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Abstract: With accelerating urban expansion and increasingly growing city population density,
urban ecosystems are becoming the hotspots of global climate change. Urban turfgrasses can
themselves be a vitally important part of cities, however, its effects on soil-atmosphere exchanges
of carbon dioxide (CO,) and methane (CH4) remains unclear. In this study, we performed year-round
field measurements of soil respiration (CO2) and CH4 fluxes and associated with environment
factors from three typical urban turfgrass turfgrasses (i.e., warm-season turfgrass (WT) dominated
by C4 plants species, cool-season turfgrass (CT) and shade-enduring turfgrass (ST), both dominated
by Cs plant species) at the Urban Ecosystem National Observation and Research Station, Beijing,
using a static opaque chamber method combined with gas chromatography analysis. Our results
showed that across the experimental period, soil CO» emissions or soil CH4 uptakes from all urban
turfgrasses exhibited a comparable seasonal pattern. Soil CO; emissions from urban turfgrasses
were positively correlated with soil temperature and soil water content, and their combined effects
could explain about 77%-87% of the variations in soil CO, emissions, In contrast, the variations of
soil CH4 uptake were mainly regulated by soil water content, and soil CH4 uptake was negatively
correlated with soil water content. Over the annual scale, the cumulative soil CO; emissions for all
urban turfgrasses ranged from 12.1 to 15.2 t C ha! yr'!, and annual CH, uptakes were between 3.71
and 4.27 kg C ha'! yr'!. Although low temperatures during the non-growing season usually reduce
soil CO» emissions and CH4 uptakes by inhibiting the related microbial activities, our results

revealed that total soil CO, emissions and CHy4 uptakes across the non-growing season contributed
2



to 10%-18% and 39%-51% of the annual budgets, respectively, highlighting the importance of
measurements spanning the full year. Among the three urban turfgrasses, the WT dominated by C4
plant species showed significantly higher annual soil CO, emissions but lower annual soil CH4
uptakes as compared to the CT and ST (both of which were dominated by Cs plants species). This
was mainly in connection with differences in vegetation characteristics and soil properties between
the urban turfgrasses. Overall, our fundings suggest that in the context of various urban turfgrasses
being expanding substantially along with rapid urbanization, the efforts of conscious planning and
design of C; related urban turfgrasses may benefit the reduction of soil-atmosphere exchanges of

CO; and CH4, making contribution to mitigating climate change.

Key words: Urban turfgrass; soil respiration; methane uptake; C3 and Cs4 plant species; urbanization
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A BRARIE I 3 B SRR AR A ) H A RO SRR OGRS Ho, KA
T 2 SR B T e A A A S B A TR R A5 A ) R (Y FE ZE YR K1 3K (Chan and W,
2015). “EALBR (CO MIHLE (CHa) 1EJyFiFh S 2 IR S AU, 0 I = 208 (1 DTk %6
435N 65%F1 17% (daSilvaetal.,, 2019). HHT, K H COL AT CHy i FE T =ik 410 ppmv.
1866 ppbv, A 1 LLRHIREE (IPCC,2023). i, K 30%MH) COLHER [ Fifi A
ARG, FERATHEY. WEEWRIERAE A LEA PR AR, B e
(da Silva et al., 2019). %1 CHs M5, PR RGN CHs HESCEZR 5 TR HAIAE H
(Delwiche et al., 2021; Zhang et al., 2011); i@ P K 471532 9 KA CH, PRI,
B AR CHA 20 AT G A BR B Ge HEUT 6% (IPCC,2021). K L3E— K CHa M CO,

2021; Qian etal., 2023).

WA R AN SRR L AES . HAT, T LA e R A S R G A
B 4%LAE, 5 EAENE — R N EAEERT (Zhan et al,, 2023). JTT4Rdh, fF4
PR E A G, ARHEW T ES RGN EEIIRE, B, ST, S
WA SIS, L IR IRAE (Tsunetsugu etal., 2013). 3T Gk m DAZE R4 AN 1358
HREAERR (C) SKREMAMEA, SR, I B3 S b [5)4 52 S0 30 117 A0 AE T LA R N A i 3
MR, FTRE SR L1 CO HEL, IfFdb 13t CHa WM. B, RTiT P A7 KA
FKHTE, XD TR AR SR, TR TR O B EE /) (Livetal., 2019). JfH.,
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F T3 T A4 RORE, AR AR T A0 DX FE 3T 1~3 °C (Santamouris, 2015), i & (I3,
T S B0 T AR MBS S AR o e, Bl L3 E £ /) CO, (Karhu et
al., 2014; Sierra et al., 2015). Bt4t, IRTTERIEZ BRI AN AE H W, Flin, FIE,
VEWRIGEL . % T CHa SR, IRATEpi A B, LA L3RRS RS, #REA
THEE G AT IREA AT, 55 RIS CHafIBE /) (Zhan et al., 2023).
Zi b, BRI W RERS M T SR bR AE PR I R, AT REMEN I 1T SR 4K CO, HEN
CH. Wi . (HJ2, HATA IR TS RS CO, Al CHa SCHRIRE,  FEAR B IX I,
A ki = SAHESGE 5 BAEN  (Bremer, 20065 Schneider et al., 2009).

+3E COy HEME#E L I3EF (soil respiration, Rg) A& 3Er [ 77 A1 32 WP A2 1)
M, BETEPRESR R REAGF AR IEFE (Ryan and Law, 2005; Oertel et
al.,, 2016), AT CO» HUKRIEZ — . ALY, IR G T TR L. R
FEGAAN A5, HE R AR AES RSN 2.5~5 5 (Wang et al., 2022; Jian and
Steele, 2024; Park et al., 2014; Kaye et al., 2005). £ &5 FE ¥ /K P8 B 35— 5535 5 A4 i
X, FHEEHPI5 T IEFI AR (0.45 mg C m? s KLZMHEMARM (0.14 mg C m? s [
=f% (Park et al,, 2014). XfF CHy T 5, PLCHEIESL, BEEMATLFEREREET, 3k
CH. [fBE 1143452 R % (Goldman etal., 1995; Zhang etal., 2014; Zhangetal., 2021) . #H%
THABEDRG, WlTah B KT 50%01) CH4 "X (Zhan et al., 2023). van Delden 4%
(van Delden et al., 2018) 7£Aj BLITHEHEAT 1 W 4F (1) HH 1) A0 5, &5 SRR BH Ik 7 2 1Y)
CHa W iE 80 1.3~1.9 kg CH4-C hal yrt, BT HRARRME CHy S liE 2.5~2.9 kg
CHa-C hat yri. FIREW, T4 AR T 7 1 CO HE, HPRR T CHaICRE TS,
IX A R 22RO b (A T P i 2 R

