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Soil respiration of Zoysia matrella turfgrass in subtropics
LI Xibo'?, YANG Yusheng'* ", ZENG Hongda'?, XIE Jinsheng'?, CHEN Guangshui'”, ZHU Ning'’

MA Shuguo'’
1 Key Laboratory of Humid Subtropical Eco-geographical Process ( Fujian Normal University) ,Ministry of Education , Fuzhou 350007 , China

’

2 School of Geographical Sciences , Fujian Normal University , Fuzhou 350007 , China

Abstract: Soil respiration, the CO, efflux from soil, is a major carbon flux between ecosystems and the atmosphere.
Identifying soil respiration rates of a variety of ecosystems is a necessary step in understanding of global carbon ( C)
cycling. However, while soil respiration of many non-urban ecosystems such as forest, grassland, desert and cropland have
received much attention, little information is available of soil respiration in urban ecosystems. Specifically, the data about
soil respiration from turfgrass cultivation is scare, despite that this ecosystem is expanding quickly along with a high rate of
urbanization and that C releases from turfgrass soil have shown the potential to alter local C cycling process and C budget.
In this study, the seasonal variation in soil respiration, measured using LI-8100 automated soil CO, flux system, was
monitored biweekly for one year ( Jan to Dec 2008 ) in a subtropical Zoysia mairella turfgrass in the Minjiang Riverside Park
of Fuzhou City (26°03’ N, 119°15" E), Fujian Province, China. The effects of clipping and irrigation on soil respiration
were also investigated. The results indicated that the seasonal variation in soil respiration characterized a pattern of mono-
peak curve and varied from 38.99 to 368.50 mg C-m™h™'. Despite the fact that soil temperature (T.), total biomass
(TB) and their interaction ( TBXT,) could explain 89% , 88% and 90% of seasonal variation in soil respiration (R, ),
respectively. The seasonal change in soil respiration was mainly controlled by the interaction of two factors, as suggested by
a multiple stepwise regression model (In(R )= 3.248+3.05x10°xTBxT., R*=0.90, P<0.01). The annual flux from
soil respiration in the turfgrass amounted to 1684 g C-m™a™' | which are higher than other ecosystems in the same climate
zone of similar amounts of precipitation. This extremely high value might be caused by human managements, such as
irrigation and fertilization in turfgrass. Clipping had no significant effect on soil respiration, soil temperature and soil
moisture in late spring. The variations of soil respiration in both clipped plots and un-clipped plots were mainly controlled

by soil temperature. In not-raining days of late autumn, soil respiration increased significantly at the first 2 days after
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* MIRVEAH Corresponding author. E-mail ; geoyys@ fjnu. edu. cn

http ://www. ecologica. cn



8 # ZERRYE A WAV A R R ST 2097

irrigation, indicating the effects of increased soil humidity on soil respiration. Multiple stepwise regression showed that soil
respiration in irrigation plots was controlled by both soil moisture ( W ,) and soil temperature after irrigation (In(R,) =
3.505+0.003xT xW,,, R*=0.93, P<0.01 ), but in non-irrigated plots, the rate was only affected by soil temperature
(In(R)= 2.715+0.103xT,, R*=0.82, P<0.01). From the results of this study, we found that the turfgrass ecosystem
exhibit a relative high value of soil respiration than other ecosystems in subtropics of China and irrigation played an
important role in soil respiration in relatievely dry months. Our study was a preparatory step of C cycling research on
turfgrass ecosystem. For a comprehensive assessment of C budget of this artificial ecosystem, further investigations on
particulate C fluxes, such as gross primary production, ecosystem respiration, heterotrophic respiration and net ecosystem

production, are needed, as well as the long-term effect of human management on these fluxes.
Key Words: soil respiration; soil temperature; biomass; clipping; irrigation; turfgrass

