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Effect of Silica Fertilizer (Husk Ash) to Improve Soil Quallfy and Reducé Gfand As

|
Accumulation in Rice Y | F \ o
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Abst’ract A rice pot-e:penrpent was conducted to 1d€nt1f\ I]ﬁ" ffect of sﬂlcﬂlfeﬁs}ﬁer prepared from husk ash,On the soil bicayailability of cadmium (Cd) and arsenic (As) eﬂzyme
activ 1tles, EmlCIOb]@,‘l commu[fl_tv structure, and heavy rﬁeta* contep!,! in brqwn .rﬁlze at different growth stages! Th@ \‘E’;uhs showed ‘lhkt the ‘application of 0. 1%-1 "0% silica ﬁlﬁ]’lfhzer
husk'ﬁsh 1npreased the pH value of soil by 0. 04-0. 24 umts l|dnd |‘[he copte t of soil available silicon by 44. 29%- 9Z 5%. _It also decreased the content of available Cd and a¥ailable As

'By ]'éf- 2%3 Zf 14% and 16“'_‘% 24. 9% respectively. Wlth thq-lnarease n apphcatlon' dmount the soil enzy me activ 1t1es increased at allgrowth stages, and the sucrase activity and

the' dehvdro{g'enase dQ?’ll} s1gn1f1(;'aﬂt y increased by 6. 3%- L45 7% ad 6. "%-'Zﬂ 2 respecmely The analysis of the soil microbial community composition structure at mature
stdges show Gﬁdt {lie dpphthlon of silica fertilizer-husk ash had no effect ofim obial a- diversity, but it had a significant effect on microbial B-diversity and then promoted microbial
growth dl).d ‘;ndlnldmed the stdblhtv of the community structure. With the increase in application amount, the contents of Cd in brown rice decreased by 29.3%-89. 7%, and the
contents'9f total As and i inorganic As in brown rice decreased by 7. 8%-42. 3% and 17. 2%-44. 5%, respectively. Under the application of 0. 5% and 1. 0% silica fertilizer-husk ash,
the Cd contents in brown rice were lower than 0.2 mg-kg™, and the inorganic As contents in hrown rice were lower than 0. 35 mg+kg™". In conclusion, the silica fertilizer-husk ash
can improve soil quality and reduce the contents of Cd and As in brown rice, and it is eco-friendly and can be used to remedy the paddy soil contaminated with Cd and As.

Key words: husk ash; silicon(Si) ; cadmium-arsenic; rice; soil enzyme; soil microbial community
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2.4 A% 58 B AT 6F K R K B A G BIL AR S R

Al

i &6 T 0, 5 %k R CK b FRAH L, BE A 56 K ik AR
i FH 12 (0. 1%~1. 0% ) 38, /K R BE K Cd 5 & i & 1%

15, B 1% 9 29. 3%~89. 7% (P<0. 05) , Hil K B As &5
MK T 7.77%~42.31%, Jo ML As 7 & B B K T
17.23%~44. 49% (P<0.05). T3 Hl T4 Ab H 1 ks K
o(CA)FFEME] 0. 18 mg-kg ' F10. 07 mg-kg ™, k& K w (TG



3 1 GYETHEAE A% 58 IR T I A8 0 e (K /K e i 3R B 0 1799

Bl As) &AL 5] 0. 34 mg-kg” Fl 0. 31 mg'kg",?@%(ﬁ‘
i A FARME AP Y IR &) (GB 2762-
2022) XA K Cd FITCHL As R £ [ 2K

1.0

(a) KAEREKCAE &
a
08 [
Tﬁ) 0.6 | T
2
zm; 04
¢ cd
0.2 H - — I
d
0
CK T1 T2 T3 T4
20
(b) KFRK SAASTITEHLAS & it HAs
a [ 1FHlAs
16 2
a
-
T 12 77 %
550 a
I a
" ] il
sl BT
al b F
04 T 1 b |
035 4_‘
0

CK T1 T2 T3 T4

zsiar/ 5 fézwﬁ_uw ﬁiﬁlﬁﬂﬂﬁ%#ﬁ'ﬁ%‘(kq d%} <d>nf:
(0 Z,pag);'%éﬂL CdE’Jﬁ T 4 L A (b )M 035 mtg kg F3
/J\*LI}K 1‘

