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Abstract ; Thls studytanalyzed the characteristics of the soil bacterial community under different types of vegetation restoration, and
explored] the role of microorganisms in the vegetation restoration process, within the soil ecosystem of Grain for Green areas of the Loess
Plateau. Typical artificial forest ( artificial Robinia pseudoacacia forest, Pinus tabulaeformis forest) , natural secondary forest, and
grassland were selected as the research objects. High-throughput sequencing technology was used to analyze the o diversity and
community structure of soil bacteria, and the correlation between soil environmental factors and bacterial communities. The Chinese
National Ecosystem Research Network in Jixian County Station was chosen as the research area. The results showed that the bacterial
communities of the five types of forest restoration comprised 25 phyla, 66 classes, 129 orders, 240 families, 392 genera, 760 species,
and 2213 OTUs. There were significant differences in the abundance of bacterial communities, which could be ranked as follows: CD
>CSL > CH2 > CH1 > YS. The dominant bacteria phyla in the different vegetation restoration types were Actinobacteria,
Proteobacteria, Acidobacteria, and Chloroflexi. The relative abundances of natural secondary forest, grassland, and plantation were
different, but not significantly. The relative abundances of a-Proteobacteria, B-Proteobacteria, and &-Proteobacteria were higher in
natural secondary forest soilthan in the soil of the other four restoration models, and the relative abundance was the lowest in grassland
soil. The dominant bacteria were significantly correlated with soil pH and TN. Among them, TN was significantly positively correlated
with Actinobacteria, pH was significantly positively correlated with Proteobacteria and negatively correlated with Actinobacteria, while
Acidobacteria was significantly negatively correlated with soil pH and TN. PICRUSt analysis showed that the functional gene families
were mainly related to 24 sub-functions, including cell motility, signal transduction mechanisms, amino acid transport and metabolism,
as well as coenzyme transport and metabolism. These results can provide a good foundation for the evaluation of vegetation restoration in
the Loess Plateau, as well as a scientific basis for the rational management of plantations.

Key words: high throughput sequencing; soil bacterial community; environmental factors; grain for green; the Loess Plateau
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WEMETAE CH2 . YS A1 CD FRAY& &, MNH, -NZEAR
[R5 B Be N I B AR (CHI 1 CH2 ) H iy % 2t i
FrEn T HA 3 R TN . NO; -NAI AP 7E 5 Fh 433
PR AR HER AR,

%2 FEREHRTHENERSE 1 |
Table 2 Physicochemical properties of soil uner different vegetation_restoration ‘types . .
5iH TOC TN TP {47 NO; -N NH[}* -N ' AP =
/g-kg™! /g-kg™! /g-kg’r /mg-kg ! /mg=kg ™! | /mg-kg ™! ’Q ]
CHI  4.35£0.02d  0.160.02b | 0.40+0.01d  6.45+0.99a  10/80 £0. 195 3.71 +0.79a 8.67 +0.12a
CH2  4.61+0.026 ", 0.1720.02b | [0.51=0.01b~ 6.8 «1.13a  11.48=0{37a 3,21 20.82 8769 40024
YSe=  4.11£0/02¢ || 0.17£0.06b | 10/50 #0,00bc 4 7.46 £1.50a  8/19.40,00d  3.55+1.24a 8.61+0.02a
GSL | 5.7140/0a ) 0.20£0.04b | OM8 £0T0KC  7.67£1.25a  9.J5:0/37¢ W 362£0.92a 867 £0.00a" 4
CH, | 5.61%0. 184  0.28%0.05a" 70.56 £0.00d £ 5. 11£0.96h  806£0.11d 4 4.34 £0.6la 8.46 +0.02b
F w83 | 4.9 f.s2. & 2.21 £ 8. 69 ™ lo.e T30 g
P 0.000 0.019 “ J0. opo¥ 0.141 0. 000 0.652 012247

ARG F R B 05 (P < 0.05) K Sonftefii B 4R b OB, TR

¥ ) . ] - }_,__...

2.2/ F )
2.2.10 OTU 43k

WL VA-V5 XN 44 B/ AR 7 9 B A T
HF, OF HAR R 201 1 AN RRA Y P 81 BUAR = 5
) OTU, 5 FhifEHb iy + HERE A IE15 511244 68045 A 3L
FEA), S Bl 438. 99 bp, 2K RDP classifier Il
TR T 97 % ALK F-1 OTU A3 5 51 i 1740
o3, 453125 17, 66 49, 129 26 240 B, 392 J&
760 FiF12 213 OTUs.
2.2.2 o ZEEESTHT SRR

&3 TR T IHREAS 19 77 90 B0 A0 R 1 o

*®3

ZREVEFR L, A FEAR I Coverage FEEUII KT 98%, 1hi
W - BE DXL 0 A o A ABE SR AR e, U AR
P, Re A% Lh A LS Ml S e R AR B A TR . DA IE]
1(a) 1) Sobs T &5 f £ I 241, Fiti & A LA 25 74y )
FPER RSN, Sobs 5 BUth 2k B A T 122 i ]
D7 5 A 2, O 2 s i R s A D i i
YR B 1(b) ~ 1(f) SR Z2FE 046 B0W B ith 2 5
FEI IR NN 2 €iia g i) NI E RS S 7S A S I
FER Y B TR, AT DL S A AR v 2 K 22 50010 1k
W REVEAE B I3 3 BTN, £ FEAR Sobs | Ace Al
Chaol 585 22 5 Mk W 3 LW AN RIAE B B BL R

FF it AR SRR

Table 3 Sequence statistics and diversity index of the bacterial communities

WH 75K/ bp Sobs F %k Shannon FE %X Simpson 154 Ace T3 Chaol 5%k Coverage 154
CHI 438.64 £0.51b  1384.01 £19.98bc  6.29+0.05a  0.0040+0.0004a 1586.65+28.93b  1628.05+46.43b  0.9819 +0.000 6a
CH2 439.01 £0.52ab  1411.33 £23.97h 6.31£0.0la  0.0035%0.0001a 1653.33 +47.44ab 1668.59 £6.93b  0.980 4 0.000 9a
YS 440.01 £0.68a  1339.00 +14.93¢ 6.26+0.07a  0.0037£0.0003a 1552.07 +34.16b 1579.92 £40.53¢  0.9819 £0.001 4a
CSL 438.77+0.84b  1446.33 £67.159ab  6.3320.12a  0.0036+0.0007a 1680.68 £58.83a  1703.37 £35.37ac  0.9803 +0.000 8a
() 438.57£0.51b  1492.33 £27.47a 6.35+0.18a  0.0042+0.0016a 1713.80£49.85ab 1751.47 £23.23ac  0.9803 £0.002 la
F 2.779 7.958 0.371 0.319 6.552 11. 680 1.428
P 0. 087 0.004 0.824 0. 859 0.007 0.001 0.294
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Fig. 1 Rarefaction curves of diversity index

