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QMEC based Analysis of the Sml _JMlCl'Oblal Functlonal Potentlals across leferent

Tibetan Plateau Glacier Forelands :
ZHANG Jie ]lﬂl 242 Anders Priemé** | CHEN-Xian- ke”5 ¥ ZHOU Han -chang'*®, ZHANG Qin-wei'*®, ZHUANG Xu-liang'"”, QIN Xiang®,

ZHUANG.Guo-qlang S MA An-zhoul‘6

(1. Resedrch Center for Eco-Environmental Sciences, Chinese Academy of Sciences, Beijing 100085, China; 2. Sino-Danish College, University of Chinese Academy of
Sciences, Beijing 101400, China; 3. Sino-Danish Center for Education and Research, Beijing 101400, China; 4. Department of Biology, University of Copenhagen,
Universitetsparken 15, DK-2100, Copenhagen, Denmark; 5. Center for Permafrost (CENPERM ), University of Copenhagen, @ster Voldgade 10, DK-1350, Copenhagen,
Denmark; 6. College of Resources and Environment, University of Chinese Academy of Sciences, Beijing 101408, China; 7. Institute of Tibetan Plateau Research, Chinese
Academy of Sciences, Beijing 100101, China; 8. Qilian Shan Station of Glaciology and Ecologic Environment, State Key Laboratory of Cryospheric Science, Northwest
Institute of Eco-environment and Resources, Chinese Academy of Sciences, Lanzhou 730000, China)

Abstract; Soil microorganisms dominate the hiogeochemical cycles of elements in glacier forelands, which continue to expand due to the climate warming. We analyzed the soil
microbial functional characteristics among three types of glacier forelands on the Tibetan Plateau; Yulong Glacier (Y), a temperate glacier; Tianshan Urumqi Glacier No. |
(T), a sub-continental glacier; and Laohugou Glacier No. 12 (L), a continental glacier. Here, soil microbial functional genes were quantified using quantitative microbial
element cycling technology (QMEC). We found that, in the three glacier forelands, the abundances of soil microbial functional genes related to hemicellulose degradation and
reductive acetyl-CoA pathway were highest compared with other carbon-related functional genes. The main nitrogen cycling genes were involved in ammonification. The
functional genes of the phosphorus cycle and sulfur cycle were related to organic phosphate mineralization and sulfur oxidation. Furthermore, the soils of the temperate glacier
foreland with better hydrothermal conditions had the most complex microbial functional gene structure and the highest functional potentials, followed by those of the soils of
continental glacier foreland with the driest environment. These significant differences in soil microbial functional genes among the three types of glacier forelands verified the
impacts of geographic difference on microbial functional characteristics, as well as providing a basis for the study of soil microbial functions and biogeochemical cycles in glacier
forelands.

Key words: Tibetan Plateau; glacier types; glacier foreland soil; microbial functional gene; quantitative microbial element cycling (QMEC)
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Table 1~ Soil physicochemical properties of glacier forelands
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pH 8.25 +0. 14b 8.48 +0.06ab 8.68 +0.19a
IR % 10.22 +£0.01a 11.58 £0.0la 0.01 £0.00b
M5 K5/ % 21.49 £1.14a 22.81 £2.04a 14.90 +4.80b
0(S0C)/g-kg™! 101. 17 £2.64a 4.71 £0.12¢ 22.21 +£0.52b
©(DOC)/mg-kg ! 12.74 £0.51¢ 41.22 +2.04a 23.33 +2.35b
©(TN)/g-kg™! 0.15 £0.01b 0.13 +£0.00b 0.22 +0.06a
o(NH, -N)/mg-kg ™! 0.47 £0.02b 0.49 +0.00b 0.87 £0.11a
o(NO; -N)/mg-kg ! 0.12 +£0.01b 0.08 £0.01b 1.54 £0.20a
o(TP)/g-kg™! 0.06 +£0.00c 0.59 +0.01b 0.66 +0.03a
C/N 811.45 +61. 16a 42.15 +£0.70b 124. 60 +£38.11b
C/P 4091.85 £213.08a 20.52 +0.54b 87.49 £1.91b

DY : Efukil; T RIS &A1 S0k L& EHW 12 Skl SOC: T 3EA HLER; DOC. I MIEA LIk, TN B&; NH -N. 885,
NO; -N. &% TP MW; C/NGRAEL; C/PkBELL; ARVNG FRERR2ZEF WE (P <0.05) 3 BUE A FEIME + hrdE2E (n =3)

2.2 —RUKNI TS 3 SR D T RE L

X UK G 25 4= e E AT 71 A Dy g 3 RS
W A34E 36 iR | 22 NEIGAEER 8 4
BEIEERIEIA S ANBRAGFR L. 2R ALK Y | W
KEGRLGKN] T FIAR AR RLPK 1 L 8 i 25 b A 38 s
WEZ 2 AR D BB EE K 0531 R 65, 48 i 53 4.

UK RS 1351 168 rRNA 3 PR (1945 D15 (LA
T3 1E2.07 x 107 ~6. 81 x 107 copies-g ™' #i [,
Hop Y 5o L IR A = F AR B oE 2 5.
Tk, FTTFAT A D BE I R 45 DB, R BBR 3L A lig |
korA | nifH . hao . nirSI . nirS2 | dsrA Fl dsrB 41, Hpx
REEERITE Y iy R sy, A= AL 2. [R]i)



14 TR SE . 25T QMEC 20 BT B 7 7853 JEUAN 1) 2 2 i 1 25 b b ST W S e TS 515

TR VKON B 2 30 DB BE DI 6 R Y Bray- 19 P {EI/INT 0. 05, BB =28 K17 2 b+ 358 1 1k

Curtis HERJHEAT AU SR N 2. 3 FlARSe AW D RERE NG (e 2 P22 e

- O NN D N NCHNNCN BN DN NNNO N RN DAfeoEoE o § )
o1 N I N O RO O MR MCCOM OMAMOCNENRCHD AW
» I NNRN AN NARN AR RN NN R i mmnem