Fig. -6 Effect of application silica fertilizer-husk ash on Cd, As,

F
and inorganic As in brown rice

1 2

Aéﬂ’ﬂﬁu’é&%{‘ﬁm{ﬁ ,Z'ﬁ_ A M
@@ mmirﬁmﬁmfawqum AsTITHL As

2.5 REOKBRA S 0 5 e PR 2 4 A
FI I Mantel £ 56, X K&Kt Cd FITCHL As 7% &
55 4 3 38 Ak S5 RN I R AT A DGR A3 B (B 7).
A AT R OK Cd f & 5  E pH R 3 R o6 Ok
Z(P<0.05) K&K AL As & 7 5 + I TCLP-As & &
SR E EAR OGO R, 5 AU I M W M
KK F (P<0.01) , W] + 558 pH FH G S0 15 1 8w
B K Cd FTCHL As % 5 81K, 12 3% TCLP-As 7 & i
AN GREOK TEHL As & AR IR SIS 1 E
TCLP-Cd J TCLP-As £ & 2 i #H ¢ X 5 (P<0.05) ,
W] A & Si % | BOK, +3 TCLP-Cd F TCLP-
As &/ 5 4 TCLP-Cd Ml TCLP-As & 2 5 + 1
T M 0 R A R M T D O A O M 8 S I R A O
X F (P<0.05) , % B + 3 TCLP-Cd 1 TCLP-As 7
/N, A TR A Tl T A R R T RS S O R
R S R, @ﬁfﬁiHETﬁE%LLkmitﬁ
pHﬂﬁxﬁzslﬁf‘-@ F%Tfﬁiﬁ%ﬁxikedf%ﬁ}s-ﬂﬁﬁi,
HE M 42 2E i%ﬁ&(ﬁréﬂﬁi‘jcﬂﬁk{&ﬁﬁa%fcﬁnm

1
E@ 1:/\% . Ill :IF ._,--" A — ]
h'. F |I I|| | .._.-' % ': .JI'”'
3 oae [ N P
3.1 %ﬁk igexut%&ﬁxﬁﬁ(:d Asﬁﬁ"/ /mjl
m% / — Y

mﬁaimmﬁt:mﬁmwri%pmﬁﬁﬂ
%%!ﬁ%ii%@mFm?%ﬂ%%m
&Er@kﬁq R TR I I B BR R ik L K
1T 7 A T SR T A R AL T L I T R A
VAT T OH A e e 48 2 B R U, 4 pH (i
W=k, HET2MT4 b 2E R B E R

7 8 9

v (W

ﬁ;;{}

. Z>[>w

i

Mantel’s P

2 <0.01

s 0.01~0.05
3 =0.05

Dy
66&

Mantel’s »
— <0.2
— 0.2~0.4
— =04

w
w
&
i?

6 Pearson’s r
%% 0.01

* 0.05
0

@@ﬁn@@@

BEKTEHLAS
it

% —0.05
*% —0.01

9

-®c@§w@@@

L ERFEBERRNG 2. HENENG 3. AN 4. NREG 5. A7 HLIE 6. LHEAACEE, 7. pH.8. TCLP-Cd.9. TCLP-As
BE7 keKPCAMEH As 5T EIBRBRXNE

Fig. 7 Correlations between Cd and inorganic As in brown rice and soil indexes



1800 E7S 5

(a) ), 362 P O 75 75 IR RE AR pH 8 7. 3942 1) i A
R PR b TR KR A B AE K AR
7 AT A0 S O L W R B R TR K R
SR L Ko e A i SOk 4
FEIE B 0 I R A R B A iR AR
S T N R e NI L
Si 76 7K B 2 K 2 R o R Bl B RS, 2 45 55 MK
Tk UL D it 1, A 2 i fr i B THLRE 1) ]
S TR hy MG 1T B 73 7 IR RE R B SR (R 1)
Ik T A S A

6 FH 78 5% 0 BB S T 4 HESP A A G As
[0 725 fl 38 L 2 G I (08K L TS Cd L As 7
i TE TR B ARG 11 2). % ML B S S Cd it
B R A, — 7 T 2 PR M 28 52 R FE BB 2 9L
b TR T A e Cd s LB 75 G T
FO 48 - 408 pH T 85 0 - 490 R 25 T % G 9 1
BAF 3 0 e U A A Ay 45 3 O 98 0 4R R R AT
-k M W AT RS C 10 B BT s 3 5 e
pH B9 TG £ S ECE SR B AR B i T
Bl v 5 0/ B - BT T M G, B0 A7 S ¢
BB s 55— 07 T2 40 45 A B R AR
%%ﬁm&ﬁﬁkTi%ﬁﬂ&ﬁE:ﬂ%?W'
@Cd %Slﬁiwﬁéfifiﬁmﬁﬁmﬁa%ﬁ* :
T3 + 5 Ot 1725 € 6 Co o s
aﬁ%ﬁﬁiﬁﬁm*mﬁ@ﬁ LTI
m%ﬁTmm¢%ﬁﬂ@¢mt£$ﬁﬂ&aﬁ
d*ﬁiﬁ%%ﬁ#&*mm%§FMW%f
st R R ek LR 300 Rl i T I
IR T O A T U5 I 7 R 4 TR T 77 2 £ B, HE T
BN T 0 B0 S T LA XS . T
Xt T As, B W5 R B pH 09 FF & 2 X L As 175
I 7 8 B0 20T A B 5 o G 0 48 5 AR AU
4 pH B R R IR SR As A K | 5 T A
BB e S AR TE RS H E R X As B BT
B R 5 LUK L A A Si o BEHE K L
S5 R Y5 1 T A AL 2 4 25 As A B
T 4 R AL 4 4 S AR B S As A
[, 4 HE o A R A A R S I L R B K
R4 3000 B0 - HEAT A S A P IS T 2
5 PR T B AE T A LG T AR 25 3 A KB B KR
/K I BRR R A KRR BRI L 2 A L3
WL 5 M B2 As B0 70 A L % As ELAT
560 0 B A B ) L 4 2 R TR M B M P AR 0 T KR AR
R KLU O 2 5
s E— SR R B DTS As IO
e T

