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Effects of short-term cold-air outbreak on soil respiration and its components of

subtropical urban green spaces

LI Xibo" *,ZENG Wenjing" >, LI Jinquan''> ,HUANG Xianghua' > ,ZHONG Xianfang''*, YANG Yusheng'* "
1 Key Laboratory of Humid Subtropical Eco-geographical Process ,Ministry of Education , Fujian Normal University, Fuzhou 350007 , China
2 School of Georgraphical Sciences, Fujian Normal University , Fuzhou 350007 , China

Abstract; Soil respiration (R,) from urban ecosystem plays a significant role in local and national carbon budget and
cycling. Soil respiration under weather break as an important component of annual carbon balance, may have different
mechanism responding to environment factors compared with that under normal weather condition. Therefore, quantifying
soil respiration under weather break and determining its key environment factors are crucial for both understanding the
belowground carbon balance and building carbon cycling model. However, little information about soil respiration under
weather break among different ecosystems is available. Specifically, the data about soil respiration from urban ecosystem is
scarce , although urban ecosystem had become a major settlement of human and previous studies have highlighted that urban
ecosystem exhibited a high rate of soil respiration. In this study, soil respiration and it components in response to a weather
break , cold-air outbreak, were investigated by LI-COR-8100-103 system in two typical urban green spaces, a woodland
(Araucaria heterophylla) and a turfgrass ( Zoysia matrell) , in the Minjiang Riverside Park of Fuzhou City (26°03" N, 119°
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15" E), Fujian Province, China, during the middle February in 2011. The two components of soil respiration, microbial
(R,) and root respiration (R, ), were partitioned by trench method. In both ecosystems, cold-air outbreak significantly
decreased soil temperature, and inhibited R and its components. The degree of decrease of soil temperature in woodland and
turfgrass were 7. 4°C and 5. 5°C, respectively. And soil respiration of woodland and turfgrass dropped by 79.4% and
71.2% , respectively. However, with the accompanying precipitation, these soil CO, fluxes also showed great fluctuation.

-1

In woodland, the daily mean value of R_, R, and R, were 2.54 pumol-m™s™, 0.76 pwmol-m s ' and 1.78 pmol-m™s™"

1 -1

respectively, while those from turfgrass was 1.07 wmol-m™s™", 0.83 pwmol-ms™ and 0.24 wmol-m™s™", respectively.
The variations of these fluxes were driven by soil temperature and exhibited an exponential relationship with it. The changes
of soil CO, fluxes in turfgrass were more sensitive to soil temperature, due to the relatively simple canopy structure and lower
chilling—tolerance. The temperature sensitivity, namely the Q,, value, of R_, R and R, of turfgrass was all stimulated by
cold—air outbreak, up to 4. 18, 8. 17 and 18. 17, respectively. On the other hand, these soil CO, fluxes were also
influenced by soil moisture and precipitation. In turfgrass, R_, R and R all showed a negative linear relationship with soil
moisture or precipitation ( R>=0.45, P<0.05), while there was a quadratic function relationship between R, and soil
moisture in woodland. This difference may result from the relatively high soil moisture in turfgrass due to irrigation
management before measurement. However, any factor alone could not predict these fluxes very well. Multiple regression
equation containing soil temperature, soil moisture and precipitation was, however, more predictive for these fluxes than any
single-factor equation, suggesting that these soil CO, fluxes were simultaneously affected these combined factors during this
period. Our this work was a preparatory study of winter soil repartition research on urban ecosystem. For a better
understanding of belowground carbon cycling and a comprehensive assessment of soil carbon budget of urban ecosystem,
further research is needed of simultaneous measurement of gross canopy CO, uptake rate, as well as the different response of

soil CO, fluxes to environment factors between weather break and normal weather should be taken into account in building

carbon cycling model of urban ecosystems.