YRR T RS RGN AR A . SRR AT BAIX 3R Ca A1 Cy P RPAS
[l FH A . Cs TR NN A 2R, (NREEN G BT AR T Co HFZh
it T SR PR ZE A, AT LARIF Cs R Cy BERIIR AT, RSB T Co FAIAIE
F C B EaR A S E R RRAE /7 (Zhan etal., 2021), TIERE . BESBRESY
M358 7T 2 1 ) LSRR CHL WSO AR . B IR e RN, A S P e U AU CHL 1
HRREE, L3 CHy PRI ALK (van Delden et al., 2018), HZE7E LT &
IS SR IN CHs HE (Kiinnemann et al., 2023, AH S 7006} - 32 PP IR RN A5 R -1 1) 4
Pra i, BTN L5 CO Hs B EZ % (Karhu et al,, 2014; Sierra et al., 2015). K

B2 RFDOWI MR B, BRI R B R AAAE AR R G R, FF O] R U R T
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(Qio) K& EAIAR 48 CO HEBUZ IR MM (Oertel et al., 2016; JEHAEZE, 2018). H
i, A R T HE 4 CO HEHCRT CH, WRISCE & (T 98 E B R ERE R REE K, M’
I ZE X AN e T A WIS 6 AN (BSOS, 2017 REFTSE, 20145 # EFEE, 2015). {H
A, Bl P E SRR SRR IR, SR TSR TR UZETR I, B, 7E 2022 LRI
BT 2k 200 5 AET, HIR T SRS B R e sk 48.9% (dbniigiit e, 2022). EAD
A > BT 2 SRARLEIR T B M 1 358 CO HEBOT T, ST B ) CHL WRISCRR MBS
RiE (FMESE, 2009; REF] &, 2014; T &, 2023); HIXEiRiEd N (F24E
FEERI A K BERISE B, R AE R 35 CO, HEMURT CHa MR MG B (1 4R A8 LR .

BT FIRIER, ASCRABESHA-SH G, WL RRER M, A Z AR R i
= P AR T B AT T — 58 R R AR 1 TR AR 5T, BER T (1D I B
3% CO, HFBON CHy SGE & )25 . AR BN A ARG SR : (2D M iy Bt 1
e COL HERAN CHa WSOE 872 (1 DB A BE R (3D AN[FJI T it 6 2 (] 3% CO, 4k
AN CHy SEWRCER (22 57 S HeUm R 5. W 7e 45 SR Bh T W i iy s B S R IR =
FUAHETRCRAE, DA AL FNHEAT AR L BRI (R AT RPER R
2R S5
2.1 W I XA AL

AT RMACAEAL SR T A3 RGEE AT T (116°43'E, 39°32'N) HKHISLLs
FEML EHEAT o a0 T AT IX N, SR8 T ALt ARG ACRH AR Fi b, &R ARE) 3.4 ha,
B LR AR A ST R B TR AR . R AR 60 AR TR,
R AR PR R  ZF TT X s T MUY KR TR M, IRE) . I 30
RIS 13.1°C, 29T KE N 543 mm, BENZET 0 A, 2 80% M FF/KE
£ EEZ (Zhan etal., 2021).

TR = R AR T M, 43 ) WBEZR B (warm-season turfgrass, WT). ¥ZRE
Hi (cool-season turfgrass, CT) AR FHiHY (shade-enduring turfgrass, ST). —FhE HuI4Fh
T 2016 4 5 H, BRZFRFHPE Cy FRIEF 2R (Buchloe dactyloides); ¥&Z=E M PIF! C3
EMRRE, EIRBCR (Poa pratensis L.) 5525 (Festuca elata Keng ex E. B. Alexeev);
MK T Mg R R 7 ZE AR (Koelreuteria paniculata L) T, HbHEFIZENY Cy BRI 25 45
(Carex giraldiana). EFKMZE, FEKEDN, 0 =g 47 8B RIERE Y A2+ 57
PrEsgn . EREAKEN, FHBIEHER 10~20 HiHT s8], Bl
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AEJE. BT &EHA IR A, A SR N B KB 4~11 B, BRFEEHA
5~10 Ao SEoGreits 3 gt 148, DIRbEEOy T, HIRAEN 1.4 gem?. BIRTTRMHIZE

RRIZ L (0~15cm) FIZEAVET ZAEYIR LW 1 For.
R 1 SEIRE b IRATRE ) ) S AR AL

Tablel General characteristics of the investigated sites in soil and plants

WT CT ST

LER Bt FARL, Cy AEFSRARKEAL, C BIGRE, Cs
W EAYE (gm?) 66.4 78.3 76.4

R AEY)E (gm?) 118.1 86.9 51.8

35 Hh WhigE+ % =" 3 =
KE (gm?) 1.44 1.36 1.33

SR (gkgh 0.80 0.83 0.73
HHLEE (gkgh 10.5 9.66 8.38

pH 8.47 8.26 8.49

VE: WT: BEZEEHL, CT: =L, ST: W TFHup:

Note: WT: warm-season turfgrass; CT: cool-season turfgrass; ST: shade-enduring turfgrass

2.2 R T5

2018 4F 6 HE 20194 6 H, ZHFES (2001 F Yao % ( 2015) ik, @il #
ASHE R - R 5 =R T S (K < COL R CH AS B B . 7 = RO [RI30  HEdth 2K
BO(EPWT, CTRIST) W, #ilBEHLEE =4 10mX 10 mP/NXAPEANZERIELZ . 6T CH,
WEINE, ERENTEEZNXK, HEHLZREHANFEEABNEE (0.5 mX0.5m, TH
WA KIS, BN LR 1S em. 1T L CO R (o L3P e, ERA
2SR E A /NX s 1 ANMEEASEEEE (0.5 mX0.5 m, TRERHAT KR, I Bl
JRE P 3t b B AR B, BRI SE X I CO, HERIUA 358 5 57 W AR AR 2R DRI 2 A1
lt, JEF 3x6+3x3=27 AR S, RIEFEHIRAE 6 ANRAF s BT CHa @& 1
SE s 3 ANRAE S E T 3R (R

FERLIINE, BHAE 1~2 RIS EI COr CHy SARHEATRER M. EAEAKAE
F o R AN B A (R O /K AR 7K, PRI — > 0.5 m X 0.5 m X 0.5 m (1% P I AR OB 72 R
JE Lo AZIEAEE 0.4 mm JSERBHI AL, AR R AL BDRLE A DL R B BOGSERRL, LRI
A1 B0 6 S0 AR R, 2 A A o A PR BE PRSI s SRR TSR AT VR 5 A AL U T TR/ U (12
V, 028A), FHEE[MHE —MA RS, HARERN 0.2 mm FIREREEZM A, H
TRWSERES R A RAARER L, RN DR E T (IM624, Kit4
BB A PR AR, AEE20.1°0) ICRAT IR . KT E P (H%: 7 mm,
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KEE: 5 om) SKPERRIEAANAMUE 2, ANTE % HCRFERI R RE R R T, HR
[ OGHT o BRUCRAERS, FERAEAAR — R URRGL B 09: 00~11: 00 [ASREES A
BEfh . TERSFEFINIRBERIES 0, 7, 14, 21 K128 min, fii %A =R 30 ml 5 8546
WA TREE, REESERUS I 6 h AR S E AR TSI (FID) 1S
(Agilent 7890B, Agilent Technologies, 35 [E) M HTFEM ) COrw CHy SARIKIE . 2 )5, 18
FAZR AR ZR MR RN vk, TR AR CO2w CHZC#RIE R (Yao etal., 2015; Zhan et al.,
2021), FEHLRME ISR AR NAE RS, SRR LT R AR,