B 45 %
3.2 450 MKk A ol s A T A L R G ORE K AR A
ok

G R TR AR R A W T R i
By, S 45 Bl Al i T AR B 0 0 M S S
B W A2 R T A S
G 1 T L 3% - S AR R4 OB | A
PR . 7EATFGE b 4 R -+ 8 0 M 5 0 A7 B 3 K
(P 3) T S DR o e iy & B 1O T 4 i B & B8Ok
R b vp b R R Y B, R Cd T L
i 4 T P 3 S 03— 0 R R £ (o
Pk gt 4 T A LR R 9 2 DT 5 5 4 2k
B4 A T 00 O P T A IR B B0 A
TR A Cd. As B R (B12) R T ARG
BER , T R BT . 54, AR B
5 — i AL IR Ak S AR L BB S R 4R
7 J 0 S K5 BB, A B A
fﬁ@%ﬁﬁL%%ﬁ@%ﬂ””frwy,J

B B i R A A e
i%%&@%ﬁﬁi%i*m%ﬂ%ﬁ (8 % 4h
b . A5 %%%%@M§ifh%ﬁ P e
HrRE ) - TR 1 kﬂu#mm%ﬁ
ﬂfi%$mmxﬁ ﬁﬁmﬁﬁiwz#ﬁ%
rﬁM%% ﬁ:%ﬁmmﬁﬁ%mﬁimh@y
QMi%@ﬁ%ﬁ%ﬁﬁgﬁéﬂﬁﬂﬁMQW
wmﬁﬁﬁﬁﬁu)i%*E%@HMUﬁﬁﬂm
6 TR (P 5 ) FLE T3 b B o 54 b
T B

- TR G | TR R PE B R IS 5+ HEh G
N. P FRAH R IR A Wy o 248 K 2 0 A TR
o7 5 R J G 0 R A AT TR - O
5 & FOER R B T 10 240 . G048 7% R T IS A {1
T AU S R A A S AR AR T R
1 B P K B AR BT B L A BT 5 & B Si T 42 35
BE T 1] O A X = JE 30 (P 5) , L Zhang %7 % 81K
B P As ATt 5 TR ) 0RO T S L R O
K F, MK T AT B WA A A 5 L R, Bl LI
R B R L AR KL X 4R A —
Tt 22 41 , 350 3 W 0 4 55 I Tk T il 42 326 45 52 11 2K
P BB K, A ) TR A P As 9 M T {2
HHE KRG B B K . B G e 15 2 0 R 2 4
75l 449 T S5 % 45 55 T A -1 P ft LA 2 30
R .

287 T I 4 D 349 7R 70 5 2 16 7K e i ke
HCd TG L As B3k (L 6) , 3 1] RS 1R O 2875 IR
o PR 7 S SiL T 1Ce) ], R AR T 33
YA RS CAR As B & & (B 2 fTE 7). Be4h i Si




34 Dy RS - 5T R

o S g 3 e 5 A AU /K A i e 2R R ) 2800

1801

W 2 ve K R 1K L 25 R 85 0k 30 1) BE 0 A L 8 W A
R MR 5 CdIE % Si-Cd B AW, 47 5% &AL Cd
] b2 BEARRE K b Cd & it 581 5 As(TT)
e FH K T8 2 0 Si T, S5 As B SR I FRAE T
KAEXF AsCID) A %z, FLAG Si 38 K TKREAR R L 1
KT HERER XS As 16 46 | e 2l /D K A B3 As
AR BB A BF ST R T3 1 T4 Ak B AE (RS K Cd R
HL As [F) B 326 BIK & o 28 4 E R bn e & &b s s
PR 5 ) (GB 2762-2022) i BR 2E {E [ 0 (Cd ) <0. 2 mg-
ke, w(TGHL As)<0. 35 mg-kg™") A EER | DA 52 B %2
LA .

4 it

(1) it FH 45 56 B Rk MR 1 R T /K R AR B + 3 pHL(E
0. 04~0. 24 ™ BAAS FIAG RL Si &5 1 44. 2%~97. 5% , 115
A RS Cd A RS As & 5 43 R T 16. 2%~
21. 4% 1 16. 0%~24. 9%.

(2) B A 58 JR Tk At &k oy 1 R 4% 76 0 4
PO A A, H - SRR TR AL S A S
MM R 0.19%~9.4% . 6.3%~145.7% A1 6.7%~
224. 1%, + 15 Nr%ﬁ?@&@ﬁzﬁ @mﬂf—tlﬁ ﬁﬂmﬁi%ﬂ.\ﬁﬁ
S5 K 4. 896263, 49 A1 0. 29%~24. %%q ' [ 24 Y 7
L <s>rﬁ;ﬁg%mﬂex%mi%ﬁ% mﬁ
o2 REE , STBCNI I % 10 - 2K 1 ek
prr SIS | !,.-*'.:'e’ |
{ @ (4}&@%#@583@11@7@0 5%(1:34&1@)@

1%&T4 &biﬁfﬂﬂkﬁ‘ﬁfﬂé ®(Cd) <042 mg? fg ‘ 1’955‘/

w(ﬂlﬂ‘}b‘As)<O 35’mg kg™

a%fm

[ 1] o EFREE R ES, B R B A s etk ol )8 4
AARIRD. AEst: hEFRERHS, 2014.