AR e AR E LS, HRAN.CD >
CSL > CH2 > CH1 > YS,, RV E b f1 KSR vk A= AR 4 B 7
FLESCY |- Xy N o N Y O N B G L 72 7 N g
& R T IAAAR, 9 RS g IRE , +
R G O A TS b TR S v G i )
BEIE ) A 22 5 N B 3 Ui I A i A e A
A 2 1) 22 S 4.
2.3 LIETERIE S BT
2.3.1 T IEANTEREE YR B B

TETTRIN 53 2K BTt 45 REAS (P b 2 52
A 3 FEVE AT RN o] WAk T T O M A 5 A R A

WA AR K 52 A5 X R A S b oA e 8], A K
AT RIS [F)AE AR B AL i 2304 L 491, 4
B2 s, T4 KK B, R385 8
Actinobacteria ( it 2& B ] ) | Proteobacteria ( 2% JE B
I']) \Acidobacteria (FRFTE]) . Chloroflexi ( Z%%5 B
I"]) . Gemmatimonadetes ( 2 ¥ JfI &[] ) Al Nitrospirae
(FHACSRIERR [ ]) , 295 3 T A il 9 S 808 90%
PLE B[R BT 2% 20 B 3 7 DL S5 MR XS F e
r 225 (H22 AN 53 . Actinobacteria BYAH X = B AR
&K 24.25% ~28.79% (CD > CHI > CSL > YS >
CH2), Proteobacteria “A 20. 09% ~ 28. 63% ( CSL >
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B 2%

CH1 >CH2 > YS > CD), Acidobacteria A 15.55% ~
19.87% (CH2 > YS > CH1 > CD > CSL) , Chloroflexi
M 10.55% ~ 17.88% ( CD > CH2 > YS > CH1 >
CSL) , Gemmatimonadetes 4 3.51% ~ 6. 44% ( YS >
CH1 > CSL > CH2 > CD), Nitrospirae 4 3.04% ~
5.19% (CSL > CD > YS > CHI > CH2 ). £l i Ff A%
1 Bacteroidetes ( FAFT B []) Al Firmicutes ( J5 B [
D) AR XS = BT 19, 2 E 20 I e 1]
K AETT4 2K |, CSL # CD 5 A T4k (CHI .
CH2 1 YS) Z [RIBE 6 AR 3 B A2 A A 7 22 ek
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Fig. 2 Relative abundance and circus diagram of bacterial community at the phylum level
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Fig. 3 Relative abundance and circos diagram of bacterial community at the class level
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CH1 >YS >CSL >CH2), Acidobacteria & 15. 55% ~
19.87% ( CSL > CD > CHlI > YS > CH2),
Gemmatimonadetes % 3.51% ~ 6. 44% (YS > CHI >
CSL > CH2 > CD), Nitrospira N 3.04% ~ 5. 19%
(CSL > CD > YS > CH1 > CH2) , a-Proteobacteria A
10.35% ~ 14.29% (CSL > CH1 >CH2 >YS >CD) ,B-
Proteobacteria & 4. 10% ~ 6. 93% ( CSL > CH2 > CH1
> YS > CD), 8-Proteobacteria N 2.51% ~ 4.38%
(CSL > YS > CHI > CD > CH2). «a-Proteobacteria ,
B-Proteobacteria f1 8-Proteobacteria 7£ CSL + 3 H1 (1
AR 2 BE R T HA 4 RSB WIAE CD iy
AHX 2 A A1
2.3.2 HIRMEREEVFZ RIS

h T 28X AN R YRR EA T ZH TR R ZH N L
BT, RN R) 3 LR AR )R 7 2 ) R AR P
ZE 5k FRIEEAT T B ZFEME 3 AT BT Bray-Curtis
BB, R T PCoA 23 M7 i ok AN [l A7 9 PR 5 A6 5
AN R 2L I L P 2 2 S
4 R AE OTU JKF I, PC1 45 PC2 4 IR Iy 22
24, 46% A 1973790, R A B g 1 43 83
PC1/ AT CSLALYS FOANERE 5 CRU ) CH 5FB=‘CD
B X 53 FF | Pcz W YS i CHE 'ﬁCSL Che A
CD Eﬁﬁl:ﬁﬂﬁ,%ﬁﬂﬁﬁg *ﬁﬂﬁi%.?ﬁ"%(P
<0.05). ASWEE IR, o5 R R R AU I AR ]
TR B, AP R SR P 25
jt?éﬁl#\}%# CSL ) - 3e4 B BEA VIR 2
OCTHR CD WA 4385, AT Ak, CHI 55 CH2 il
YS ZIAFAE B (HIE BN,

0.35

030l R=04785 , L
7= 0.001 000 : A
0.25 | ; ¢ ¥S
i CSL
0.20 | ; + CD
0.15 - ’ a
= 010} § °
=005 ¢
::' [ [roeeegreneeenemnres e . - ....................... Meicanannsen
T -0.0s b P A A
[-9 .
-0.10 |- 5 A
P
-0.15 .
-0.20 - ;
-025 | g
-0.30 :
1 1 1 -4 1 1 1
-035 -025 -0.15 -0.05 0 005 0.15 025
PC1 (24.46%)

B4 FEEHREEX TEAREET LIRS (PCoA)
Fig. 4 Principal coordinates analysis (PCoA) of soil bacteria
with different vegetation restoration types,

based on Bray-Curtis distances

2.4 LIERREEIN T S AN AR AR DG
TEN T3 IR B %k P S A 128 5

IR T AT ORI (3R 4 TR S) 45 2R K
A, RDAT 1 RDA2 735 fft 8 ot T~ 400 o R 3l 52 i A
JERY 28. 64% FI 8.36%, Rtk BN 37% . Hop
TN ( RDA1 = -0.9426, RDA2 = 0.3339, R* =
0.6036,P =0.005) #1 pH(RDAI =0.9751, RDA2
= -0.2218,R* =0.5359,P =0.013) XF 40 1# £ 7%

BERE BORZ R B R, W A R RV 2 4 AT 35 5 (P
<0.05). TN 5 Actinobacteria £l Nitrospirae =& B E
IEAHSE, TOC 5 HAR R IEAHEOC R AR
2. pH 5 Proteobacteria A Gemmatimonadetes % . 3
IFE A 5%, 5 Actinobacteria 5 i & 71 41 3¢, 1
Acidobacteria 5 TN Fl1 pH )5 B F A ER.