BeAh, FENE SMOE R R, AR FUE IR T —BAERN AR FK. RHER R
I A . ARURAT H B K EE MR SRS H 3R (Campbell Scientific, 3E[E)
B, ] HOBO i it %1 (H21-USB, Onset, £ it3% 0~10 cm Kb+ 3EIE T
(To) MEBARBEKE (vwo)o SRJE MR A 2R AR B & K & 5 e o 48 70 K SLBR E
(WFPS):

WFPS = — % % 100%
"~ 1-BD/2.65 ’

Hrh, BD ATIEAE (gem?).
2.3 BRGTHRHT
WHFLfE A SPSS 19.0 (SPSS China, Jb5t, H1ED ¥R HATS /04T, IFHH Origing.0

(OriginLab Ltd., 7N, H[E) AT EEL: 6. RH B ZE T 25 (ANOVA) F1 LSD
(least significant difference) 5 Ji7 2 B LU B0 SR %of bU 55 3ok T B0 i) 1) S 8 1k 22 S s P FHZR
P RIARZE PEAE DG ENR 0T 5 R 90 7 RSN A0 LA 0P . CH, BRI R, B
MK P<0.05. Mehh, A Qo (-3EIPHRIR EEEURME) SRR 13 COL HECH T2 1k
FIRURFEE (Oertel etal., 2016; Berglund et al., 2010), Hit3 7595 M:

R, =a-ePTs

Q1o ="
Hrh, ROVEEFIGES (mgCm2h); ToNLIREE (°C); a Ml b NREEM K &S
3 G RA T
3.1 AT
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K 12018-2019 WIS, 4FUl (Tair) AEEAK (P), PARASEIRITE ISR (WT, R
o CT, W, ST, MM £ (0~10 cm) HEHE (T 5HIEFKLLIEE
(WFPS) HIZH2ALBhZs
Fig.1 Seasonal variations of air temperature (Tair) and precipitation (P), and the variations of 0-10
cm soil temperature (Ts) and soil water content expressed as water-filled pore space (WFPS) for
different turfgrass sites(WT, warm-season turfgrass; CT, cool-season turfgrass; ST, shade-
enduring turfgrass) during the year of 2018-2019

K1 JEoR 1 2018-2019 “ERLMIIE], R H FE/KE DL =M il H 3% IRE (T A
TIEFKILIRE (WFPS) =8 Bha . S HLSRAYE] Ty I 5 RAH LR =51
A, BIMEARKTRERE, FHERFRC. EMNHA, F PSRN 139 °C; BEEE.
AR N T AEFIME 8 17.1. 17.3 A1 16.5°C. 4ERE/KEN 763 mm, &)
84%HIPE K R AEAEA KR, R WAFEZFRES . FN, =K% WFPS BkEkE
IKETARA, e i) EER R AR KR R N E 2 . BRZE . A=A T g WFPS
T EIME NN 45.4% 45.5%F0 39.8%. Xf b =iy S SR, R 2= A4 2= B i )
TR AT RE R X TN, T A RO, > TR
TRAT AR o3 K, IR FE R WFPS 5 H b i IS B 14 R ARG
3.2 13 co, HEi
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Fig. 2 Seasonal variations of soil respiration rate for warm-season turfgrass (WT, a), cool-season
turfgrass (CT, b) and shade-enduring turfgrass (ST, c)

+I3ECO, MK (mg Cm?h!) +HIRCO,HFK (mgCm2h!) +£IECOHEK (mgCm?hh)

Bl 2 JeoR T =M B 3% Oy R ZE T AR ENES . AT L, =il T B
B COp HU R — ST AR, BRI K Z IR, A KRR
BEZR. V2R B HRUAR T bl it o 1 338 COL HEBGY M IAE 2018 4F 7 A, (HHFSRE =482
FfEEZ S, MIBEZERME S (734 mg C m? hD), HIKCHMK TIHIH (577 mg C m2 k') F
AZER (557 mg Cm2hD), BEZE, AFHHUAAR R Ml 3% COL RN S AR 25 H BLE

KZE, 3R 159, 192, 273 mgCm2hls



T2MEFERH (WT). A (CT) MR T (ST AEKZE, EEKFULEFE %
FEIR (CO2) HEBRTH S (CHy) Wi RBE &
Table 2 The calculated cumulative emissions of soil respiration (CO,) and CH4 uptake for warm-
season turfgrass (WT), cool-season turfgrass (CT) and shade-enduring turfgrass (ST) over the
vegetation-growing season, nongrowing season and annual scale.

FOfh HIEFI (1C haD CH4 & (kg C ha'!)

KM EK=E JFAEKE  LF K KT AF

WT  12.4+0.89a  2.81+£0.12a 15.2+1.0la 1.80+0.08b  1.91+0.09a 3.71+0.14a
CT  103+0.67a  1.83£0.03b 12.1+0.70b 236+0.08a  1.91+0.20a 4.27+0.25a
ST 11.940.48a  1.37+0.09c  13.3+0.55ab 251+0.11a  1.62+0.11a  4.13+0.19a

e PR B B AR R 22, R — BRI P BERIRAE. P<0.05 JK-P AR 1k 7
5o

Note: Data shown represent means + standard errors. Different letters within the same column
indicate significant differences between turfgrass types at P < 0.05 level.

TEREN AP, =P 7 5 ) L4 COL FHECEE RN 12.1~15.2 £ C ha! yrls
Horp, JEAEKFRHCSEN 1.4~2.8tChalyr!, 25 &FEHER 10%~18% (£ 2), f£
KT, =R TR HE N L CO, FEWHUS RERE R (AERAEKSE, BERM
3% CO, EWHEIE 38 & TAFRMAM T (P < 0.05), EBNFFEREL, BE
T AR T4 ZE B AR T A B B K L COp FEHRSCR, I AR R RIAR T
PALPRTE 538
3.3 13 CH,RYuEE
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Fig. 3 Seasonal variations of soil CH4 uptake fluxes for warm-season turfgrass (WT, a), cool-

40

LHECH, Wk (ug Cm?2hh)

season turfgrass (CT, b) and shade-enduring turfgrass (ST, c)

TEREA MY, =PRIl B Y CH, B SR IO, BI3T Foh R3R K K
CHa IWRIC . Al 3 R, BEZE. AR T Mk 1Y) CHa W0 & ¥ Bl 433
4.78~107. 9.75~126 1 10.2~85.4 ug C m2 h''e =Pl i S ) CH, iR e B 2 HH BRAE AR
KZ AN 9 H (HF/KE 26 mm, WEPS: 32~65%), 1 CHa W UACHE & 1 ¢ M1
EIB BB KR, HHRE SN 8 A (HMI/KE 182 mm; WFPS: 37~69%).