[2] ™EESHER. 2021 4 b F A SFRERB ARO[
HBEIRA L 2022, 50(12): 61-74.
Ministry of Ecological Environment of China. China ecological

environment status bulletin 2021 (excerpt) [J]. Environmental
Protection, 2022, 50(12): 61-74.

(3] ze0g, JEoeik, RUT, % PORN BRI AR I35 e A 1T 1 0
fif, HY R S [T]. BREERL A, 2021, 42(7) - 3535-
3548.
Yuan F, Tang X J, Wu J Z, et al. Simultaneous immobilization of

lead, and cadmium in paddy soils using two iron-based
materials[ J]. Environmental Science, 2021, 42(7): 3535-3548.

(4] B, SO, AT, 45 . B I SR ARK P Jm i e TS
e URSE A 5 ok BT L. R0 AR 241, 2019, 35(6)
198-205.
Ao M, Chai G Q, Fan C W, et al. Evaluation of potential pollution

risk and source analysis of heavy metals in paddy soil and rice[]J].

arsenic,

Transactions of the Chinese Society of Agricultural Engineering,
2019, 35(6): 198-205.
[ 5] GB2762-2022, £ % A E ZARE £ 5 %Eﬁﬁé[ 1.
[6] Rzt A e b B KA B R 4R 1 A" Lk A2 ma ()],

[9]

[11]

[12]

[13]

- [14]

[17]

ThEFREAK, 2022, 28(6): 49-53, 58.

Wu Y Y. Effects of different biochar and silicon treatments on
lodging resistance properties and yield of rice [J]. China Rice,
2022, 28(6): 49-53, 58.

Ma J F. Role of silicon in enhancing the resistance of plants to
biotic and abiotic stresses [J]. Soil Science and Plant Nutrition,
2004, 50(1): 11-18.

Kvedaras O L., Keeping M G. Silicon impedes stalk penetration by
the borer FEldana saccharina in sugarcane [1l.
Experimentalis et Applicata, 2007, 125(1): 103-110.
VEBT, BRMTTE  WRER, AF r IE L A Rt T X A e i e B 2R
CARZ LA FELT]. MR Al B, 2012, (11): 56-59.

Xu K, Tie B Q, Chen Z, et al. Influence rule of single fertilization

Entomologia

of Si or Se on uptake and accumulation of Ca by rice [J]. Hunan
Agricultural Sciences, 2012, ( 11): 56-59.

KA, IR, W, SF L 0P REAE 5 AR T R X K AR I
BRG], ARl 38 55 B o7 2 4, 2016, 35(4) -
627-633.

Zhang M, Ye C C, Yu L, et al. Effects of mineral silicon fertilizer
and microbial agent on uptake and accumulation of cadmium by rice
[J]. Journal of Agro-Environment Science, 2016, .35 (4) .
627-633. ~ -
R, #ﬁaﬂzkwﬂbmﬁmﬂwmmej‘nm@ﬁ:ﬁﬁmm
Kb Y»ﬁﬁéﬁ;ﬂjﬁ?ﬁ 2021. ' /

Wang H T}qe effect of shudy on reducing morgam(gé}f/’(nﬂe grain
using an m’fproved b‘l rich rice husk ash [D]. Chiangsha:/Hunan
Normed Umversl-ty 2021‘ | F_f"-,-"_,'f
%fomh AW Morq‘s A ,y Gill R, et al. Sofl i mcg?&ordhon of
Sl]l(‘aﬂ,'}l\"(‘h' rlqﬁ'—husk decrea_f}!% inorganic arsenic in rlcqgrﬂ'ﬂh [Jl«-
JournaLof Agﬁcultural’and‘Food Chemistry, 20,1'6 64(19) : 37:?/913‘

37664 F- . @ ) i ‘,
Ephlem-{; Silicon ,]'] i Annual Review of Plam Physm‘gy' and
Plant M.olecu‘lir Biology, 1999 50: 641-664. o

Teasle'y W A, Limmer M A ,§eyfferth A L. How rice (Oryza sativa
L. ) responds to elevated as under different Si-rich soil amendments
[J]. Environmental Science & Technology, 2017, 51 (18) :
10335-10343.
Jiang Y, Yi X T, Liu M Y, et al. Dynamic responses of soil
enzymes at key growth stages in rice after the in situ remediation of
paddy soil contaminated with cadmium and arsenic | J]. Science of
the Total Environment, 2022, 830, doi: 10. 1016/j. scitotenv.
2022. 154633.

R, B, WHB I, AL R RE B R e L R A RS
B BN R 1), IREIRY, 2023, 44(2): 991-1002.
Huang R, Wei W, Xie Y H, et al. Primary factors affecting soil
bioavailable cadmium and asenic by different properties of silicon
fertilizer[ J]. Environmental Science, 2023, 44(2): 991-1002.
XHE, SEWRIGE, AT, 55 . ARSI RE - e | iR AR A AL
PR b oK L R AR SE R[], BRI AR AR i, 2020, 40
(7): 2581-2588.

LiuY, GuJF, Zhou H, et al. Effects of rice husk ash on Cd and
As bioavailability in paddy soil and their accumulation in brown rice
[J]. Acta Scientiae Circumstantiae, 2020, 40(7): 2581-2588.

= GBI (R ke 73 T e L B M | - A ES P Y R S s
fi#t:, 2000.

