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Spatial and Temporal Evolutlon and Prediction of Carbon-Storage in Kunnﬁng 9ifty

Based on InVEST and CA- Markov Mo’del { 4 Y A V) e
Paruke W.ummanjlang } AI Dong*, FANG Yl shu"i ZH Y in’, LIMu*, HAO Jin- miﬂ A - ) & i

-~ l .‘
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Chlndﬂ d e “n l'q' i I } i

i~ ,I ‘\ ] i w

n,-thig"study analyzed the spatio-temporal characteristics of carbon storage changes in the terrestrial

Absﬁ‘hct }‘and uselcover change Jis.an important dmlng fadlm for carbon stock efla s in terrestrial ecorijl(stems and affects the carbon cycle of the whole ecosystem. Taking
Kunmlng Clt) o a oafe study, ased on the modified (’arbpp density’ df‘ffl(‘ ﬁ

ecosgsten under different land use scenarios from 2000 to 2020 and "three- Tine" constraints by coupling the carbon storage module of the InVEST model and CA-Markov model. The
results SPP\«'ed that: (D) cultivated land, forest land, and grassland were the main types of land use in Kunming City, and land use transfer also occurred among the three types.
@ From 2000 to 2020, the overall carbon storage in Kunming City was low in the south and high in the north, and the carbon storage decreased yearly with a cumulative loss of 5. 27 X
10°t. The degradation of forest land and grassland was the main reason for the decrease in carbon storage. &) From 2020 to 2030, the carbon storage of the four scenarios should
decrease, and the decline in carbon storage in the inertia development scenario was the most obvious, which was mainly caused by the rapid expansion of construction land. The
cultivated land protection scenario effectively slowed down the reduction in carbon storage compared with the inertia development scenario. The ecological protection scenario could
enhance the carbon sequestration capacity of the study area, with carbon storage reaching 262. 49 x 10°t, but could not effectively control the reduction in cultivated land area. The
scenario of preventing urban expansion effectively inhibited the disorderly expansion of construction land and indirectly prevented further reduction in carbon storage. Therefore, the
cultivated land protection scenario, ecological protection scenario, and urban expansion prevention scenario can be considered comprehensively in the study area, which could not
only increase the carbon sink space of the study area hut also ensure food and ecological security.

Key words: land use change; carbon storage; InVEST model; CA-Markov model; Kunming City
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Table 3 Land use transfer matrix in different scenarios from 2020 to 2030
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Fig. 2 Land use change map of Kunming City in 2000, 2010, and 2020
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Fig. 3 Spatial distribution of carbon storage and its variation in the source region of Kunming City in 2000, 2010, and 2020
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Fig.4 Land use distribution in different scenarios in Kunming City in 2030

#x7 EMAT™2020~2030F T F AT RER LG -

Table 7 Land use change and area proportion in Kunming City from 2020 to 2030
1

e

~ T P

2030 4F 1 A /hm* (e A1 /9% )

2020 ~ 2030 4728 Ak 11 BU/hm> (A5 /% )

A Hi A 28 A .
DS FPS EPY b DS | .{7': HFPS \ EPS Jf S %
- 391 098.96 482 004.36 302 069.16 446 428.08 -7 799,-.'04? 83|1oa3¢ -96 828. sf 47 53d0 y
il |"- i .
(18.75) (2312) [ [ (4 442) (14 (-038) 7 B 9d) (-4.64) .(rf

i i P; [ b'.l"

831 114,72 814 864.32 | 960 47 7 202.64 -106'929.0 —12&3179&0 22 426.56 6?‘&4 .08
A ,»f; | ar 5 ’%a 7 & / j
(39.09), L/ ,d(.‘4 , (42.08) (=512) ,;.90 (1.07) (-2 291.)#"“ '.

'R 528 52788 ; §9 2"11 7%’ 0282100  -3321000 | 48 693.60 21990.24' 15 9.
e/ ~ /"5 7 ) A N
J | l'ﬂ (ié09) (25.35) 1 5{‘28 73} i (28.44) (-1.60) 4 (234 (1.04) (o‘%
. TR 6046596 ¥ 69 Lho. 2t§' 68 930.64 13 %65' 404 1041480  19095.12 18 879.48
Vi
F’l Jﬁ ’, | o ol (2.90) .‘-"’ (ﬁi,lz) I J,_,{-gal (0.64) (0.50) “ (0.92) (0.91)
éj& 2724878016 19249056 4 149 076.7 260352 13510224 78 812.64 35398.80  ~21074.40
; 11.93) (9.23) (7.15) (6.48) (3.78) (1.70) (-1.01)
¥ 6 498.72 6437.52 537336 6 804.72 399,60 ~460.80 1 524.96 ~93.60
KA FH
(031) (0.31) (0.26) (~0.02) (~0.02) (=0.07) 0)
2.3.2  ZAE ST BR A T &5 5B Z AR B S 7 1k T B K I S, A BIR ) 1 i

K InVEST A5 AU Carbon A8 3 23 51 3158 - 455 401 T
W B2 BT TT 2030 4F 4 Fh il S fit & . B s 45 R B
TN TE AP S R B R B MR OO AR IR
(262,49 x 10°t) . By 1k W T T 5K 4 5 (26193 x
10°0) . Bk H AR 31 5 (252,16 x 10°0) FIFLIE & R 1 5
(249. 54 x 10°t).
552020 4F- i 1 A0 EL L 4 B SRR it R R R IR
JIT R B A SR R R AT b i ORI N R b T
14.36 x 10°t, 3X &t T8 5L 1 i s f B,
WFSE DX 28 U 4 RV, 150 P b 2 5k, A 28 b
PR S TR AR SRS ST *thzozo@
Wit A > 1. 41 x 100, B H B s R D 1
G e SR T AR AR AP i, R T AR Efiﬂﬁmki@%
T AR PR 2 LRl At a9 /0 DR Sy 0 b 0 /0 T 35 55

Y AT k> T 1,97 x 100G MR T
T R TR S, B OR 0 S e et s B T 3
T 2,62 % 10°t. Z5 b4 B, 76 AR A5 DR 4 B R FR i
WY 5K AT T, B 58 X Rk it it T R A2 B BH
s ] B b LR AP 1 S B i et 68 0 32 3] s A
I 22 2030 4F , b 7E B b DR 47 0 Bl b SR B — s 1Y 2R