TEAFEIIIAN, = FhIRH F ) CHy FFRIEAE 3.71~4.27 kg C ha! yr! Z[H] (58 2).,
Hrh, BEZE. BRI Sk fEIEAK R0 CH RIS & 73700 1.91. 1.91 Hl 1.62 kg

Cha', HERBUEER 39%-51%. XFHL = Al B bR, BRZR R R A K2 CHy ZE Y
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RS B T FHAR Mg (ErEARE KRS, S FERAAR CHy TR
Wi TR % 7 5. RN EFERE L, BRFFEMAAR TR T g AR CH,
TR, TV FEE IR T g 2 18] o 25 2 7.

3.4 13 CO . CHRBUEE SFAEEHE T2 [H KRR R

3 TR IR PIR. (CO2) HEBURI M e (CHa) WRSGE B AN 856 R 1 22 T R A OG 5% 2R
Table 3 Correlation between soil respiration (CO,) and CH4 uptake fluxes and environment factors

in urban turfgrass

WT 0.80%* 0.83%% 0.22 0.77%%
N CT 0.76%* 0.81%* 0.22 0.50%*

T
e AT 0.81%* 0.86+* 0.33%* 0.48%*
All 0.78%* 0.82%* 0.25%* 0.58%*
WT 021 0.16 0.07 ~0.39%
CT 20,04 20.09 0.16 L0.40%*

i

CH. oy -0.06 20,02 L0254 L0.36%*
All 20.10 20.09 0.12 L0.39%

VE: RPEEBIERRAHCRE v *KR P<0.01; Tar : s To: TIEEE; P [FK
B WT: BEFRRIH; CT: AZEHHL ST: ATk All: Frf S Bdisis .

Note: The data in the table represent the correlation coefficients r ;** represent P<<0.01; T,ir : air
temperature; Ts : soil temperature; P : precipitation; WT: warm-season turfgrass; CT: cool-
season turfgrass; ST: shade-enduring turfgrass; All: the aggregated data of the three types of
turfgrass

PRI ARG [ BT R B, =Rl S (1 1238 CO HFHY S Tairs Tow WPFS 2
BFIEMRKLR (P<0.01). BbAF, TR 138 CO HBGL 5 MM 2 B3 EAHK (P <
0.01) (£ 3). HE—BEHIEHT RN 13 COHEB S LR BT LG, A%
B, a3 B O] DR RS 3% COL HETBU AL 70%~86%,  FH HH LK AT H = Ffudpl 7 e b fr) -+ 338 P
e Quof (& 4). =il i Gty L 3OPIR Quo FIME A 2.32. Horbr, WiFh Cs i (RI¥S
ZERH AR ) IR Qo (2.87~2.99) EHHEET Co L (1.91, HIFEZHH
O IR R, IR NN B S ST S 3 COn HEUT AR R R (P <
0.0 L, ABFFERE—B 4347 1 -39 AN FE S 49 T i L35 CO, HEUKI B R0 Y
50K, T, M WEPS WP A2 40 v] DLAREIE S . ¥ 2= MIAR T M b 358 CO, IR AL

B 77% 84%F1 87% (K 4).

R 4 AN FEBIG T E IR (CO) HE (R HH3RE (T ARSI &
HIR B RUR MRS (Quo)
Table 4 Nonlinear fitting model between soil respiration rate (Rs) and soil temperature (Ts) in
different types of urban turfgrass, and temperature sensitivity index (Q1o)

12



L e St ey T R? P Quo
WT R=66.4004¢0645Ts 0.70 <0.01 1.91
CT R=20.5018¢1056Ts 0.81 <0.01 2.87
ST R(=23.7866¢10%Ts 0.86 <0.01 2.99
All R(=39.1862e00343Ts 0.75 <0.01 2.32
TE: WT, BEFEH; CT, WEHM; ST, M THB: Al Frf siidi s s

Note: WT, warm-season turfgrass; CT, cool-season turfgrass; ST, shade-enduring turfgrass; All, the
aggregated data of the three types of turfgrass

B (a) (b)
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o 6007 R==0.77 . L 6001 2084
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i >~ = e \v/ =
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~ 1501 N 5 7507
= Ry=200.40-7.48T5-8.13WFPSH.82T440.1 | WEPS* 2 I R=1.25.4 40T 1 32WEPS+0.56T, 240,01 WEPS?
. 6007 R2=0.87 & coobr2-0.77 *e
e L 600 R2=0.77 ~
7 P<0.01 L L =
9 e G 5 ;0[] 0.01 17-"*
' 4 - o0 43 2.
B el SR 7
300 ) % .
20 e, # 0l eFocpe I
Z oS 2| e,
4150 L Rt 1 g . e
el REL 3
e T o150 38
g ° oo g | L A X
2 o 2 Z o aqt P
= o S -~ — 3

4 BEZEHM (WT, a). AZEFML (CT, b). AT (ST, o BLAJITA I T 5 115
IEIE (CO2) HE (All, &) 513 (0~10 cm) ¥R (T FL3FEFRKILBEE (WFPS) [h]
DEPIVE|F2 U Rey Lt
Fig.4 The multivariate non-linear fitting model between the CO; emission fluxes from warm-
season turfgrass (WT, a), cool-season turfgrass (CT, b), shade-enduring turfgrass (ST, c), and all
the urban turfgrass data (d), and the 0-10 cm soil temperature (Ts) and soil water-filled pore space
(WEPS)

IR, FRATHEAHT T IRTATE L CHy WGBS Tarw Tow WFPS LK P Z A ROC R,
RN, =M R % CH, uE 3 5 RIRRE B R E SURCER (P < 0.0,
- 3IR RO, CHy UGB B> (R 4). RN, 138 WFPS 48k a] LR
PSR TT B CHS WRSGB R 12%~15% (B 5). Ak, RN PR CHy IRIGE L 5
Bk 2 R FEFARG (P<0.01).
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Ty Fey,=62.87-0.49WFPS (a) Ty Fcp,=74.06-0.60WEPS (b)
120} 5 AL 120} p2 S
£ R?=0.12 b £ R?=0.15
o P<0.01 o P<0.01
Z g0 ° 2 g0 <% °
S o S o ¢ °
= o tH ° = ® 0‘..
= & Q = bad @
= 40 ° = 401 @ ° °
E '.. [} p E C N ) .‘.1
2 °
Gt 0 ° o L] = 0 & o
T 20 40 60 80 T 20 40 60 80
T Fey,=77.41-0.72WFPS (0)| = Fep,=71.11-0.59WFPS (d)
N 120f o2 N 120) o2 L
e 120 R?=0.12 g YT R>=0.15 °
o P<0.01 O P<0.01
=) ° o0
= 80 % 2
[ ]
= I 4 a o =
=3 ) o o =
= 40 =
r_:‘r e .: ?_-jr
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B [ LY P
T 10 o
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Bl 5 BEZEHL (WT, a). WZEEH (CT, b). WM (ST, o LURFTH I HH H At
(CHy) MWUYUEE (All, d) 5+ (0~10 cm) FE/KFLERE (WFPS) [R] IR 10l A& B
Fig.5 linear fitting model between the CH4 uptake fluxes from warm-season turfgrass (WT, a),
cool-season turfgrass (CT, b), shade-enduring turfgrass (ST, c), and all the urban turfgrass data (d),
and the 0-10 cm soil water-filled pore space (WFPS)