- SRR 2 i LB AT A (14 S BERA YT, O, Hl R (5 Bk co, BB E Y 25% L IRAAIRARTRAES R
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S AEAA (1 AR 7 A) BFESIR 518 10.8 CHI28.8 °C, ZAEFH[E/KE N 1344 mm, iR H 5
PRAR W R AR AT Z2 A7 H YA I 25 25 55 ( Zoysia matrella) | JEBR ZERYRFR R MR 28 ik, & SR T 5207 TR
2 R S T e AR SRR3R P B, 0 ply V06 7 =5 10 b 20 T %, 2002 AR, A b B 1T AR
3900 m’, EIFARENE Ny Sa, BEF A PR (L B 5T GEACRIBRE ) 2 AR I Y AR A, Hod N
P 1 K At B 53 54 85 kg/hm®, 51 kg/hm®, 134 kg/hm® | 5 R IENE ; B4R A # R ALE 5T 1—2
W, AL LS em, BB E HIE A EHE T REFHET AN T08K, BIRBEK 2 50 mm, 2 4EFE7K 10—30
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F1 AEHRETE0—20 cm) BEARBEHER
Table 1 Basic physical and chemical properties of top soil (0—20 cm) in experimental field

+JZ Eayy AL 4N 4P £ K
Soil layer Bulk density Organic matter Total N Total P Total K C/N pH
/em /(g/em’) /(g/kg) /(g/kg) /(g/kg) /(g/kg)

0—10 0.88 (0.01) 29.59 (0.98) 2.51 (0.14) 0.93 (0.00) 27.96 (0.35)  12.03 (0.27) 7.03 (0.03)
10—20 1.26 (0.02) 14.06 (0.29) 1.27 (0.04) 0.71 (0.00) 25.63 (0.08)  11.10 (0.08) 7.61 (0.03)
FE5 N I BUE AR R

1.2 Kt

2007 4 12 B 7E/AFE BB 7 35 FNAE K3 — B B RS 15 4 3 mx3 m AR, FEIRRT IR (CK) A&
BYARFE(UC) FIARGEK AL (UT) , AE B b B 55 A R /K A B O J 42 U, 76358 01 LA S, o Ak B A 7
PR B 14 5 B 350 5 FRAR R) %o B B PN R A B it e A Tl H A B IR B AT, b, 2008 ARE8 B
PN GHE AAEREAR (S A 16 H) BT 1 R ANMEITAL B 7 X BERE D5 MEATE BT I, B 7 N BB R A5 57
ANGEKAL IR A% BRI T DK B RE T S FEANHEA T3 K , S HERR AR K T, N Be sk b B 35 A2 KA TC Y s
WIvEAT , BN ERE A S U BIAH R AL B BENLIE SRR 5 A 3 mx3 m BETHLAD) .
1.3 RPN

FIIH - e i it [ S0 R 48 (L1-8100 , Lincoln ) & - 80FNE 725 ORI AHT 1 X, 7887 P Bl
HUAEE 3 4> PVC IR ( EHAZ 20 em, 5 7 om, FATHIRIGA 114 cm)  FRE AP EEY FFHEIRR . X IEEE Ty
- SR 3R 80 5 IR 2008 4 1—12 B W 2 Y ( EARIPRFTR Aj#)) 76 7:00 21900 %52 h WL
1k, Hf FEar 8] iy A EAT 24 h I (7:00 2K H 7:00) , FEAE BT -5 58 K H it S2 i 1 5 43500 X AN 18 Y
BETT R BEAKAE T Rk BB 1A [ A5 L, ELAOm H 3 LI 4 S5, 1R 2 B4 K IE Y 11-8100 #E47
)25 WA AR T A AR A 7E 2 h N BB sE e . 53 41 AR 4l 2007 AF TS50 LA K 2008 47 W25 5, FEbp 4
SN 7:00—9:00 HYNEIIE 5 4 RIEBA 03525 5 CRPIEEE ) o PRI, >R A2 ] Be iy Wil 45 1A H
PIE AT E R 5347

