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Abstract; Soil respiration is an important component in carbon cycle of the terrestrial ecosystem. With global warming, the
temporal and spatial variability of soil respiration and its sensitivity to temperature has been a central interest to ecologist in
global change field. The seasonal variation of soil respiration was measured monthly by LI-6400-09 in a secondary oak forest
and a pine plantation in an experiment with randomized block design from October, 2003 to September, 2005 in Xiashu
Forest Experimental Site of Nanjing Forestry University, Jiangsu Province, Southeastern China. The results showed that:
(1) There were significant seasonal variation of soil respiration both in oak forest and pine plantation, which were lowest in
January with lowest soil temperature, and with the soil temperature increasing from January to July, soil respiration
increased correspondingly and peaked in July or August, and then decreased progressively. (2) The monthly mean of soil
respiration ranged from 0.271 to 3.22umolCO, m s~ in oak forest and ranged from 0. 336 to 3. 06molCO, m *s ™" in

pine plantation, respectively. (3) The Q,, value of soil respiration ranged from 2. 19 to 2. 27 in oak forest and ranged from

EETH : HE A AP=EL YT B H (30370256 .,30670313 ) 5 H E ZRAA: A R GRS TR e SO R 5 WAl B AR B 5% (200704005 )
7% H #5:2007-09-10; &1T B :2008-04-01
* W ifAE#H Corresponding author. E-mail ; hruan1690@ yahoo. com

http ://www. ecologica. cn



2 EERE  F RAEFARS JIEMA TR PR E R R WA T 967

2.02 to 2.15 in pine plantation, respectively. Moreover, the Q,, value in oak forest was higher than in pine plantation.
(4) The soil respiration were significantly positively correlated with soil temperature, and significantly negatively correlated
with soil microbial biomass, but no correlation with soil moisture or plant litterfall. Our results suggested that there were
significant seasonal variation of soil respiration in sub-tropical area in Southeastern China and soil temperature was the main

regulating factors.
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BEA, TR RERSARF AR o R AR b AR R 0 3 B R R AR R CO, R ER
U8, HoRE I E B B 23R R i R R Z —, HIRAFIR R — A AR R ERIWAER 2
ZRiid A, BARKRYZS B AN A AR S % o R4, PR R it 1] A S AL R B H TR 47 B
RIRAAEA S 2 RGeS o BRI, B SRR R A BRAE HoZ W B 5., B 5T 398 WP IR A Bt 25 72 3 L e R
PIHEE RN ESFHRNERZEANTZ—

B LA, FEE H E R AE S R GE CO, 8 2 LI 55 M9 2% 1 7 5, 76 -3 WP MR A 55 0 T BUAS T K E IR
TBCEE FIBIFSE R , A I B 3 ARbR - NP I A i B L TE 2 BRI AE A v 3t 457 5 1 B T B Uik, (B
e FRR AT W 225 B 2570k B AR R BRI BIF SR 4GB AR D, T A SR Fvnty st X FRAK - 390 1 B R4 3
BACHIBEST , B RTE S WLARIE . AT ST LA R 0 Uit e 2 F Yk A 7 I I BRI OB S N AR AR
BRGENPFEN R, R P AL SEN ) 725 0 78 -39 0, 5 7 T3P I ¥ 225 728 e L S L R B e
HF, ARAF % X IR L ERRAEER B ARAE LA B g RS T A% SR 235k A5 28 Ak 1 i SR BE AR 7K 3% -

1 AREBRAERRAZE
1.1 BFRXA

WFFR XA T YL IR /) 25T 5 N R S bRl K T B AR AE 58 (L AF 5836 (31°59'N, 119°14'E) , ZKIX
JRILEPIEFEXNRX, TIRIEZ 7, IR R . PR 15.3 C SRR 233 d, P HEXNRE
79.3% P HREK B 1055, 6 mm, SEF-HZ8 & & 1 309. 1. 1mm, T3EDLEAEAILEAREN £, LERE
—fRAE 50 cm DA I, IR E 1 b X AR AN B A o PSR, R b WG IR I AR B P 3%