AP , A7 2805 B M e — 2P 5k, LA 52
AIF 5 XA A A A 32K
AT BUIX Q) A2 [l e A2 A A B2k (P 5 A

8), I 5T IX 2030 4F #5175 5 Bk fif 1k H 1A 3 A1 15 B0 s A
AR A K JR A7 S5 FUBE 3 Of 719 55T 85 2020 48
H BB 2 () AR A % DX e i R S e
2 0 S5 T e S o A R A DX EL 4 R o3
EHOR FEEPE FM AKX (HEX #IEX . B



14 e

e B S VLA . FT InVEST 5 CA-Markov #5581 (4 B B 17 6k i 1 15 25

S Y8 A8 55 T 295

DXL PG L DXCAIAR D) Bk L 3 0 ) 52 IR %
B T A58 DX, b A D B rp 22 B B A X

B Tt i R M 2, A s 1. 48 x 10°L il
1.35 % 10°t. 5 2 F0IE A e, 2R S ORI 5B 1k
WY 5K AE 2 B I Uk i RO R E . ARSI
RTINS X IR EE S AESHE AR E
AR 77 X, FE T/ 1,12 % 10, B i 15 o X 3 )
FE T REAMARN X, L33 0 0. 08 x 10°t.

(a) IDS T (b) EPS

0 30 km
[E—

H T B B 2 1) s M RS By 1k T Ak
5 S B A A ) AR Ak A AN W S R A AR R R Y
Jirt DRT 0 2 A 2 FH b B0 B | s AR K S8 i A b o
RS T L. 2000 ~ 2030 4F , 3Z il F Hu % W4k L A
MBS EURUZR N DO A o B 2208, HIA T &
) AR PRRIAE W B2 U, X 42 a2 R B T e v R A 4

ERRENRERAEENAESHME, ERWAT Y
ESPN RISl TSNS
(c)EPS ' (d) PUES

E&%ﬁiﬂ: s [ AR -?Jﬁi

=k ,&aﬁfﬁ,zm 2030 R F Fﬂaﬁﬁ%;&*memﬁm V) ol N
o y Flg 5» Spatial distributién of (@rbop stomge ange in different sc enanps m Ku,ﬂxmng Clty fr 2020 to 2030 f F e
o | Iy s gaﬁﬁizup 2030$§E6&ﬁ%s { . £
L | Tables Carbon fmm,k of (h,ffe;'e"nt regions in Kunming Clty m 2000 to '20%0 x 0%t g S
- ’*Bux ., 20004 | ;2@10@ 2020 4F Jpas n; FPS,_ | EPS PUES
Fos 4 i J -y }

‘{fl ﬁfﬁl_: i N II_;_,iL66 1 7y 'I _H‘_.;H#_4.4,53 4.17 4.16 4.54 4.51
j AR 1 W 1124 ,-;,- 11.25‘"‘ :_y—-'G/l-l.Oé 10.31 10.43 11.03 10.89
[ "‘E-}‘.;;ﬁl’xi . 7.52 750 6.53 5.46 5.59 6.54 6.55

Jfﬁlﬂ_llz 10.66 10.66 10.12 9.02 9.13 10.14 10.12
X 22.94 22.94 22.85 21.84 21.96 22.89 22.84
X 5.71 5.70 5.08 4.36 4.54 4.97 5.06
HTX 16.24 16.24 15.81 14.51 14.92 15.49 15.59
HRE 12.69 12.69 12.70 12.20 12.20 12.74 12.57
HRE 24.75 24.75 24.35 23.15 23.40 24.06 24.08
Pap =3 21.15 21.15 20.93 19.62 19.79 20.77 20.49
LR 9.98 9.98 9.70 8.78 9.39 9.19 9.75
=R 57.61 57.62 57.44 56.00 55.99 57.54 57.03
5 2 47.01 47.01 46.66 45.47 45.88 46.46 46.48
i) 16.96 16.84 16.07 14.59 14.72 16.06 1591
3 i fitt i T R E B A . 2 2 H PR R R R e, B Wk

3.1 BRI R ARV T 4 A

- M ) P 5 R B AR Ak B 25 A PR A AT LAY B
Wt L B T 2R S R GG AR BE ) L A B T R
Ak T A 25 a0 A% oy, 45 s A 25 5 IX O, 2 3 11l e K
77,2000 ~ 2020 4F , B WA T 0 b A0 A2 A6 fm sl 1 Bl
Hi A 25 FR G0 R AR A bl R R e T R ) D /D S

VA NGV N TR S PN S
FE Bk — 2P G TR AR S R G R BER AL BB
4R o, B T OB B o PR A B . 5
FLPRIR 2 IR O 52 =1l i . — 1 1] 7B AR 3 B A

m RS T R O B HURE o O P
9 B 3t BT B, Bk 5 i S R 2RI S A 45 2R —

FOEAEERE, PRI R SR R



296 E78 5

B 455

DI A5 6 b BL R BL L 1 SR 858 L0, 10
WL TR | A A R R ARl VS T B AR A
2000 ~ 2020 4F- Bk fiff £ 29 7 SRt B 1 65% , 45 T I,
12— X U BT 4 B O B A4 D O,
¥F S B T i L1 2K bR T 301 55 1 25 2R 6 9 7 5 4
Gy IEAE SR B2 P 25 4P 1 9 B R T A L 38
VR T L E AT 19 5 A5 T B L A Ok ool B BT 5% X T
(0 B I 300 2 b AT L R SRR A 4 R X A
FHHLH 3K , 7 520 H FF i 5 o 0 3, 0L L AU o Bk 1
0 [ Bl ) L T O VBT ST XM 1 S AL i
SK My S AT T BB M . B A K R 25 A 25
MO AT AR AP I S 4 B 2 W9 AR i D 0
IC TR 4R R
3.2 [ SR 2 SR o R B 4

7 SR AR A - 2 6T R ok B
AAe BT 2R | A AR LT B MU BT % 1 X 3 &
5 P T 2 £ K0 i T A R 4 L U U O ok T
R T 5 B A 7 B 2 5 R S S 1 R
ok + Hu R T4 mmﬁﬁiﬁﬁtgﬁwzﬁm
%.¢ﬁ%ﬁu4Aﬁa%%gwIﬂmt@rﬂ
5 A S5 et T e, 5 P 3 T o e, s
07 1058 7 o JF 4 '?éf:ﬁui}:iﬂﬂ%u[ﬁi Usite | pidh oA
r’mitwﬁu&xnkﬁﬁ@ﬁﬁgmﬁjm
VT AR 5 B (R T T
Ak o A “ﬁﬂ%ﬁﬁii&2020£ﬁ7}ﬁ”“‘ll ,’14x 106
¢wmmﬁ1Wtﬂbrm¢f%w%%W%%mm

