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Effect of Vegetation Types on Soil Respiration Characteristics on a Smaller Scale
YAN Jun-xia"?, LI Hong-jian', TANG Yi', ZHANG Yi-hui'

(1. Institute of Loess Plateau, Shanxi University, Taiyuan 030006, China; 2.Institute of Remote Sensing Applications, Chinese Academy of
Sciences, Beijing 100101, China)

Abstract: Soil respiration was measured from April 2005 to December 2007 using a LICOR-6400-09 chamber connecting a LiCor-6400 portable
photosynthesis system at 3 sites with same elevation and soil texture but different vegetation types. The results indicated that seasonal trend of
soil respiration showed a distinct temporal change with the higher values in summer and autumn months and the lower values in winter and
spring. Annual means( March to December) of soil respiration for 3 the sampling sites were(3.58 +2.50),(3.82 +2.75) and(4.42 +3.38)
pmol* (m® #s) ™' (p > 0.05), respectively. Released annual amount( March to December) of CO, efflux from 3 sites was from 854.9 to
1297.2 g*(m’*a)™" and the amount was no difference between sites and among years. The fitted exponential equations of soil respiration and
soil temperature for 3 sites were all significant with the R* from 0.61 to 0.81, and the Q,y and Ry, calculated from fitted parameters of the
equations ranged from 2.60 to 4.50, and from 1.70 to 3.02 pmol*(m’ *s) ™" . The relationships between soil respiration and soil water content
were not significant for all 3 sites with a maximum R of the regression equations only 0.12(p > 0.05). However, when the soil temperature
was above 10°C, the relationships between soil respiration and soil water content was significant( p < 0.05). Four combined regression
equations including soil temperature and soil water content could be used to model relationships between soil respiration and both soil
temperature and soil water content together,; with the R* most above 0.7, and maximum of 0.91.
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SR R A i il b A 2 AR Y- i ) 2
Rtz =2 py o g A e i A 4 ] R R
AR IR R A2, 45 HE B A AN ) SR 23 Co,
AR TSCHE LA R - ST Wl b5 P 055 I 1 F) 5% R A R I
MER ) AR ASER URE b A T U ST S A S F)
TR AR RGN, PR R I W] B
APPSR TR I 7 /N RURE S TR Py 52 b % M 3 L
At g T A R b R O 2R 10 A R 5 1
S, L HEP R IR 2 IR W S () 2 AR AR
F ST IR TR) RURE B H AR A Z AR VAR R AR A
S A SR N K o3 P s A8 e () RO AR
WA AR P8 A A LT 2T R
1 LA B 38 T AT R S 4 N ) 3 2 B
B TS RN K D B AR 2, (RN 2% D 3%

IRV AH TLIBC AR AT S R DX 00 25 PRSI 70
SRR P S|

1 DBt WA i P AR A, R SRR L 3 it
AP T F YRR AL, AR AN R AR A R
G0 L ST AT AR ZE 5 RN BIASEAE i 4A im FEEA
TSR AT T SR A —Z AR A, 2%
RS A 383 TR A 4 A1 1) L 338 W W8 ) B LT 5T 5 5 031
RS /N FUREVE ) P AR A P T - SRR A 52 0 5 T
BTN SRS

Yo ks B #A: 2008-12-12; 1£1T H A : 2009-04-08
EETHE: P54 AR LT H (2008021036-2); L 7 44 A& Mk B 56 T
H (2008-03-11075) 5 1 P K245 Jk 43 391 H
PEE B R B (1976 ~ ), Lo, W EWFST A, YHm, 32 8RS )5 17 A
BB RGO EAFIL, E-mail: yjxd22@sxu. edu. cn
% JEIRIKER AN, E-mail: hongli@sxu. edu. cn



3122 7N 58

B o 30 &

AT GRS o0 - S T 7] ) 3 Aol AN [ A
WA Bt EA PR 1 Ay o 5, 6o 3G - 3 L
Lo A SRR LA K AT T 3a K€ AL AE, H
7D T 3 PAEAESR AL N 1 T P K Z 1 SR B
AT ICZE T @73 M LSRRI B PR BT IR 7 (1 5% R AE
3R A AE 2 575 @ B 3 P g% 1F T L
SRR P U S 5 0 A 10°C I 1R Ak - 8
WIS Ry fEL, WFFTIABEIN 7 X EA TR M RE L

1 #MR5E7AE

1.1 K5

RIE XA T ERR R 1T 2T 30 km HOR 2 1L H AR R
P ALY 2.6 J1 hm K 780 ~ 1470 m. X AT
A JeB Tz i 71y > 5 K Bl P 2 A A1 B B K
478.4 mm; 5K d /N EE P I BE KSR 23 93] 0 1995 4
7 808.6 mm Al 1972 £F 1) 256.6 mm; F /K &4 N 73
FEANYS, FEAEPAE 7.8.9 1 AE B 10, %
i H B0 23°C, IRIRAE 7 s mAIR T SF AR
-6.4C, HULE L H.