4 iR
4.1 ST E M 138 CO, HFBRFE R MR R

ST IRAT R, AHE ORI E IR (COY MAFHEBEETERIZE 12.1~152 ¢ C
hal yr! 2Z 8] (2 2). AHHFER, ALt X3l At i) 3% COL FHFSE Ty 4.48~6.23 t C
ha-1 yr' (Li et al., 2022), BRARTAG FIR AT F M AWM S5 K . [FFE,  Jian and Steele
(2024) A Kinnemann % (2023) HYBTFCEE R BRI, ST MM AC TR IIE % BA &
-3 COr HERUREE . XA A i T3 AR AR AR B AR B o, H 39U R AR G
M 9558 3% COL HEMGGRAE . Wang 25 (2023) 7F 3% [F R 26 9 — U 72 o, 38 b Ao A
8 1 Be 8 035 PR RR AL, (R T S IR A XM B3 PR RCR . [FIFE, Li 45 (2022)
WFACRIE, A RU T AR R IR 4008 10.9~12.5 °C, 5 31K T 30 17 5 1 14 -+ 353 1
(16.5~17.3 °C). BbAk, IRTT MM T MM B2 SE 2 (e L, AR de , #ex
VEE TR P4 T St bt L SR I O S AR E R AL BRI 1.23~1.45 i, 1X F B T MRS i L
REKE, MWMSCERAMGEY AR, St 3% Co. Hi (Yilmaz and Bilgili,
2023). ZMRER] DA IRATRIBE T 45 Rt — B eiE, B 3% CO RIS WFPS £ 23 IEAR K
KR (E3).
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ASHIFFE T S ) 3 COn AEHFBCREANBUR T A X (Il i pk i, 0 Bk T
H AR 45 COL FEHFIE: 7.80 t C ha! yr!, DAR [ it AR A5 BB L3 COL F A
PIME 831 t C hal yr! CGFHIE, 2021, HAMFLE AR, Park % (2014). Wang
(2022) A Jian and Steele (2024) tHARIH, i FHIARE T HARAE S R G0l H AR B H
T3 COy HFl. HEERPIRAE Y ISR R B RS, Hom B S T U MR AR R
AOAREHE S B i L R FEAE AR R B T AR S R G AR BRI Y
(Wang etal., 2022). 37 HH U AH X5 5 1338 COL HEU B R TR L R AN i . —
77 TR T Bt A2 25 3R 40 52 BT A RS, CAnl iy i S 380S0 ) s, HG i 7 DX 3 i J
By, XM T HsErh RUEYETE, AT L3R (Zhan et al., 2023). IZAERERIFERL
AT ARG R — BV, B3 CO HE SIE 2 2% EAHK KR (R 3). H—J7H,
HET BRES RS, Wi Ei sz 2% M N TE R, G, Mags. oA
KUY, P E B BTG 2 g D 6 A VR I R (2 3k - S p il 3 RS PR ) - SRR AL 4%
2% (Songetal., 2015),

T E — B A A2 3 ] LI IP IR OCHE R R (Carey etal., 2016), Hn] DUEHR 7 145
AR AR BEIE SOBLE AR DL SRS Bed A, I ELRE e IR 2 (Karhu et
al., 2014; Sierra et al., 2015). AN 70 A3, T FLHL A 38 COL HEK QuofE N 1.91~2.99, P15
i H2.32 (£ 4). % FHME 5 Raich and Schlesinger (1992) B 7T #3E -4 BRYE Bl Py ol a2
BRGNP QiofE 2.4 MHITML: HBITALT Chen 55 (2013) FEILHTBLARIL 57 23 el 453
AR T ot 3B PIR. Quo fBL 2.3 2RI, ABFFTH Quo “FIME AN & T AL R N AR F) £ S8
W Qioff (1.28-1.89) GENIEIZE, 2009). X AHER HI T AT ARHAHAL T30 7 5 BAT AR
IR . KEMTTTR, IR Quo /K& BN e, ERIRAIK%MET, £
B RUEY LRI SNEAE 2, BT E Quo EFEMT OB, 2021; M, 20105
Jassal et al., 2008; Almagro et al., 2009).

Xf EEAHIE ST B =R T FE A, DL Ca B MO AR IR Z B AR T G BERP 3 T
B (RPAZEREHAIM ), BAR G T Co FHlE (R 2. —HH, X£&H
T HI Co B I T B S A R = T Gy AP IR TR (R 1D, Bk
BAESRRAFPOER . 5 —J70, IEFR P2 80%K H T 354 HLuK 1) 75 i
(Schimel et al., 1994), 1M Ci WY LB P AP E (105 ¢ C kg mT Cs Hih
(8.38~9.66 g C kg Do XHNN 1 HIBIFIR AR, E15 Ca MM T IERA YD RES B Puidi Hh 53

FEABUR, M58 T CAEMIR RPN GRE . SR, HY Coy BERP 2L R R 2= S A 5 T T
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Hu RV R b CEE Ca RERPALRD BT BRI 3RO Quo, X FRWKAE Ca B Hb 30T XHE
JEARAL I BUBRME TGS T Ca iy, 12 FU 45 RO TRA TR AL SRR RS 57 R & E LRI AR
Il R A T BB AR
4.2 WTTEH CH, IR IBCE B BB RHE R R M H R

FEREASDLMIBAI], 458 117 FEM CH, WRSOE & (18 (LR AE 2 252 L3 oK B, B
WFPS 2 W E AR R, Jearih 78 idiE 72l s & (van Delden et al., 2018).
KA R AR B @ I R ST e B, kD R O B B SR SR 4 T b 1
CHs "Wl & . van Delden 5% (2018) WFi4Rki&, 713 WFPS 4108 20%~25%Hf, CHaM
Wom Bk B R E. 2 WFPS i3] 75% & LA, W CHaoE &A%, HEERM
NKA CHs FIHEBGE (Kiinnemann et al., 2023). & 7 H3K & LA, HAh w7t ik
T8 T 4 CH, WRHSGE 5 A L3 IR B2 () IEAH DGR &R (Wang etal., 2014), {HARH 78 3F AR
MBX—ARRE R . AHRFA AR, et X MR TWREZ, fRERENE S
[ ELAT 0 O P T R A L R R, K o S R S S 55 R CHL WRIBGR S,
HA ALK & S b E B 7 R, Fiin, 76 2018 4F 8 Ay, R4
HPEReEIL 27.5 °C, EHBTiZH BKERIE 182 mm, P WEPS #id 60%, [
£ 8 AR T BARM CHaRIGE B MI7E 2018 4E 9 H, HFHRBIIARER (21.1°0),
H i TiZ A 26 mm FK, (H5HT1 WEPS KT 50%, 7EIX Mg s K &
RN AT, AR e S S s, A CHa WGREERCR . TEIRAE KM
11~12 ARFEHILT — AU RA CH, Wi, X2 gy T BOh B 7 — R R THE,
F£ H UL Bt 3% WEPS ~FIMEZIN 30%, RIZA HA ) -F 39800 10 R0 B T 38 5 - 39 HH o 4
B TS Bl e

