecological risks

A faE LEdT 3 38 AR5 e
EI <40 40 ~ 80 80 ~ 160 160 ~320 =320
RI <150 150 ~300 300 ~ 600 600 ~ 1 200 =1200

2 ZR5itie

2.1 HHESARERAE

6 /™ Hb X - 3FERE S pH A HLET (SOM) 7 & 4N
2 PR, ATLLE AN [A] kb DX BAR P T 22 S A K
pH M4 TJ > TN > LD > HF > CJ > YM, & TN #1
TJ &b, HoAth 4 ASHIX 4R PR 1 4- 45 TN 1 T) 445
A SOM SR TE 10.0 ~47.5 g-kg ™' Z[A] X1 3%

T HABRFEIX (P <0.01) , AT e 5RE L EHEA
A BER /NS ) RUBE TR () R ) B o
FESRRR/IN Ry 2 MEARE FH a2 0 48 5 55 R R AR
S PEEL R PSSR X JE A R
ST, BRG] AL R 2 R B (P <
0.01), YM Jiua M HFREFRIA , 3R L™ .
2.2 THEESE A RE S A

N 2 FroR AN [a) DX G i 7 B 22 e W e 7



4484 wooE

B 42 %

T AR A AR S E AR S RO E
i R EN /MK A : Zn > Cr > Ni > Pb > Cu > As > Hg >
Cd. X Fo IR o it A FH b 1 4580 4L XU A7 45
FrifEY) (GB 15618-2018) , fif A + 3 4L Cu, Pb,
Cr Ni il Zn % 15 2004 8 o XURS: 7 26 1, it Cd AN
He B4R 5510 56. 6% F128. 3% . {4 YM HiIX
FRAYEES As SR HAR. 6 DHLX HIEREM A Cd
WA bR, CJRESAY Cd bR % 55 (88.9% )
TJ B S ) Cd B AR R 5K (20.0% ). A YM Al
LD e AFTE Heg AR, a1 2 s, B & Jm 45
GBS FE (R NKE/MEK S YM > LD >
CJ > HF > TJ > TN. 45 R R W5 X J& il 4 5 e

E A, AP TE e il 3 i A 25 XU v b B 7 5 X A
W 4 Jm Aol B Ak A+ HE R RTEAE T 150,
FETERR L A5 R B C A5 55. 6% [ RE S Cd 1Y
BIEEAES KGR T 40, FERME®R AR
AU =

DL BRI, A oY e 4 8 2 1) bk
1, 5 R AR A By % R DRI sh R
K AGY R HEAAM Z N ELSE TR Cd,ﬁ
W He. AWM, Cd il Hg &A% M 4 18 5%
M5 Y Cd SRz, ARt AR T
B S50 T5KE AL IR 25 4 A #R BB AR
+- 8 Cd 5 Y. TRPE L Cd 1 ME s BLAE R
Dy TERE R SR oF N AR B = A B 7 R, Cd
EYM FES AR AR A fE F, TN FEf T A8 G
FAR. He 15 5 FEORIE T FFRIG 8, KAV
b TETAR G R M A U A O R BRI SR 1Y Hg
FEJE A e Em s A He S el
BEMESR A ML He, 90 1 4= 9 40 B AR, R AR AL 4Ty
it Hakanson'™ fiFEM R &% 1 T AR,
(R IET 8 4 B, R % 1 4 i 0 R S A7
A A5 F2A 1 AH ) A0 A lﬁtﬁﬁﬁiﬁ%}fﬁé%
Xof T 4 e P P 7 0 ;

%2 tHBELESBRSMER) | 4 \ i 4
Table 2 HeaVy metal content of soil and pollution index & i
T SOM cd | He s o Cu mf Ni 2 Yol
X3, =z P /g-kg ’] /mg+kg™"  /mgskg ! /mgs l§g _--/mg kg™'  /mg- kg; L5 /mg- kg % /mg- kg /mg-kg ™! ﬁl

) 517£0.9h19:6 4. 6¢
HE, 5.7+1.0b-09.1 4.1
LD | 6.8+1.04b 16.4/+5.0c
YM | 4.9+06c 24.8%2.4b

0.3+0.1b 051Q2cd

0.70.4a 0.8 £0.4¢ ?6+5_..0ah 35.0£9.2a 26.0+3. 3'b(‘ 68.3+9, 3b*31 0%48.8a 92.3+21.4a 98.4 441 4.c~
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