TRRRHE, WS, ATPRR L AL B O KRR A FF A 1 5 xT vE
b P -G A A S PR BEARAE AT LT ) IR W R A B AR
Sk, 2022, 45(4) : 93-100.

Liang X R, Gao Z Y, Fu Q L, et al. Passivation of arsenic-

cadmium combined pollution in alkaline soil by manganese-



1802 woom B 45 4
modified rice straw biochar [J]. Journal of Natural Science of Environmental Science, 2017, 38(6): 2530-2537.
Hunan Normal University, 2022, 45(4): 93-100. [30] Z=bkig, SCfEk, MRpril, 55 . Jitmd X ZORE k Bmp [ as F ik g
[20] =P ALER, nHIRHR, X £ ¥, 45 . REICHE G KB 2 515 fEIZ M52 [J]. FREERE, 2023, 44(5) : 2899-2907.
Y A As-Cd A=) A R0t RoRok SRR, AR LiLf, Wen W F, XuZS, et al. Effects of silicon application on
2%, 2018, 39(2): 944-952. arsenic sequestration in iron plaque and arsenic translocation in rice
LiYXL, Ye CC, Liu Y L, et al. Bioavailability of silicon [J]. Environmental Science, 2023, 44(5): 2899-2907.
fertilizer coupled water management on soil bioavailability and [31]  BRfE, BT 25 KA B 55 il 1ol XoF 7K e AR 2 2k 6 2 1 4 1 i
cumulative control of rice in compound contaminated paddy soils sEm ] ], FREERL:, 2021, 42(3): 1535-1544.
[J]. Environmental Science, 2018, 39(2): 944-952. Chen J, Zhao X L. Effects of water management and silicon
[21] GB5009. 15-2014, £ 24 FH Z e 25 4 i (S ]. application on iron plaque formation and uptake of arsenic and
22]  GB5009. 11-2014, £ & % 4 [ G AR & b S Sz T HLfid cadmium by rice [J]. Environmental Science, 2021, 42 (3) :
B sELS . 1535-1544.
[23] %, XUNg ik, Seud, A% WR AN At K T e S P A P g2k [32]  skied, oilf, X0, 55 . ZURINSE B8R 10508 < A2+
NAFTE 1. % L3 pH | Eh RAESI AR M) ]. ol R Im R SR P R G IR R ARG E [T ). SRBERRAE, 2021, 42
4R, 2012, 31(4): 757-763. (1): 403-410.
Yang D, Liu M D, Jiang F, et al. Effect of silicon fertilizer in acid Zhang H, Gong L, Liu X, et al. Soil enzyme activity in Picea
and neutral paddy field soils I. Effect on dynamic changes of pH, schrenkiana and its relationship with environmental factors in the
Eh and Si in soil solution [J]. Journal of Agro-Environment Tianshan Mountains, Xinjiang[]]. Environmental Science, 2021,
Science, 2012, 31(4): 757-763. 42(1): 403-410.
[24]  Guntzer F, Keller C, Meunier J D. Benefits of plant silicon for [33]  XUH, KI5, Tk, &5 . B4 @15 Y R KRS oA W e it %
crops: a review [J]. Agronomy for Sustainable Development, Ve TR e )], 3, 2021, 53(6): 1152-1159.
2012, 32(1): 201-213. LiuJ, Zhang N M, Yu H, et al. Effects of heav_y Mpoll ion on
[25] xImgik, sk F k. KA ERERE MR IR S RE[T]. + mlcroorgaplsm and |en7yme activity in pa:jdy 'rsg}'.].ﬁ l'reﬁg.lew [J].
HEE AR, 2001, 32(4): 187-192. s Soils, 2021, 53(6) 1152-1159. L B N
Liu M D, Zhang Y L. Advance in the study of si]icoﬂfﬂﬂity in [34] b %’ﬂﬁé Brig L AN Cd ﬁj}LXT_,ftﬁ ﬁﬁjﬂlﬂ
paddy fields[J]. Chinese Journal of Soil Science, 2001, 32(4): ﬁi%ﬁi@%ﬁﬂﬁé{ﬂ I&\%%&ﬂﬂ[ﬂ ﬁﬂﬂﬁﬁr FEIR "2(3. 8,
187-192. b (1 3709)/1850-1856:4 | _,-f”,.;.’?
[26] %%, XVHE, %#ﬁm &= EA ﬂ'fﬂ JXH: ﬁaﬁ Guo B L, Ch@h X M Jing'F, et al. Effects of eﬂsgenobl_; cadmium
*ﬂﬁ*%ﬁ%’é*ﬂﬁ’h}* Eey dARER ‘;‘P{?—l’ l -"5'4 on Ihl(t‘ﬂhlal l}g_].pmass an(f me activity in red padia;g stﬁ,] [Jl.
3I78 3854 £ #.:, L/ .',l;?,j/ Joum‘?l glt Agro- Envlr*meée:(ylence 2018, 37(9): 18’50 {3557 )
‘-l':- iang Y Y,,l'tu JF, et al Regu]atl cll;n\ r’(';’ ai‘trlﬁb_asw [35] Ma L 'Y Ci ﬂ;( D 7hu J,\ et al. Impacts df exogenous mm{é
i dmendme.n'T on &‘e chemical fractions of C{Il and :j\ in paql#_:ml slh@bn o'?l(adimum -angrandn and lransformdlmtf-m the® sailrice
JN and thd]r accumulation in rice[J]. Fn\fllro "e-;u'll SCIe%qJ‘ 2021, system '@md (gsoﬂ health [ J:h Science of the Total Env_}ﬁment,
." 42(1) : 378- 3854 J I I “ A 2021 I759 10. 1016/j. s J}notenv 2020. 143501.
[2,71" @ﬂﬁfm, A e, % 5. K :F“F S (36) Wk, EA, R, % THOER S LA LB R R R
HFﬁcEd"iigiﬁ;% fl 3w ()], 55 55 2%, 2017 GM i T A e i R AL L], 3R BERES L 2016, 37(5) : 1908-
4-1666. = 1914.
J'_Chi SL, XuW H, Xiong S]J, et al. Effect of nano zeolites on pH, Cao Z B, Wang L, Li F, et al. Response of soil respiration and
CEC in soil and Cd fractions in plant and soil at different cadmium organic carbon to returning of different agricultural straws and its
levels[J]. Environmental Science, 2017, 38(4): 1654-1666. mechanism [J]. Environmental Science, 2016, 37 (5) : 1908-
(28] BTz, XU, AT, 45 KRR 158 i S HL 22 i 1914.
B AR LB AR A OE R[], A R 2E 8 4, 2020, 36(5) - [37] Zhang C, Xiao X, Zhao Y, et al. Patterns of microbial arsenic
86-92. detoxification genes in low-arsenic continental paddy soils (7.
DaiQ Y, Liu D H, Wang D X, et al. A review on silicon: effect Environmental Research, 2021, 201, doi: 10.1016/j. envres.
on rice growth and its mechanism of relieving cadmium loxicily[]]. 2021.111584.
Chinese Agricultural Science Bulletin, 2020, 36(5) : 86-92. [38] B, BRATING . W09, 45 i oy 2000 A oK A BEL B v O TF 9
[29]  BhHAME, FOERS, BRAG R, 4. Eh. pH A AR i Bk [JJ. HEiRR, 2014, 35(7): 2762-2770.