Key Words:; cold-air outbreak ; soil respiration; microbial respiration; root respiration; urban woodland; urban turfgrass
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Fig. 2 The variations of air temperature (7, ), precipitation ( PPT), soil temperature (7, ), soil humidity ( W), soil respiration (R ),
microbial respiration (R, ) and root respiration (R,) in the first 48 hours of cold-air outbreak ( from February 10, 16:00 Hf to February 12,

16 ;00 Hf in 2011)
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Fig. 3 The variations of daily precipitation ( PPT), air temperature (7, ), air humidity (RH), soil temperature (7, ), soil humidity
(W), soil respiration (R_) , microbial respiration (R, ) and root respiration (R, ) in the first 10 d after cold-air outbreak arriving ( from

February 10 to February 12, in 2011)
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5(P>0.05) (H7E/GAENE R (15 HS) 8 R, B & T R K (P<0.05) (Bl 3e) ., 5 R, MBS FRIEA
o, RS AR R H AWM AL B AE . RAk R HEMSIES R ALK ECHR , 254635 B 1
0.71—3.79 wmol-m™s™" Z[i], M FIF R — HAERFAEBARIK T, #E 0. 04—0. 61 pmol - m™s™ Z [H] I 5y, B 11
H5 13 HAM, B BEMT F AR R (P<0.05) (B 3f) . BCAMEM AR, 2R3 A I R v R MR 28 7 8 )
T HEEPEIE A TTERR (RC) ¥R T 50% |, I 5237 #5385k 1938 A0 T B AR — 3, T R RC W
BARF Fopk, I B 23 B B AR LR (8] 3b B 3¢) .
2.4 TIERFUE R A S S AR T Z H B R

FEREIRAIIING 48 h N, BRECEE R, PP 55 R AR A5 T 3ERF IR0 H 5 300 B 3 AR BUE A EE R (P<
0.05) ,fH7E H RUEE | AXEIE A S0 K &0 0 34 5 8 B 28 BOEA IC (P<0.05) (£ 1) . MR
S - SRR B 14 4 SR TR P SRAT S IR S TR F Y B SRR ( Q) , S5 SRR A/ INE RUBE | R R B b 45 I
B QETE1.5—2.3 ZE), b Ak R Q  fl kR, 6 H RE b REFPA ISR Q, EH B BT, Hrp
R Qo fHF 2R 18,17, SRR b AT R AE /NI IR SR AE HRUEE | - 38 Tk 32 X 45 I 2 3 3% (1) i Joe AR 1)
AN TEEARBUE R R e iUk 0. 67, RIABRAAAEL TR

F1 TEER(R,) EMFRR,) URIRRFER(R,) 5SLERE(T,) WX R

Table 1 Relationship between soil temperature (7,) and soil respiration (R, ), microbial respiration( R, ) as well as root respiration(R,)

P fi) RURE S Hn IR [ R e RE iR FEARL
Time scale Green land type  Soil respiration type Regression model Qo R? P n
JINBS RO EBE Lawn R, R, =0.838xe" 0T 1.51 0.26 <0.01 25
Hour scale R, R, =0.455xe0-006xTs 1.93 0.56 <0.01 25
K Woodland R, R, =1.451xe"0xTs 1.99 0.25 <0.01 25
R, R, =0. 654 xe0-098xTs 1.61 0.33 <0.01 25
R, R, =0.800xe" %27 2.27 0.21 <0.05 25
HRBEE HEE Lawn R, R, =0.132xe" 43T+ 4.18 0.61 <0.01 10
Day scale R, R, =0.050xe0-210%Ts 8.17 0.67 <0.01 10
R, R, =0.004xe- 20T 18.17 0.38 <0.05 10

2% G K 5 R N A A AT LA AT R B, e HORE b R R 5+ EOKE 2N
RAEMAMIFEIEFR (P<0.05) AR R 7EH R E S5 EKEHEIH KRR R (P<0.05), AN, 7EH R
JE I HEE R A R A5 K B B AR AR IE R (P<0.05)

ZRR TR, R | 885K S B K A R 22 R BRI T e /N R RS
L R AN(P>0.05) % T H A HIRPEIE 2R v 3@ 53 P<0. 05 A B PRI (£ 3) , JF HELA R & T
A EAAY (R 1,38 2,3 3) , Ul AR U R U DR it 7 rh R 5 7 MRS A SN A AR ] ) 57 - RS
+ 3 kB S oK SRl