E*EXT%’E"H,E*?H%;&UT RS ﬁ%ﬁrﬁf_‘ﬁ/

k%ﬁ%ﬁ 37 1190k T B 3K S Y AR
%IJﬁHi&ﬁ%Hﬂﬁuﬂzjt

R L AR D R R A D R i e T AR
N%%F&%#ﬂﬁf%%ﬂmmﬁiw i 15 4 5 Wi 25 (A
T A8 A X501 T A% Ge WAL T F1 9K Hl B A% Jm) At
FESATTR RN A B AR K1 B [ AR R
FIRTHE T, 2 8 BB WA L% 2 ) m N R 6 40 )7
m%m SRR TR s )RR A 2R )

ZEFR, = H B A 4. O SRR R
xzﬁyxﬁi;“z/l:%r;thz—zﬂﬁ il dme 0 2 £ R Je i X, T
SRR X SR U AT R A AU B A A i e SR
WA
3.3 AREHREE

SCH SR 0 Atk %8 R O A N B 5 R Al T

R 3 F 5% XS4 B 15 1515 21, DRAE o6 B SR HR A 58
WAL Bk Aift 5 00 SCER B ), BBUIR RS B ] 58, [
AR SC LA b 48 B 2% FEABAE i 25 (A X = B A8 e
FEHEATIEIE 4 2 (A% He A8 1E A LR 4 R
e %5 R AT DX 3 A 9 B8 A B 8 o VA ik i e

HERA T . LA, H TS R A SCEkic 830 LS 5
A HLER T %Y E 0 R RIS, FEOCIE M e T HK
16 1E 22 850, IR L R 40 4 9 K B S04 ok - S i 4% 1
B I BA —E i s R YE KR T % e Z A
KB IERiH S R g .
A SCHE S Y InVEST #5251 5 CA-Markov 5 % [ fIK
T LA A i) R AR i A 5 R R A B
1B L2 2, T AT ik i SR 5 SR O e . ]
AT FE B RUAS W] Sk G 8 158 25 1, A I W98 30 75
PAF LA OF =i A s AR 250408 25 18] 43 95 5%, DA 4
10 Bl i T 45 SR ARG B 5 @ FE B LR Ok R [ - b
R FE K JRy B, A 2 5 s Ty A G USRS - b 1 AE Ak
(R 5 ], (AL 235 S LA — AR M s B InVEST A
TR At o AS e ) T T AN [ - b 1) 245 280 i ) Bl 2 3
Z 5, R 18 Hb s PN S [ B AL 1 22 S DA R e AT i
2 AL A OR Y [ B 2 57 . ROR I i AR 7 = 3 A 2K
PoORG BE LAl L, B0 IR AR 2% B (R A A R E‘ﬁﬁﬁ-ﬁi
S 1K 5 420 T B S G RT
ﬁiﬁ%fﬁﬂﬁ%ﬂmru %Ebﬁﬁnﬁi{ﬂiﬁ%éﬁﬁﬁ%iﬁ
om0 ) o S

s wmef ¥V | ("
| ’ ”

(12090 ~ 2020 8 , L1 1430 7 JH 2 HL
ﬁ%ﬂﬁﬁ@ Mﬂﬂaf&ﬁﬁﬁém‘?,,ﬁﬁjﬁ:iﬂ
TS g 5 DA 8 3 3
gE. 4"

(2)2000 ~ 2020 4F, Eé@%ﬁi%ﬁ%i?frbﬁ%s 27
x 10°t. AR 2 B 9 X 32 B Ak I 25 1) ﬁ?")’%%%ﬁ'ﬁﬁﬁ
fiti B 50% LA 1. IZS [ oy fi oK & meﬁfﬁﬁ?)'%ﬁ%‘
“rh g I b g T I A ) A3 A RRAE L Bk i

éﬂ‘ﬁfﬁ%nmt%ﬁ,ﬁﬁ{%iﬁﬁciﬁéﬂﬁfiiﬁﬁ
HIX.

(3)2000 ~ 2020 4F , B& W T = b 1) FH 2 2056 itk it
R W AEAE 22 55 . ARl pl A I PR T ke Y
F B A L R S AL, Bk L5 1 36 758. 52 hm,
B it i SR T IR 1. 61 x 10°t; HoAth 4= Hb ) F 2 784 1 i
B i MRS RS A R ARG DB i A A 3

(4)2020 ~ 2030 4F , 15 Pk & JR A% 5% - Hb . Mt Fn
by A T AR i A FH M A A | i P T AR i 2
5, 150 V6 R A A G P 3 4 R s B R A
Hby T RS R 2020 4F B B T BF L OR A B L AR B L )
B BRI E R B R 4 TR AR 4y A SR K
DXk 5 A 2 ORI S s A A Ml 4 B AR Y
78. 11% , 7= H — & B 38 2 5 B 1k 3T 4 k17 55t - A AL
GE AT HEI M T AR K S T AR 92 603. 52

hm”.



14

M40 58 - B S V45 . F2TF InVEST 5 CA-Markov #5581 (1 B B 17 60k i 1 1) 25 93

75 5 297

(5)2030 =151 & et St mefifh i fie /DS

AR

1 S A R R AR AR SR T A BT 5T X i

U S B e 0 R SRR

Hk, 520204

AR LG A5 i Jo 15 57 FBE b O 47 155 557 ki 2 2 ) A2
P W
2% 3

[1]

[2]

[51
[61;

o

| 7

i
i
|}

[7]

[10]

[11]

/hqlﬂg S, xru MiX, 7hang Y F, et al. l*ffeLﬁ—'ofldnd"use cha

Sokolov Y I. Risks of global climate change [J]. Issues of Risk
Analysis, 2021, 18(3): 32-45.

Tk, Tothm, AL/, 5. o [ R A 25 AR 40 1 BR8N
—— v R RE A 2 5 L I xR A A B ik Wi
SCUIE B A O R) 8" 2 A 385 R e I BRAL 55 BERIF ST ik e (0], o
FERHEBEBET], 2015, 30(6) : 848-857, 875.

Fang J Y, Yu G R, Ren X B, et al.

China’s terrestrial ecosystems under climate Change—progress on

Carbon sequestration in

ecosystem carbon sequestration from the CAS strategic priority
research program [J]. Bulletin of Chinese Academy of Sciences,
2015, 30(6) : 848-857, 875.

Houghton R A, Skole D L, Nobre C A, et al. Annual fluxes of
carbon from deforestation and regrowth in the Brazilian Amazon
[J]. Nature, 2000, 403(6767) : 301-304.