MAHLHILI]. FREIR:, 2017, 38(6) : 2530-2537.
Zhong S X, Yin G C, Chen Z L, et al. Influencing mechanism of

Eh, pH and iron on the release of arsenic in paddy soil [J].

Chen Z,
Si fertilization modes on rice cadmium[J]. Environmental Science,

2014, 35(7) : 2762-2770.

Tie B Q, Lei M, et al. Phytoexclusion potential studies of



HUANJING KEXUE Vol. 45 No. 3

Environmental Science (monthly) Mar. 15, 2024

CONTENTS

Research on the Evaluation Method and Application of Provincial Differentiated Carbon Peaking in China ««eeeeeesreesssresnssimnsniiin LIU Run-pu, PENG Shuan, CHEN Yu-shuo, et al.
Evolution and Influencing Factors of Spatial Correlation Network of Construction Carbon Emission in China from the Perspective of Whole Life Cycle «eseeeseeeeeeess REN Xiao-song, LI Zhao-rui
Efficiency Characteristics and Evolution Patterns of Urban Carbon Metabolism of Production-Living-Ecological Space in Beijing-Tianjin-Hebei Region

TIAN Chao, CHENG Lin-lin, SHAO Ying-chao
XIAO Ting-yu, SHU Yun, LI hui, et al.
Coordinated Control of Carbon Emission Reduction and Air Quality Improvement in the Industrial Sector in Hunan Province «+eereeseesseessseenee LINan, LIU Wan-wan, ZHU Shu-han, et al.

Assessment of CO, Co-benefits of Air Pollution Control Policies in Taiyuan’s 14th Five-Year Plan«++-++++:

Coal Control and Carbon Reduction Path in Henan Province’s Power Industry Under the Carbon Peak and Neutralization Target: A Medium- and Long-term Study

""""" ZHANG Jing, YANG Meng, ZHANG Wei, et al.
Environmental Benefits of Pollution and Carbon Reduction by Bus Fleet Electrification in Zhengzhou ««eoeeseesseeresesssisime, Z0U Chao, WANG Ya-nan, WU Lin, et al.
Multi-scale Driving Mechanism of Urbanization on PM, ; Concentration in Urban Agglomeration in the Middle Reaches of the Yangtze River
+ZHANG Zheng, ZHOU Ting-gang, ZHOU Zhi-heng, et al.
Analysis of Spatio-temporal Distribution Characteristics and Influencing Factors of PM, s Concentration in Urban Agglomerations on the Northern Slope of Tianshan Mountains