SE5 X 73 A BAE 25 T LR A AR K KB A N AR -

(1) WAEBRAR WK 170 m 3 EEL 15°, 1 )ZJFE 30 ~ 50 om; PR #EW T g A% ( Quercus variabilis) | R
¥ ( Quercus acutissima ) FIIRFEF ( Liquidambar formosana) , 40 {25 10:10:1, SFE-324 8 55a, SF W E 17.4 m,F
iM% 32.5 om  WRAMEEBE N 453 ¥R/ hm® R BE 90% s K PR >, MEAK B4 N A S (Serissa foetida) (4
£ 1 ( Fortunearia sinensis. ) FlILIEAMI ( Lindera glauca) % , ELASFE YY) =B A F & ( Ophiopogon japonicu) 1 [y B
( Ophiopogon japonicus) %45 ( Trachelospermum jasminoides ) 1% 4k ( Allium ramosum ) %5 ; 5% M B E 1
24 2¢em,

(2) KIES AR ALTFIRAMRAREIA TR R T A28, HAT SRR AR 9K 120 m S REy 8, + 2R BE
35 ~60 cm; (LI KAEFA (Pinus taeda) , - 25a, PR 11.2 m, FRIH04E 21. 3 om, bR B RER
640 B/ hm® ,BRFH BE 70% ; 4K T #EAK R B A 4T ( Phyllostachys nidularia) , 575 /085 1+ ( Diospyros lotus ) %
T s EAEYIF D, 32 A 55 (Rubus parviflolius ) 55 s AT M Z IR B2 2. Sem, PIAKST ) 322 3538
PR R 1,

1.2 Bi5ik
1.2.1 RHBEE

AWF5E 3R F BEALIX 20 ) SL 3618 75 % (randomized block design) ™!, 735117625 7 1L B ARAR AN JHERA A T
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MNEFEDLEEE 4 XA, BN RAREFH ARSI 2m x 2m FREHL, H—METE % 9 15 BR AL 2 (litter
exclusion) , 75 —AME R X} BRALIE (control) o JRT&E W) BRAL I Ik : ZEAF L L3 — £ B2 (2m K x2m E x
1.5m &) ;42 bkt b /U8 7 P08 bR i 227 TR e 2 B8 (AR 1mm x Tmm ) , T8 B8R0 SR, DAGE I
ERED
x1 REBHRENERAIHEELFRBALMER
Table 1 Major soil properties in secondary oak forest and pine plantation (mg-g~")

i H Ttem C N Ca Mg S P Pb Zn pH
WA BRAK Secondary oak forest 27.198 4.753 2.242 2.951 0.380 0.151 0.030 0.076 3.92
KIEFAS A K Pine plantation 12.381 3.736 1.388 2.924 0.219 0.059 0.025 0.062 3.99

1.2.2 3900 0 R f 0 5

FIIFZE E Licor /A F] 4 = i) LI-6400 fE#5X0%A1E A& R EL & LI-09 3 nP I 2= ) a2 1 48P I 2R
ERAEM P AR 1 N T s 0 ) R 2 B ( B4R 10 em, & 4 cm) 2 Fbksr4 X2 A
AR —EpcE 16 N IEfEEE ., 88 AR (20 ~30 HHEHE) BERSCRA L B H B, 76 9:00 ~
11:00 H[E] P17 - 0PI 2 , 3 HAE A~ 38 Fe e B L I e B s 3 UOWINEHE o R T I8/ INEe il 3 R S
P %of - S I R R S ) L B R 1 DK PR S B 3R 2 em, LA AN A B E [E 2 1 3R bk
17, 3 BAE BRI AT — K, R o - S PR 2 B 9 i b R AE B B HIBRRZ MR BT, REN BN 188, DA
D B B AR R IR XTI B AE R . A 2003 4F 10 A JFHR, F 2005 459 A LR,
1.2.3 +EHAEYAEYERIE