RICHE, R, R, A %?ii’[ﬁﬂﬁﬁ“%‘fﬁ%ﬂ@"ﬁ*
AR YGURRAH I VA —— DURAT I TR O B[], M 2 i
2019, 74(3): 446-459.

Zhu W B, Zhang J J, Cui Y P, et al. Assessment of‘l'errllorlal
ecosystem carbon storage based on land jse changg”scenario: A
case study in Qihe River Basin [J]. Aola. Ceogmp}.u.(:d 91111(,&,
2019, 74(3) 446~ #59. f '
Pgd() S L,- Fa}]g ]“ Y Ciais P, et al T‘P‘f'l 9}?, i {fice
t%rreslrla]_-eﬁosystéfhs in China[J]. N_a.ture_,:jﬁ@ﬁ 458 (72?4_#)
1009-1043. /F

i ¢%#kﬁﬂﬁ % ﬁi&ﬁ%$ﬂ%%%@ﬁw?
4 He TELE T 5 0 5 o D). Hhﬂ% M&ﬁﬂﬂu
6?'1 668 | =l |

Ird F |

a

.—'-.,-i_a-

I active orgamic carbon in deep soils in hilly loess plaleau region

J.‘E;fl northwest China [J]. Environmental Science, 2015, 36 (2) :

661-668.

AN, Aol hd, U, 55 . R A S R G AN S Ty
ke BT, R HEREL:, 2022, 52(6): 1010-
1020.

Piao SL, He Y, Wang X H, et al. Estimation of China’s terrestrial
ecosystem carbon sink: methods, progress and prospects [J].
Science China Earth Sciences, 2022, 65(4): 641-651.

WA, KT, PR, AT T R o A g T
EATI]. ARRE AR, 2021, 36(12) : 2995-3006.

Huang X J, Zhang X Y, Lu X H, et al. Land development and
utilization for carbon neutralization [J].
Resources, 2021, 36(12): 2995-3006.
Lyu R F, Mi L N, Zhang ] M, et al. Modeling the effects of urban
expansion on regional carbon storage by coupling SLEUTH-3r
model and InVEST model [J]. Ecological Research, 2019, 34
(3):380-393.

Houghton R A, Hackler J L. Emissions of carbon from forestry and
Global Change Biology,

Journal of Natural

land - use change in tropical Asia [J].
1999, 5(4): 481-492.

Fiin /N BB A, RTERR, AF L VLR ORI AR £ X il b A
ARG RS [T, BEURAL, 2011, 33(10) : 1932-
1939.

Chuai X W, Huang X J, Zheng Z Q, et al. Land use change and

[12]

[13]

[14]

[15]

[16]

[19]

[20]

[22]

its influence on carbon storage of terrestrial ecosystems in Jiangsu
province[ﬂ Resources Science, 2011, 33(10): 1932-1939.
WL, DRMELS , Juozid, A5 v JEUMOTT B DX i it k) I 225
A A RN BE S ()], R E IR 2022, 42(6) : 2965-
2976.
Hao X H, Xu YT, Fan X F, et al. Temporal and spatial variation
and prediction of regional carbon storage in Zhongyuan urban
agglomeration [ J]. China Environmental Science, 2022, 42(6) :
2965-2976.
WRES, ERH, AR, & b FUE S T = A5 0] A
B FG Btk it A —— A St M A S i L)) b e s B
2021, 35(11): 101-111.
Chen M J, Wang Q R, Bai Z K, et al. Transition of “production-
living-ecological” space and its carbon storage effect under the
vision of carbon neutralization: a case study of Guizhou province
[J]. China Land Science, 2021, 35(11): 101-111.
Yang H, Huang J L, Liu D F. Linking climate change and
socioeconomic development to urban land use simulation: Analysis
of their concurrent effects on carbon storage [1l. Applied
Geography, 2020, 115, doi: 10. 1016/j. apgeog. 2019. 102135.
Nie X, Lu B, Chen Z P, et al. Increase or decrease“’ _Jntegrating
the CLUMondo and InVEST models to assesls—tlde 1mpaeHof the
implementation of the major function orlenled"zm'gupldnnmg on
carbon stbra'ga_]}] | Ecological Indicators, 2020 118, “doi: 10.
1016/. ebohnd 2020. 1 6708. / \;.-":'
XIVE s&ﬁ Jﬂﬂﬁg ﬁTInVESTE'ﬁiE'}‘ mﬂjﬂfiﬁwf"e
ﬁﬁzﬁﬁ*ﬂuﬁ'ﬁm B4R, 2021, 41(10) 49§2- 65.
Liu ? Zhang‘J Zhg.u D’ M, et al. Temporal aﬁd spa_;,r}l vanalmn
of (arl}bn ﬂstor;fge in the Shu}f river basin based on InVEST‘;model
[rl. Ae\a Ecdlogica Sl*mca 2021, 41(10) : 4052-4065-~ ; J
e R e, % %mewﬁymﬁﬁeﬁg
i i e L o ﬂw]%ﬁﬂiﬁMG
38(8) a1585='1593
/hdng Y, Xle Y C, Qi S8, et al. Carbon storage and spatial
distribution characteristics in the Bailongjiang watershed in Gansu
based on InVEST model [ J]. Resources Science, 2016, 38(8) :
1585-1593.
AU e - T VL, ORI, AL 5L LT =AM £
Hb A A 2 e AR 2 PRI R —— AR AL B[], TR IX
B, 2021, 44(6): 1612-1622.
Wusimanjiang P, Hao J M, Wang N, et al. Land use
transformation based on production-living-ecological functions and
associated eco-environment effects: A case study in Yuli County
[J]. Arid Land Geography, 2021, 44(6): 1612-1622.
Gao J, Wang L. C. Embedding spatiotemporal changes in carbon
storage into urban agglomeration ecosystem management — A case
study of the Yangtze River Delta, China[J]. Journal of Cleaner
Production, 2019, 237, doi: 10. 1016/j. jclepro. 2019. 117764.
Nogueira E M, Yanai A M, De Vasconcelos S S, et al. Carbon
stocks and losses to deforestation in protected areas in Brazilian
Amazonia [ J]. Regional Environmental Change, 2018, 18 (1) :
261-270.
B, HAE, TR, F. AT InVESTELALAG L 24 R
WA BRG] S E RN IHRE A0, 2020, 36
(7): 854-861.
LiJ P, Xia S X, Yu X B, et al. Evaluation of carbon storage on
terrestrial ecosystem in Hebei province based on InVEST model
[J]. Journal of Ecology and Rural Environment, 2020, 36 (7) :