e Z% 23 0.5
l
-1.0

WA ER SN AEAE R SR hE A B ER T ER
TifedEME  ThiEdEM

1. amyA, 2. amyX, 3. apu, 4. gam, 5. gmGDH, 6. IsoP, 7. abfA, 8. exg, 9. manA, 10. xylA, 11. CDH, 12. naglu, 13. chiA, 14. exoPG,
15. glx, 16. lig, 17. mnp, 18. rbcL, 19. aclB, 20. korA, 21. frdA, 22. acsA, 23. acsB, 24. acsE, 25. accA, 26. pccA, 27. met, 28. smiA,
29. merA, 30. emGDH, 31. mxa, 32. mmoX, 33. pmoA, 34. nifH, 35. amoAl, 36. amoA2, 37. amoB, 38. hao, 39. nxrA, 40. narG, 41.
nirKl', 42. nirk2, 43. nirk3, 44. nirSI1, 45. nirS2, 46. nirS3, 47. nosZl, 48. nosZ2, 49. Urec, 50. gdh, 51. hzsB, 52. nasA, 53. napA,
54. bpp, 55. phnK, 56. phoD, 57. phoX, 58. ppx, 59. ppk3, 60. pgqC, 61. SoxY, 62. YedZ, 63. apsA, 64. dsrA, 65. dsrB; 1 ~6 JHEMK
fif, 7 ~10 FRETERIEME, 11 ~ 12 HEFAERIEME, 13 HILT BIREME, 14 BB RERE, 15 ~ 17 RBIRFEME, 18  RIARSCIEER, 19 ~21
N SR = IRTRAGHR | 22 ~ 24 ik AL L BEAHT A AR, 25 ~28 Ny 3-FRAENRRUUIERT , 29 ~31 Jo= M beid 2, 32 ~33 e fbid 72,
34 WA E R, 35 ~39 KL, 40 ~48 S RCRALAE, 49 ~ 50 EALMER, 51 0 RAE AT R, 52 M AL R0 i FE53
SALERIFGSRE, 54 ~57 NAYBET S RE, 58 A ICHLBE KM, 59 A TCHLBEA TR, 60 ﬁ?ﬁmﬁ?‘i‘ﬁfﬁ)ﬂ 6162 J %ﬂ@i
B, 63 ~65 HFRERIREULEL; LW 12 S0K)I1, T RIS EATE 150k, Y E Rk, TH 0’ %n—fﬁ-i\qﬂﬂw‘ Jﬁ%l

i S oM N X NS oo
MmN Moo T DS = e G R s L s fa E L s R

3
=34

165 rRNA-

B2 K qu%ﬁitﬂitﬁ%‘ti%m EREEERET | J
Fig. 2 Heatmap of absolute copy ﬁ“umber of microbial functional gehesl,qn the glauellr forelands .,.-"'.I ..,.-"fr | ¥
*x2 ETF Bray -Curtis BEE = ibk}llﬂu%ﬂi’.iiﬁl — ﬂﬁﬁ‘ﬂﬂlﬂﬁ B IIiE : |¥Iéiﬁ];f
r&iﬂw EERNTRERE | ,_:;ﬂf,a‘ cso] mE 5
Tahale 2 lDlSSlml].ﬂrlIiy ;est‘based on Bray-Curtis dlﬁtaq_ce of, 1al - BT |
- funnctlona].-ggﬁes eﬁlong three types of gl&mer’_.fb‘réla‘(‘ispﬁ il g 400 e i
Aot wigh [ enmEr .: S, £ |
~ wpeell T s -0z | [T o 914' 5 l i
@ AngSim -“* R=0.490 i ' /023! § -
[pERMANOVA [ =3. 605 2 O L~ J_.ff = |
1) MEPP( r}{ﬁt’ipl:mqut_@se permutation procedure ) %H[’] Jf E{&&'ZB@ ) =100 i
Hs ﬁﬁ%mﬁ%@l‘ﬂéﬁk?éﬂmﬁﬁ Anosim ( analysis of 0 i
slmlldrltles) AALE SR BT, e R E KT 0 Ui W4 | 22 5 W 3 12 3 4 5 6 7 8 9 1o 1l
PERMANOVA ( permutational MANOVA) ; B #e 2 R 325 22507, 3 R? L SERIK AL 2. S 27 4 KA R N, 3. 27 e R i 2R 1M 4.
R UG A ) 22 5 B 8 35 P (E/NT 0. 05 Fongeih oy ik JUT RN 5. AR BUR B 2EIN 6. RARSCIRERE N, 7. i
N ) AR =R MRIAHIER 8. i JFAL L EHT G A RARSER 9. 3-F50k
2.2.1 LSRRI ) ) REIEIIRFAE WIRALRERIED 10, G LIS 11 7 TG
& =DK% 4 - HE A BRAE 26 D e L [N B3 kI BTt S BRI I B
ﬁ)’fgﬁg% E@ Eiirﬂjm J: {)\jﬂﬁ}]}%l}&%%. ("_‘ﬁéﬁ‘ﬂ Fig. 3 Absolute copy number of microbial functional gene groups
M(Jll Y E(Jﬁﬁ‘é% i&i%ﬁz’ﬁ%ﬂ] lﬁ% A E'EEEQ[ = :F‘;H\: of carbon cycle in the glacier forelands

PRI EL K] (AN 3) PR EE RN BN fR3R) | 0 JB R 2L BRI A iR #2 (reductive acetyl-
81.07 x 10” copies=g ™", 70l A T (9.37 x 10’ (oA pathway, WL FEFR) il 3-58 5L 15 ik BUIE FF (3-
copies+g ™) Fll L(24.37 x 10 copies+g ") ) 8. 65 i hydroxypropionate bicycle, 3HP ¥ ). = 2Kk )1l {if
F3.33 A% BRIFEMEZE N FE LN 17.15 x 100 ey + b R AF WL JE 3R B0 Dh REJE IR = 1 B s | L
copies'g_1 LI T AL 435N 1. 63 x 10500pies'g_1 FE LI N acsA Fl acsE. TEHFLERIPK)I Y Hp—
F16.98 x 107 copies+g ™. ZRIKJIIETZH LIPS spp) Fagpe @S WL IGFRAR G, HoE N
F e AH S ) T RERE R HE 0. 65 x 10° ~9.59 x 10 43.42 x 10° copies-g ", B J5 & 3HP #H3F, HsLH £
copies-g ' Z 0], 55 5 mmoX | pmoA . emGDH Fl BE G R R LR Ry 28.74% . T AL+ 3
maa, A8 Y BRI E] merd HIH. S B BRI Al 5 WL R BR AT 6, AR 4 B

ARG 21 Y 5 [ o B TR TR AE 4 RO BRIRAS, 78 43511k 60. 64% F1 49. 95% . i — 2 HAE — VAL B
MR IR (calvin cyele, CBBRIR)  IRIEAL  f sz iqa 4 91 )y »TCA fEFR AN 3HP fF5R, H 3 4
ZRIRIGH (reductive tricarboxylic acid cycle, rTCA FHE 4> 5K 2,24 x 10° copies-g ™' Fl 6.36 x 10°



