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FEEE: LAY A SR T A 78] -0 5, et v -3 P AR IRIR S POCl BB 5 MEFEP IS5 CKANARIN Pb (1% HE,Pbso: 30mg/kgsoil,Pbeo:
60mg/kgsoil,Pbyx: 120mg/kgsoil,Pbosg: 240mg/kgsoil) kAT 28d /s PEEFRSEE0, ISR T3 A1 -8B NoO HETBOG AN Pb ZRINIIMARALL A5 R W]:Pb
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Simulated experiment for investigatingthe response mechanisms of potential N,O emissions to lead addition from urban park
soil. LIU Wei'? ZHAO Wen-shu'?, SHEN Yu-ye'?, JIANG Wen-ting'?, TIAN Lin-lin'**, WANG Yan'?, WANG Jing*, CAI
Yan-jiang'? (1.National Key Laboratory for Development and Utilization of Forest Food Resources, Zhejiang A&F University,
Hangzhou 311300, China; 2.College of Environmental and Resource Sciences, Zhejiang A&F University, Hangzhou 311300, China;
3.Tianmushan Forest Ecosystem National Orientation Observation and Research Station of Zhejiang Province, College of Forestry
and Biotechnolgy,Zhejiang A&F University, Hangzhou 311300, China; 4.College of Forestry and Grassland, Collegeof Soil and
Water Conservation, Nanjing Forestry University, Nanjing 210037, China). China Environmental Science, 2025,45(10): 5657~5670
Abstract: In this study, five treatments (CK: control with no Pb input, Pb;;:30mg/kg soil, Pbgy:60mg/kg soil, Pbyyp:120mg/kg soil,
Pb,49:240mg/kg soil) were set up by adding PbCl, solution withdifferent Pb concentrations to atypical subtropical urban park soil.
The indoor incubation experiments were carried out for 28d to investigate the response mechanism of potential N,O emissions from
urban park soilto different exogenous Pb additions.The results showed that the cumulative N,O emissions from Pb;y~Pb,y treatments
were significantly higher than those from CK, which increased linearly with the increases of exogenous Pb additions and soil Pb
contents, during the whole incubation period. After 14d of Pb addition, the activities of nitrite reductase and N,O reductase increased
and decreased with the increasing soil Pb content, respectively, which resulted in significant increases in the potential N,O emission
ratesfrom soil.After 14~28d of Pb addition, soil pH significantly decreased with the increasing soil Pb content, and the combined
inhibitory effects of decreasing pH and increasing Pb content on the N,O reductase activity were significantly enhanced. The
combined effects of the above-mentionedprocesses ultimately resulted in significant increases in the potential N,O cumulative
emissionsfrom soilwith increasing Pb additions during the incubation period. This study indicates that the effects of Pb pollutants on
nitrogen cycle and denitrification microorganisms should be paid more attention in the future,considering the accumulations of Pb
pollutants in urban park soil will increase the risk of potential N,O emission. This study can provide scientific guidance for
management of urban park and formulating measures for the reduction of N,O emissions from urban park soil.

Key words: lead input; urban park soil; nitrous oxide (N;O); pH; denitrification functional genes; N,O reductase
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I HAAN AT ) 7 SR PR 5 5 R B 47 ).

Bt 25 T 2 D 160 550 TR AN 47 18 4 g v 2
IREE B 5 1R T 2 507 AT A (N,0) 2 1
SRR R I v R 7=, 4 Db R AR KA K AR
(10 B 3 = AR, S A R A UL B5(CO)
{11 273 155121, - 358 N O Hl U3 025 0 5 4 BRI % 2%
O, 38 2 %t L 48 JE S IR IR AR T AT B 5 2 W) bl
O TR SEAN B P ARG AR 34 B 50 NL,O P H4Fk
TR R K 153%, R AR R A 20 987 NLO
TR S I 28 Tl - R 1) T R AN R 4t
A it JIES R R0 2 IR U 38 T A R R A 1 T
b3 B J A I IS i A R B A A A B 4l i
YT 10 7 233k 24 el - 39 2 2 2 A 8 4
WA T 3 N0 Hi il A i 5 Rz A, b
RN RTE B it ) 1 B8 4 e v et H AT I
T2 el AN AL ) 7.