854-861.
Han X H, Zhao F Z, Tong X G, et al. Understanding soil carbon



impacts of urban expansion on regional carbon storage by linking

the LUSD-urban and InVEST models [J]. Environmental

298 2 S 45 4
sequestration following the afforestation of former arable land by Modelling & Software, 2016, 75, 44-58.
physical fractionation[ J]. CATENA, 2017, 150: 317-327. [33] LiuXP, Liang X, Li X, et al. A future land use simulation model

[23] TERE, BHEIC, BIoA . T 1 Mo ) AR 1k i B VG 44 A7 98 (FLUS) for simulating multiple land use scenarios by coupling

B2 OB SO S IR [T ). B AR R 244, 2022, 37(5) . human and natural effects [J]. Landscape and Urban Planning,
1214-1232. 2017, 168: 94-116.
Wang T F, Gong Z W, Deng Y J. Identification of priority areas for [34] Liang X, Guan Q F, Clarke K C, et al. Understanding the drivers
improving quality and efficiency of vegetation carbon sinks in of sustainable land expansion using a patch-generating land use
Shaanxi province based on land use Change[]]. Journal of Natural simulation (PLUS) model: A case study in Wuhan, China [J].
Resources, 2022, 37(5): 1214-1232. Computers, Environment and Urban Systems, 2021, 85, doi: 10

[24] AU, FHH M, BUORSE . KIS R TR X AR RER 1016/j. compenvurbsys. 2020. 101569.

AT LT ], MR, 2021, 41(7): 1295-1302. [35] Babbar D, Areendran G, Sahana M, et al. Assessment and
Zheng S F, Wang L P, Zang S Y. The change of ecosystem prediction of carbon sequestration using Markov chain and InVEST
services of natural forest protection project regions in the Da model in Sariska tiger reserve, India [J]. Journal of Cleaner
Hinggan mountains [J]. Scientia Geographica Sinica, 2021, 41 Production, 2021, 278, doi: 10. 1016/j. jelepro. 2020. 123333.

(7): 1295-1302. [36] HBAL, BRI, B, ff; ST FLUS 5 InVEST#LRL iy 4k 5t il &

[25]  XBICAN, WEWTHE . B [SD CIRBFE AR TR AR R G B RGN 2 B HEIMT]. AR, 2022, 42(23):
BB Ait A7 1 55 #49 5 ¥+ R 9456-9469.

[J]. AR, 2020, 35(4) : 826-844. Shao Z, Chen R, Zhao J, et al. Spatio-temporal evolution and
Deng Y J, Yao S B, Hou M Y, et al. Assessing the effects of the prediction of carbon storage in Beijing’s ecosystem based on FLUS
green for grain program on ecosystem carbon storage service by and InVEST models[J]. Acta Ecologica Sinica, 2022, 42(23) :
linking the InVEST and FLUS models: A case study of Zichang 9456-9469.

county in hilly and gully region of Loess plateau [J]. Journal of [37] ktihfh, #imes, 28, %, 1T FLU-b %ﬁ%%l&*'
Natural Resources , 2020, 35(4): 826-844. IO B T i3 9 s e (0] 0 q«ﬁé ‘ﬂ«-ﬁim

[26] skifedn, XUBEAE, & 3Ca , 45 . KARMR A TR DCHT 20 4F £} 2020, 22(92,_1-848 1859.

AR BB A 4k 2l 28 R I G 5k [T ). *ﬁ#%ﬁ};ﬂ)‘ﬂ .4 Zhang S iw Wei L. Y. ng K X, et al. The land ﬂ;?lﬂ‘aﬁon gnd
(13): 5093-5105. ) = dehmltatlon' of urbaq de elopmem boundary fin cotmty area based
Zhang Y R, Liu X T, Gao W Q, et al. E.;ln'amic ch{mlges of forest on FLUS U(JB L.ﬂ. journal of Geo-Information Scwncep: 2 , 22
vegelation (’arhbn %qorage and the (’ham( lq;hsll(’% q[ (’arbofl %mk- (9) 1848 18‘59 i .“, . J‘,q i
.""_( source ) i the Na'lurdl Forest proletllon p,l'o;ect rpg_wg * the [38] ﬁééﬁ -{ﬁifgi#’ L& j[iﬁ,;r l"’—;f",: %fFInVE@T?FﬂCeqSOS;FLU.S
F ?ast 20 y’ea_];s“l ﬁcta Ecologica blmca, _;‘_?f % : 5093~ LAY ﬁ’]‘éi:ff‘[@ [:ﬁ&'iﬁgg-_iﬂ‘f gﬂﬁiﬁi‘?ﬁﬁﬁf}?ﬂij&m FE)_'
“\ si0s. '}- / 4 i~ fcaf]m 1. ﬁlm‘)ﬂ 2022, 43(11): 5253 75262, % 1

[27]5 *E].u 35#:’1'_3(' BB, 45 %‘?ﬁ_ﬂgfﬁﬁﬂa %F #ﬂ‘ﬁi}% Holt J IChén J J hang K Q, et al. Temporal an_gl,#’ paual

& il ﬁﬁ 5% &ﬁ*k wEAAD] TREKX ETE? jtolé 3ﬁ(l )" 1136‘ Vdrldllll)li c hd;d( teristics of carbon storage in the source région of the

{ I.-? ]]45 i"‘—' ) | ﬂ o) ye“ow river based on InVEST and GeoSoS-FLUS models and its

- L'l’“Y Y" @ang\L LnLu Q J, et al. Changes,mf carbﬁn‘ stogy response to different future scenarios [J]. Environmental Science,
‘-‘hl chr;lﬂ_-n densny Iof forests in the Kanas nauonal naturésreserve , 2022, 43(11): 5253-5262.
_,.gt{'njmng 1] Arid Zone Research, 2019, 36(5): 1136-1145. [39] RULBE, BREZE, R, % 4 IVEST 55 GeoSOS-FLUS

(28] Wi, fa e, T, % . 5 5L AR HHR B R 2 TR A% b TR A ek T R 2 R SR F ST LT ]L P R R RL

F R l)]. BEFHAEAS244E, 2021, 32(4) : 1259-1268. 2022, 42(6) : 2799-2809.
JiB, He J L, Wang Z J, et al. Characteristics and composition of Zhang K Q, Chen J J, Hou J K, et al. Study on sustainable
vegetation carbon storage in natural grassland in Ningxia, China development of carbon storage in Guilin coupled with InVEST and
[J]. Chinese Journal of Applied Ecology, 2021, 32 (4) : 1259- GeoSOS-FLUS model[ J]. China Environmental Science, 2022, 42
1268. (6): 2799-2809.