516 7D 53

oo 44 %

copies-g ™. CBB I Y AHSCEE PR 32 1 AE = 280Kk )1 i
S b B R RIS , F S R AR B [ 3 R A Y
HAE Y Wik 10.79%, M HAE T 5 L By HIEHIZ I
BN 3% £eAq.
UK Ik - S A B A S R R B e o
Y 2 W i RN OK T R B A G, BRIl
manA | xylA | glx | lig Fl mnp. For Y F2E 204k K %
L B B, M 13,15 x 10° copies-g ™', 5 H T
BRI E R 76.67%, 1 T 5 L &ML T
Y, “HWFEEN1.01 x 10 copies-g ™" (69.17% ) I
4.05 x 10° copies+g ™' (57.95% ). Z5 I M, Y A9 A
FR WG figt B DR o BE B i35 (3. 06 x 107 copies+g ™), HiAH
StEREN 17. 82% . 1 438 rp B AR i 3K g 3 A 3=
BE5 Y ML, H R 2.55 x 10° copies-g ™", iZ A X F
JEIK 36. 3% i T B AT 5 5 fifp 5 PR =F B e 1K AR A
4 0.33 x 10° copies-g ™", {H FH A1 Xt F fg’@ ik
22.73% . FAURIAARSEI AR | SHOREA LT %
WA LI R B e = 20k g efe.
2.2.2 +HER ﬁﬂwi%%%ﬁlﬁﬁ’] 2
LK) IY E’Jﬁﬂﬁﬂlﬁﬁ%ﬁmwﬁﬂlﬁ& (- e
/2 FE 49 g 0 é&&mm'(ﬁs;a‘ﬁ 10’
copieh ™) AT T A AR Rk
Jﬁﬂlﬂ AL R i AT 7E 11 37 xfO ~,J13 01
5(1(2; coplies g l‘éT %%ﬂf%ﬂ:ﬁfﬁﬁﬂﬁglﬂ Ubec s

gmﬁgﬁmﬂm%ﬁi%¢£%m%ﬁﬁﬁﬁéfw

A, vy Y ':F‘,E\:EEF‘PjiI 50. 35 x 10° copies-g "~ ;Jj Y )
SRR AL F 1 76. 85% , “HAE T ML th

L
600 T

500 F

\

200 ¢

150 f

JEFE% L < 10% copies-g !

100 |

50 F

| 2 3 4 5
LR ESEN 2. RN 3. SCAHAEEE

4. I 5. SRR R EE A
B4 wk)largit HIEREYRERNEEREE
Fig. 4

Absolute copy number of microbial functional gene

groups of nitrogen cycle in the glacier forelands

AR AR = B 43K 21 60. 019% 1 48. 34% . i1k
BEP 5 R AT RE LN 78 L b HOAH X 2 i
34.57% (4.50 x 10’ copies-g ™" ) , 7E T H 2}y 26. 18%
(2.98 x 107 copies-g ") ; 76 Y R HARX 3= B ARG
(14.36% ) fHiZ R K F K IH Z ﬁ*ﬂkﬂlﬁﬁ%ﬂﬁ
PR ERY, M 9. 59 x 10° copies g’ . 'R IEA e
VEFRRZEDN nifH 2 T R L 438 Hh B E A R D e
R, 510 1. 36 x 10°copies-g ™' F1 1. 08 x 10°
copies=g ', M54 B A IBEIE R FBE 11.95%
1 8.30%, MM HAE Y 4 3 v i A X F ALy
1.67%.
2.2.3  TIEBHEFR GG ER AL Y D RESL R R

TE =R UK Hr b+ 38 b WG B D RE R K
LHANE I R R (LK 5) LR BRI
FEH phoD | bpp ﬁphnK ﬁﬁﬁﬁ*ﬁﬂiﬂ E"E)J%.
phoX WILAE ¥ rhi s (14 2) *Mﬂﬂﬁﬂ:&%*
(B O 25 ) Rl 1N 08 B w5, R 25, 39><105
copies+g ! ,A\EFﬁﬁm@e@L{JCﬁ*i*H?%ﬂﬁ i h
X JE T 84, 23%%56&@*7%@&&*&3%6’1%&
ppx E’J$FUfoE*ﬁﬁT$rﬁ 12.56% (3 1 'y 10’
copies+g ', \li jﬁé%ﬂlﬂﬁ’]ﬁﬁﬂ%ﬁ'éﬁﬂﬂiﬁﬁﬁﬁﬁ
?Tﬁﬁ“/!jﬂS 33.,x 10’ copies- g~ $H167X105'
mmﬁg,mgﬂmfﬁﬁﬁmwmwmﬂ%mw
Rk e &

'ﬁﬁ{@‘ﬂ*ﬁﬂéﬂ/}%. SoxY YedZ . apsA . dsrA
F dsrB Y5307 15 = 28 UK 1 i 2 4 A 38 vp ez i 3] (1
2). AEY ML A BRAG R D e 2L DA 3 B AR A 4
P A o (&5 ) HAE AR HE 35000 7. 66 x 10°

BENTER

TN ER

240 -

EEE
< -

200

100 -

80 |-

JE % U1 ¥ < 10*/copies-g !

I 2 3 4 5
LA HUBE L2, JEHLBE K BRI, 3. TP S M
4. FRAALIER 5. B AR EL I I K]
B 5 wk)Ipiski tERE MR, BT RERFE
Fig. 5 Absolute copy number of microbial functional gene groups

of phosphorus and sulfur cycles in the glacier forelands



14 I AE . JE T QMEC 23T (475 e AN [R) S B o i % b S A W) D RE T 517

copies-g™' (80.17% ) F 4.44 x 10° copies-g~'
(68.59% ). IMifE T 1, B ki I DI REHE PN 500
(5 IZ AL R B A8 B A AR R A
75.67% (2.92 x 10’ copies-g ™" ).

3 g

5 725 3 15 B ) B AR 1 Ak 2 0 T R R PR
B R TRIT IR 0 A 045 B ) b BR AL 4 11
M 5 A 0 T B, AR 22 A B 4 1 3 i
DA E, B fE G o B PR R B AE T Ak i
Sy128-3139.40) prankatschk 250 % B A 458 B (] ) A1)
F SR LR G T RE L B N chid 1 B R T
et ST M. Chen 25538 & B0 M4
WIS e LD R S VT, | A A AN AL 4 13
SRR T G E. [ Xiang %2 % B A B
RS D F B 5 W 1 S B VA A S TE AR
SR, R DI BE L R = B 1 5 M6 1 — s AR T
TR HAME MRS LS R I B 2 MR RE R DRI Y
B T e SRR (65 A ) 2 T AR 2 vk 1|

T(48 4~) 5K AWK L(53 4Y) Tl i A5 A<

-

YT REAE AR e, T A S
SR e R AR B PR AL S TR
TP, B 6 K ) 2

BTS2 A SISO R 1L

T A 2T 24 W i e ) R 27 4 R A4 W 5 i
B SCHRE 8 T HITFGE 45 3 — B0 A2 PRI L
T - A AR DR 2 B e o b e T A
W ZR 0 T PR — ARG TP 4200 X T g
TR X P 1G5 - MR £ EL M PR A K
DY RTSECE L WA, (LB 7 FL G 0 T R LA B 3
FRO A X R A e 45 0 O