FEAFRELE, =M R BRI R IR CHy UL TS, HARR IS 8
BN 3.71~427kg Chalyr!' (£ 2). Wang % (2014) WFFUIRIE, [ HIREH 43 CH, 4
R T-34ME 9 5.22 kg C hal yr!, & TARBHF IR T R NS . KEMRCAR
B, ST AR S 055 14 CHs MIWRUKREE /) (Goldman et al., 1995; Zhang et al., 2014;
Zhang et al., 2021). X FZR B UL FJIANFERSEW: —J7H, BTWmP gL, M
RSN R0, 3T AR T AR R AR B R I L R, XA T
LR D, AR BORFRAR, TR CHa 1) L3 h 19980 (Byrne, 2007;
De Neve and Hofman, 2000; Pulido-Moncada et al., 2022); 35—, 37 it e () i i it

—BIN AR, ST O FEMEMC, i fedt 17y R R A, AF
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TS e S R U R CH.y BRI RRAIS S 00117 B ) CH IR (Groffiman et al.,
2009; artmann etal., 2011; van Delden etal., 2018). M4, il ¥ A BRI EDT
B, XA LR AL (NHy A1 NOs) & & (Dutt and Tanwar, 2020). 37 11
HRE I NH O B B2 5 b P84 CHL (58 4 M #4840 CHL IBE S, TR
/D7 13 CHa RIS (Wueetal,, 20220, [RIE, IR SRR 3 3L R 5 300 7 30017 503 ) CHa
W s B LG5 T H AR B AR S R G

X = S SRR, R R R AR T S B AAR T M R BRI 7 3 CHy 1Y
RS . IZT TS R D SRR T IR IR R B AR T YA ZR R AR T Hh R AT 8L
e I COL HFBUIM G5, X TR R A ) 138 COn FF S THAE L3 b KB
Oy, SFECEHERPREIAGRIIGIN, T BRI 2 P e S B AR CH. HIRE T, 1 F
IR CHy W . F, WRER TSR AR AR GE D, XMW T
O I HOEZE, MM 1 IEZ= s iirh CHy FEALIERZ . Law &5 (2021) BFFEEH], CsH
HiE H 9 KR CHa FWRIIE, T Ca i AEAE BN RS CHa G - {H Nichols % (2016)
FERZ R 2 M H R EHES RGP I — T AR Y], C Y3 CHy AR T Ca
Yitsg. WA, H AT TR ZE R S AN R B SR A AN T s e 8 CHL MRS
W E W, XAIHRE— B IR RGN e KN AT T
43 RE

AHE T e B A RO R, AR K ZERAITTER 1 39%~51%H) CHa sEW R
10%~18%[f) -3¢ CO FEHIRURE, 3 U HAFE - eI B RN AR AR I AR A K 2, (1A BB A7
FERUR L3 CO, HEONT CHy WGl & . PRI, XTI T St T f2 4 L 28 2 A I I % A4
WA TR R EEL . Hehh, JE AT I 7 IR AR X LRI CH, MRl &
FRIRENA , H R HARPA R 2, n 3 b TP M ML A JE LA 2 i DL AR AE Ve A D R
X} - IERRIRFD CHa W SCIE & 1 5T AN B A o AR SR It R 0t & PR S5 TR 1 5 Ml PR 25 5
Foo AR T B R T T IR AR RSO R S LB, AT SE AT T AR T
BRI 1L 72

RERTFAIREY, | Ca TR BT AN R T Cy BERNAL A8 T S AR T
H A SE BRI 139 CO HEURIEHR Y CH RSO &, (HIX AR BAFIAE Cs REFhkE 2276 ) T
TR 3% COL F1 CHa FJAHRNGC . SR, X — B F2 3 R 2 RE A ) AN S8 L5 o i e ]
17, WMEAHEIAME A (0 N0 %) HUHEE DRIk, AR AT i 75 X 33k i 2 b ) T
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BA R R RS VAR (I T 5 CHay NaO LLR S MU L iR 3
FPRHRTCRA B T B BRIRHE A AT T 52 3% 25 W A2
5 &5

ST RS SRR SR (HIRER L. A TR TR 1915 CO, HER
T CHL WG BT — A 6 P8 6 0 LB I, 45 S, = M T B2 15 O,
FOR CHL WO BB T T 2302, IR [T B M TR0 - R AL CHL T
WO B (T A R E T RS . 7RI SRR CO HEM I A R
S EHER R UK 4 B W R A OB, T - CHL W B (28 1 3 37 1
IKAT BB o TR T 52 M 1 2K 2 0 UG L0 3 40 2 e T 6 -
COp HEFCRT CHLy WSCHRAE, ELIL 5 A A R R 320, et 7 TR
e LTI O BB . X H T BT, BETREH (DA G RN ) BT
TR F b (DA Co BRI T BRI 3 CO R, BRI RS IR(T T 15
CH AR EE, T/ T SRR T b2 [T 82 5% 50 = B 17 26 B 2 140 10 S B 1
HERSR SO B 2 5 3 T 5 44 5 KT T R DL S FR O R R 9. 4k, A
45 S ) T R T BT AT T 1 A8 2 LA B G 1 . COu HEMURI B (6 1 - 1
CH WSOEEE, 1301587 ) Xk L 2 S M T 7 0 S R T B B
FEH., B AR R M R i SR 5k P A A RO R (9T 7
FMEE, LTI BT A EALRRR A T, DA AR A A 1T
BRI

Sk (References):

ALMAGRO M, L6PEZ J, QUEREJETA J 1, et al. 2009. Temperature dependence of soil CO; efflux
is strongly modulated by seasonal patterns of moisture availability in a Mediterranean
ecosystem[J]. Soil Biol. Biochem., 41(3): 594-605.

BERGLUND O, BERGLUND K, KLEMEDTSSON L. 2010. A lysimeter study on the effect of
temperature on CO» emission from cultivated peat soils[J]. Geoderma, 154(3-4): 211-218.
BREMER D J. 2006. Nitrous oxide fluxes in turfgrass: Effects of nitrogen fertilization rates and

types[J]. J. Environ. Qual., 35(5): 1678-1685.

BYRNE L B. 2007. Habitat structure: A fundamental concept and framework for urban soil

ecology[J]. Urban Ecosyst., 10(3): 255-274.

18



CAREY J C, TANG J W, TEMPLER P H, et al. 2016.Temperature response of soil respiration
largely unaltered with experimental warming[J]. Proc. Natl. Acad. Sci. U. S. A., 113(48):
13797-13802.

CHAN D, WU Q G. 2015. Attributing Observed SST Trends and Subcontinental Land Warming to
Anthropogenic Forcing during 1979-2005[J]. J. Clim., 28(8): 3152-3170.