FHBURE L 10em (Wi i B AR 2em () 5550 BIE SRR HL N FEALEGEX O ~ 10em B ¥ 1 3% 24 200, 4351
N BHEHEPIHMITFARC, B H 2 Fibksr 2 SAEACTE 4 ANEE AL 16 > RIS . B H IRER 15
il L By (R SO 2 AT AT BAAL T, PRBR P A R R NS R E SR AR B R E
ey RS . I 2003 4E 10 H IFER, F 2005 49 ALER.
1.2.4 JHEDRARERNE

W e 8 W 58 ISR 21 i R 95 B 4 B T B R RN E LR B S T RRE, B AIRIRE 1 Ik,
2003 4E 11 A T4, 5 2005 4£ 9 A4,
1.2.5 +HEEEM 35K R E

BN E b A 1 458 IR B R A Li-6400 [ A IR BEEREH TN , [R]EHIU 2 5,10 em F1 15 em 3 NZ IR E TR
FEo HIEEIKFHIME T2 B L AR 10g A M P 7E 105 CHIRERG TR TEEE, HIERE
I A8 5 SR R [RI2E , RIS /KRN E 5 1A RN E R . M 2003 410 A 745, 5] 2005 4
9 A%,
1.2.6  BUEAHT

Fi A BRI FI A SAS Geit k4 (SAS institute ,2000) #4744, B WFE [Rl— - 58P L% L 80P IR (Rs ) 3
FTTEEME , B IR E A 5220 7 50T T A R A B -+ S0P 0% ) 2 i 4 - S P I 76 RS 7]
A A o R EE AR . 04T TR 5 R B AR R S R A — MR MR R A AT 13
WEIR S AR A R IEMUE YR RHLRE YR A BRI R
2 MRER
2.1 AR KAEFA N AR L IR 0 3 R ) 215 2R 7

M1 ] UAFE H A IE R IR AR 2 KB N TR, RS R &) 5 B A BRAE L, 38 %) FE AR b, +
PG R IR A B W E LR, DETFTGEREAR A M EEEEEER(FK2), ARAKVL A
1y, AP I R B A, B A 3R T, IR IR R T, AE 7.8 A ik Bl i KAE, B XA
TR AR H 2+ 5RO R AE 0. 271 ~ 3. 22umolCO, m s ™' 22 [&], 28 S B ( A SF37 3 i ok
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{6/ Be/MHE) 35 11. 88 JIEAA N TARH 35 1 0P H R AE 0. 336 ~ 3. 06umolCOy m ™ s ™' 2 [B], 45 5 HE BE 3K
9.11,

——— A% BRI Litter fall treatment ~——@p—— XFHRALFE CK

40 40
2 35
£ 3.0
@g 25
é‘?é 20
= 15
= .
g
= 1.0
Q
w2
0.5 :
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H 4 Month (2003-10 ~ 2005-09)

BT IRAEMRARS JAE A A TR SRR f 24 A8 5 (P + ARvfEIR)

Fig.1 Seasonal variation of soil respiration in secondary oak forest and pine plantation(mean + SE)

AL R A RFMIE 2 KBRS N AR, 1% 08 I5 W 25 B A R Hib 5 5% BRURE b AH L, 1 398 P % 53 2R i 2 R A1
(F2), 80, & HFEFRERNETHEERNEAERE -BHE(E ) , XU BRR R EYZ K CO B
FRETEREA LRI 5 R Z A L], (B B 3R R V& P e FE B XA ) SRR IR R Y 2 AR
PR BB . AR YY) 25 R AL AL A 2a 5P 35 £ ERE I EE 2R N 1. 316 umolCO,m s ™, T X R
BEHBH 1. 512pmolCO,- m 2+ s ™" A HA A T WK 8 95 190 25 I b A% b ) 7 4F 0 T 349 98 0 W33 3¢ Oy
1. 253 umolCO, m s ™", T Xt HR A g 1. 452 umolCO,»m s ™ HML AT I BSAL B, A AR AR b R V5 9 /2
Xof - S I A TTRR 32 12.92% , KAEWA N TAKZY 13.66% .