PR i U . AR A
R AL A LB (L 45 R A 335 LA
A, BEIBER 2. =2k 5 S+ nifH 3
P = 101, g 95 0 PR 2t BLZE T e
S o (TN) BN — 5, R HRUR SR R i
[ L . SR TR O (3l Al B2 = k1|
AT E SR S B R RE SR IN, 1 = 201 i
25 M S T 0 AR LA Vs . AR 4
S T At A 4 AL N, | N0 NO T i
S, TR fget it 5 g ok B IE S5 LR
AR BYIAIS JERAI Y (Rl s
SRR | SRIETE PR B L A PR SR
Syl A DA FE B 5% e A R 2 KT TN
NH -NFINOS N ft U 4G, 5 5 L8 AR e 1T
et LA 00 U R 2600, Y, 3 G
BT A PR 3. 3 5 T A 7 A 11 38 Y
FOBE 2 AU RE ST, X T RE LR IE TP A BB AY I

SRR L D 3 R 3 0 P ) AT R >

S FLTE LT RS S AR 25 R
BRFCLRAR — 2

30 = 24D 245 M - S 1 o A B o i R
18T TR A S T, 5 )1 5 M - SR 5 A
2 A B AR A £ , 8 B K1 T 4% - M9
Al LA 458 10 T BB 08 g 1104 o = 2k I T
L5+ D FAE WL 3870 0 M 60 1 52 P = B
B30 T A5 A PR e R 2 A A
AN RNY AR KR [ R 42 2 3HP
BRI T 4 *TCA AR, 356 1 Bl ph — % N R 1k 4
BEVE 5 E RS S ECO . A, LA T SRR R %
H T AR 3 PRI 2 B A X HL T A 40, x5
LA T +3EA C/N (A C/PEIRT Y REH KT
SRR TR PR — B0, I % O B 3 030 DI
S, WA 7 T 2 VR A 72 LA R AR 1 R 1. 1)
B, S0 Al R 15 =t i 432 2 0 B2 0 1) D Bl
IR AT A 1500 I Dai %5 % 3+ He %
WL 301 O i 5 R R T M R 0 A R o 52 TE A
K F AT AR 0 R A 5 bl A A R
FITRERE R R EAR 2. I, v T4 0
8 = B 2P T 4 R DR s T i LA T

4 £t

(1) Z2EPK) TS 1 e Tk P Dy g 356 X 45
FFAAE 35 22 5, O IR LDk N (YY) 1) T 25 3 -
AR R AN 2 5 2 B A, AR R
Rl RLUK T (L)

(2) =2 UK 1 T2 b - 38 rh Bk 916 21 Dl R BE ] 32
BB B R A WL 2 2F 48 R B A ¢, BAE
IR N M A AN A G, B G D RE
FEPRI) 3= 5350 5 A ALBE A o AR A A AR A R
FHOC.

B AEEP AR AR S AR o, E R BEAR
LKV P 5 A 25 PR B 255 LI ATE 5 3 28 0 4 S H
N ER TS R BRI X B R TAE ARG T T
K S Bl 7R — I s 20 iy kil
Sk
[ 1] Donhauser J, Frey B. Alpine soil microbial ecology in a changing

world[ J]. FEMS Microbiology Ecology, 2018, 94(9) , doi: 10.

1093/ femsec/fiy099.

] Bockheim J G, Gennadiyev A N, Hartemink A E, et al. Soil-

forming factors and Soil taxonomy[J]. Geoderma, 2014, 226-
227. 231-237.



518

=2 14 %

(3]

[4]

1079

[11];

[12]

[13]

[14]

[15]

[16]

[17]

~Fotal anironﬁ;ent s

"~ 2019. 13541’3

Edwards A, Cook S. Microbial dynamics in glacier forefield soils
show succession is not just skin deep[J].
2015, 24(5) : 963-966.

Frey B, Rime T, Phillips M, Microbial diversity in
European alpine permafrost and active layers [ J ]. FEMS
Microbiology Ecology, 2016, 92 (3), doi: 10. 1093/femsec/
fiw018.

Gyeong H, Hyun C U, Kim S C, et al.

successional dynamics of bacterial and fungal communities in

Molecular Ecology,

et al.

Contrasting early

recently deglaciated soils of the maritime Antarctic [ J ].
Molecular Ecology, 2021, 30(17) ; 4231-4244.

Lazzaro A, Hilfiker D, Zeyer J.
communities in alpine soils; seasonal and elevational effects[ J].
Frontiers in Microbiology, 2015, 6, doi: 10.3389/fmich. 2015.
01330.

Zeng J, Lou K, Zhang C J, et al. Primary succession of nitrogen

Structures of microbial

cycling microbial communities along the deglaciated forelands of
Tianshan Mountain, China[ J]. Frontiers in Microbiology, 2016,
7, doi: 10.3389/fmich. 2016.01353.

Fernandez-martinez M A, Pointing S B, Perez-Ortega S, et al.
Functional ecology of soil microbial communities along a glacier
forefield in Tierra del Fuego ( Chile ) [ J].
Microbiology, 2016, 19(3) . 161-173. “.-““
LiQW, LiuY, GuYF, et al. Ecoenzymatic stmchlomelry and

International

microbial nutrient limitations in rh120§phere soil’ along the
Hailuogou Glacier” forefield chronosequence [J ].

2020, 704, doi:! 10. 1-016/‘_| Scitoipv.

PRE2, ?ﬁ,uﬁ U, KIS %?ﬁm #’Jﬁ}fﬁtl&
VLI B, 2020, 60(9) : 2012- 2029
# Chen Y Y, Zhang ZH, Liu Y Q. Rebedrch pmgress of garbon

flxatlt)n microofganisms in glaciers [ J|].

" Slmca 2029 60(9) 2012-2029. : A .eﬂ//

Bai & Xiang Ql, Zhao K, et al. Plant aﬁd soil developm

cqoperatlvely shaped the composition of the phoD-harboring
bacterial community along the primary succession in the
Hailuogou Glacier chronosequence[ J]. mSystems, 2020, 5(4) ,
doi; 10. 1128/mSystems. 00475-20.
Jiang Y L, Lei Y B, Qin W,

processes and nutrient limitation in soil through ecoenzymatic

et al. Revealing microbial
stoichiometry and glomalin-related soil proteins in a retreating
glacier forefield[ J]. Geoderma, 2019, 338, 313-324.