WANG Xiang-nan, ZHANG Zhe, LIU Fang-qing
Spatial Variability and Source Apportionment of PM, ; Carbon Components in Tianjin - WU Fu-liang, WU Jian-hui, DAL Qi-li, et al.
Characeristics and Source Analysis of Carbonaceous Aerosols in PM, ¢ in Huaxi District, Guiyang «eerereeeresemsnsnenesenessnseenen: GUI Jia-qun, YANG Yuan, WANG Xian-qin, et al.
Pollution Characteristics, Source Apportionment, and Meteorological Response of Water-soluble Tons in PM, ; in Xinxiang, North China «++++++=++- LIU Huan-jia, LI Lan-qing, LI Huan-li, et al.
Characterization of Metal Elements in Atmospheric PM, ; and Health Risk Assessment in Heze in Winter from 2017 to 2018 +++x+xe++- DU Hong-xuan, REN Li-hong, ZHAO Ming-sheng, et al.
Analysis of the Jumping Characteristics and Influencing Factors of Ozone Pollution in Beijing «+veseeeeererresrsnimimnnis PAN Jin-xiu, AN Xin-xin, LIU Bao-xian, et al.
Analysis of Photochemical Characteristics and Sensitivity of Atmospheric Ozone in Nanjing in Summer +LUO Li-tong, ZHANG Yan-lin, LIN Yu-qi, et al.
0Ozone Pollution in Suzhou During Early Summertime : Formation Mechanism and Interannual Variation ««+seesoeesseesrrssissnin., WU Ye-zheng, ZHANG Xin, GU Jun, et al.
Distribution Characteristics, Ecological Risk Assessment, and Source Tracing of Heavy Metals in the Sediments of Typical Lakes in the Middle Reaches of the Yangtze River
........................................................................................................................................................................ LU Hong_bln' LU Shao_yong. LI Xlang, et al‘

s of Heavy Metals in Surface Sediments in Lake Ulansuhai Based on PCA-APCS-MLR Model

CUI Zhi-mou, SHI Xiao-hong, ZHAO Sheng-nan, et al.
Spatial and Temporal Distribution and Risk Assessment of Heavy Metals in Surface Water of Changshou Lake Reservoir, Chongqing *++++++ ZHANG Rui-xi, LIU Ya-jun, LUO Yong-nan, et al.
Pollution Characteristics and Ecological Risk Assessment of Microplastics in the Yangtze River Basin - «+eseeeserersrersssnininnin. LI Si-qiong, WANG Hua, CHU Lin-you, et al.
Assessment of Microplastic Pollution and Estimation of Annual Emission Volume in the Dongshan Canal of Yichang City DING Shuang, LI Wei-ming, ZHANG Xu-tong, et al.
Occurrence Characteristic and Risk Assessment of Microplastics in Sishui River (Xingyang Section) «++resesesesesesesesnnsnniniine ZHAO Chang-min, HE Bing, LI He-tong, et al.

Contamination Characteristics and Ecological Risk Assessment of Pharmaceuticals and Personal Care Products in Drains Flowing into the Yellow River of Ningxia

GAO Li, LI Ling-yun, ZHENG Lan-xiang, et al.
Characteristics and Risk Assessment of Antibiotic Contamination in Oujiang River Basin in Southern Zhejiang Province «eoeeeeeseeseersseseneeens ZHONG Yi-xin, LI Li-xiang, WU Xin, et al.
Spatial-temporal Distribution and Source Analysis of Polycyclic Aromatic Hydrocarbons in the Sediments of Poyang Lake ««esoeesseessrssnssnisinininin MA Yan, SUN Chen, Bl Jia-le, et al.
Change and Prediction of Water Purification Function in the South Bank of Hangzhou Bay in the Past 20 Years veoveeeereerereeeseerees WANG Shan-shan, CAO Gong-ping, XU Ming-wei, et al.
Effects of Land Use Types on Water Quality at Different Buffer Scales: Tianjin Section of the Haihe River Basin as an Example «+eeeeeeeeees DAT Meng-jun, ZHANG Bing, DU Qian-qian, et al.
Hydrochemical Characteristics and Control Factors of Shallow Groundwater in Anqing Section of the Yangtze River Basin ««esseeeeeesreresrrsrisineen LIU Hai, SONG Yang, LI Ying-chun, et al.
Dynamic Changes of Dissolved Organic Matter Derived from Algal Decomposition and the Environmental Effects in Eutrophic Lakes —+++++: ZHANG Jin, CHEN Ming-ying, HAO Zhi-neng, et al.
Degradation of Carbamazepine in Water by UV-activated Sulfite Process +oseesessessssmsmismmmmsiiiiiiiis s LIN Tao, YUAN Yu-jie
Detection, Generation, and Control of Disinfection By-products of Reclaimed Water ««++«++++: LIAO Yu-feng, WANG Zheng, PAN Yang, et al.

HE Qiang, CHEN Bo-wen, YANG Yu-jing, et al.
Ecological Environment Assessment and Driving Mechanism Analysis of Nagqu and Amdo Sections of Qinghai-Xizang Highway Based on Improved Remote Sensing Ecological Index

Absorption of Ammonium by Three Substrates Materials in Constructed Wetland System

.................................................................................................................................................................. FU Kai_,(iang’ JIA Guo_dong’ Y’U Xin*XiaO, et al.
Spatial-temporal Evolution and Driving Factors Analysis of Ecological Environment Quality in Daihai Basin based on AWRSEL «+eeeeeeeeereereessnsniininei ZHAO Jia-li, LI Xing, SUN Bing
Quantitative Assessment of the Impact of Climate Change on the Growing Season of Vegetation Gross Primary Productivity in the Middle and Lower Reaches of the Yangtze River