CHEN W, JIA X, ZHA T, et al. 2013. Soil respiration in a mixed urban forest in China in relation to
soil temperature and water content[J]. Eur. J. Soil Biol., 54: 63-68.

COVEY K R, MEGONIGAL J P. 2019. Methane production and emissions in trees and forests[J].
New Phytol., 222(1): 35-51.

DA SILVA C M, DA SILVA L L, SOUZA T D, et al. 2019. Main Greenhouse Gases levels in the
largest secondary urban forest in the world[J]. Atmosphere Pollution Research, 10(2): 564-570.

DE NEVE S, HOFMAN G. 2000. Influence of soil compaction on carbon and nitrogen
mineralization of soil organic matter and crop residues[J]. Biol. Fertil. Soils, 30(5): 544-549.

DELWICHE K B, KNOX S H, MALHOTRA A, et al. 2021. FLUXNET-CH4: a global, multi-
ecosystem dataset and analysis of methane seasonality from freshwater wetlands[J]. Earth Syst.
Sci. Data, 13(7): 3607-3689.

DUTT N, TANWAR T. 2020. Nitrous oxide emissions from turfgrass lawns as a result of fertilizer
application: a meta-analysis of available literature[J]. Curr. Sci., 118(8): 1219-1226.

GOLDMAN M B, GROFFMAN P M, POUYAT RV, et al. 1995. CH4 uptake and N availability in
forest soils along an urban to rural gradient[J]. Soil Biol. Biochem., 27(3): 281-286.

GROFFMAN PM, WILLIAMS C O, POUYAT R V, et al. 2009. Nitrate Leaching and Nitrous Oxide
Flux in Urban Forests and Grasslands[J]. J. Environ. Qual., 38(5): 1848-1860.

HARTMANN A A, BUCHMANN N, NIKLAUS P A. 2011. A study of soil methane sink regulation
in two grasslands exposed to drought and N fertilization[J]. Plant Soil, 342(1): 265-275.
IPCC. 2021. Climate Change 2021: The Physical Science Basis. Contribution of Working Group I

to the Sixth Assessment Report of the [IPCC[M]. Cambridge: Cambridge University Press.

IPCC. 2023. Climate Change 2023: The Physical Science Basis. Contribution of Working Group I
to the Sixth Assessment Report of the Intergovernmental Panel on Climate Change[M].
Cambridge: Cambridge University Press.

JASSALR S, BLACK T A, NOVAK M D, et al. 2008. Effect of soil water stress on soil respiration
and its temperature sensitivity in an 18-year-old temperate Douglas-fir stand[J]. Glob. Change
Biol., 14(6): 1305-1318.

JIAN J, STEELE M K. 2024. Heterogeneity of soil CO» efflux from local parks across an urban
landscape[J]. Landsc. Ecol., 39(2): 16.

KARHU K, AUFFRET M D, DUNGAIT J A J, et al. 2014. Temperature sensitivity of soil

respiration rates enhanced by microbial community response[J]. Nature, 513(7516): 81-+.

19



KAYEJP,MCCULLEY R L, BURKE I C. 2005. Carbon fluxes, nitrogen cycling, and soil microbial
communities in adjacent urban, native and agricultural ecosystems[J]. Glob. Change Biol.,
11(4): 575-587.

KUNNEMANN T, CANNAVO P, GUERIN V, et al. 2023. Soil CO,, CH4 and N»O fluxes in open
lawns, treed lawns and urban woodlands in Angers, France[J]. Urban Ecosyst., 26(6): 1659-
1672.

LAW Q D, TRAPPE J M, BRAUN R C, et al. 2021. Greenhouse gas fluxes from turfgrass systems:
Species, growth rate, clipping management, and environmental effects[J]. J. Environ. Qual.,
50(3): 547-557.

LI X, ZHA T, LIU P, et al. 2022. Multi-year trend and interannual variability in soil respiration
measurements collected in an urban forest ecosystem in Beijing, China[J]. Agric. For.
Meteorol., 316: 108877.

LIU X P,PEI F S, WEN Y Y, et al. 2019. Global urban expansion offsets climate-driven increases
in terrestrial net primary productivity[J]. Nat. Commun., 10: 5558.

NICHOLS K L, DEL GROSSO S J, DERNER J D, et al. 2016. Nitrous oxide and methane fluxes
from cattle excrement on C3 pasture and C4-dominated shortgrass steppe[J]. Agriculture,
Ecosystems & Environment, 225: 104-115.

OERTEL C, MATSCHULLAT J, ZURBA K, et al. 2016. Greenhouse gas emissions from soils A
review[J]. Chem Erde-Geochem., 76(3): 327-352.

PARK M-S, JOO S J, PARK S-U. 2014. Carbon dioxide concentration and flux in an urban
residential area in Seoul, Korea[J]. Adv. Atmos. Sci., 31(5): 1101-1112.

PULIDO-MONCADA M, PETERSEN S O, MUNKHOLM L J. 2022. Soil compaction raises
nitrous oxide emissions in managed agroecosystems. A review[J]. Agron. Sustain. Dev., 42(3):
38.

QIAN HY, ZHU X C, HUANG S, et al. 2023. Greenhouse gas emissions and mitigation in rice
agriculture[J]. Nat. Rev. Earth Environ., 4(10): 716-732.

RAICH J W, SCHLESINGER W H. 1992. The global carbon dioxide flux in soil respiration and its
relationship to vegetation and climate[J]. Tellus B: Chemical and Physical Meteorology, 44(2):
81-99.

RYAN M G, LAW B E. 2005. Interpreting, measuring, and modeling soil respiration[J].
Biogeochemistry, 73(1): 3-27.

SANTAMOURIS M. 2015. Analyzing the heat island magnitude and characteristics in one hundred
Asian and Australian cities and regions[J]. Sci. Total Environ., 512-513: 582-598.

SCHIMEL D S, BRASWELL B H, HOLLAND E A, et al. 1994. Climatic, edaphic, and biotic
controls over storage and turnover of carbon in soils[J]. Glob. Biogeochem. Cycle, 8(3): 279-
293.

SCHNEIDER A, FRIEDL M A, POTERE D. 2009. A new map of global urban extent from MODIS
satellite data[J]. Environ. Res. Lett., 4(4): 044003.

20



SHAKOOR A, SHAKOOR S, REHMAN A, et al. 2021. Effect of animal manure, crop type, climate
zone, and soil attributes on greenhouse gas emissions from agricultural soils-A global meta-
analysis[J]. J. Clean Prod., 278: 124019.

SIERRA C A, TRUMBORE S E, DAVIDSON E A, et al. 2015. Sensitivity of decomposition rates
of soil organic matter with respect to simultaneous changes in temperature and moisture[J]. J.
Adv. Model. Earth Syst., 7(1): 335-356.

SONG Y, BURGESS P, HAN H, et al. 2015. Carbon Balance of Turfgrass Systems in Response to
Seasonal Temperature Changes Under Different Mowing Heights[J]. J. Am. Soc. Hortic. Sci.,
140(4): 317-322.