Lazzaro A, Brankatschk R, Zeyer J. Seasonal dynamics of
nutrients and bacterial communities in unvegetated alpine glacier
forefields[ J]. Applied Soil Ecology, 2012, 53 10-22.

Sanyal A, Antony R, Samui G, et al. Microbial communities and
their potential for degradation of dissolved organic carbon in
cryoconite hole environments of Himalaya and Antarctica [ J].
Microbiological Research, 2018, 208 32-42.

Wietrzyk-Petka P, Rola K, Szymanski W, et al. Organic carbon
accumulation in the glacier forelands with regard to variability of
environmental conditions in different ecogenesis stages of High
Arctic ecosystems[ J]. Science of the Total Environment, 2020,
717, doi: 10.1016/]. scitotenv. 2019. 135151.

ESEA, TR, SRR E ek A K B IR R X
[J]. vkNI#+, 2003, 25(5) : 498-503.

Wang Z T, Su H C.
distribution and their significance as water resources[ ] ].
of Glaciology and Geocryology, 2003, 25(5) ; 498-503.
Guo W Q, LiuSY, XuJ L, et al. The second Chinese glacier

inventory: data, methods and results[ J]. Journal of Glaciology,

Glaciers in the world and China:

Journal

Scienke of the .

Acta Mlcrohlologlca

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

2015, 61(226) ; 357-372.
Ma A Z, Zhang J J, Liu G H,
biobanks for mountain glaciers in China [ ] ].
2022, 14(5), doi: 10.3390/5ul4052903.
TR, FADE  WRAEAS. 7 98 SR YR ok e Jde it 1 vk 1|
HEEE[T]. W%+, 1997, 19(2) : 97-113.

Shi Y F, Zheng B X, Yao T D. Glaciers and environments
during the Last Glacial Maximum (LGM) on the Tibetan Plateau
[J]. Journal of Glaciology and Geocryology, 1997, 19(2): 97-
113.

JERERL, (AR, A 2E. 4+*F5E?i€l§|f7f(ﬂ|?5ﬁ7§ﬂ"]
[J7]. VK%L, 1979, 1(2): 1

I, BRtE, FRFROE, 45 Wﬁlﬁl‘ﬂiﬂ?fkﬂlfﬂ?ﬁﬁﬂm
JZAR B 3 A —— LA R 1 S R FF IR 15 0Kk )1 L E e
TIAAKR 1Sk NEL ] TREBES, 2018, 35(1)
12-19.

Li KM, Chen S F, Kang L. F,

glacier and temperate glacier in China:

et al. Cryosphere microbiome

Sustainability ,

et al. Variation of continental
a case study of glacier
No. 1 at the headwaters of the Urumqi River and Baishui-Glacier
No. 1[J]. Arid Zone Research, 2018, 35(L) 1219, -
AW, ), KE, 4 *@ﬁjﬁjﬁﬁﬁﬁﬁ?],&}ﬂ 3 3 T
VI Y- 7 ﬂi&,ﬁéﬁmﬂlﬂﬁthu BRA 5 KN A
e 94 YRS GBI ), XM, 2019, 42(1) 20-28,
MulJ X,/LiZ Q, Lhang!l H, et al. Mass b&lancg-’varlatlon of
contmemal glacler ‘and temperate glacier and their resp’ons&".;o
taking Urumqi™ Clac}ﬁr No. 1
Ar‘i‘du Land
Geography 2019, 42{4) ;90-28. N
Mapelli/'F , . Maraséo R, Fusi M, The @tage of so1 1
deveIOpmeﬁ{ modulates l1rhlzosphere effect along” & hlgh aretic
desent chronosequence[ J]. The ISME Journal, 2018, 12’{5) :
1188-1198. ]

T, TR FRE R, L BUTHE O G
FEERSZMALT]. MEER:, 2020, 41(6) : 2918-2923.

Wang Y W, Ma A Z, Chong G S, et al. Effect of simulated
warming on microbial community in glacier forefield [ J ].
Environmental Science, 2020, 41(6) ;: 2918-2923.

Gorniak D, Marszatek H, Kwasniak-Kominek M, Soil
formation and initial microbiological activity on a foreland of an
Arctic glacier (SW Svalbard) [ J]. Applied Soil Ecology, 2017,
114 34-44.

Kwon HY, Jung ] Y, Kim O S,

bacterial community shifts along the chronosequence of the midtre

(‘hmate ohangf‘.r‘m western Chlna

and Parlling Noi 94 Clamer.« as examples [ J ].

et al.

et al.

et al. Soil development and
lovénbreen glacier foreland in svalbard [ J]. Journal of Ecology
and Environment, 2015, 38(4) . 461-476.

Kazemi S, Hatam I, Lanoil B. Bacterial community succession in
a high-altitude subarctic glacier foreland is a three-stage process
[J]. Molecular Ecology, 2016, 25(21) ; 5557-5567.

YuLL, Luo S
by GeoChip 5.0 in sugarcane and soybean intercropping systems
with reduced nitrogen input in South China[J]. Applied Soil
Ecology, 2020, 155, doi: 10.1016/j. apsoil. 2020. 103653.
Yan BS, Sun L P, Li J J,

potential functional genes of soil bacterial and fungal communities

S, Xu X, et al. The soil carbon cycle determined

et al. Change in composition and

with secondary succession in Quercus liaotungensis forests of the
Loess Plateau, western China[ J]. Geoderma, 2020, 364, doi:
10. 1016/j. geoderma. 2020. 114199.

Chen Q L, Ding J, Li C Y,

attributes, rather than taxonomic attributes,

et al. Microbial functional
drive top soil
nitrification and denitrification processes [ J |.

10. 1016/j.

respiration,

Science of the Total Environment, 2020, 734, doi:



SR A . 2T QMEC 24T Y75 8

85 SRS [V SR B I 1 i 2 3t S A= My D e

519

[32]

[33]

[35]

scitotenv. 2020. 139479.
Zheng B X, Zhu Y G, Sardans J, et al. QMEC: a tool for high-
throughput of microbial functional

quantitative assessment

potential in C, N, P, and S biogeochemical cycling[ J]. Science
China Life Sciences, 2018, 61(12) . 1451-1462.

P71 S 1 XU N N i b I R Rt=2e i 1 k75
A X RIS AR L By R B 387 1Ly A8 ok N1 A I [T ]
KN, 2015, 37(5) : 1131-1140.