®2 TEFRR,) BEWFER(R,) URBRRFR(R,) 5LESKE(W) MEKE(PPT)HIXER

Table 2 Soil respiration (R, ), microbial respiration( R, ) and root respiration( R ) in relation to soil moisture( W) and precipitation ( PPT)

I Ji) RUBE LA BT A Ial = 5 i e R R FEAEL
Time scale Green land type Soil respiration type Regression model R? P n
H R L Lawn R, R, =2.652-0.046xW 0.46 <0.05 10
Day scale R, R, =1.174-0.052xPPT 0.45 <0.05 10
R, R, =1.274-0.078xPPT 0.56 <0.05 10
FRHK Woodland R, R, =0.802-0.072xW-0. 003 xW? 0.69 <0.05 10
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®3 HEER(R) BEMER(R,) URRAFER(R,) 5HERKE(T,) HBEEKE(W) FBEKE(PPT) M5 TESEEER
Table 3 Stepwise regression of soil respiration (R, ), microbial respiration( R, ) and root respiration( R, ) against soil temperature (7.), soil

moisture (W) and precipitation ( PPT)

e ] )RUBE LRI Rt AR el mEpy RERE MR REARE
Time scale Green land type Soil respiration type Regression model R’ P n
NI R EHE Lawn InR, InR,=0.305+0.041xT,-0.015xW-0. 024xPPT 0.31 <0.05 25
Hour scale InR, InR, =—-1.038+0. 064xT,-0. 008 xW—0. 14xPPT 0.69 <0.01 25
Ji#k Woodland InR, InR, =0.952+0.079xT,-0. 046 xW+0. 136 xPPT 0.34 <0.05 25
InR, InR, =—0.131+0.051x7T,—-0. 021 xW-0. 049xPPT 0.39 <0.05 25
InR, InR, =0.458+0. 095xT, 0. 055xW-0. 25xPPT 0.30 <0.05 25
AR BEE Lawn InR, InR,=3.722-0.168xT,-0. 041 xW-0. 085xPPT 0.71 <0.05 10
Day scale InR, InR, =2.831-0. 114xT,-0.075xW-0. 076 xPPT 0.84 <0.01 10
InR, InR, =3.137-0. 194xT, 0. 022xW-0. 093 xPPT 0.62 <0.05 10
K Woodland InR, InR, =-0.839-0. 107xT, 0. 019xW-0. 004xPPT 0.67 <0.05 10
InR, InR, =—-1.434+0. 098xT,—-0. 006 xW-0. 063 xPPT 0.77 <0.05 10
InR, InR, =-12.087+0. 558xT,-0. 068 xW-0. 087 xPPT 0.58 <0.05 10

3 itig
3.1 A ZEN IR IR DI ) L SRR I K 20 43 R

TEAZE | R TAE ) A B 3 AR TR i 32 BIAR BRG], — oA Ay i - S I W8 5 32 2 pl Tl A= Wy WP Wi Ay
B SRITAEAIE G B A A P bR P 1 H OSP34 380% k2. 54 umol - m 7', H AR R IFI K
SR 71% , 38K 55 1,78 pmol -m ™™ | B FAH RIS F A TR RIRMRAG & Z= 00 25 51 | b 30y 2=
PRI AR 2 ZEA R T IR 8 (R 4) o IR0 25 S 32 2 pR T el St b 6 ORI 40 PR 7K 43 2 AR 30 DA
= WA CCRE DR AP X AW 52 S 491, ORI 30 4 28 H S4B K A /2 100 mm, o 2 Rk 3L 28T 50 mm,
M ATREX A A = Sl ae ) SRR S FE A A 10 d P BROK R S0 mm, AR 2 H 15 AR
FREE Y K 3 R AR - S I R G2 3 SR 38 1 AR AL I 7K 3 2% P A T8 ) N 3 S0 R - S e i B G2
WO (1E13) .

