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Studies on spatial heterogeneity of soil respiration in a conifer-broadleaf mixed

forest in the Pangquangou Nature Reserve Area
YAN Junxia, LI Hongjian* , LI Junjian
Institute of Loess Plateaw, Shanxi University, Taiyuan 030006, China

Abstract: In order to understand the spatial variability of soil respiration and its influencing factors, soil respiration (R,)
and related factors including soil temperature at 10 cm depth (T,,) , soil water content from O to 10 cm depth (W) , litter
fall mass (L, ), litter fall moisture (L, ), soil total carbon (C), soil total nitrogen (N), and soil sulfur (S) were
determined at 4, 2, and 1 m sampling scales, in a conifer-broadleaf mixed forest in Pangquangou nature reserve area of
Shanxi province. The goals of this investigation were to monitor R_ heterogeneities at the stand scale and determine the
correlations between R_ and affecting factors. The results from traditional statistics indicated that coefficients of variation
(CV) for most of the measured factors ranged between 15%—59% ; T, and C/N ratio were approximately 10%. The spatial
variations of both T, and C/N ratio had low variability (CV<10%) , and the others had medium variability (10% <CV <
L., C, N, and T,, were all highly significant (P<
0.01) ; the correlation between R _and W, was significant ( P<0.05). However, no significant relationship between R_ and
T,, N,

w 10 »

100% ). The simple linear correlations observed between R and L

w

C/N ratio and S (P>0.05) was observed. Stepwise multivariate regression demonstrated that the four factors of L
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and C/N ratio together accounted for 26% of R heterogeneity, with the equation R, = 11.972 + 0.033L, - 0.267T,,+ 8.058
N - 0.390C/N (R*= 0.26, P = 0.000). Principal component analysis showed that the soil substrates of C and N, the

environmental factors of T, and L, and the biotic factor of L could account for more than 70% of the spatial variation in

W.,L , C,N,and C/N ratio

had a significant spatial autocorrelation, and that structural factors played a leading role in their heterogeneity. S had a weak

m?

R_. The results from the geo—statistical analysis showed that the environmental factors of T,
spatial autocorrelation, showing a random factor acted on its heterogeneity. The range of the semi-variogram function was
about 17 m for R, and the influencing factors. Fractal dimension was used to measure the complexity of natural phenomena,
and the rank for the selected factors was in the following order: L, (1.87) > S (1.84) > L (1.82) > N (1.77) > R,
(1.74) > C (1.73) > W (1.69) > T,,(1.56) > C/N ratio (1.46). The spatial distribution model of R, showed a similar
pattern to that of W, L , L, C, N, and S, but not similar to that of T,. The required sampling numbers of the R, for 4,
2, and 1 m scales within 5% and £10% of its actual mean at the 95% confidence level were 74, 44, and 39, and 19,
11, and 10, respectively. This showed a decrease in the required sampling number coinciding with a decrease in the
sampling scale; there was a similar trend in the estimation of accuracy. Our research results may have important applications

in the study of CO,efflux in similar semiarid regions.

Key Words: soil respiration; spatial heterogeneity ; semi—variance analysis; mixed forest; Pangquangou nature reserve area
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AOFAIE . MBI 207 AU RE U846 78 IR AL AR 23 0] b 9728 5 231 FURH SCARRAE T L AT LCKE 23 1) 4% Jay A=
AR FEARIBR | A REAS [AIAR SRt AR A5 B S T REAEE IR 2 IV SRV SRR X AL T A s A2 AR AR
SR G L OB X BAT R AR A ISR, LA 384T A I HE I S Rl AR R L 5t
Gt AT M ST o T B 7505 X E SR TA SR R4 DX R R SR ST I ) 2 [ A S R JBE 2 (W) A S 45 M 2=
Bk A BB RO AT T 0T, HERSIREE 1 | R P A A B A 7 5 P I 2 ) A S5 9 56 2R A0 T 1, H
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1.1 56 X SR 56 M AR £
1.1.1 G XML
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24 4] PRI AR PSR F ORI DB R TR AR A SR I 4 255 [ 5 o 3

E, R IXTEF 10443 hm?® , FRMRE TR 74% V) b KNSR FERME SR R E W, 4 FIER T, 4
Bl 3—4 °C,7 A ¥ 16.1 °C,1 A -10.6 C, /K E 600—800 mm, M & H7E 6—9 H , AHXS i &
56% ,JCFEM 92 d, HER = 10 CRUR 2100 °C, XN [ SRS by A8 10 Bt IR I 3 381 s g g 4 9 25 700
WU e £ 1 | Ll bR A e L AT R L B s A A L ) L TRAR YR R s I bR
(1200—1750 m) &t &R SR (1750—2200 m) | FE R P £ AR (2200—2600 m) | 7 e L1 DA R f 7
(2600—2720 m) >,
1.1.2  i{5eke
A b7 T W S S SO B3 RS FAR R XN, PR B 37°53708.4"N,111°25'56.6"E
RIS FHMCR TR KA B RE TR ASAR L F D8 SR 78 /\GE {18 1, KA DA 25 42 ( Picea asperata Mast. ) +4216 75
WA ( Larix principis-rupprechtii Mayr ) +#E8} ( Betula ) 2 3, 8 1790—1795 m, M5 (16.1 + 10.2) em , #5
2915 m , MRORZBE 725 #8/ hm’ . HH5E AR, +)2EEE 10—30 em, U5 X #E 8—10 ° 2247, MR ik
M ZHE R 2—4 em, JEFETZE 1—3 cm, “F3(0.8 + 0.6) em, MR TFHEYIE PEE ¥ ( Carex lanceolata) |
HE & ¥ ( Carex stenophylloides ) S5 FHY) .
1.2 WFRITE
1.2.1 HUEE
R BRI 19 53 A0 FRAE | 72 HA 10 SR 0 At o i YR S A v 35 B T A 0T S22 1) DX 34 SR A5 DX O
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HEAT 45 FF 0 S AR 1 10 2 T A R AR A
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Fig. 1 Distributions of soil sampling points
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I L1-6400 f #5431 R 45 ( Li-cor, Lincoln, NE, USA ) FI LI-6400-09 + 4211 155 ) 5 +- 48 I 1 30
B(R,) o TERAIRE ST — KA HE 11> PVC 3R, T‘r)\(ﬂ“3 em ZiAq, [ B BR PVC BR s kg, Tl
FET 2010 456 A 10 HF [ 0900 4R, T4 15:00 455, MEFAKIK A 4 m 2 m 1 m RIS EES, T
R EBREEENAS PVC 3 L BEHRE, i/\fWJ 3 AMEIS B EAE i D 2 Y 1 S
WAH
1.2.3 AERHFIE