#4 IMERETI RDA £RMERENE

Table 4  Explanatory weights of environmental factors for RDA results

BT T RDALI RDA2 R? =P
TOC —“O. 6215 ‘n 0.7834 01274 f 0. 455
TN -0.9426 0.3339 0.6036.  0:005
TP .—0. 93872 0.159 6 0.319 6 0 101
NO; -N | 02998 6 Q 0523 0. 071 4 .r 0 657 i
NH, -N 0. 943 -4 —0. 3814 0. 209 0 - 0 .244-
AP 208931 0,498 0.014 85 (0. 905
pH | #%0.973:1 ' _o! 22; 8 0.5359 6 013
- 7 7
) “ P
60
TOC
WL N ”,I‘
. |
. “Actinobacteria |
= 20 - *_ l{\\nror»pw; NO~-N
i ™ \ . “ Gemmatimonadetes
Z 0+ 2— —_— — >
9 , P ) NE e Proteobacteria
= Chloroflexi K/ 5 2 pH
o0 | AP / Y
y NH,™N
v
-40 Acidobacteria
=60
L I L I I I
-60 =40 -20 0 20 40 60 80
RDAL (28.64%)

TOC: = HEH HLAk, TN: &%, TP. & #, NO; -N: fis & A,
NH, -N: B, AP HAHE, IR ¥ @8k RR AT 520K
T LR ANTERI R 20Tk RN N T
Bs5 RBAENSLERERTHRTRSM
Fig. 5 Redundancy analysis (RDA)of dominant bacterial

phylum and soil environmental factors

2.5 PICRUSt ZEeHu 434

T KEGG Bl R A &5 R R (£ 5) ,1E
—RINEERILIAT 6 S W ACGHE R DI RE , 43 )2
g0 M 3ok B2 ( cellular processes ) | ¥ 3% {7 B 4k #
(environmental information processing ) | 1% 1% 5 & 4t
P ( genetic information processing) . A2 9% (human
diseases) L ( metabolism ) F145 #l & 4t (organismal
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B 42 %
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systems ) . HoHP AR FREE (5 BLAL BLRE AL (5 B AL B
B—R e JE P e B BG4y, A ek
61.91% ~62.49%. 18.74% ~19.28% F1 11.05% ~

11.31%.

RS —HUMERENFEE/%
Table 5 Relative abundance of KEGG pathway level 1/%

transport and metabolism ) F1 4 i 1) 12 fiy A AW
(coenzyme transport and metabolism ) 4§ 24 > 2% ]
AE , HAS [A] A8 B0k 52 A 2 b 40 T A v — I RE 2
OTU FJ (A 22 A 3 Yy R I Thae L+ 5
PE. X BTN A — 2N BEE Y OTU = B2 L3R
7 #E4T Pearson AHCHE M T K B[ 6(b) |, 45K

— gAY BRI AR CHI CH2 CD YS  CSL

4 i 2 479 481 462 472 4.8 ZRRIIRES L5 pH AL TN A7 16 8 25 Y R OG G
B BT 18.74 18.88 18.84 18.83 19.28 A, 5 pH REFFEMEIXLR, 5 TN 2B F R
% fF S AR 11.28 1131 11.17 11.21 11.05 FHEK 2. TN S A 1T 2+ BB B R T 1
}\ééy%% 1.75 1.74 .70 1.69 1.71 RDA 4MH45 S 3200 (15 ) , 458 pH I TN 3401
P UGG @@ OO ey i, 08 R4 B B R,

[F A T S5 PR — 2 D R J= A A o [ ]
6(a) ], & BLASHFEA AN TR A K 3 2200 K 20 it oz 3
(cell motility ) | £0 Jfd N 3 i, 70 W6 M 4% 10 12 %
(intracellular trafficking, secretion, and vesicular
transport ) | & & % T L il ( signal trans
mechanisms ) | % & M2 7% i & 1L 1_!?[ (‘amino acid

tion

TP FINO; -N5#0 43 — 9 Ty gt A7 76 &b 3 1Y AH DG OC
#. TOC 1 AP 5 9% U) B8 A7 #F M ¢ ¢ &,
NH, -N5 R IEEAFFE IEAH R, @*ﬁa‘i@_ﬁK
BE. - P g
I s
3o e ol s