Su B, Li Z Q, Zhang M J, et al. A comparative study on mass

balance between the continental glaciers and the temperate
glaciers: taking the typical glaciers in the Tianshan Mountains
and the Alps as examples [ J]. Journal of Glaciology and
Geocryology, 2015, 37(5) ; 1131-1140.
FHUE, IR, 48030, . ERTFWAK LS
BRGEZBMFIEL]]. WKIF L, 2018, 40 (4) : 676-
684.
Xin HJ, He Y Q, Niu H W, et al. Near-surface meteorological
characteristics on the Baishui Glacier No. 1, Mt. Yulong[ J].
Journal of Glaciology and Geocryology, 2018, 40(4) . 676-684.
Xu X K, Pan B L, Hu E, et al.
Glacier No. 1 to climate change from 1993 to 2005,
Chinal J]. 2011, 236 ( 1—‘2“) :
150.
i%i T, 7, 4. wLm%ﬁwlvaM$ L
JEBURIIAAE 1], SRETRISE 2014, 35(2) §504-512.
DongZ W, Qin D H, Qin X,

Responses of two branches of
Tianshan,

143-

Quaternary International ,

et al. C-haracterislic% of fly~ash™,

~particles depos‘illon in the snowpack of [aohuvou C-?acler Nos 42
in western, thaql Mounlams China[ J]. Envfronfmz?é’l Sgréflce

»

[36]

N
J fertilization' facilitates soil phosphorus tifnover by prgqmﬁrré{/

[38]

[39]

[40]

2014, 35(%)" 504 512. - = e

| Lin Y S,/Qin X,[Chen J Z, et al. Variations of} L aohugou Cla‘mer
_/No.12 inl the western Qilian Mountains, Chma from.-Jl957 to
2015]:] Journal’of Mountain Science, 20118 15( 1) 25 32.
Li H 7, B,.l.l QF, Yang , et al. ngh slartér .rghosp_h
miq;;)bial functional interaction in an arable soil[ J]. Journal of
Environmental Sciences, 2020, 94(8) . 179-185.

Zhang Y X, Li X, Xiao M, et al. Effects of microplastics on soil
carbon dioxide emissions and the microbial functional genes
involved in organic carbon decomposition in agricultural soil[ J].
Science of the Total Environment, 2022, 806, doi: 10.1016/j.
scitotenv. 2021. 150714.

Fan K K, Delgado-Baquerizo M, Guo X S, et al. Biodiversity of
key-stone phylotypes determines crop production in a 4-decade
fertilization experiment[ J]. The ISME Journal, 2021, 15(2)
550-561.

Graham E B, Knelman J E, Schindlbacher A, et al. Microbes as
engines of ecosystem function: when does community structure
enhance predictions of ecosystem processes? [ J]. Frontiers in
Microbiology, 2016, 7, doi: 10.3389/fmich. 2016.00214.
Brankatschk R, Towe S, Kleineidam K, et al. Abundances and
potential activities of nitrogen cycling microbial communities along

The ISME Journal ,

a chronosequence of a glacier forefield[ J].

[42]

[43]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

2011, 5(6) : 1025-1037.
Xiang Q, Chen Q L, Zhu D, et al. Microbial functional traits in
phyllosphere are more sensitive to anthropogenic disturbance than
in soil[ J]. Environmental Pollution, 2020, 265, doi: 10. 1016/
j. envpol. 2020. 114954.

Lei Y B, Zhou J, Xiao H F, et al. Soil nematode assemblages as
120-year-old
chronosequence on the Hailuogou Glacier forefield, SW China
[J]. Soil Biology and Biochemistry, 2015, 88 362-371.
Alfaro F D, Salazar-Burrows A, Baiiales-Seguel C,

microbial abundance and

bioindicators of primary succession along a

Soil
forefield glacier

et al.
activity ~ across

chronosequence in the Northern Patagonian Ice Field, Chile[ J].

Arctic, Antarctic, and Alpine Research, 2020, 52 (1) 553-
562.
Schulz S, Brankatschk R, Diimig A, et al. The role of

microorganisms at different stages of ecosystem development for
soil formation[ J|. Biogeosciences, 2013, 10(6) : 3983-3996.
Gagen E J, Denman S E, Padmanabha J, et al. Functional gene
analysis suggests different acetogen populations in the_bovine
rumen and tammar wallaby forestomach [ ] )= _,~A"p.-pliedp . and
Environmental Microbiology, 2010, 76(23) ; 778;;17‘7§5“‘
Ragsdale S| W. Enzymology of the Acetyl-CoA’ pdthway of"CO,
fixation [ JI]. “Critical Rev1ew< in Bm(’hemlstry and/lylelecular
Biology, 1991, 26(3:4) j 261-300.
f%‘ﬂ*ﬁﬁ, FRINEL AT, AF S R j:*%%ﬁ?%ﬁi%%lﬁ]@%
jJAZEIJJ E‘lﬂxﬁl% i’gﬂiﬁ@{ﬁ o T ﬂjﬁﬂ%,
2014, 35’(3) A144-1150. ”:.:.‘ .
Chen X' J Wu X H, Jian Y et al. Carbon dlo,xlde assumlaﬁon r
potentlal
autotrnphld{ mlcroorg&nﬂsm% in agricultural  Soils E J.
Envitonmental Science , 2014 ,35(3) ; 1144-1150. .‘“"'J

Li Y, 4Cha QF-Q, Dang Y R, Reconstruction of the
functional ecosystem in the h-.igh light,

functional gene jamount and ru}n%CO activity * ﬁf

et al.
low temperature union
glacier region, Antarctica[ J]. Frontiers in Microbiology, 2019,
10, doi: 10.3389/fmich. 2019. 02408.

Dai Z M, Zang H D, Chen J,

soil microbial communities involved in carbon cycling along an

et al. Metagenomic insights into
elevation climosequences [ J ]. Environmental Microbiology,
2021, 23(8) : 4631-4645.

Kuypers M M M, Marchant H K, Kartal B. The microbial
nitrogen-cycling network [ J ].
2018, 16(5) : 263-276.
Oelmann Y, Lange M, Leimer S, et al. Above- and belowground

Nature Reviews Microbiology,

biodiversity jointly tighten the P cycle in agricultural grasslands
[J]. Nature Communications, 2021, 12(1), doi: 10. 1038/
$41467-021-24714-4.

Zhou J 7, Xue K, Xie J P, et al. Microbial mediation of carbon-
cycle feedbacks to climate warming[ J].

2012, 2(2): 106-110.
Hayatsu M, Katsuyama C,

Nature Climate Change,
Tago K. Overview of recent
researches on nitrifying microorganisms in soil[ J]. Soil Science

and Plant Nutrition, 2021, 67(6) ; 619-632.