R4 TRESRGELEFTIERREEAINLE

Table 4 Comparison of soil respiration and its components of different ecosystem

EERS T, T R, BUEMIPICR, AP R, EEPUN
Type of ecosystems /°C /(pmol-m™h™") /(umol-m™h™') /(umol-m™>h7') Reference
TP HE RS R AR AR
Subtropical native Castanopsis Kawakamii forest 515 2.44 .44 1.00 [18]
PR S FORS A ToRK
—1 . . . 1
Subtropical Castanopsis Kawakamii plantation 513 0.93 0.60 0.33 [18]
WA AZ AN AR
5—15 0.92 0.81 0.11 18
Subtropical Chinese fir plantation [18]
AT
URAABA LI 0—S 114 1.10 0.06 [19]
Subtropical water fir plantation
A AR
ﬂz““ﬂi"mw ) 0—5 1.28 1.05 0.15 [19]
Subtropical poplar plantation
HHTZEF AR Tropical rain forest 14—16 0.89 0.51 0.16 [20]
A IR AR Tropical rubber forest 14—16 1.41 0.40 0.48 [20]
R AR Urban woodland 5—10 2.54 0.76 1.78 AT
IR FEHE Urban turfgrass 5—10 1.07 0.83 0.24 EN T

A7 ORR AR B3 55 AR AR I 4 L BF 9 2 W, R b 1) - A8 0 Wi % LG i 4 ) ZR AR P L Raich 0
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Tufekcioglu X 4 BRAS [F)HL B FF 74 (1) e F IR BCHE 0 A5 U5 40t 2% B0, o J5E Lb 2Rk B O 3 A9+ R P IR 0K, I
R AT RS F T B 2R HEARAMCK 5 LB D B = B 2 s T e RO A B 5 A R B R R
BT A9 AT E I T AR R A b A A S RS (AR R, 5 R MO EL, R SRR
S H HE B 2B 3R 1. 07 ol - m - 57t LA T IR B S R B Z Y A SR A4 (1. 90
pmol -m s ) 24 IR 2R P 7 AT AR L v A7 S AR 4 T 1 2 1 L - S IO R Sk R Al A A o
o SRR L, FEREAR R IFIREOR H EN 0. 24 pumol -m ™™ AU F AR R IFIGE R 1Y) 13% , 1] & 1%
AN A3 . X TR B R R Y 2 2 B R W ZE R R 3 B AR 26—36°C RS LR B LT
PR A KA KRBT ZE 4 (AR TRA 2 1 AR 206 1 IR R
3.2 IR PR R K 3 AR A X A SRR K L2 A B

TELE RN 3 25 AR T2 AN S R i - ST B L2 A A SR PRI 2820 RIS R B, e R iR AR P
ST R T o SR A K L2 1) SRR R R (RS [ e s 2 AR R R PG A 43 S I AN ), —
T, 76 HOREE b A 3 B (9 48 BB 80 D155 BB A HEE g Kz FL4H 4% ( P<0. 05 ) T To 3004 F bR ) 45 I 1% 33k
FK(P>0.05) , 7 WU EE X B A SEIP I A S0 B R TR RRAR Y, X R TR LR i, 5
T R B RN LSS RN A 24 A R AR A A5 R GE M LL, - IR G o S 75 5 A7 B A LR B AR A A s 25
T35 T, J TR I el B o T B R K LA A Qo 1E, ST 2008 AR AR I ZE SRAR L (Q ) =
1.91) , MR BR3P Q5 (4. 18) THiEr T 1.2 %, &7 Q, [T MBS A AR BEH LA R A
ARG P A L7 HARA R Rt T W A7 7 TR 3 R, Qo T B I A4 T v 1T R AT, BTG
T - SEIT IR Qo (5 v, Xof T3 A A i i oy B NARCIRR ) 5 A AR 9 i I 2 R R A A ) A L
X AFR T P PR e 7 1 1 B i P R PEAR R IR Qo (R R I SRR, AR RS H R 13, 0°C 24 FE L
FAGHEFREE] 5. 5°C , 174 M- 2526 AR TR AR T 10°C A T RESE APRBROIRZAS ) (R A B8 4R & A= AR nT fil fifi L
PE AR AR TR, MR A RIS b IR ) 1 A 42 %) 2 BEAR S 26