RIG U1 FARTRA X AR 3 20 A Ttk
1355 m LA ERISFMTE o, XN 1 ZAE AR A i 1
FERR L SCHRL 16 ). BIF 5000 S 1) 3 T b 4 8 AR ARy s AL
K 1. QM CPinus tabulaeformis ) Hu . hy R AR A
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Table 1~ Characteristics of the three sampling sites
for soil respiration measurement
- K iiﬂ iEE THERE HERKE AR
fmo RM E/em  jgem? 1% 1%

MM 1443 R 550 1.29+0.06 23.07+1.23 3.15+0.41
i 1443 WRiE >50  1.38+0.05 22.24+1.04 4.51£0.58
WEARML 1442 WKt >50 1.37+0.04 21.15+0.31 1.58 +0.66
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Fig.1 Seasonal changes of soil temperature at 10 cm depth and soil moisture over top 10 ¢cm and soil CO, efflux in the 3 sites
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Table 2 Mean values of soil temperatures soil water content and soil respiration over three years
Feit A Tl R C L3RI 1% RPN E A (CO, )/ pmol * (i +5) !
2005 11.16 £5.77a 16.88 £4.27a 4.57+2.84a
by 2006 10.83+6.12a 15.86 +4.95a 3.28 £2.26ab
N
2007 10.11 £ 6.40a 20.98 + 6.09b 2.94+2.17b
2005 ~ 2007 10.69 + 6.04A 17.89 £ 5.56AB 3.58 £2.50A
2005 11.90 +£6.24a 16.94 +4.78a 4.75+£3.22a
i 2006 11.95+7.23a 17.31 £5.83a 3.16+2.13a
2007 11.67 £7.70a 21.53 +6.69b 3.64+£2.70a
2005 ~ 2007 11.84 +6.99A 18.60 £ 6.12B 3.82 £2.75A
2005 12.17 +6.59 15.13+3.73a 5.53+4.26a
; 2006 12.29+6.61 15.11+5.18:¢ 3.90+2.54
i A s I s
2007 11.07 £7.16a 18.95+5.77b 3.89+£3.07a
2005 ~ 2007 11.85+6.72A 16.39 £ 5.23A 4.42 +3.38A

D-P3ME 5 HIF 128 Duncan 2 EIEAR A A, NG RUKG FRED MR — PRI 3 o (0 EGERAT 3 PRI 3 2 P ISME M LA S AL, A 7

BERIRTE 0.05 MK BTG % 7 7
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F(p <0.05).3 ML 3 4F KA (1 5B ME 7
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0.017 F10.015) . 3a 45 /K 43 25 & £ s (207 4
P 3ME R (17.63 £5.70) % .
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WARIEAR S 1Ce) ], IR (1) 2= AR 4k =
BEZ b R SR AR A I AR, L SRR ) SR NE
I A E T, <1 pmol* (m”+s) ™", S KAH HIL
EEZE, 715 10 pmol* (m® <)~ LU ELIE 1Ce) 1. itk
Ab, H AR LRI IR g s, BRI
SACHIAEAS 3 2 B AR 2 e ] 3 30k e i i
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ANFEHLSZ 1 458 7K 43 i 30 1 B B 4/ 2005+ 2006 FH
2007 % JH 2 bR E A (1) - 38 R I 1) S S8 41 (R
D (4,57 +2.84).(3.28 +2.26).(2.94 +
2.17),(4.75+3.22).(3.16 £2.13).(3.64 + 2. 700 Hll
(5.53 + 4.26). (3.90 + 2.54). (3.89 + 3.07)

pmol® (m® +s) ™", KL 3 AN 5 4 2 [] - 458 WP I 114~
PHERA BE %57 (p 4 0.069+ 0.137 #1 0.177) .3
P HERBATEEAR R 3 AN 5E 4F 35 PR A s P 2 ME
3 (3.58+2.500.(3.82 £2.75)H1(4.42 +3.38)
pmol* (i #s) ™", FERB ] HIERPIR 22 e AN B2 3 4+
SRR A 500 5 E A (207 DO I3 N (3.94 +
2.9 pmol* (m’ *s) ™"