[29] Elzen M D, Fekete H, Hshne N, et al. Greenhouse gas emissions [40] FER, X8, 9L, 5. FET CLUE-S Al InVEST A AU it F1
from current and enhanced policies of China until 2030: Can AR B RGN S5 2 ROTAN )], S SR A 5
emissions peak before 20307 [J]. Energy Policy, 2016, 89: %, 2017, 33(12): 1084-1093.

224-236. LeiJ C, LiuJ X, Yong F, et al. Multi-scenario ecosystem service

[30] Z&=WTe, BE T, XAE . B 5w R X A S R G s assessment of Wuma river valley based on CLUE-S and InVEST
[A] 0 A B B se i & [J]. A4, 2021, 41(17) : 6786~ models[J]. Journal of Ecology and Rural Environment, 2017, 33
6799. (12): 1084-1093.

Li M Y, Shangguan Z P, Deng L. Spatial distribution of carbon [41] SRS, FNVINR, BRI LR, . JLF CLUE-S Al InVEST 5 4 (1)
storages in the terrestrial ecosystems and its influencing factors on T DU 3k 7S R GEr= K T RE X = Mo R AR fR A B [T ], R
the Loess plateau [J]. Acta Ecologica Sinica, 2021, 41 (17) : FHAE 5244, 2016, 27(9) : 2899-2906.

6786-6799. Guo H W, Sun X Y, Lian L' S, et al. Response of water yield

[31] ZhaoM M, HeZB, Dul, et al. Assessing the effects of ecological function of ecosystem to land use change in Nansi lake basin based
engineering on carbon storage by linking the CA-Markov and on CLUE-S model and InVEST model [J]. Chinese Journal of
InVEST models| J]. Ecological Indicators, 2019, 98: 29-38. Applied Ecology, 2016, 27(9): 2899-2906.

[32] HeCY, Zhang D, Huang Q X, et al. Assessing the potential [42]  JAK, k¥, 2R, 2. T CA-Markov i+ 5EA HLIR %

i 7 () A% J) o LA ST Pz K =M AE ], KT

PR S EREE, 2018, 27(7) : 1565-1575.




14 A% 7 - BB VT4 . T InVEST 55 CA-Markov 15 5 Ay B BA 117 38 £ 2t 1sf 2 338 A8 5 15000 299
Zhou J, Zhang X R, Mou F Y, et al. Spatial pattern reconstruction United States of America, 2018, 115(16) : 4021-4026.
of soil organic carbon storage based on CA-Markov-a case study in [48] ZFwuil, T, WlZ . pEAE A LR a[)].
Pan-Yangtze river delta [J]. Resources and Environment in the B2 (DH), 2003, 33(1): 72-80.
Yangtze Basin, 2018, 27(7): 1565-1575. [49]  HPHIA], Fééﬁ Wt 5k 5 B b O AR A ) B b AR S R 4
[43] Alam S A, Starr M, Clark B J F. Tree biomass and soil organic Tk i 2 11 52 0 BREIT]. AR, 2019, 39
carbon densities across the sudanese woodland savannah: A (2): 672-683.
regional carbon sequestration study [J]. Journal of Arid Ke X L, Tang L P, Impact of cascading processes of urban
Environments, 2013, 89: 67-76. expansion and cropland reclamation on the ecosystem of a carbon
[44] Giardina C P, Ryan M G, Hubbard R M, et al. Tree species and storage service in Hubei province, China [J]. Acta Ecologica
soil textural controls on carbon and nitrogen mineralization rates Sinica, 2019, 39(2): 672-683.
[J]. Soil Science Society of America Journal, 2001, 65(4): 1272- [50] 5K, ZEHaer, Beyhok, 55 . b E AL W A S R Gk g
1279. AR RSB LLT]. AR BEIRSER, 2022, 37(5)
[45] WOk, LR, Wi, . pEZRMAR T e me) ] & 1183-1197.
B, 2007, 27(12) : 5148-5157. Zhang PP, LiY H, Yin HR, et al. Spatio-temporal variation and
Chen G S, Yang Y S, Xie J S, et al. Total belowground carbon dynamic simulation of ecosystem carbon storage in the north-south
allocation in China’s forests[J]. Acta Ecologica Sinica, 2007, 27 transitional zone of Chinal J]. Journal of Natural Resources, 2022,
(12): 5148-5157. 37(5): 1183-1197.
[46]  Hhifi, WIOAMG, SREES . LT InVEST Al CA-Markov £ 5 (1) 2 [51] ks, X2, S 3. 5T CLUB-SAS AL fy B W i 45 1 st R )
RIS e e A I e o (A o QL S TEBHI)]. B2, 2014, 33(6) : 1655-1662.
), 2021, 29(6): 1018-1029. Zhang W, Liu M, Qi Y S. Land-use scenarios simulation based on
Yang J, Xie B P, Zhang D G. Spatio-temporal evolution of carbon the CLUE-S model in Kunming[J]. Chinese Joumal of f Ecology,
stocks in the Yellow River Basin based on InVEST and CA-Markov 2014, 33(6): 1655-1662.
models [J]. Chinese Journal of Eco-Agriculture, 2021, 29 (6) : [52] 47, yﬁmzﬁhﬁi@ﬂ FH A5 41 £ 7 25 F 350 dﬁﬁ@h;ﬁ?m
1018-1029. i {ALB B SELD SR BT TORAE 2018. P
[47] Jin J. Résebﬁ‘ﬁ- on ‘the ec'plogl(‘al environment efﬁ:cts mdjoptimal

Tang X L, Zhao X, Bai Y F, et al. Carbon poolsl.;i}r(:hina's
terrestrial ecosystems: new estimates based on an intensive field

survey[ J]. Proceedings of the National Ap'ademy of Sl(‘l,ences of the

-"—I '.“'_.---“’I I'{‘ | rl -"'J |.-"| P %—_ﬁ
¥ f‘." l I|l ] v I'd 'Ih‘ g -
| A LI_ “~ b}/ f’d
| IIFI ‘; i , 'F ,::‘,'.“I x
TRVE « II i/ ¢ £ 5
f | J | / )
| | |'F_-f- { /I__’-;.—"—f//-_]

allocatlo’n g;‘land usé chf;ngp in Dianchi walersﬁed Kuh Ig
Kunmmg d‘mver'gny of Sclenc‘,e and Technology , 20118.
N 1, _.f /
v ' =

J?‘I
f &t } ,/ ; { !":' “
,a" f P i .