— BN R K A3 X6F A SR K L2 o ) R M B T K o i AR AR R Y K R S By
IR AR - ST % LA 4330 e Bt 7K 435 ek A 8 i 18 1 24 4 1 B S K A A R, K A3
W) 25 A PR A 23 AR B A SR sl A 3 5 K A TR T (S K R R ) 2 R R
PEFA OGO R TAE AR rh AR B — R BOC R (KR 2) , B RIAR AT BRI oy T = 7E K Al 145 K
2L R, TEREN AR AT, FE R T N TRKRSE, B S KETE 30% A4, M7 A AR AUk 15%
47 (B 3b) . Ruehr SF7ELRRARAR AR BT i & B, 7652 28 0 B /K AT DA - S 18 i 3 4% | i A6 1
Zo [ IR EN T DA - SR IR RRAIR 2 /0 509% T SR, ARSI Y, B T RS A7 R 3R 5 R K A S I, A
R 43 - SEnp e S AU [ i 27 + IR | 1K SRR S Es ], = F A R 22 TR R [R1IEAR A X6 4%
P LA RCR B TR R (R 3) o (HU2 2 2R IR R AR /N RUBE 1% 4= S0 g K 20 43 i 40
RCFAT AN BHAR AN B BRI MR 4005 7 R0 RO 0.5, HERIAE 0.35 Zidy . 3k ] e il T7E/ NN R |
- SR A 43 %o H B A W O A A B B SR 00 (L R - ST I 5 3 R s TR A B 5 A A AR
W A BRI SE RSP A LG T e R B S AR RO A E A Y (A TR A R R R
B FR PR A T T DL R R X I g e KT SRR A A T, T B - ST
Fe 5 575 56 26 AR LA B AR5 R 7 4 [R) A s A, A 6 18 28 ek - S I g % 42 AL L F B At , DTG Ry A
HESEAE L T B PR T B (LR 22 AR
4 i

ZE b ARSCIR BRI T LSS ) 7R RRIR R R R A5, B BRI R bR i) - S0 308 3 359 08 S5 R A, A L Wl
R HE 5. 5CH 7. 4°C  FEARRERE RN A& AL, BE/K B A 55.2 mm, T80 4 B3RS K AW T 5, 14K
AL 3 PR 5 A S R RN S K B TR AR, 2) BB R AR Y - S0P Ky L A AR I T AT i
P Wik, — 38 T R A L 35 2 70% , 43 53Kk 71.2% F179. 4% . (B BEREKIN 2 BE RIS,
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R ST AR bR B v TR R e AR AR R ) 2 e B A XL ) B 5 bR - S
H B 535129 1.07 wmol-m™s™ F1 2. 54 pwmol - m ™ s™" , ot 5 bACHR 28 0 W 6T - S8 12 14 T3 ik 46 538 71 % , T
PERLRE R — HERAN R 22% 3 ) - 49T P 4 ol b YR e B o T DR A R vy PR e o - 49 P R L4 43 Y
BRI It 5 2 RARBUE A IR 5 o T FE PR A7) ) T FE PR 0K LA B A X6 a7 5 1% 56 J22 45 4, = JE NP e et
T AR A P e 7 B A AU, RERE SN BCAE MO I S AR R IE IR Q, (B R B P B R R A ik
4.18 8.17 A 18.17, 4) B TRE/KHTHIE A 585 /K Gy, 78 F€ 00 v B0 - S i sl 28 43 57K 43 IR (1458
TR ) BRI LM A DCOCR | MTE R AR AR IR RBOC R, 5) FEEE 5 Bk LI
FA R 37 R | IS K S ORI, X 3 AN BT Y £ 0 [l IE AR AR BT DL H UL A 45 IR
WAL H BIEAE (R?>0.55)

Bigt  AHIE A5 2 AR T R YT YT e 45 AL A 450 S R T (0 K S i W N Ok 2z S5 A I
VS SCIREE 45 T 48 SRS B R B0
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