3 PR S AF R L R | K A AN L R
W IR B 22 S AN W 2, R 3 MR A A% A T 1) g
WP DA K% 552 ) 1S3 F: WR 1%) AR 055 R - Y8 A R 4 il e A
7] S 2B W AR A L 3 SR M (1 - 5 0 LA i
ZENT AR B, A G AT AR — 3 R AR S AT R
A, 3 AN - 398 I IR e 2 TR) R AH G 1 12k A ek
FOAKREAE 0.87 ~0.92 2 0] X —45 5K, 3
ANFE M (1) T 30T I 52 380 L[] (R 20 58 IR, BT g
FEE RN - e 7K 43 15
2.1.2 IR

FH % D 1) - B R P SR e H 3%
WIS H S 3ME , T2 A8 e LUK N A R oK 159 %
H e co, BIsE, AN 43 3 ~ 12 J1(2005 424 4
~12 FDO BT co, BIE R 3) . NE 3 LA
3 AMFERL T3 co, 19 3 ~ 12 HRTIUR AL 854.9 ~
1297.2 g*(m’=a) "' Z [0 . J7 2250 M WD, 3 N HF 4 3
EEE co, BUEZ MG R FE R (p >0.05), [\
3N LI co, SRR 2 TR TG W 2 S (p >
0.05) X — 45 AR W, 7 A 52 #F b py - 398 18 0
TR G IR AR LA 3 AR RIS 2 1) 1) 22 S
X8 co, B mAK

£3 3IMHHALTIR co, BHE
Table 3 Annual amount of CO, efflux of the 3 sites in 2005, 2006 and 2007, respectively

b oy 3 H 4 1 55 6 f] 7H 8 H 9 H 101 1A 121 it
2005 — 57.0 80.3 99.4 184.0 253.3 239.8 145.5 4.5 14.0 1115.8
R 2006 13.5 48.3 87.7 95.9 139.9 217.2 157.6 93.1 33.9 29.7 916.8
2007 37.1 30.6 44.9 90.3 172.5 185.2 162.0 90.3 31.6 10.5 854.9
2005 — 69.0 83.1 98.0 200.3 299.6 215.5 131.7 35.5 4.8 1137.5
Hifth 2006 14.3 57.3 107.7 112.7 110.6 167.2 164.6 104.4 27.9 19.2 886.0
2007 32.9 9.3 9.1 117.5 213.4 263.5 154.1 66.2 19.7 3.4 1059. 1
2005 — 57.7 95.8 110.9 214.3 376.3 259.7 131.4 35.5 15.6 1297.2
HEAR 2006 2.1 71.6 134.3 143.5 170.3 211.9 188.9 81.8 29.5 10.6 1064.5
2007 33.9 82.9 101.3 160.9 262.8 291.0 117.5 58.5 14.5 14.6 1137.9
T 25.6 63.2 2.1 114.3 185.3 251.7 184.4 100.3 30.1 13.6 1052.2

2.2 HSRIPIE SEE R AN K 3 ) S8 R AR
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MR AR P KA R H 20 A K, £E 0.60
~0.81 Z ], & AR Ty R B IE M 2 7K1, B 3 A
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Table 4  Relationships between soil respiration and

soil temperature in 2005, 2006 and 2007 for three sites

P 4y n WEHE R? Qo R
2005 22 Rys =0.888 2¢™127 0.7032 3.40 3.02
o 2006 24 Ry =0.66026" 12097, 0.7391 3.35 2.21
2007 23 Ry =0.53850 1247 0.7714 3.76 2.2

2005 ~ 2007 69 Rys_o7 =0.6619¢>73 7, 0.7203 3.57 2.36

2005 22 Rgs =0.704> 1303 7 0.6054 3.68 2.59
ey 2006 24 R =0.7447777 06056 2.60 1.9%4
Fih

2007 23 Ry =0.3779L05 7 0.7649 4.50 1.70

2005 ~ 2007 69 Rygs.g7 =0.57586>2° " 0.6429 3.52 2.03

2005 22 Rgs =0.942 2601164 7 0.6646 3.20 3.02
" 2006 24 Ry =0.6741L78 70 0.7121 3.25 2.19
2007 23 Ry =0.4937&5%470 0,808 4.28 2.11

2005 ~ 2007 69 Rygs.gp =0.6575¢>1237 0.7202 3.61 2.37
Gt 207 R, =0.6339¢>1%77, 0.6859 3.55 2.25