i ', - @
Ea |

{ E’I . ;
"J,-'-‘-:. .i

e



HUANJING KEXUE Vol. 45 No. 1

Environmental Science (monthly) Jan. 15, 2024

CONTENTS

Prediction of Autumn Ozone Concentration in the Pearl River Delta Based on Machine Learning —++veeseeesrerssrrssnrsmnsmni, CHEN Zhen, LIU Run, LUO Zheng, etal. ( 1 )
Remote Sensing Model for Estimating Atmospheric PM, ¢ Concentration in the Guangdong-Hong Kong-Macao Greater Bay Area +++++: DAT Yuan-yuan, GONG Shao-qi, ZHANG Cun-jie, etal. ( 8 )
Variation Characteristics of PM, ; Pollution and Transport in Typical Transport Channel Cities in Winter “+*DAI Wu-jun, ZHOU Ying, WANG Xiao-qi, etal. ( 23 )
Characteristics of Secondary Inorganic lons in PM,  and Its Influencing Factors in Summer in Zhengzhou HE Bing, YANG Jie-ru, XU Yi-fei, etal. ( 36 )
Characteristics and Source Apportionment of Carbonaceous Aerosols in the Typical Urban Areas in Chongqing During Winter ++eesseeeseesseees PENG Chao, LI Zhen-liang, XIANG Ying, etal. ( 48 )
Analysis of Influencing Factors of Ozone Pollution Difference Between Chengdu and Chongqing in August 2022 CHEN Mu-lan, LI Zhen-liang, PENG Chao, etal. ( 61 )
Analysis of 0 Pollution Affected by a Succession of Three Landfall Typhoons in 2020 in Eastern China - +-HUA Cong, YOU Yuan, WANG Qian, etal. ( 71 )
Characteristics and Source Apportionment of VOCs Initial Mixing Ratio in Beijing During Summer ZHANG Bo-tao, JING Kuan, WANG Qin, etal. ( 81 )
Review of Comprehensive Evaluation System of Vehicle Pollution and Carbon Synergistic Reduction #«++eesseesesessressesmsnsiiiiinn FAN Zhao-yang, TONG Hui, LIANG Xiao-yu, etal. ( 93 )
Study of Peak Carbon Emission of a City in Yangtze River Delta Based on LEAP Mode] ++e+eereeeeeeesesresssienisminin YANG Feng, ZHANG Gui-chi, SUN Ji, etal. ( 104 )
Driving Forces and Mitigation Potential of CO, Emissions for Ship Transportation in Guangdong Province, China - WENG Shu-juan, LIU Ying-ying, TANG Feng, etal. ( 115 )
Carbon Emission Characteristics and Influencing Factors of Typical Processes in Drinking Water Treatment Plant «+«seeeseereeessnssiesiennne ZHANG Xiang-yu, HU Jian-kun, MA Kai, etal. ( 123 )
Distribution Characteristics of Arsenic in Drinking Water in China and Its Health Risk Based on Disability-adjusted Life Years «+«+seeeeeeee DOU Dian-cheng, QI Rong, XIAO Shu-min, etal. ( 131 )
Spatiotemporal Occurrence of Organophosphate Esters in the Surface Water and Sediment of Taihu Lake and Relevant Risk Assessment

"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" ZHANG Cheng-nuo, ZHONG Qin, LUAN Bo-wen, et al. ( 140 )
Exposure Level and Risk Impact Assessment of Pesticides and Veterinary Drugs in Aquaculture Environment ZHANG Kai-wen, ZHANG Hai-yan, KONG Cong, et al. ( 151 )
Variation in Phosphorus Concentration and Flux at Zhutuo Section in the Yanglze River and Source Apportionment +LOU Bao-feng, XIE Wei-min, HUANG Bo, et al. ( 159 )
“Load-Unload” Effect of Manganese Oxides on Phosphorus in Surface Water of the Pearl River Estuary ++++sesserereessesrssnssnsnnsiininninns LI Rui, LIANG Zuo-bing, WU Qi-rui, et al. ( 173 )
Factors Influencing the Variation in Phytoplankton Functional Groups in Fuchunjiang Reservoiress«sseseeeseesrssrssimnmniiimn. ZHANG Ping, WANG Wei, ZHU Meng-yuan, et al. ( 181 )
Hydrochemical Characteristics and Formation Mechanism of Groundwater in the Western Region of Hepu Basin, Beihai City =+ ++*CHEN Wen, WU Ya, ZHANG Hong-xin, et al. (194)
Controlling Factors of Groundwater Salinization and Pollution in the Oasis Zone of the Cherchen River Basin of Xinjiang LI Jun, OUYANG Hong-tao, ZHOU Jin-long ( 207 )
Spatial-temporal Evolution of Ecosystem Health and Its Influencing Factors in Beijing-Tianjin-Hebei Region «++steeereesseerssissimnmniininiin LI Kui-ming, WANG Xiao-yan, YAO Luo-lan ( 218 )
Spatial and Temporal Evolution and Impact Factors Analysis of Ecosystem Service Value in the Liaohe River Delta over the Past 30 Yearg+««tsoeeeeeeseresseesreenn WANG Geng, ZHANG Fu-rong ( 228 )
Effects of Photovoltaic Power Station Construction on Terrestrial Environment : Retrospect and Prospect “TIAN Zheng-qing, ZHANG Yong, LIU Xiang, et al. ( 239 )
Spatiotemporal Evolution and Quantitative Attribution Analysis of Vegetation NDVI in Greater Khingan Mountains Forest-Steppe Ecotone ++veseereereeseeeee SHI Song, LI Wen, QU Chen, etal. ( 248 )
Spatio-temporal Variation in Net Primary Productivity of Different Vegetation Types and Its Influencing Factors Exploration in Southwest China

"""""" ‘XU Yong, ZHENG Zhi-wei, MENG Yu-chi, et al. (262)
Impacts of Extreme Climate Events at Different Altitudinal Gradients on Vegetation NPP in Songhua River Basin CUI Song, JTA Zhao-yang, GUO Liang, et al. ( 275 )
Spatial and Temporal Evolution and Prediction of Carbon Storage in Kunming City Based on InVEST and CA-Markov Model++«++eeeeeeeeee Paruke Wusimanjiang, Al Dong, FANG Yi-shu, et al. ( 287 )
Spatial-Temporal Evolution and Prediction of Carbon Storage in Jiuquan City Ecosystem Based on PLUS-InVEST Mode] «eeseeeseeessnrssnssnesiees SHI Jing, SHI Pei-ji, WANG Zi-yang, et al. ( 300 )
Soil Carbon Pool Allocation Dynamics During Soil Development in the Lower Yangtze River Alluvial Plain —eeereeeeseeesreesrissrssnisiininnen HU Dan-yang, ZHANG Huan, SU Bao-wei, et al. ( 314 )
Spatial Distribution Patterns of Soil Organic Carbon in Karst Forests of the Lijiang River Basin and Its Driving Factors seeeeereeesesesseenisneenns SHEN Kai-hui, WEI Shi-guang, LI Lin, et al. ( 323 )
Effect of Land Use on the Stability of Soil Organic Carbon in a Karst Region CHEN Jian-qi, JIA Ya-nan, HE Qiu-fang, et al. ( 335 )
Spatial Distribution Characteristics of Soil Carbon and Nitrogen in Citrus Orchards on the Slope of Purple Soil Hilly Areas««ssseeeseessrsseesnrsieinnes LI Zi-yang, CHEN Lu, ZHAO Peng, et al. ( 343 )