|
| ,_r-" : i “*..‘ f
*E%ﬁ%é&%ﬁﬁ%ﬁpﬁﬁ%%ﬂ@é%;%ﬁ

z (a) = YS = CHI
w =CSL =CD
V [ » CH2
U
TR ——— -
N [—— A
— ——— K
R — L
QR g
g — = - ¥
N M 100
| il N 0.5
2 M[E —— 5 z :
B L = - . n’ 0
N e g -1.0
] . e o E
H F
c) = :
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E B [ —— Q
I S
D 8] e
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o faxf
B A -4
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(a) ZHIIHRIZFHE 5 (b) Pearson AHICHERAPE X FlFT Y il 73501 o BRARE K - F1 — 0T, B 3RR AR R EIMBIAIX T, « F80.01 <P
<0.05, = £/~ 0.001 <P<0.01, =% F/;R P<0.001; A:IZfg A% (function unknown) , B {3 FH T — it U1 GE B ( general function
prediction only) , C:ZFEMR %12 MMM (amino acid transport and metabolism) , D : GEIFA: F= Fl%4 1L (energy production and conversion) , E: {55
i ML (signal transduction mechanisms) , F ;%% 5% (transcription) , G : 40 L%/ B/ A A5 9 % 4 ( cell wall/membrane/ envelope biogenesis) , H:
Tk KAk S )3 i AR carbohydrate transport and metabolism) , 1 TCHLES T 1932 i AR inorganic ion transport and metabolism) , J: CEN
T FEE (replication, recombination, and repair) , K. #HF A AL 5 4 & 2 (translation, ribosomal structure, and biogenesis) , L:fig
J50Z F AR (lipid transport and metabolism) , M : ffi 432 5 1115 ( coenzyme transport and metabolism ) , N BPF 5 &M 8 FH T 58T AR
$1%E H ( posttranslational modification, protein turnover, and chaperones) , O: WA= fCHHI 19 4915 K %32 F1 43 #4818 ( secondary metabolites
biosynthesis, transport, and catabolism) , P #H R 1432 i AR ( nucleotide transport and metabolism) , Q: BifHIHLH ( defense mechanisms) , R:
Y1 Y32 5 | 53 WS RN HAZ 5T (intracellular trafficking, secretion, and vesicular transport) , S: 4132 3l ( cell motility) , T 4H L J& 30 4 il | 40
3 ARNYL AR S31X (cell cycle control, cell division,and chromosome partitioning) , U:RNA I T FlI%54fi ( RNA processing and modification) , V; 4*
£ )5 R 25 ¥4 A1 50 127 ( chromatin structure and dynamics) , W ; 41AE 22 ( cytoskeleton) , Z: 4N AMNEH4 (extracellular structures)
6 ZR{IEEEEEMAEREFHEIERE
Fig. 6 One-way ANOVA and environmental factor correlation heatmap of KEGG pathway level 2
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BHIFFEE, Actinobacteria JE&[F AT E 54
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1 Actinobacteria FY AR XS F BEAZ (L5 il o 24. 25% ~
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— B, HAEYIREVE S B I 5 i) - e T 22 R Y
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Proteobacteria , y-Proteobacteria I §-Proteobacteria &
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BEHRLET , Proteobacteria AH% = FE I FE 4 20. 09% ~
28.63%, j& - HE b £ BRI M E T K, o
Proteobacteria J& F . #44 , H YK & B-Proteobacteria,
R B 43 58 10.35% ~ 14.29% Fil 4. 10% ~
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A R 1 B . X A
Zhang %51 [yTF 57 45 SRR L. Hu 220 B GH K
TR 4 95 L i DX A 4 A D
FEME R B LT, X415 - S B A
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fE3E HHEE . DA 5T 3 42 IR Sk i Mk T
- HE T AR, IR ARIR 2, B
A RA SRR . B BB M LA S bR
VEISIE TR LLPIE S $E S i
S RIFEIE T RS X, AT JRBEARR +
SRR AR — 5 (R T, LA A B
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KT NI AR RIRRAR Y LS A0 R E VR F
JERE TR, I ELBEE R WK S, - 2 A
RV B89 o BB .

(2) SAHBMR AT 4w L3 1268y
5. Actinobacteria .
Chloroflexi . Gemmatimonadetes il Nitrospirae , N
k¥ N
Proteobacteria ., B-Proteobacteria Hl §-Proteobacteria.
CSL Al CD 5 A TAk(CHI ,CH2 F1 YS) Z Ji] + 1541
EHETS I RE NS = BE AR A A AR 22 S

) BB ERAXT, IR ANETRE
TN Al pH B A A, BEUITE 1 3R 5E K 1 vh

Proteobacteria, Acidobacteria .

Actinobacteria, Acidobacteria, -



4498 7N b} s % 42 %
TN %]] pH X‘J‘j:i;% QEH B g‘iﬁ—g E]’J = ﬂ[’] i_gzj( H IZFI TN Ej Bulletin of Soil and Water Conservation, 2019, 39 (6): 295-
N 297.

Actinobacteria Fll Nitrospirae 2 i 3 1F AH 3¢, pH 5 C107 S BCR . FWS. A5 B X AW X e T