FR T ETT RS 21 Q0 HAE 2.60 ~ 4.50 Z
), RZHAE3.3~3.7 20 TR 10°C M+
BENPIRAE Ry 7E 1.70 ~ 3.02 pmol* (i *) ™' Z [H], K
ZHAE2.0~2.5 pmol*(m’*s) " Z M (K 4) . 14 3
ANFEHD 3 a DU 5E 1) P AT B0 A b AR R AT 23 AT I
Q0N 3.55, RN 2.25 pmol*(m?+s) ™" . Q, fH K
TABCFEIAKE 2.4 R 1 R, T T K

LR IR

R T 43 BT AN [) S DX T 3 7 R - 3 R (1)
KRS AR XS Qo 18 1 5% W, 4 I 58 040 4y
H < 10°C I > 10°C 73 T EAT 2 B &5 R (R )R B
THERE < 10°C I, 3P IR 5 4 38 B 16 00 R Ak
B, Q0 HM 4.38 7+ A 10.65; 4 HHEEE > 10C
I 1) - S 5 - L R ) S RN B, A
He 2 M S, 2 R BT 10C Lk
(1) R fHL. [RI I o] DU GRS (9 Qo TR, e ik
A Qo fELAR IR
2.2.2  LIEREIRE FIEK I OC R

F 6 L P 5 43K o 1 R AR R A
Ji R 5 P S R R OC R AT L, g
580K 0 Mokoe 24 R IR, LIRS
THK SRR AR, SR 3 AN FEH A+
HEIPR SZ 38K 43 () S W AR /DN, - SR IR ) 2R AR
A T2 BEAZ L R T AR AR X RO R 2
HTRBE b3 AT 3 7K 43 R SR () A S R R
A BT - SRR I 1) R e L AR I e AR
TEFFUR W 58 N2 TR 58 25 R, BT 32 BB K
S 3 ANPEHL I H 8K 2y — MO U, AR B ) T
IR HIARAR, S AR i PR T 3 K 4 %)
TR VR R AR R AR B, L R AR R
52 4 HEAK 4y 5 ) - RO AE T e S ARAK

£S5 2005~2007 ELIBEEXFFNTF 10CHATIRFRESBEMNXEAEUR Q- Ry EY

Table 5 Regression equations between soil respiration and soil temperature when the soil temperature was less than and more than 10°C and Q4 Ry values

THEEE < 10°C

THEETE > 10°C

b S R? Quo TR R? Qo Ry
s R, =0.593 9" 1478 T 0.57" 4.38 R, =1.633 6" 9877 0.10" 1.99 3.25
B R, =0.397 8" 300 T 0.60"* 10.65 R, =2.728&™0309 T, 0.03 1.36 3.72
HEARHL R, =0.554 11663 7 0.55" 5.28 R, =1.797 2&>%7 T 0.13" 1.95 3.51

1 % FIRTE 0.05 /KT L83 %«4E 0.01 K LR, NIF

F6 IMTHHITIBIFRE TS ZEMXRTE

Table 6  Relationships between soil respiration and soil moisture in 2005, 2006 and 2007 for three sampling sites

P I ] n H D REOT
2005 2 R,=0.2652 W, +0.09(0.158 7) R, = 1.299 429585 W, (0.0874)
] 2006 24 R.=0.0848 W, +1.9319(0.0346) R, =2.107 8¢>%°3 ¥, (0.002 9)
PR Hh ’ oo 1
2007 23 R,=0.0621 W, +1.6402(0.030 3) R, =1.946 8¢%%25 V. (0.000 3)
2005 ~ 2007 69 R,=0.0701 W, +2.3221€0.024 4) R, =2.3837&" %5 V.(0.000 8)
2005 2 R,=0.1765 W, +1.7567€0.068 7) R, =1.918 123 ¥%,(0.0219)
) 2006 24 R.=0.0584 W, +2.1504(0.025 6) R, =2.6119e~ %4 V¥, (0,001 8)
i ‘ Z0.062 W
2007 23 R, = -0.0362 W, +4.415(0.008) R, =9.0958e %02V (0.1115)
2005 ~ 2007 66 R,=0.0271 W, +3.3207(0.003 6) R, =4.3217¢ %982V, (0.0247)
2005 2 R.=0.2899W, + 1.141€0.06) R, =1.958 7“2 %,(0.03)
_— 2006 24 R, =0.0238W, +3.538 1(0.00) R, =4.0622¢ %2 7, (0.02)
) 2007 23 R.= -0.0867W, +5.538(0.03) R.=9.0365¢" %85V, (0.12)
2005 ~ 2007 69 R.=-0.0053 W, +4.5024(0.00) R, =5.480 62030 V. (0.04)
s 207 R.=0.0227 W, +3.5387(0.002) R.=3.9605¢= 20210V, (0.0149)