........................................................................................................................................................... XU Yvong’ PAN Yvu_chun’ ZO[; Bln, et al‘
Effect of Vegetation Restoration on Soil Organic Carbon Storage in Coal Mining Areas Based on Meta-analysis ‘LI Jian-ming, KANG Yu-xin, JIANG Fu-zhen, et al.
Effects of Continuous Annual Crop Rotation and Fallow on Soil Aggregate Stability and Organic Carbon »«seeseeeesresssseniniiin LU Ze-rang, LI Yong-mei, YANG Chun-huai, et al.
Effects of Four Amendments on Fertility and Labile Organic Carbon Fractions of Acid Purple Soil »«ereeeseerersesreeeeenes +*DING Xin-ru, YAN Ning-zhen, WANG Zi-fang, et al.
Changes in Soil Nitrogen Components and Their Relationship with Environmental Factors with Different Tea Plantation Ages —«esseesrersseessiesiieeene SHAO Qi, WU Tao, XIE Xue-feng, et al.
Nutrients and Ecological Stoichiometry Characteristics of Typical Wetland Soils in the Lower Yellow River+++: WANG Chuan-ying, WANG Kai-yue, WANG Hao-ran, et al.
Effect of Film Mulching Age and Organic Fertilizer Application on the Distribution Characteristics of Microplastics in the Soil of a Peanut Field

"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" SONG Ning-ning, LI Meng-jia, WANG Xue-xia, et al.

Effects of Straw Returning and Biochar Addition on Greenhouse Gas Emissions from High Nitrate Nitrogen Soil After Flooding in Rice-vegetable Rotation System in Tropical China

HU Tian-yi, CHE Jia-yue, HU Yu-jie, et al.
Tillage Depth Regulation and the Effect of Straw Return on Soil Respiration in Farmland +++* +«CHEN Xi, ZHANG Yan-jun, ZOU Jun-liang, et al.
Distribution Prediction of Soil Heavy Metals Based on Remote Sensing Temporal -Spatial-Spectral Features and Random Forest Model +**WANG Ze-qiang, ZHANG Dong-you, XU Xi-bo, et al.
Characteristics and Identification Priority Source of Heavy Metals Pollution in Farmland Soils in the Yellow River Basin eeeeeeeeeressersrsnisiisnsniiiinn LI Jun, LI Xu, LI Kai-ming, et al.
Characteristics of Cd Fluxe in Topsoil Around Typical Mining Area in Hezhou, Guangxi «++esseserseesssmsmsmisnni YANG Ye-yu, LI Cheng, YANG Zhong-fang, et al.
Potential Ecological Risk Assessment of Soil Heavy Metals in Fengdong New District Based on Information Diffution Model ++eeseeereseereeresivsneiiesnns YANG Nan-nan, HAN Ling, LIU Ming
Traceability Analysis and Environmental Quality Assessment of Soil Heavy Metal Pollution in West Hunan Provinge +oeeoeseesessssesnssnsenen XIAO Kai-qi, XU Hong-gen, GAN Jie, et al.
Distribution Characteristics, Source Analysis and Ecological Risk Assessment of Heavy Metals in the Typical Industry Reclaimed Soil ***SHEN Cheng, WANG Wen-juan, SHA Chen-yan, et al.
Provincial-scale Soil As Migration and Transformation and Rice Safe Planting Zoning: A Case Study of Guizhou Province *** DONG Xin-yue, WU Yong, ZHOU Zi-han, et al.
Effect of Silica Fertilizer( Husk Ash) to Improve Soil Quality and Reduce Cd and As Accumulation in Rice «+oeeeeeereerssmmeniimmninn. YI Xuan-tao, OUYANG Kun, GU Jiao-feng, et al.
Effect of EDDS Application on Soil Cu/Cd Availability and Uptake/transport by Castor —++eesseeesserssrssnmsmsms LIU Wen-ying, WU Gang, HU Hong-qing
Blocking Effects of Foliar Conditioners on Cadmium, Arsenic, and Lead Accumulation in Wheat Grain in Compound-contaminated Farmland

............................................................................................................................................ XIAO Bil’lg, W’ANG Qiu_shi7 GAO Pei_pei‘ el (ll‘

Soil Microbial Community Structure and Functional Diversity Character of Abandoned Farmland in Mingin Oasis LI Chang-le, ZHANG Fu, WANG Li-de, et al.

Microbial Mechanisms of Removal of Phthalic Acid Esters in Purple Soils Revealed Using Metagenomic Analysis ++veseeereereressssmsnsninnnnnne LI Yu-tong, YU Hai, LIU Kun, et al.

*BAI Yu-qiao, SUN Xing-bin, QIU Tian-lei, et al.

*GAO Ya-kun, LI Wei-ming, ZHANG Xu-tong, et al.
Biological Effect of Microplastics with Different Functional Groups on the Bacterial Communities and Metabolic Functions of Zebrafish (Danio rerio) Embryos

.................................................................................................................................................................. YAN Zhen-hua, ZHANG Yan, BAO Xu-hui, ef al.

Air Microbial Contamination and Risk of Respiratory Exposure of Workers in Chicken Farms
Occurrence Characteristics of Microplastics in Multi-environmental Media and Bellamya aeruginosa of Manao River

(1233)
(1243)

(1254)
(1265)
(1274)

(1285)
(1293)

(1598)



	0
	20240351
	01