®2 AEAK/EINZEFERMMERATIHRTBEFRYMAEENESTESHT
Table 2 Repeated Mearsures ANOVA statistics for soil respiration in a secondary oak forest and a pine plantation

i H Item DF MS F P

WK EBRBK Secondary oak forest
Treatment 1 5.0029482 21.44 <0.0001
Month 23 4.4978548 19.28 <0.0001
Treatment X Month 23 0.1709219 0.73 0. 8059

KBS N TAK Pine plantation
Treatment 1 2.6894801 11.13 0.0011
Month 23 3.4286307 14.19 <0.0001
Treatment X Month 23 0.1150084 0.48 0.9799

B2 N R AP (S Y L BRACE S5 x) FRAL PR ) 71 H 43 (2003 4E 10 H 2005 429 H) Independent variables are treatment ( control versus
litter-exclusion) and month ( October,2003 — September,2005)

2.2 HHRE . HESKBENFNHBBMLIELE LR KR
2.2.1 HIEIRE HIESKRNENEHEEL

E 2 AL, AR AEARARIE 2 KRN TR, RS2 8 7% W) 25 B A B AR 3, 38 S X FR AR 4, £
R E R B AL, AR B ES, B ARy DR EE 1 AR, M
BT 7E 7.8 A kBB KA, TG BRI, JA7E Y LB AL A b i) + 300 B 5 %) AR s 2 B] 25 5
R/, ULEA VAR ) = BRa , X R IR B A R

ME 3 R LVE H , BRI KIEAS A TR £ S K RAERF A B RARAES, B2 HHEE
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Fig.2 Seasonal variation of soil temperature in secondary oak forest and pine plantation (mean + SE)

IKRFREHIE 25% ~35% ZIB)PEN , I ELE i AR BB X EE A B, 408 K RAEANIR] A 13 18] B 3 3h B A 8
MR X T I K AR K B BE RN R SR BE LA SRR K RE D R MRABR O HAERE K 2 J5 Tl &
K FR MG T TR TR LR N XA ETERK Z T HKF o SR, A F A 5 8K & B A BRI EE
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B3 YAEMRAR S KIERS A AR 235K R 245 3 A (P 3ME £ FRuEiR)

Fig.3 Seasonal variation of soil moisture in secondary oak forest and pine plantation(mean + SE)

2.2.2 HIEERE IEEKREHIEFRAXRKL QfE

AR AR KIEA N AR, + 3PP R 5 R R EZ RN LR EY 2 B EHRX(P <
0.01) , -4 mF i 3 2% bif + 8 TRLBE (34 I 246508 = (Bl 4) o RAEBRAR 3B 3 % 5 10em PR 3000 BE 1Y
FHRMERAT, 5 Sem RIGFRMERZ , 5 15em WRIHE MR 25 5 KIEMS A TAK L IBIFIH R 5 15em R+
LB A RAE AT , 5 10em WRIGAHRHEIR Z , 55 Sem RIGHRMER 22, X FIRAEMRAR, 500 B vl LR R
72.6% ~72.9% W) 1 3RIF IR ARAY s X F KA A TR, 35838 BE v AR RE 79. 6% ~81. 1% Ky H 3R FFIRAS 1k,
HRBFZEH , T3P IG  R 5 A K R Z M T B EM R AR (P >0.05)