LI P I S 3R P [T B, 398 5 em YR A TR 38 i LI-8100 45 IR B4R EH I 2 ;0—12 em 200 R
AR S5 (TDR-300) W5, 87K Sk i A b P 9 8% 20 A< 52 0l () 28 i
1.4 AW

I 3 3R XA 7 BRI 53 A 182 5 A 3 mx3 m AR BORERE 7, B H DU 1 WK, R EURE RS, 7 A 1 i B
FERETT IBEMLATIE 3 > 0.2 mx0.2 m BFFEH BT AT REPEE 2 5673 Fr By T, IR 4E 0—40 em - HEkE
i, 3R FER A (PRI ZE ) SRS (AR ) PRl e 7E 80 CHET 72 h S AR, ARHCGH A=) | b
Ay RS
1.5 Bdagitortr

- ST AT SR FH A0S T 0 I R 3 ) S A (55 AR AR 1% ) B SR BSORR 3R S5 P SRR A, AR
PRI GITE5 RS H RS AE YR X RN Y], K, 2508 0 B 43 A% i IR R S Sk
Y, e R IEAT E ARG BUR B SR I5 X H IR A I H AR HAE R AT 2 o0 48 A A eR st
Wr.

In(R,))= a + bxT + cxTB + d xT xTB (1)

K, TN IR (C) , TB N EEYE (g-m™) ,a b o .d AFHESEL, BEAN, th TR WAy
LWR/F A RANT ¥R A BHETTR, HIEVFI 54 Y Z [0 O R, R F 45 WP I 32 1 H 244 647
0T,

B35 5P KR e, R | e K H AR A X A SR S e R ) £ oeig A [RlA 4 AT
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In(R,)= a + bXT + cxW,,+ d xT xW,, (2)

Ko, W, 3 0—12 em B (% ) ,a b .c.d HFRHESEL,

W 3 248 5 45 Rl 22 [T O 22 4317 5 1A 7 2 e 4806 344 SPSS 10, 0 58 1, 2 A& it 2R Origin 8. 0
AL
2 HRESW
2.1 FPP LI

B 1 AT LLE BP0 2 B A B B R AR AL R A AW (13 A4 BAR, Z 5 k61
TS AR YRR R FEIbES, TEZE 8 ik B[, 9 H frid J5IT iRt T 5, 4 4F s AR i
LG FEIFE 38.99—368.50 mg C-m™>h™" Z[H] AR fHlR B (B RAE I L B /MA ) 4 329. 51 mg C-m™ h™' 4RI
WA 1684 ¢ Com™a™ , WA, FEFE A IEIFIRHRTE 6—9 F 0y — B FRFAEAR X B 7K P, EER R X
B S0 K PR AR AT A R A AR 22 R S A T B, S SR R R A AR ) - SR
FER AT AR AL 5 TP R B A AR B, R RO A AE 8 A e (B 1) 5 R R A R ARk
SR AN BRI AR A A T (A KB S A BRI, &K R 2L ER B
2= Hr 4 Az 8 H kK 524 SRK G (1423.9 mm) 1 75% (1),
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E1 BEIPESRETEFR(R) TERE(T,) EWE(B) TERE(W,) MMBEKE(PPT) WETEN
Fig. 1 The seasonal variations of soil respiration (R, ), soil temperature (7, ), biomass (B), soil humidity ( W,,) and precipitation

(PPT) in turfgrass ecosystem
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EHORE Y 5RO R H (P<0.01) T b, | SMEEBRES0ss P
MRS H IR AT A B (P=0.54) (B2, 3) émm y
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TUELARRE T LRG0 80% DA | BRI E B
kT fi e VPR S 1L 889% (112) , L HERTE %”“
0

1 1 1
1800 2400 3000
i Bl(g/m?)