Proteobacteria . Gemmatimonadetes & ¢ & IE A%, 5 J‘r‘?‘El’JE; Wl me}( BRL22 2019, 39(2) ; 713-722.
Actinobacteria %ﬁ%ﬁ )l:ﬁéé s I—m Acidobacteria 5 TN Tan X J, Mu X M, Gao P, et al. Effects of vegetation restoration
- e S on changes to soil physical properties on the loess plateau[ J].
a:u pH igazﬁ%‘ﬁ $H3é9é¥ ’ China Environmental Science, 2019, 39(2) . 713-722.
(4> /f_hlgj‘ ﬂfn{n :u\L}E ﬂ%[] 1?1!2! IU\ALIEIEE\: [11] Kou M, JiaoJ Y, Yin Q L, et al. Successional trajectory over 10
+ %E‘Lﬁﬁ%gi% QEH Eq‘é/%#ﬁ]j] gb}g EP];&}E years of vegelation restoration of abandoned slope croplands in the
% E/J Qﬂﬁiiﬁ% 35% ﬁ&%%ﬁ&ﬁ? ?[:ﬂ’f—%iﬁj‘ {}?\ﬁi Hill-Gully region of the Loess Plateau[ J]. Land Degradation &
Development, 2016, 27(4) : 919-932.
PR ﬁig%mai“ e sk WoKAL & W s i [12] Feng X M, Fu B J, Piao S L, et al. Revegetation in China’s
*[]/f’%iﬂj‘ %*ﬂ%%ﬁ’j %J%ﬂff‘%fﬁj‘i‘% 24 /l\ ﬁlj] FJB, Loess Plateau is approaching sustainable water resource limits
p t = — . E [J]. Nature Climate Change, 2016, 6(11): 1019-1022.
KA I LI, ABXRIH=IONES ) e i, e, 5. St RIS L AP
K pH TN AP R DO, BCRRTRBR M BMR[)]. FFEERRE, 2020, 41(1) ;
Bt AR A IR B S ] 27 | 5K S AR [ 479-488.
M%HLUEjj%éE/u JIE I’f/ﬁj\m X‘J‘ET&I\I{/E B/J SIZ*T Lhou..l J, ChenZ F, Yang'Q, et al. Response of soil res.[).lratlén
and its components to nitrogen and phosphorus addition in
gis ngj:ﬁ%jjiq:% [::—'73*4’&%‘ FE/L\\ j Al EP .$/L% IKJD farming-withdrawn grassland in the semiarid -loess I-hillyfgully
*E%ﬁﬁﬁjf*ﬁ%ﬁ 'ﬁ‘ﬂi‘tﬁﬂ:[—lﬁﬁm‘*%\éj:m'f/\ region[ J]. sEnvironmental Science, 2020, 41(1 o= 4’76 4:88
P K I 7 4 g [14] XMRE, k%, ?‘/\aﬁ?, L ol Iﬁﬁ#fﬁlﬁﬂi%
nt v, U G T IRIRES S
Z ; 42(1) ; 944103. | 4 J '
[1] Wardle D A, Walker L. R, Bardgett R D; -'E(‘osyste[ﬁ' propPrtie% LiuJ T “‘Zh‘;ing J F,Sun R X, et al. Effects Of.'f‘he con"\;;eré}i’(:;n
and forest declingsin- contrasting long-term Lhronosequen(,esﬂ,]-] g time of rropland into orE-%[Iy on soil physical prﬂ'pPI‘ths .in 10!3gg
_Science, 2004 305(.5683) 509-513. Fa 3 .. :u#u__.‘ area of wéqt,ern Shanx1 Provmce of northern Chinal[ J]. .lournal of_u
[2 ] Lug CY, Z"hdng B X, LiuJ, et al. Effectsof dlff(?ﬂﬂ é.gés of Beijing Fereslry Unlverﬂlty -5020 42(1):94-103. .-"'
= Robinia pffﬂdoaggcm plantations on sl [ p yslot‘hemlc@l [15] WS, 1{\911% S 4—; # im)ﬁ%lﬁﬁﬁﬁﬂ?}\TﬁMm
properties ‘and ‘mierobial communities[ J] . Sustdmdblhty, 2020 it{g.@ 3%&}3% fi&}ﬂ’ﬂ: 2R AREL T ] ﬂ‘f‘";ﬂ,} 20]9
_J12(21) {{doi: 1073390/5u12219161. ' Y 40(6) : 2904-2911. "
[3 ] %@K TEER gi‘%ffm 4. ?ﬁimlﬁiﬁﬂ’rﬁi%éﬁﬂlﬁﬁ% | Qu Q,:Xu H V-i/, Wu X, et al. Soil aggregate stability and its
I )r’]}‘}:l:ﬁd'ﬂ(#r{hm ”[']JJ‘[J] E78173 ﬂ'%. 2020 41(9) 428-4' stoichiometric characteristics in Robinia pseudoacacia forest within
i 4‘293““, "“‘j if L_.-“"_-d different vegetation zones on the Loess Plateau, China [ J].
Li.uN , Wang B'R, An S S, et al. Response of soil bacterial Environmental Science, 2019, 40(6) ; 2904-2911.
gommunity structure to precipitation change in grassland of Loess [16] JWH B, HEEkME, 265010, 2. %+ TR XOR R 9 3R
Plateau[ J]. Environmental Science, 2020, 41(9) ; 4284-4293. REFEALPUEY A BRI R 22 57 [ )], A4, 2013, 33
[ 4] Zhalnina K, Dias R, de Quadros P D, et al. Soil pH determines (18) . 5608-5614.
microbial diversity and composition in the park grass experiment Xing X Y, Huang Y M, An S S, et al. Characteristics of
[J]. Microbial Ecology, 2015, 69(2) : 395-406. physiological groups of soil nitrogen-transforming microbes in
[ 5] Nacke H, Goldmann K, Schéning I, et al. Fine spatial scale different vegetation types in the Loess Gully region, China[J].
variation of soil microbial communities under European beech and Acta Ecologica Sinica, 2013, 33(18) ; 5608-5614.
Norway spruce [ J ]. Frontiers in Microbiology, 2016, 7, doi: (17] BZEL B4, XA, 28, 3+ X B REMAS AN Tkt
10. 3389/fmich. 2016. 02067. SERLAY) PLEA 2387 ()] dbatbflk Ri2a4l, 2019, 41(4)
[6] PeiZ Q, Eichenberg D, Bruelheide H, et al. Soil and tree 88-08.
species traits both shape soil microbial communities during early Wei A Q, Wei T X, Liu H Y, et al. PLFA analysis of soil
growth of Chinese subtropical forests [ J]. Soil Biology and microorganism under Robinia pseudoacacia and Pinus tabuliformis
Biochemistry, 2016, 96 ; 180-190. plantation in loess area [ J]. Journal of Beijing Forestry
[7] Ding X L, Zhang B, Lii X X, et al. Parent material and conifer University, 2019, 41(4) ; 88-98.
biome influence microbial residue accumulation in forest soils [18] Zhang C, Liu G B, Song Z L, et al. Interactions of soil bacteria
[J]. Soil Biology and Biovhf-mistry, 2017, 107 : 1-9. and fungi with plants during long-term grazing exclusion in
[8] JUmLl, MEAH, HA, 55 RBHE AL R TR+ 5 5 semiarid grasslands[ J]. Soil Biology and Biochemistry, 2018,
R A G 7= E/"IDJ[JJ. R 2%, 2020, 40 (2) 124 47-58.
315-323. (19] 2R, shE 5, EXUE, 45 215 0RE R T IUg T
You N S, Dong J W, Xiao T, et al. The effects of the “grain for KA REIE AT [T, P E IR EERL 2%, 2020, 40 (11) .
green” project on gross primary productivity in the Loess Plateau 4900-4910.
[J]. Scientia Geographica Sinica, 2020, 40(2) : 315-323. LiNY, Han Z Y, Wang S C, et al. Impacts of different
(97 e, B HTas e £ e LR AHA AR () A3 BRI pollution sources on the microbial community in groundwater at
[J]. /KEAEE#H, 2019, 39(6) : 295-297. municipal solid waste landfill sites [ J]. China Environmental
Shan L, Xu B C. Discussion on some issues about returning Science, 2020, 40(11) : 4900-4910.
farmland to forest or grassland on Loess Plateau in new era[ J]. [20] IhffE, FAokom, sKFF, . 8 b FOREEUTRE 6 A



9 XNIGEHEAT ; gRyd te 7 73 BT e 8 SR AR AR X S A TR 7 A 1E 4499
B [ 1], £ 8%, 2020, doi: 10. 11766/ BRAEAIREIA[T]. FRBERIE, 2017, 38(10) ; 4420-4426.
trxb202003160122. An LY, LiJJ, Yan ] X, et al. Effects of microbial diversity on
Ma J, Lu Y Q, Zhang Q, et al. Effects of coal mining soil carbon mineralization[ J]. Environmental Science, 2017, 38
subsidence on soil microbial community in the Loess Plateau[ J]. (10) ; 4420-4426.