IR QuIERIHTHEATR Q) =P IHE PR O\ fH, H B, 2 3PP I 3R 1R B 48 BUth 4 72
Hy =B IR B R ER o DL Sem BRASRER B AR , AR Q0 fE N 2. 19, KIEM N T AN
2.02; LA 10em B 3R BEATHEARYE , IREMRARE QB0 2.23, KIEMS AN TTAKH 2. 095 LA 15em R+ 1R B

http ://www. ecologica. cn



2

EEE

4 RAERRARS JOE M TAR L3P IR 5 15 28 53 e L R B R T

971
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Fig. 4 The exponential relationship between soil respiration and soil temperature of different depth
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Fig.5 Seasonal variation of soil microbial biomass in secondary oak forest and pine plantation(mean + SE)
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FRERAROK T, TEARAPRIRZE TS, TR AR Y A M B R AR AR B R K F

1 6 AT, AR 5 KA N TR A Wi A BAEA R A A R ESR . ARS8
VR 742.52 gom I BUARFIRSE I IAVE RSN 5 60. 1% \19.2% F110. 8% , JERIRTE EEAEBER 4 A
i, 295 A SV BRI 4% 5 11 A A0 12 7 B 1] AR AR R 7% 9 10 48 h R v i IR, 29 5 2 R R VE D BB
46.9% o KIERAN TARAAF BIR & By 533. 92 g-m ™, M B ARIR LI JAVE B 20 51 5 91. 8% 6. 5% 70

1. 8% 5 KJEAA N bk 2003 4F 11 A 712004 4 10 H A B &K, 091249 5 4R %Y A B 21 30. 9% I
22.8% ,

300 - —o— RA:BRH Secondary Oak forest
—O0— k4E# A T4k Pine plantation
~ 250
£
0 & 200
<3
Eg \
= 150
%Q—? 100
2
5 AN
50 X = =
¢ Q | 1 1
1m 121 2 3 4 5 6 7 8 9 1011 12 1 2 3 4 5 6 8 9

H # Month (2003-11~2005-09)

B 6 AN KA A TR WA RN Z 305 (P + AiER)

Fig.6 Seasonal variation of litter-fall input in secondary oak forest and pine plantation(mean + SE)
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b - ST IR 5 R 2 [R] 56 R SEPR R S, BRIt Rk kot R A AR b - S35 ot 0 9 e A\ R ) A DR 0%
FAET 407, A 2003 4 11 A FFAR IR TRV W% , B 2005 4F 9 H 453, 344 23 MR A FEHAE. 4
REW, HEPIGERS R AR Z A2 REEMEXERR, HHER T BEEKF(P<0.05) (A
7)), M5 AEDRARZ EEA BEEHXXR(P>0.05),
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Fig. 7 The relationship between soil respiration and soil microbial biomass
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WA AR, T 2 A R 3R AR AR ) R R FT BB BB 2719 IR0 T & A2 284k, AT 3 30 1 38 i I LA B
BRZETHESR,
3.2 HHERE . HIEEKEX L EE AR RN

TR R AR — N EEE EENE T, SRR LR S — A EER L UK T
HHERE . R E RS F S KR B BEEA R R . X i TR R LI B R RS
X, T KD TR, T IEEHIKRERTE 25% ~35% Z AP SN, i 1 458 5 7K S A0 5 Y Bl sk /N Bl W AR 1L
T A RAYIAR 25 9 M B0TE 30, R L xE AR G 1 390 B ok e IR B i A, S2e U
T Y - 8 R AR A R AR SRR/, P A7 - 39 B AR Ak ) et P BB L B BT s I B R G iR 2 T
s B, R T AR M A 2, Bk TS R AL R B IR T A 3 R G IR
Blo BEARAZEIE I FEIRIE BT B KU X, 3985 7K SRR S - S P IR A PR o ek PR 7, Rt - SR I
PR35 SN R B RA D AR R 85 /0 , 8 1 B 2 ] 249 ST Rl IX ) 7 IX) 4 W b ( Queercus: glauca ) (B4
( Phyllostachys pubescens) SKFIZSFE ( Camellia sinensis) +3EREIR i = S H T,

IR A ZE N Bl 25 AR A 32 MBSk A AR Al AR ], HG v 0 IR BE R - R B R R E R e
T, — eI R, IR A AL EEH R T R AL T — e R B, LT
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