- T A G R (P<0.01) (81 3) , i i
T NI AR A 89% . £ T H A3 AT R B, B
SR RS R E A BEAEH (TBXT, ) %f - 30T B2 +tEMER(R)SEWE(B)MER

WA S (AR R R R 90% (£ 2) , 5N &M/ E Y& Fig. 2 Relationship between soil respiration (R,) with biomass
ol R A R AR AL (2,8 3) ,HE ()

B IZI A A EE R )32 A B H AR

400 400
y=14.256¢"101x .
R2=089 P<0.01 ® N
%.—A 300 - %Tﬁ 300 | .
< oo
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R E o0 X E 0l .
g O b L:D .
®e ®E o
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0 1 I 1 1 J 0 1 1 1 ]
10 15 20 25 30 35 20 25 30 35 40
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Fig. 3 Relationship between soil respiration (R ) with soil temperature (7') and soil humidity (W, )

®2 TEFRR)STEERE(T,)  BEVE(TB)MZTEEANESTESEAER
Table 2  Stepwise regression of soil respiration (R ) against soil temperature (7, ), total biomass (7B) and the interactive term
+-HENFI 54 R Soil respiration rate B9 772 Regression model R? P HAK n
R, In(R,)=3.248+3.05x 105 xTBxT, 0.90 <0.01 12

2.3 EBYXF IR )5
& 4 A] L ARG B X R A I I R A i E R (P>0.05) , B8 S 1—18d , ME BT AL B +
LRI g = T S0 H2E AR (P>0.05) o FEAME 5T I 1], A8 5 Ab 33 55500 JE - 1 g R R - B
WA WE 2T (P>0.05) (Bl 4), Pifh Ak 3 - 5807 g 32 1Y A8 40 24 5 A 58 B8 10 A8 b B 50 i — Sk
(B 4) o FEPFP AL 3 A HEITR R  328 A0 10 43 rh s AT B E A U 5 78, 9 B R R B — 3% +
HENE A R T B (R 3) .
£3 BRI (CK) MABEHRS (UC) HEFR (R ) 5HERE(T,) HHEE(W,) MEEERNSTESEEER

Table 3 Stepwise regression of soil respiration (R ) against soil temperature (7, ), soil humidity ( W,,) and the interactive term in control

plots (CK) and unclipped plots (UC)

AbFE Treatment [E] 3772 Regression model R? P FEAKL n
CK In(R,) = 4.060+0. 055xT 0.62 <0.05 8
ucC In(R;) = 3.597+0. 070xT, 0.57 <0.05 8
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+CK -UC
450 - 36 44
400 - 40
~ 2e0 | 32 .
E‘T'E 300 = §
=E 28 B 32
B 250t 18 B
ﬁ & B & 23
= 200 - H oy i
150 24
100 1 1 1 1 1 L L L L 1 20 1 1 1 1 1 L L L 20 1 1 1 1 1 L L 1 1 |
=5 1 4 18 36 52 66 87 97 -5 1 4 18 36 52 66 87 97 -5 1 4 18 36 52 66 87 97
BER BT By A BEE BT A BER B BT i ]

Time following clipping/d

=4

Time following clipping/d

Time following clipping/d

EBATEX BB (CK) SRER#T (UC) LEMR(R,) (T ERE(T,) T ERE(W,) HEL

Fig. 4 Variation of soil respiration (R ), soil temperature (7',) and soil humidity ( W, ) in control plots (CK) and unclipped plots ( UC)

before and after clipping

2.4 AKX T IR R
GANGEARAL B B, Xof B 5 ST I R AR DK 235 T (P<0. 01)  (HEEK IS 3 K = MG 3%

ZESE(P>0.05) (K5) o FEBGEAK S RANGG 2 T, X S0P 73 Bl AN GEK AL BE L 38% A1 41% o W HEEETS £
HEREAETEK E R KGR IA S 2 KBFIRTATGEKFETT (P<0.01) , MJm — iR IR 2257 (B 5) ek
T O HERE DT R 1 5 T R (P<0.01) , FLEIGRKIE S 4 KA TR EEST(K5) . BB,
AR AT AN GEKAL B PR Z AL [ AT R, SRR RS AR T, Ml B8 15 - eI 188 A8 5 AR ]
AN T 1A R fif R L P IR 93% HYZZTL (K 4) .