HUANJING KEXUE Vol.44  No.1

Environmental Science (monthly) Jan. 15, 2023

CONTENTS

Evolution of PM, 5 Chemical Composition and Sources in Nanjing During the Implementation of the APPCAP CHEN Pei-lin, GUO Rong, WANG Qin-geng ( 1 )
Differences in PM, 5 Components Between Urban and Rural Sites During Heavy Haze Event in Northern Henan Province WANG Shen-bo, WANG Ling-ling, FAN Xiang-ge, et al. ( 11 )
Characteristics and Source Apportionment of Atmospheric Fine Particles in Langfang in Autumn and Winter — ++e-eeereseeresessmmenenenninnenes ZHU Shu-zhen, TONG Jie, BAO Feng, et al. ( 20 )
Pollution Characteristics and Health Risk Assessment of Heavy Metals in PM, 5 of Different Air Masses During Heating Season in Tianjin ++++++++ LI Li-wei, DENG Xiao-wen, XIAO Zhi-mei, et al. ( 30 )
Analysis of Critical Source of Potentially Harmful Elements in Urhan Road Dust During Winter in Taiyuan Based on Multiple Attribute Decision Making Method -+ DENG Wen-bo, LIU Wen-juan ( 38 )
Numerical Response Analysis of PM,, 5-O5 Compound Pollution in Befjing «+«++esvereeresreesrersrnseninentsiseissnss st s LIU Tian-qiang ( 48 )

)

High-resolution Emission Inventory of Reactive Volatile Organic Compounds from Anthropogenic Sources in the Yangize River Delta Region «+++++++++ TIAN Jun-jie, DING Xiang, AN Jing-yu, et al. (
Vertical Distribution Characteristics of Boundary Layer Volatile Organic Compounds in Autumn in the Mixed Industrial and Rural Areas over the Northern Suburb of Nanjing
WANG Tai, ZHU Bin, SHI Shuang-shuang, et al. ( 66 )
+++ WU Ying, MO Zhao-yu, WU Qin-gin, et al. ( )
Characteristics of Ozone Pollution and High-impact Meteorological Factors in Urhan Cities: A Case of Suzhou ++« HE Yan, LIN Hui-juan, CAO Shu-ya, et al. ( )
Emission Inventory and Distribution Characteristics of Anthropogenic Ammonia in Quzhou County, North China Plain = «+erreeeeereseerenreneeneee KANG Jia-hui, MENG Fan-lei, LIU Xue-jun, et al. ( ¥ )
(1)
(118)

Application of WRF Optimal Parameterization Scheme for Different Air Quality Models YANG Jing-chao, JIANG Xing-wen, BO Xin, et al.
Distribution Characteristics and Health Effects of Bioaerosols in Spring over Xi’an City «++++++++++++ -+ WEI Jun-qiang, YANG Liu, SHEN Zhen-xing, et al.
Distribution of Bacterial Concentration and Viability in Atmospheric Bioaerosols Under Different Weather Conditions in the Coastal Region of Qingdao —++xeseeseereeressmenenenneniniininenn
........................................................................................................................................................................ WEI Wen-shu, QI Jian-hua, CHANG Cheng ( 127 )
Spatiotemporal Distribution and Driving Factors of Polycyclic Aromatic Hydrocarbons (PAHs) in Inland Sediments of China «+++s+rereseereresssnereees HUANG Zhu-liang, CAI Jia-wei, WANG Ru-wei ( 138 )
++= XU Qiu-hong, LIU Shu-guang, LOU Sha, et al. ( 158 )
Co-occurrence of Tetracycline Antibiotic Resistance Genes and Microbial Communities in Plateau Wetlands Under the Influence of Human Activities «+«+reseeseerseresemenensenemenennsnininennnnens
..................................................................................................................................................................... QIN Rong, YU Qing-guo, LIU Zhen-ya, et l. ( 169 )
Occurrence and Health Risk Assessment of Multiple Pesticides in Drinking Water Sources of Southeast China «+:«+s+sessvesessssssssnsisninsisinnine HE Shu, DONG Hui-yu, REN Nan-gi ( 180 )
Spatiotemporal Distribution and Pollution Risk Assessment of Heavy Metals in Sediments of Main Water Supply Reservoirs in Central Zhuhai City «+»eeseeseseeseerseresmmenenenminensninenn
WANG En-rui, ZHANG Kun-feng, CHANG Sheng, et al. ( 189 )
Distribution Characteristics and Pollution Risk of Heavy Metals in River Sediment of Suzhou Water Network Area, China ZHENG Min-hui, BAI Dong-rui, ZHANG Tao, et al. ( 198 )
Distribution of Biodegradable Dissolved Organic Matter and Iis Affecting Factors in a Typical Peri-urban Watershed in Yangtze River Delta  +++++-- WU Wen-yu, MA Jing-sheng, YANG Lei, et al. ( 210 )
Long-term Succession Patterns and Driving Factors of Water Quality in a Flood-pulse System Lake: A Case Study of Lake Luoma, Jiangsu Provinge «+esseseereerseresemenensenninensnniincnenes

Distributions of Antibiotic Resistance Genes and Microbial Communities in the Nearshore Area of the Yangize River Estuary = «++seseeereeeses