Acta  Pedologica  Sinica, 2020, doi: 10. 11766/ [31] Zhao F Z, Ren C J, Zhang L, et al. Changes in soil microbial
trxb202003160122. community are linked to soil carbon fractions after afforestation

(21 E8F, =50E, B, YT B M T B X S A R [J]. European Journal of Soil Science, 2018, 69 (2): 370-
TEERIR R[] IT Bkl 2019, 40(5) ; 2375-2381. 379.

Wang N, Gao J, Wei J, et al. Effects of wetland reclamation on [32] XI¥, HEoki, Wl BE SRR T LN
soil microbial community structure in the Sanjiang plain [ J]. ﬁ?%*ﬁz‘?ﬂ:ﬁﬁ%[” . HREERlE , 2016, 37(10) ; 3931-3938.
Environmental Science, 2019, 40(5) . 2375-2381. Liu Y, Huang Y M, Zeng Q C. Soil bacterial communities under

[22] ffHH. EHeRMEHTT]. dEat. ELOL R, 2000. different vegetation types in the Loess Plateau[ J]. Environmental

[23] Okubo A, Matsusaka M, Sugiyama S. Impacts of root symbiotic Science, 2016, 37(10) : 3931-3938.
associations on interspecific variation in sugar exudation rates and [33] Zhang C, Liu G B, Xue S, et al. Soil bacterial community
thizosphere microbial communities; a comparison among four dynamics reflect changes in plant community and soil properties
plant families[ J]. Plant and Soil, 2016, 399(1-2) ; 345-356. during the secondary succession of abandoned farmland in the

[24] Spohn M, Widdig M. Turnover of carbon and phosphorus in the Loess Plateau[ J]. Soil Biology and Biochemistry, 2016, 97 ; 40-
microbial biomass depending on phosphorus availability[ J]. Soil 49.

Biology and Biochemistry, 2017, 113 53-59. [34] HuC]J, FuB]J, Liu G H, et al. Vegetation patterns influence

[25] X%, B4, sk, 3T 454 mam iy ny £ S A on soil microbial biomass and functional diversity- in--zi'.}.l-illy area of

[26] ~AKIELL, iﬂﬁcﬁ TOH, % iLt(ﬁ)hileéBTﬁi&%Tﬁ’riﬁ'

'3

[27]

[28]

[29]

=

[ 7 A A 200 T A %
(11) : 3487-3494.
Liu Y, Zeng Q C, Huang Y M. Soil microbial commujlrme% by

fiE[d]. *El%f%ﬂ%‘i, 2016, 36

454prosequencing under different arbor forests on the Loess
Plateau[ J ]. 2016,“"36 (11) .
3487-3494. . o

China Environmental Sciente |

J R u#ﬂr“[J] H ﬂ%'ﬂﬂz?k 2015, 3&(}15 zz’3o
134, / e "

° o

Zhang X.H’ Hu W G, Mo C, et al. Cowe]qtiorl,"oﬁi“/-\ctinobactéria

community divegily in three different "rh'i".zospheiesﬂ and
phy'slicochemi(‘aL Properties in natural Reserve‘ of Ebingr LakP 4
FnVIronmental Science & Technology S2015, 38 __,.r
i (12),, 22-30, 134. i ,;_.-

wetland [ J]

%J@u , A, k. ERBRH AN R £ R P Jﬂ‘j:
ANHEREE L ZREVE 22 AW [J]. FRBERb 4], 2019,
39(4): 1266-1273.

Lin Y B, Yang J H, Ye Y M. Analysis on diversity of soil
bacterial community under different land use patterns in saline-
alkali land[ J ].
1266-1273.
Zeng Q C, Dong Y H, An S S. Bacterial community responses to

Acta Scientiae Circumstantiae, 2019, 39 (4) .

soils along a latitudinal and vegetation gradient on the Loess
Plateau, China[J]. PLoS One, 2016, 11(4), doi: 10. 1371/
journal. pone. 0152894.

Xu Y D, Zhong Z K, Zhang W, et al.
type denitrifying microbial communities to the various land-use
China [ J]. Soil and Tillage
10. 1016/j. still. 2019. 104378.

G BUEY 2 AT T Rk AR s

Responses of soil nosZ-

types of the Loess Plateau,
Research, 2019, 195, doi:
T, FHE, HRE,

[35]

[36]

[37]

[38]

[39]

the Loess Plateau, China[J]. Journal of soils apﬂ"':s"edfments,
2010, 10(6) ; 1082-1091. e
Mok, B, B, % %imﬁ%[ﬂﬁﬁ*{iﬁﬂﬂﬁi
ijﬁiﬁﬂ{ﬁﬂ@ﬁi%# R[], EFH ?&‘r 2015, 3‘5
(11) 3598 3605+
ZengQ C, LUX DngHY
nltrogen énd carbon water su'luble nitrogen and carbon under
different a‘rbors forests ‘on th‘e Loess Plateau[ J ]. Acta Egologif:a
Sinica, ‘2015 35(11) 5 3598-3605. ] =
B o, O, 40 o o R s T
LRI 1), TS, 2016, 3K(4)
33-38,72.
Zhai H, Zhang H, Qiu M,
different tree types on slope land converted from farmland in the
Loess Plateau [ J ].
2016, 31(4): 33-38, 72.
Liu J L, Ngoc Ha V, Shen Z, et al. Response of the rhizosphere

et al. Soil m1€r0h1aL biomass

“et al. Sol biological activity of

Journal of Northwest Forestry University,

microbial community to fine root and soil parameters following
Robinia pseudoacacia L. afforestation[ J].
2018, 132, 11-19.

Vitkova M, Tonika J, Miillerova J. Black locust—Successful
invader of a wide range of soil conditions[]].
Total Environment, 2015, 505 . 315-328.
BE, R, PR, S 8 bR RS IE TR 8 AR Y AR PR
ATAS AMF BEE ZREERTSE)]. BBk, 2012, 33(1)
314-322.

Feng Y, Tang M, Chen H,

bacteria and arbuscular mycorrhizal fungi in the rhizosphere of

Applied Soil Ecology,

Science of the

et al. Community diversity of

eight plants in Liudaogou watershed on the Loess Plateau China
[J]. Environmental Science, 2012, 33(1) ; 314-322.