-+ CK o Ul

200 22 35
s,k
160 *F ki 20 K\ 30 ]\ *]*
~ r ek o N
% /A 0 N g ™
= ‘T'é }// \ . E £ §\ Ny / J \\i“*
=E 120f N 18 3\ w251 o/ L
o J \ g A s AN
BE A\ B X ® S
HI \\ H \ 7 H [N
80 - \ >/177-H 16 \ /V/ - 20 [ N
i % \/ )
40 1 1 1 Il Il 1 1 Il J 14 Il 1 1 Il : 1 1 Il ] 5 1 1 1 Il 1 1 1 1
-1 1 2 3 4 5 6 7 -11 2 3 4 5 6 7 -11 2 3 4 5 6 7
PERS VAR Yy B 7] PE RS VEK B B 7] RS VA By B 7]
Time following irrigation/d Time following irrigation/d Time following irrigation/d
B 5 HRABERER(CK) ERRAFER (VD) LEER(R,) TERE(T,) MLEERE(W,) WEL
Fig. 5 Variation of soil respiration (R, ), soil temperature ( 7,) and soil humidity (W,,) in control plots ( CK) and unirrigated plots

(UI) before and after irrigation

F4 FEEF(CK) MARZERAFES (VD) TEFR(R) 5EXIBRE(T,) TEEE (W, MZXEEANSTESEALR
Table 4 Stepwise regression of soil respiration (R ) against soil temperature (7, ), soil humidity ( W,,) and the interactive term in control

plots (CK) and unirrigated plots ( UI)

AbBE Treatment [ JF 7572 Regression model R? P FEAR n
CK n(R) = 3.505+0.003xT,xW,, 0.93 <0.01 7
Ul In(R.) = 2.715+0. 103xT. 0.82 <0.01 7
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Table 5 Comparison of seasonal range of soil respiration of different grasslands

LBRGE MAT/ MAP/ R, in” R, e/ R, vange” ES PN
Type of ecosystems C mm (mg'm2h") (mgem>h™") (mg-m2h") Reference
DUIN/REFSF R Stipa baicalensis grassland -1.4 >450 8.6 259.2 250.6 [18]
£HFEJE Aneurolepidium chinense grassland -0.3—1 350—450 -4.3 142.6 146.9 [18]
KAEFSERR Stipa grandis grassland -0.3—1 350—450 -25.9 138.2 164.2 [18]
i BT 25 5 Stipa krylovii grassland 1—2 250—350 -4.3 43.2 47.5 [18]
WV #5 1L FEH sub-alpine grassland 0.5 435 13.39 301.54 288. 14 [19]
15 FE R 5 B 55 fa) Kobresia humilis alpine meadow -1.9 618 13.0 194.4 181.4 [20]
BT Zoysia matrella turfgrass 19.6 1344 38.88 368. 50 329.62 EN TS

MAT; 4FF#S R Annual mean of air temperature; MAP; 4F- 535 [% K & Annual mean of precipitation; R, : T3P Z45 A8 {L Y B/ IME The
minimum of seasonal range of soil respiration; R, .. : A SR 2 ARk Y F KB The maximum of seasonal range of soil respiration; R, range © ee: 4103113