TSUNETSUGU Y, LEE J, PARK B J, et al. 2013. Physiological and psychological effects of
viewing urban forest landscapes assessed by multiple measurements[J]. Landsc. Urban Plan.,
113: 90-93.

VAN DELDEN L, ROWLINGS D W, SCHEER C, et al. 2018. Effect of urbanization on soil
methane and nitrous oxide fluxes in subtropical Australia[J]. Glob. Change Biol., 24(12): 5695-
5707.

WANG R, MATTOX C M, PHILLIPS C L, et al. 2022. Carbon Sequestration in Turfgrass—Soil
Systems [J]. Plants-Basel, 11(19): 2478.

WANG X, SCOTT C E, DALLIMER M. 2023. High summer land surface temperatures in a
temperate city are mitigated by tree canopy cover[J]. Urban CLim., 51: 101606.

WANG Y F, CHEN H, ZHU Q, et al. 2014. Soil methane uptake by grasslands and forests in
China[J]. Soil Biol. Biochem., 74: 70-81.

WU J, CHENG X, XING W, et al. 2022. Soil-atmosphere exchange of CH4 in response to nitrogen
addition in diverse upland and wetland ecosystems: A meta-analysis[J]. Soil Biol. Biochem.,
164: 108467.

YAO Z, WEL'Y, LIU C, et al. 2015. Organically fertilized tea plantation stimulates N>O emissions
and lowers NO fluxes in subtropical China[J]. Biogeosciences, 12(20): 5915-5928.

YILMAZ G, BILGILI A V. 2023. Modeling of CO, Emissions of Soils under Newly Established,
Non-Irrigated and Irrigated Urban Turfgrass Management in SE of Turkey[J]. Eurasian Soil
Sci., 56(9): 1304-1316.

ZHANY, XIEJF, YAO Z S, et al. 2021. Characteristics of annual N,O and NO fluxes from Chinese
urban turfgrasses[J]. Environ. Pollut., 290: 118017.

ZHAN Y, YAO Z S, GROFFMAN P M, et al. 2023. Urbanization can accelerate climate change by
increasing soil N>O emission while reducing CH4 uptake[J]. Glob. Change Biol., 29(12): 3489-
3502.

ZHANG G B, J1'Y, MA J, et al. 2011. Case study on effects of water management and rice straw
incorporation in rice fields on production, oxidation, and emission of methane during fallow

and following rice seasons[J]. Soil Res., 49(3): 238-246.

21



ZHANG M, WENG S, GAO H, et al. 2021. Urbanization degree rather than methanotrophic
abundance decreases soil CHs uptake[J]. Geoderma, 404: 115368.

ZHANG W, WANG K, LUQOY, et al. 2014. Methane uptake in forest soils along an urban-to-rural
gradient in Pearl River Delta, South China[J]. Scientific Reports, 4(1): 5120.

TG, BRI AR 202265 GuiH4E % 2022[M]. dbat: FES AR
#1:. Beijing Municipal Bureau of Statistics, Survey Office of the National Bureau of Statistics
in Beijing. 2022. Beijing statistical yearbook 2022(in Chinese) [M]. Beijing: China Statistics
Press.

W, EAUR, SeE A, 2015, R E R ST RN IR )], RS I,
43(06): 600-606. CHANG S Q, WANG D Q, Ma Y T, et al. 2015. Effects of rainfall event on
greenhouse gases emission from urban lawn of Shanghai city, China[J]. Earth and Environment
(in Chinese), 43(06): 600-606.

L&, FHR, Bk, 5. 2001, FEVAAE B =5 00 IE & B A1 S0 I o i LA B A ] R
A EEE, 25: 61-70. DU R, WANG G C, LU D R, et al. A study of chamber method for in-site
measurements of greenhouse gases emissions from grassland[J]. Chinese Journal of
Atmospheric Sciences (in Chinese), 25: 61-70.

VUV, BRER, VFOOAR. 2018, d i SRt LIPS L3R (1], AR, 37(05): 210-216. FAN
H W, TENG Z, XU K F. 2018. The review of soil respiration in urban green space[J]. Ecological
Science (in Chinese), 37(5): 210-216.

M, T7iE2, Bk, 55, 2009, i SRR T R AE L IRIPIRRAAE ()] AR AR, 28(08): 1572-
1578. SUN Q, FANG H L, LIANG J, et al. 2009. Soil respiration characterristics of typical
urban lawns in Shanghai[J]. Chinese Journal of Ecology (in Chinese), 28(08): 1572-1578.

AL 20104850 N TR AR L IEOPIR 3 25 5B M R 2 0 7T [D], Jbatsfol ks,
TAN J R. 2010. The dynamic of soil respiration and its dependence on soil temperature and
water content in poplar plantation in Daxing district of Beijing,China [D]. M. S. thesis (in
Chinese), Beijing Forestry University.

A, AFEIN, kETR,E. 2009. TSR AL SR N AR LRI (g2 (1], A2
BIEEAHR, 18(06): 2308-2315. TAN J R, ZHA T G, ZHANG Z Q, et al. 2009. Effects of soil
temperature and moisture on soil respiration in a poplar plantation in Daxing district, Beijing[J].
Ecology and Environmental Sciences (in Chinese), 18(06): 2308-2315.

TR, TA, EOKIH,SE. 2023, A 25 AR 25 26 FE R B - S ROk B A AR S [D]. o
Hu2E4, 45(09): 77-86. WEI H J, DING J, WANG Y Q, et al. 2023. The Response of Soil
Respiration to Trampling Stress in Bermudagrass and Zoysiagrass Turfs[J]. Chinese Journal of
Grassland (in Chinese), 45(09): 77-86.

R, TRIREE, RARE,5E. 2014, BCAT T o A i Y B o 2 = ORI - S P IR B AR [D]. ML
5IRE AR, 20(02): 275-280. XIONG L, XU Z F, WU F Z, et al. 2014. Soil respiration

of two typical urban lawns in Chengdu City during the winter oil respiration of two typical
22



urban lawns in Chengdu City during the winter dormancy period[J]. Chinese Journal of
Applied and Environmental Biology (in Chinese), 20(02): 275-280.

WO, LGNS, BONAE,EE. 2017, W I T BEREAE 1 3E CO, I8 B A () ARk e HLIR R AR —
— DL R TSR 2= R AL X O BT, Fk R, 34(01): 51-58. XU W X, ZHUO Z Q, ZHAO
C J, et al. 2017. Analysis on the temporal variation of soil CO> flux and its response to the
environmental factors in Haikou urban lawn - A case study of the south campus of Hainan
Normal University[J]. Pratcultural Science (in Chinese), 34(01): 51-58.

FEFEE. 2021, 7 [ il A= 25 28 G0 - 3 A il P22 AR AP 19 74 1R) A8 SR AR AN S R [R 3R [D]. b ¢
Mol K%, ZHENG J J. 2021. Spatial variation and controlling factors of soil respiration and
it's temperature sensitivity in terrestrial ecosystems across China [D]. M. S. thesis (in Chinese),

Beijing Forestry University.

23