HUANJING KEXUE Vol.42  No.9

Environmental Science (monthly) Sep. 15, 2021

CONTENTS

Spatiotemporal Distribution and Health Impacts of PM, 5 and O in Beijing, from 2014 t0 2020  «+eresreerrersrsmsssnenensnnsnscninnessns e CHEN Jing, PENG Jin-long, XU Yan-sen (4071 )
YANG Xiao-hui, SONG Chun-jie, FAN Li-hang, et al. (4083)
Impacts of Anthropogenic Emission Reduction and Meteorological Conditions on PM, 5 Pollution in Typical Cities of Beijing-Tianjin-Hebel in Winter =~ «+reereereesrersosssiennesinncninnenees

SHAOQ Xuan-yi, WANG Xiao-qi, ZHONG Yi-sheng, et al. (4095)
Influence of Pollutant Transport from Both Sides of the Taihang Mountains on Cross-Valley Urban Aerosols WANG Yan, GUO Wei, YAN Shi-ming, et al. (4104)
Variation Characteristics and Source Analysis of Carbonaceous Aerosols in Winter in Jiaghan ««+-veeeesereressemeniennininenniiisn ZHANG Ying-long, LI Li, WU Wei-chao, et al. (4116)
Simulation Analysis of the Impact of COVID-19 Pandemic Control on Air Quality in Henan Province based on Machine Learning Algorithm —«eeseseereressssssennsiiiniie

High-resolution Estimation of Spatio-temporal Variation in PM, 5 Concentrations in the Beijing-Tianjin-Hebei Region

.................................................................................................................................................................. WEI Yu, XU Qi-xiang, ZHAO Jin-shuai, et al. (4126)
Seasonal Variation, Source Identification, and Health Risk of PM, 5-hound Metals in Xinxiang —«+v+ereseeerrsessmsenenssinnesnseseens LIU Huan-jia, JIA Meng-ke, LIU Yong-li, et al. (4140)
Distribution Characteristics and Seasonal Variations of Arsenic in Atmospheric Aerosols over the Yellow Sea and Bohai Sea  «+++ereeeeeeseereens YUAN Shuai, WANG Yan, LIU Ru-hai, et al. (4151)

Extinction Characteristics of Aerosols and the Contribution of Pollution Sources to Light Extinction During Three Heavy Pollution Episodes in the Winter of 2020 in Tianjin »«««+«+sessesseeeeees

-+ LI Li-wei, XIAO Zhi-mei, YANG Ning, et al. (4158
Spatial Variation of Surface Ozone Concentration During the Warm Season and Its Meteorological Driving Factors in China «+-«+eeeseeseeveeseseeneens HE Chao, MU Hang, YANG Lu, et al. (4168
Exploring Characteristics and Causes of Summer Ozone Pollution Based on Process Analysis in Wuhai ZHANG Rui-xin, CHEN Qiang, XIA Jia-qi, et al. (4180
Pollution Characteristics and Source Analysis of Atmospheric VOCs in the Coastal Background of the Pearl River Delta «+«+++s+seeseeeeeees YUN Long, LI Cheng-liu, ZHANG Ming-di, et al. (4191
++ KONG Xiao-le, YANG Yong-hui, CAO Bo, et al. (4202
CHENG Bing-fen, ZHANG Yuan, XIA Rui, et al. (4211

Pollution Level, Distribution Characteristic, and Ecological Risk Assessment of Environmentally Persistent Pharmaceutical Pollutants in Surface Water of Jiangsu Province «+«+«+sesseseerseseeses

Hydrochemical Characteristics and Factors of Surface Water and Groundwater in the Upper Yongding River Basin

)
)
)
)
)
)

Temporal and Spatial Variations in Water Quality of Hanjiang River and lis Influencing Factors in Recent Years

.................................................................................................................................................................. ZHAO Mei-mei, FAN De-ling, GU Wen, et al. (4222)
Spatial and Temporal Distribution and Pollution Evaluation of Soluble Heavy Metals in Liujiang River Bagin «+s«+seseeseesererenseesenennes ZHANG Wan-jun, XIN Cun-lin, YU Shi, et al. (4234)
Source Analysis and Health Risk Assessment of Heavy Metals in Groundwater of Leizhou Peninsula SHI Huan-huan, PAN Yu-jie, ZENG Min, et al. (4246)
Distribution Characteristics and Health Risk Assessment of Metal Elements in Groundwater of Longzici Spring Area +++++* XIE Hao, LIANG Yong-ping, LI Jun, et al. (4257)

Seasonal Variation and Sources Identification of Dissolved Sulfate in a Typical Karst Subterranean Stream Basin Using Sulfur and Oxygen Isotopes «+x«+ssssessesessessensenseemenennsninensnnnnens
*+ REN Kun, PAN Xiao-dong, LAN Gan-jiang, et al. (4267)
Phosphorus Fractions and Quantitative Identification of Pollution Sources in Nanhai Wetland, Baotou -+ BAI Ya-hong, QIAN Chen-ge, YUAN Si-jing, et al. (4275)
Release Risk of Phosphorus by Sediments and Its Influencing Factors in Ponds and Ditches of a New Urban District Park —«+xeseeseseesseseserennennens LI Ru-zhong, SONG Min, YANG Ji-wei (4287)
Effect of Hydraulic Residence Time on Removal Efficiency of Pollutants in Subsurface Flow Constructed Wetlands and Analysis of Denitrification Mechanism ~+-+
........................................................................................................................................................................ QI Ran, ZHANG Ling, YANG Fan, et al. (4296)
Enhanced Removal of Pollutants in Constructed Wetlands with Manganese Sands MA Quan, WANG Dong-lin, LIN Hui, et al. (4304)
TAO Li, WANG Pei-fang, YUAN Qiu-sheng, et al. (4311)

Structure of Aerobic Denitrification Bacterial Community in Response to Dissolved Organic Matter in Baiyangdian Lake During the Water Delivery Period «+«+esseseerseeeesenenssnincnennnens

Application Effect of Four Typical Submerged Macrophytes on Removing Cadmium from Polluted Sediment