Effects of Experimental Nitrogen Deposition and Litter Manipulation on Soil Organic Components and Enzyme Activity of Latosol in Tropical Rubber Plantations
............................................................................................................................................................... XUE Xin-xin, REN Chang-gi, LUO Xue-hua, et al. ( )
LIANG Tao, ZHAO Jing-kun, LI Hong-mei, et al. ( )
LIU Hao-ran, XING Jing-yi, REN Wen-jie ( 376 )
(1386 )
(1396 )

Analysis on Driving Factors, Reduction Potential, and Environmental Effect of Inorganic Fertilizer Input in Chongging ***

Research Progress on Distribution, Transportation, and Control of Per- and Polyfluoroalkyl Substances in Chinese Soils

Prediction of Spatial Distribution of Heavy Metals in Cultivated Soil Based on Multi-source Auxiliary Variables and Random Forest Model +«+++* XIE Xue-feng, GUO Wei-wei, PU Li-jie, et al. ( 386
Health Risk Assessment and Priority Control Factors Analysis of Heavy Metals in Agricultural Soils Based on Source-oriented «++eeeseeeeereseseeeeees MA Jie, GE Miao, WANG Sheng-lan, et al. ( 396
Contamination Characteristics and Source Apportionment of Soil Heavy Metals in an Abandoned Pyrite Mining Area of Tongling City, China
............................................................................................................................................................... Ll Ru-zhong, LIU Yu-hao, HUANG Yan-huan, et al. (1407)
Source Appointment and Assessment of Heavy Metal Pollution in Surface Dust in the Main District Bus Stops of Tianshui Cit LI Chun-yan, WANG Xin-min, WANG Hai, etal. ( 417 )
Response of Cadmium in Soil-rice to Different Conditioners Based on Field Trials -+ TANG Le-bin, LIU Xin-cai, SONG Bo, et al. ( 429 )
Regulation Effects of Humus Active Components on Soil Cadmium Availability and Critical Threshold for Rice Safety = ««+seesseeesrersseesnrsiieenn HU Xiu-zhi, SONG Yi, WANG Tian-yu, et al. ( 439 )
Using Biochar and Iron-calcium Material to Remediate Paddy Soil Contaminated by Cadmium and Arsenic «seeeeeeeseesrsmsnsnimmin. WU Qiu-chan, WU Ji-zi, ZHAO Ke-li, et al. ( 450 )
Research Progress on Characteristics of Human Microplastic Pollution and Health Rigks «+eeeereseeessmmininnini. MA Min-dong, ZHAO Yang-chen, ZHU Long, et al. ( 459 )

Effects of Polystyrene Microplastics Combined with Cadmium Contamination on Soil Physicochemical Properties and Physiological Ecology of Lactuca sativa
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" NIU Jia-rui, ZOU Yong-jun, JIAN Min-fei, et al. ( )
Transcriptome Analysis of Plant Growth-promoting Bacteria Alleviating Microplastic and Heavy Metal Combined Pollution Stress in Sorghum ***LIU Yong-qi, ZHAO Si-yu, REN Xue-min, et al. ( )
ZHAO Qun-fang, CHU Long-wei, DING Yuan-hong, et al. ( )
Effect of Microplastics and Phenanthrene on Soil Chemical Properties , Enzymatic Activities, and Microbial Communities «+esseeeeesessssseneieenee LIU Sha-sha, QIN Jian-giao, WU Xian-ge ( 496 )
(1508 )
( )
( )
(543)

Effects of Microplastics on the Leaching of Nutrients and Cadmium from Soil

Prediction of Soil Bacterial Community Structure and Function in Mingin Desert-oasis Ecotone Artificial Haloxylon ammodendron Forest *WANG An-lin, MA Rui, MA Yan-jun, et al.

Response of Soil Fungal Community to Biochar Application Under Different Irrigation Water Salinity * ZHENG Zhi-yu, GUO Xiao-wen, MIN Wei ( 520
Effects of Organic Fertilizer of Kitchen Waste on Soil Microbial Activity and Function LIU Mei-ling, WANG Yi-min, JIN Wen-hao, et al. ( 530
Response Characteristics of Soil Fungal Community Structure to Long-term Continuous Cropping of Pepper #«+seeseeesessessesnssiinsnn. CHEN Fen, YU Gao, WANG Xie-feng, et al. ( 543
Effects of Foliar Application of Silicon Fertilizers on Phyllosphere Bacterial Community and Functional Genes of Paddy Irrigated with Reclaimed Water
............................................................................................................................................................ LIANG Sheng-xian, LIU Chun-cheng, HU Chao, et al. (1555)
Analysis of Bacterial Communities and Antibiotic Resistance Genes in the Aquaculture Area of Changli County #«++eeereeesreesrissnisniiii WANG Qiu-shui, CHENG Bo, LIU Yue, et al. ( 567 )

High-throughput qPCR and Amplicon Sequencing as Complementary Methods for Profiling Antibiotic Resistance Genes in Urban Wetland Parks
HUANG Fu-yi, ZHOU Shu-yi-dan, PAN Ting, et al.

(

Characteristics of Vertical Distribution and Environmental Factors of Antibiotics in Quaternary Sedimentary Column in Urban Areas +reeresreeseeereereseens LIU Ke, TONG Lei, GAN Cui, et al. (
LIU Zong-tang, SUN Yu-feng, FEI Zheng-hao, et al. ( 594

Comparison of Ph**Adsorption Properties of Biochars Modified Through CO, Atmosphere Pyrolysis and Nitric Acid ++eseeserseerseesessensnsens JIANG Hao, CHEN Rui-zhi, ZHU Zi-yang, et al. (

Adsorption Performance and Mechanism of Oxytetracycline in Water by KOH Modified Biochar Derived from Corn Straw =+




	1
	20240127
	2