I ZE 1548 fL I The seasonal range of soil respiration

3.2 AR RN A SR R 3[R SR Bl - eI A B AR

AR 0 £ T L o S e R 2R P 3 7 00 0 R TR ik A % - SRR A5 56 DT 5 ) L SR 2 A
WA B S B DR OG22 A A AR A0 TR R 400 PR R 02 T BE R K 43 ) o - JE 0 g 7 52 i L
AR EAE, ABFTE B ERER  Z 5 AR AL 45 KR 43 (90% ) WT LA ph 3R A S AR i
SEIR R | AR A DR 2R B X SN S A 1 A R T (88% —89% ) 33T, (HAEIZ A [l A 73 M b X =
H S AR IEA T 1SR (4 [l 5 R o T T ] e SRR IR ) 24 A A T A2 - SR S A A A K
138 3l , I HA SR A AR SRR B OG , h)  SE A P I R KR T BT A B, T A S
HEIRLRE 1 2 FAR A 3 L3 F 0 (25 AR A2 S L RITRS T AR R 1 RS0 PR X E I 114 58 HL 52
AFAEAI . Raich FI Tufekcioglu 385 73 Hr 4 BRAN RIS v B 1 SE IR I RS0 42 B, ML Ricao) e A 7 0 5
SERT I 59 A OE DRI DGO R AR A IR - 5 SR I Z I A AR OGRS T2 A9 2 L T Valentini 452 Al
Janssens ANy ALRAE 7 010k 1 ENE A AR ELHERS IR OF LI SR F s s o L, 534 AT Y
AR D A0 R 10 L SR ) 5[] 45 T2, S 00— R B A I ZE BAE T i e] L, R
W O 2RSS AR N 5 5 U N S R R (HU 5 T 38 S A NS i A 52 ma AL )
bk Z TR, I, 75 i b P S A R e PR3 8 AT [ 25 (S LN, AT 824 DR 4 1
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ST 5 M BB ) SHL A DAy g A SR A LA AL P R AR
3.3 (BBYRITEAKRT A S f 5 1

ANTIFGE W A B X R A P SR AE I P (3 N H ) TE R R, 3k 5 5 R e A S AR B
Ho USRI JE S ik MR A R B BT 5 e B R A A 25 SRS [ 3k nT BE S 8 BY IS R S IH R
AKX, ERFFEIAN B 5T 3 A e R BRI Y F2 22 R R A& 5Y )5 96 2 106 6 7= i i/ 4 1 30 I AR R
IR FAARR - 25200 SR, 0 JE S R T (B BT AR SR, 00 T UE AR I A9 0 el R 2 o - 9 ol A A e 0 P
BN SRS LTS AT 2R RR B I AR A R I X P R SRR B R A 18
BRI 23 ROR R A AR R I — s R EE AN S R TR far SN C, A VT A B ) 1 B A
R & B S AT AL BB GE | 16 B X6F - S IF 1 3ok S5 7 i 0] PN TG A S i i

TERKAR IO B 491, DK R 555 2 TN HRAE Ty - RT3 LU R D /KA 7 WL i 24 40% , R 08K G 5
3 RIFIE A WG i 2 22 5, IF H Bk g0 I a) 14 177 38 258 R X <0, NBEZK T | R B BEKJE S 3 K, LR
FEREAR T 29 5°C , X 3R, 300 FE R Xy - S nF e () 42 AR FHAE 56 1 R R i 52 e, oK, 3K 43
T E S L CO, RS IR EUR R R P S R 0T I [ - R I SR T
T HRGHE F 7 R0 A R A I ) S I X K 3 B SR b T A I T b B Y I )
KR 58 S K I L3P 0 7 W S i ) L 3 3285 - HEk AN A 4 R A O, Sk
TR TR B IE N TR AR IS 1,5 mm /K AL PSS9 W5 ] 2 R %, 11 2.5 mm AR FHY
IR ek AR I 0 TR AN ko A e 3 L A I 3 X - S IO IR 5k >R A LA R 1 D 224 430 i)
FEoK A, A ST e i, 1 eI R et ) o KT 2 s Al T R R AR R, ek AT M
JE R R A5 DR K B 1) 22 /AR 25 Wi - ST IO e /K R e ik 7, A S5 5 o ik — A0 R BB L R AR
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4 NG
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