HH(Pb) 32 B2 1o P B R SR B S5 A2 E NN
TR A5 HE NI RGNS NEThBEP P 2 3R 1T
A A2 AR 0 2R, UL A X ) L A R 3
/1S SR o3 T (/A i /A e [ w0 MR S S
L2 66.2mg/kg M PR IX 148 Pb I EEN
54.6mg/kg" B 4 Pb SKUEER THLEI RS
HERAN AG 28 8 Bi #2370 B Vit BT FH 21 (5 P 45 (4
FAE 52 B XA R R A S 45 558 Pb )i
HEN A3 PY A e £ KT 4R FLAfE A
L7 55

75 T A A B b 2 A A 4 B (AOB) R & 4L
10 TR (AOA) A2 K i 25 SR (NH, - N) 3 2 (NH) 4L Ak
JS S AR (NO ) I S E A ) 38 h AOA B8,
AOB F K = B It NLO (R HE O (2 37 IO
B AR B A= 4 ) ] 3 ok K A R AR (N O3 ) 8] N O, 348 JiUK:
P NLO Bk N,,N,O HEBCE v Bl nirS 8% nirk Ih g3
PR = 8 N T 18 22 B mosZ Ty B J5E DR = 5 488 Jon 7 vk
AT Qe LR A pH EAEEAE N Tt
SRAHALTA AT NLO HE ) 2 PR 2L 4R 171, P
7 1 A R 2 X g - Ak 2R R AR
E LI RGA s A S 513 R R B o IS 1=
Fl| 250mg/kg I, 23 ik 2 FREAR 1458 pH {H.Pb W A
300mg/kg I, 2% bl -1 SRS A0 40 B K0 5 AR

AT A 90 Pt 52 5% W) D) PR - 38 28 7R g e, ™ [
AR T 3857 P v5 G i 13 A nirK FEDR 1 PR
nosZ H PR 3= B S RS i 1L 35 nirk RN nieS
DRI = F5 DI B P 25 488 i 422 s L ARG HH 38 Pb
Ui 33.7~133.3mg/kg W BERE nirk JERF
JEPO Y b AR 400mg/kg BT 4 S A Ak
0 AR T BT A Vasquez—Murrieta 2512
fRHL AN X 158 Pb & = N(31~1845mg/kg),
N,O HEjiltiz 2 2% 411K

H 71T 2 B0 AN 38 A 2 BB A 4 4 e —
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At R 0 5 i 22280t [ 2 1 49 SR Ak (1 5 I AR
RSB I Ph s oS 3% NLO HETLK) 5
AN % FE IR ) RO 22 S Ph By NI T 2 B 4 338 ) 6
RS LB N T 0 R AE NLO HERT 52
M A 5 AT A X6 (B =, JEL 55 M) 250 12 R 7= A L i 75 R
NI AR S ik = P 855 557 S 50 R FOUI 1T 2 (7] 1 3%
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Table 1 The basic situation of each park in the study area

NTER T #(hm?) B
= RN T 2.00 2016
RIS /N 5.00 2016
(LN 4.00 2008
Wil 2 el 72.30 2017
RN 5.00 2020
VLA AR X 200.00 2003

43R VLA M T I 221X .(29°56'~30°23N,
118°51'~119°52'E), A7 1~ V. #yrts 2= R fie X, A1 3
SR 18.4°C AR R /K R 1613.9mm, 22 32 9
MR AN R B T IR X BN LIER T 6 A
T A, o3 AR RS A TR TR L BEARRIEEA 3 Fp
REM R X YR AE 0~20em (138 )2 13, 38 18 i £
FEFWG T Al LR A B — 00, e 2 T AR AL
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SRR A pH A 5.44, AL S BN