D5 P IE N FE TR R? (8
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®7 TEEEXTNTF 10°CH LRFRSKSHIXETTR
Table 7 Regression equations between soil respiration and soil water

content when the soil temperature was less than and more than 10°C

T HEE < 10C L HERE > 10°C
Ay R? WETRE R?
MM R.=-0.0241 W, +1.979 0.01 R,=1.9588e>°", (.41

F

Hih R, = -0.0702 W, +2.8244 0.05 R, =1.9518e>2"% (.36

WEAH R, = -0.0006 W, +2.5207 0.07 R, =3.0857e>%4 "V, ¢ 12"
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Table 8  Correlation coefficients of CO, efflux against soil temperatureCor SWC) and partial correlation coefficients for controlling soil temperatureor SWC)

SR S A DG R A

PR L K S (AR OC R B

Kb T n

A7 FUAR G LLEBS (DL PS LLEBS
2005 19 0.78(0.000) 0.88(0.000) 0.40€0.066) 0.72(0.000)
PR 2006 24 0.77€0.000) 0.93€0.000) 0.19€0.383) 0.83€0.000)
2007 25 0.85(0.000) 0.95(0.000) 0.18(0.425) 0.81(0.000)
2005 19 0.72(0.000) 0.88(0.000) 0.26(0.239) 0.74€0.000)
it 2006 24 0.63(0.001) 0.90(0.000) 0.16€0.456) 0.83(0.000)
2007 25 0.83(0.001) 0.91(0.000) -0.09(0.686) 0.69(0.000)
2005 19 0.67€0.001) 0.75(0.000) 0.25(0.251) 0.50€0.020)
HEAR 2006 24 0.70€0.001) 0.86(0.000) 0.05(0.820) 0.70€0.000)
2007 25 0.84(0.000) 0.88(0.000) -0.16(0.460) 0.51€0.016)
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— B AR 3 AR S B AT U
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Wy KR TS IF AL 10 pmol * (m® +s) ™' B
FIEFEZFL0.2~0.5 pmol* (m +s) ' Ao A7 JH L%
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Table 9 Combined relationships between soil respiration and soil temperature as well soil moisture

Pt s n AR
Ro=a(T,xW)+b R.=a+ bT, + cW,
2005 19 R, =0.0235(T, x W) +0.1754(0.84™) R, = -5.007+0.3997, +0.304 W,€0.81")
AR 2006 24 R, =0.0199CT, x W.)+0.077 5(0.82") R, = -4.587+0.361T, +0.25W.€0.87")
2007 23 R, =0.0134(T, x W,) +0.242 6(0.88") R, = -3.663+0.329T, +0.156W,(0.91")
2005 19 R.=0.025(T, x W) —0.0656(0.75) R.= -6.884+0.46T, +0.364W,(0.78")
it 2006 24 R, =0.016 1CT, x W.) +0.201 9(0.76™) R, = -5.71+0.322T, +0.29W,(0.82")
2007 23 R, =0.0138(T, x W.) +0.506 3(0.70") R, = —4.595+0.371T, +0.181W,€0.84™)
2005 2 R.=0.0311CT, x W,) -=0.071(0.63") R, = -6.799+0.475T, +0.433W,(0.59")
HEAR M 2006 24 R.=0.0219(T, x W, +0.207 1(0.75") R,= -5.259+0.3907, +0.288W,(0.74")
2007 23 R, =0.0185(T, x W,)+0.3597(0.72") R, = -3.999+0.4267T, +0.168 W,(0.78")
- P . | E|F2T P A ‘
R, = al® W R, = ac"We
2005 19 R, =0.0327%7 w!14(0.86") R, =0.041™B w!-%(0.84")
e 2006 24 R, =0.0637%7 W2-7(0.77") R, =0.025¢" 13 w!-10(0.91%)
2007 23 R.=0.0517%% W2#%(0.65") R.=0.055¢" 4 W0 73(0.84" )
2005 19 R, =0.0247%% Ww!%(0.87) R, =0.018™ 1 w!-2(0.77")
b 2006 24 R, =0.033798 w992(0.89) R, =0.010™" w!-%(0.90" )
2007 23 R.=0.1887%% W°4(0.57") R.=0.062e" 1 W05 (0.79" )
2005 2 R.=0.1157%% w2 %(0.72") R.=0.047"Bwl% (0,78 )
A 2006 24 R.=0.0297"-% W$5(0.82") R, =0.017100W!-22(0.87)
2007 23 R, =0.056T"-1° W47 (0.87") R, =0.137™100 w041 (0,82 )
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