""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" ZHOU Shi-lei, ZHANG Tian-na, CHEN Zhao-ying, et al. (4319)
Nitrogen and Phosphorus Leaching Characteristics and Adsorption Properties of Hardwood Biochar in Stormwater Runoff -~ ++++essesresvereeneenes MENG Yi-ke, WANG Yuan, WANG Chuan-yue (4332)
Indicator Function of Ragworm ( Nereididae) on Sediment Microplastic in Haizhou Bay Intertidal Zone —««+s++sesseeseereesenmemncnennnnes WANG Jia-xuan, SONG Ke-xin, SUN Yi-xin, et al. (4341)
Antagonistic Effect and Mechanism of Nano Titanium Dioxide and Cadmium on the Growth of Scenedesmus obliquuis ««++++++sessersereeneserenesnes WANG Pu, ZHAO Li-hong, ZHU Xiao-shan (4350 )
Mutual Influence Between Microbial Community, Wastewater Characteristics, and Antibiotic Resistance Genes During Spiramycin Production Wastewater Treatment —+-«+seseesseeeresesnensenees

........................................................................................................................................................................ WU Cai-yun, LI Hui-li, QIN Cai-xia, et al. (4358)
Effect of Chelated Iron on Nitrogen Removal Efficiency and Microbial Community Structure in the Anaerobic Ferric Ammonium Oxidation ««+sesseseeseseserenemiemenenenninensinnee
LIAO Hong-yan, SONG Cheng, WAN Liu-yang, et al. (4366)

Effects of Dissolved Oxygen on Nutrient Removal Performance and Microbial Community in Low Carbon/Nitrogen Municipal Wastewater Treatment Process «+s«+ssssesseeesesensenseneseneneenes

CHI Yu-lei, SHI Xuan, REN Tong, et al. (4374)
Shortening SRT of Intermittent Gradient Aeration to Realize Nitrogen and Phosphorus Removal in Short-range SNEDPR System *+ ZHANG Yu-jun, LI Dong, WANG Xin-xin, et al. (4383)
Characteristics of Partial Denitrification in Biofilm System ««+«++s+sssesesssessessnesinenniinininsinn e YU Li-fang, ZHANG Xing-xiu, ZHANG Qiong, et al. (4390)
Effect of Anaerobic Plug-flow on Nitrification Denitrifying Phosphorus Removal Aerobic Granular Sludge with Intermittent Aeration ++= LI Dong, CAO Si-yu, WANG Qi, et al. (4399)
Combining Different Aerobic/ Anoxic Durations with Zoned Sludge Discharge to Optimize Short-cut Nitrification Denitrifying Phosphorus Removal Granules in Domestic Sewage «++++++esveeeee
WANG Wen-qi, LI Dong, GAO Xin, et al. (4406)
Meta-analysis of the Effects of Metal Mining on Soil Heavy Metal Concentrations in Southwest China ««+++++eseeeeeeee ZHANG Jian-lin, QU Ming-kai, CHEN Jian, et al. (4414)
Distribution Characteristics and Ecological Risk Assessment of Soil Heavy Metals in Typical Watersheds of the Qinghai-Tibet Plateau «+++* DU Hao-lin, WANG Ying, WANG Jin-song, et al. (4422)
Spatial Distribution Characteristics and Risk Assessment of Cadmium Pollution in Soil-crops system of an E-waste Dismantling Area »«+++++sese+e- ZHANG Lu-yao, ZHAO Ke-li, FU Wei-jun (4432)
Characteristics of Modified Biochars and Their Immobilization Effect on Cu and Cd in Polluted Farmland Soil Around Smelter ««++«++++++ WANG Xin-yu, MENG Hai-bo, SHEN Yu-jun, et al. (4441)
Combined Effects of Soil Amendment and Zinc Fertilizer on Accumulation and Transportation of Cadmium in Soil-Rice System +-++++++-- ZHOU Kun-hua, ZHOU Hang, WANG Zi-yu, et al. (4452)
Effects of Different Soil Conditioners on Rice Growth and Heavy Metal Uptake in Soil Contaminated with Copper and Cadmium - -+ WEI Wei, LI Ping, LANG Man (4462 )
Isolation and Identification of the Plant Endophyte R-13 and Its Effect on Cadmium Accumulation in Solanum nigrum L. «+-++eseereer PANG Jie, LIU Yue-min, HUANG Yong-chun, et al. (4471)
Response of Soil Archaeal Community to Heavy Metal Pollution in Different Typical Regions LI Yu-tong, YANG Shan, ZHANG Yi, et al. (4481)
High-throughput Sequencing Analysis of Soil Bacterial Community in the Grain for Green Project Areas of the Loess Plateau - : -+ LIU Xiao-hua, WEI Tian-xing (4489 )
Experimental Influence of Food Waste Fermentation Broth on the Soil Quality in a Loess Hilly Area SHAO Li-ming, REN Jun-da, LU Fan, et al. (4500)
Stahility of Soil Aggregates at Different Altitudes in Qinling Mountains and Its Coupling Relationship with Soil Enzyme Activities ««+«sseeseseersereeneeees MA Huan-fei, HU Han, LI Yi, et al. (4510)
Reactivation of Passivated Biochar/Nanoscale Zero-Valent Iron by an Electroactive Microorganism for Cooperative Hexavalent Chromium Removal and Mechanisms - -

............................................................................................................................................................... LIAO Cong-jian, ZHAO Xiao-lei, LIU Kai, et al. (4520

-+ HAO Lian-yi, ZHANG Li-hua, XIE Zhong-kui, et al. (4527
Effects of Nitrogen Fertilizer Application Times and Nitrification Inhibitor on N,O Emission from Potted Maize FU Pei-jiao, JI Heng-kuan, HE Qiu-xiang, et al. (4538
Gaseous Nitrogen Emission from Soil After Application of NH,"-N Loaded Biochar —+++sessseseseersessersssessiensseicieieinesnnen: MA Xiao-gang, HE Jian-giao, CHEN Yu-lan, et al. (4548
ZHANG Xiu-ling, YAN Zi-wei, WANG Feng, et al. (4558
WANG Jia-yu, CHEN Jing-wen, TANG Wei-hao, et al. (4566

Influence of Precipitation Change on Soil Respiration in Desert Grassland

Effects of Microplastics Addition on Soil Organic Carbon Mineralization in Citrus Orchard
Dynamic Material Flow Analysis of Perfluorooctane Sulfonate in China; 1985-2019