14.72g/kg, 2R & &0 1.36g/ke, 0S5 7ol 8.71g/kg,

Pb 5N 29mg/kg. AT BRI 30k o 2 el L A
5 Bk 1 fior.
1.2 R

R4 I 2 X 3 T 4 el Y Pb A i
(29mg/kg) M ( HHEIEE ITEFRHE) (GB15618-1995)
FAE 1) 30— b, 5250 34N P 3
B 4 0,30,60,120,240mg/kg, 4> i & CK,Pbsg,
Pbeo,Pby2g il Pbago, 3t 5 ANAbH FFAN AL HE 4 YR FE K Pb
BL PbCly(43 M7 4L, 41 & >99%) /K ¥ 7 2% N s
Ja & Ab P4 P S E A 29,59,89,149 Fi
269mg/kg. LA HE 4 24 Mg 11 2 e 6 e IR 45 A B
6 A A B it 0 45 £ R 35 (CHUNLO), PR IE #5 Ak 3 1
e ) A IR 2 100mgN/Kkg.

& N S FLAARERE W R 1 SE 2 I RRE — 5 T
i (LA 26g T L) T 250mL B 7R iR
8 0 K R R K FE K B (WHO) M, ) AN RS 9%
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7% 28d. ILBCE 6 A PAT R FRAL, b 1 A T{Eds 5%
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FET-20°CUKFE, A7 SE 00 45 5 B2 b e 34 Bh s
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T3y FH 10 e S A 0 RN OB A B AR ) T R
SEDH 28, % TR A BLPY, 13 NLO HiodE %
1) Ve AL 5 sl 2 0 T il DR = 58 A Sk ¢ ke, DT U 32
PR 1d,14d A1 28d 5575 L REEATIN .
1.3 THERbRIE

R K R T E I e R pH {E
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NO; ~N 3531 P By 1 Eb (2 R0 K 2 ) 5z P2
+4 DOC F1 WSN H] TOC ¢ (Multi C/N 3100,
Germany)ill 252, 341 Th BEFE ] AOA-amoAd™?!
M AOB-amoA™ UL Kz J2 it 44 3y B8 5L K nirsBY,

nirKPIA nosz 1 PO R 0 52 25 B R P72 sk
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DNA.JT# 0¥ DNA — ¥4 F 8 ik 4 Yo B vt
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=20 °C PRAF % FH AR HE i £ il e 75 45 ORLARE i
B KIZ I 108~103 FNANBE BEAK A RE, il £ b
e 2 T 2 R*>0.99;PCR 1A% R H 20uL, (45 I
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H5 B 5 AT PCR IE.

1.4 Hdii b e

NLO HE s A SO 5 A X RP7
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_ 224
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JE 7 ng/Ls M A 3T T8, g; A A PR [T BR R 5%
) b T R B FRISHELRE 25°CHE 9 N,O 2R K
i, ng/kg; i Fi 23 0 RAE 70 1y I Z ) NLO HETBC#
s te—t; NSRS A B I TR) b

T IEZE(Ryi)=(NO3 N 5 NO3 N i)/
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A Microsoft Excel 2021 %A4:5F iR B4l 4k T
AR PR ISP (5 bRfE R 25(SE). H SPSS 26.0 1
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BUR I 2 5 i 2 1 (P<0.05),FE ] OriginPro 2024 %4
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F 22 ). SO A D REFE R = BE A 1458 pH {55 Pb iR
IS =) Z MR 238 H SPSS 26.0 #R A4 3ET
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NLO HEJBGHE ik B P VR INALFNZESS 14d ik
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Fig.1 Soil potential N,O emission rate and cumulative N,O emission under different treatments
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Fig.2 The regression analysis between Pb addition content and actual Pb content and soil potential N,O emission rate and

cumulative emission
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Fig.3 Changes of soil NH,"~N and NO; -N contents in different treatments during the incubation period
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Fig.5 Abundances of functional genes related to soil nitrogen transformation in different treatments during the incubation period
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