"""""""""""""""""""""""""""""""""""""""""""""" HUANG Xue-ying, GAO Ming-yuan, WANG Jin-dong, et al. ( 219 )
Microplastic Pollution Status and Ecological Risk Evaluation in Weihe River + SHAN Ze-xuan, ZHANG Yan, ZHANG Cheng-gian, et al. ( 231 )
Effects of Different Colored Polycarhonate Plastics on Growth and Community Structure of Periphytic Algae WANG Meng-xue, YIN Si-cheng, WANG Zhen-fang, et al. ( 243 )
Diversity Patterns and Influencing Factors of Epibiotic in Vallisneria natans and Planktonic Bacteria Communities -+ + ZHANG Mei-ting, LIU Jin-xian, SU Jia-he, et al. ( 252 )
Bacterial Community and Diversity of River Ecosystems on the Qinghai-Tibet Plateau Based on 16S rRNA Gene Sequencing - QU Wei-qing, ZHANG Bo-mei, HUANG Xue, et al. ( 262 )
Spatial and Temporal Heterogeneity and Ecological Health Evaluation of Diatom Community Based on eDNA »«+xesveeeseersenesseneneinnmncnenenes JIANG Shan, ZHANG Yan, LI Fei-long, et al. ( 272 )
Severity Differences and Mechanisms of Algal Blooms Among Sections in Pengxi River of the Three Gorges Reservoir «+«+«+s«ssessersenesseserenees LUO Xiao-jiao, ZHANG Xing, HUANG Wei, et al. ( 282 )
Characteristics of Soil Erosion and Nitrogen Loss in Vegetable Field Under Natural Rainfall NING Jia-li, HUANG Yan-hui, LI Gui-fang, et al. ( 293 )
Effects of Green, Blue, and Blue-green Roofs on Runoff Quality «+++seeseeresreeseerennennnen ZHANG Sun-xun, ZHANG Shou-hong, YAN Jing, et al. ( 303 )
Analysis of Spatiotemporal Variation Characteristics and Driving Forces of NPP in Shanxi Province from 2000 to 2020 Based on Geodetector »+++++-+ SHAQ Jia-hao, LI Jing, YAN Xing-guang, et al. ( 312 )
Spatio-temporal Variation in Vegetation Cover and Its Driving Mechanism Exploration in Southwest China from 2000 to 2020 ««+:+++eseeeseereeseens XU Yong, DAI Qiang-yu, HUANG Wen-ting, et al. ( 323 )
Heavy Metal Content and Resistance Gene Abundance and Related Properties in the Surface Soil around Qinghai Lake HU Shi-lei, QU Jian-li, ZHANG Li, et al. ( 336 )
Soil Heavy Metal Content, Pollution, and Influencing Factors in Typical Farming Area of Sichuan Basin ++ 11U Shu-ling, WU Mei, LIU Zhi-yuan, et al. ( 347 )
Risk Assessment and Sources of Heavy Metals in Farmland Soils of Yellow River Irrigation Area of Ningxia «+:++:tseseesseersssissisnensininniinene CHEN Lin, MA Kun, MA Jian-jun, et al. ( 356 )
Characteristics and Risk Assessment of Heavy Metals in the Soil Around Copper Smelting Sites ++++ PENG Chi, LIU Xu, ZHOU Zi-tuo, et al. ( 367 )
Characteristics of Typical Soil Acidification and Effects of Heavy Metal Speciation and Availability in Southwest China »++ LING Yun, LIU Han-yi, ZHANG Xiao-ting, et al. ( 376 )
Stabilization Characteristics of Exogenous Cd in Different Types of Soil WANG Gang, YU Hai-ying, HUANG Hua-gang, et al. ( 387 )
Threshold of Se-rich Soil Based on Available-Se and Influencing Factors of Available-Se WANG Ying, MA Yan-bin, WANG Ze-jing ( 395 )
Accumulation Characteristics and Health Risk Assessment of Heavy Metals in Soil-Crop System Based on Soil Parent Material Zoning «+++++++++s+++ CHEN Zi-wan, XU Jing, HOU Zhao-lei, et al. ( 405 )
Characteristics and Planting Safety Assessment of As Content in Dryland Soil and Maize in Guizhou Provinge =««+«esssessessersenesenenensecnnenne HUANG Feng-yan, ZHOU Lang, SONG Bo, et al. ( 415 )

Potential of Intercropping Pennisetum purpureum Schum with Melia azedarach L. and Broussonetia papyrifera for Phytoremediation of Heavy-metal Contaminated Soil around Mining Areas «+++++++++++-+-
+ WANG Xiao-hui, XIAO Xi-yuan, GUO Zhao-hui, et al. ( 426 )
+++ YIN Xue-fei, LIU Yu-ling, WU De, et al. ( 436 )

Inactivation of Cd and As by an Enterobacter Isolated from Cd and As Contaminated Farmland Soil -

Mineralization Characteristics of Soil Organic Carbon and Its Relationship with Organic Carbon Components in Artificial Robinia pseudoacacia Forest in Loess Hilly Region —+xeesesresrereeesennenneen
++ ZHU Yu-fan, LIU Wei-chao, LI Jia=xin, et al. ( 444 )
Accumulation, Migration, and Transformation of Soil Phosphorus in Facility Agriculture and Tts Influencing Factors — «++++++++- -+ FANG Bing, CHEN Lin, WANG Yang, et al. ( 452 )
Optimizing Straw Management to Enhance Carbon and Nitrogen Efficiency and Economic Benefit of Wheat-Maize Double Cropping System ++++++++++ WANG Liang, QIAN Xin, GAO Ying-ho, et al. ( 463 )
Effect of Deep Fertilization with Slow/ Controlled Release Fertilizer on N Fate in Clayey Soil Wheat Field = «+:«+«xseereeererereneaenenenes HOU Peng-fu, XUE Li-xiang, YUAN Wen-sheng, et al. ( 473 )
Structure and Function of Soil Fungal Community in Rotation Fallow Farmland in Alluvial Plain of Lower Yellow River ««eeeeeevessesseeseeenenns NAN Zhen-wu, LIU Zhu, MENG Wei-wei, et al. ( 482 )
Response of Topsoil Fungal Community Structure to Soil Improvement Measures in Degraded Forest of Red Soil Region +-++:++eeseeeees GUAN Hong-zhi, HUANG Rong-zhen, WANG Jin-ping, et al. ( 494 )

Temporal and Spatial Variations in Root-associated Fungi Associated with Pinus sylvestris var. mongolica in the Semi-arid and Dry Sub-humid Desertified Regions of Northern China «+«+-«++=s+eeesee-
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" 7HAO Pei-shan, GUO Mi-shan, GAO Guang-lei, et al. ( 502 )
QMEC-based Analysis of the Soil Microbial Functional Potentials across Different Tibetan Plateau Glacier Forelands +-++- ZHANG Jie-jie, Anders Priemé, CHEN Xian-ke, et al. ( 512 )
Meta Analysis on Yield Effect of Biochar for Staple Crops in China YU Bin-hang, JI Jian-mei, WANG Li-xue, et al. ( 520 )
Effects of Biochar on Antibiotic Environmental Behaviors in Soil: A Meta-analysis +««eseeeereersnesesssensminenimieninnniinene LI Jing-han, ZHANG Jian-giang, XIA Li-giong, et al. ( 531 )
Properties of Biochars Prepared from Different Crop Straws and Leaching Behavior of Heavy Metals «+xtoveeveeeseeresnennsenincneiniineinsinnen LI Jia-kang, QIU Chun-sheng, ZHAO Jia-qi, et al. ( 540 )
Spatial-temporal Evolution and Heterogeneity of Carbon Emissions at County-level in China +++xeeeeesessssessssmmmnsiiniiin SONG Yuan-zhen, ZENG Jian, WANG Sen, et al. ( 549 )

Spatiotemporal Dynamic Evolution and Gravity Center Migration of Carbon Emissions in the Main Utban Area of Chongging over the Past 20 Years »«+++t-eeeseeseereeressssieneneininenenniinenen
XIANG Shu-jiang, YANG Chun-mei, XIE Yu-qi, et al. ( 560 )
Spatiotemporal Characteristics and Influencing Factors of Environment Emergency Incident in China from 1991 to 2018 YU Guang-hui, WANG Fei-fan, LIU Xian-zhao, et al. ( 572 )
Migration, Transformation, and Toxicity of Quaternary Ammonium Antimicrobial Agents in the Environment -«+s«+sessesserseesesenensseneneneennes ZHANG Li-lan, QIN Cun-li, QAN Yao, et al. ( 583 )