FH L1 -6400 7 A9 43880 B 3R 4 U 2 10 em W BE R - HEWR B (T, ,°C) 50—10 em VBB B 5K E

(W,, %) FH AR E , - HERPINE Se s, I PVC SN IF PR 65 °C L5 TH5R0 B0 Th AR 1 0
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4 JAE = 35 %

YR (L, ,v/hm?®) RIS KR (L, %) . FHEABPVC 39 0—10 em REERY K, X, ] vario MACRO
cube JTCR AL (FERE) ME LIELE(N, %) A2k (C,%) M2 (S, %) . BAL(C/N) = 2/ 2%,
1.3 Hdliab e S 5Et
1.3.1 gt

R AR AR R B85 78 K- HoK 78 % ( One-sample: Kolomogorov-Semirnov , K-S ) 16 50 85045 /2 75 52 IE A5 50 A,
U SR SR A AT RS A0 X R AT X R . AR IR 2 MK « = 0.05, %5 Py s> 0.05, )
N R IEZS 734, TR Py < 0.05 M) 2O AU 28 5 0 8O 4 J5 itk — AL e AT s e i 24 o0 i . R AR
KRAFFITE S AT EREE R - | SRR MR AE ) IR - 5 S R R A A OCOC R 5 2R T B A0 81 H 73 A i # At - 08
5 S i R 1 55 R 5 R ] T2 100 A A S B i - S 0 = 40, B3R A A SPSS 17.0 %k
PRiEAT
1.32 ST

1 GS + 7.0( Gamma Design Software, Inc.) Gt 12731 {4 3472 5 25 R BB R 401 & FL S 505 AL
Surfer 8.0( Golden Software, Inc.) 47 7 B 4> ( Kriging ) i {8, 22 il 1 338 0 0 K2 HCAH 5C A 725 (8] 43 A 1) S5 (8
L

2 EREHSH

2.1 GGt
211 WG

Bk T, 1 C/NFE 3 DMBFERE (4 m 2 m 1 m, PR B2 AR SR 525 (CV<10%) ,R J
BAIKEH TRz )28 F 8 TR 528 % (10% < CV=100%) (£ 1), L, Hl S 75 5 22850 bE 25 BURE R A 384
RN, 735N 34%—29% 1 49%—17% o R, W, L, .C N Fl C/N )72 57 F5 8 2o Bt 37 BORE RUE 18y 184 DR i 4
K, 16%—22% 15%—29% 43%—58% 29%—59% .26%—A4T% 1 5%—9% , T 1t 3 DNHURER JE )z
)28 5 R A F A 10%, R R, W, L, .C N Fl C/N FE3 R IORE RUEE 128 [A] A8 S 3K i L, A1 S AR/
FYIBURE RUBE 28 [ AR SR, T o B 225 TR S U 22 ROBE s, P8 A 7 IE S A R e 25 S 3 B, R, I HL
S R F BI85 G IE 50 (P s>0.05) |, B 2 P AR B, AN BEEA T B 5l v] DA T M e 31245347 .

F1 TEFRREEZEEFHERET S

Table 1 Descriptive statistics results of soil respiration and its influencing factors

eIy R FHE bRz 55 R AL it £ 355 i
Index Scale Mean Standard deviation Coefficient of variation/% Skewness Kurtosis Distribution
R/ 4 m 6.39 1.41 22 -0.41 -0.23 ES
(pmol CO, m™2s7h) 2m 6.75 1.13 17 -0.16 -0.17 ER
I m 6.73 1.05 16 0.63 -0.34 E
Ty/C 4m 10.91 1.05 10 1.48 3.67 IEA
2m 11.33 1.12 10 0.58 -0.49 ER
Im 11.36 1.19 10 1.27 1.49 ER
W./% 4m 24.76 7.06 29 1.59 4.11 E
2m 23.10 3.88 17 0.16 -1.37 ER
lm 21.39 3.18 15 0.43 0.41 EZ
L,/ (t/hm?) 4m 26.22 15.08 58 0.28 -0.22 ES
2m 24.31 13.28 55 0.68 0.15 ER
Im 22.31 9.56 43 1.09 2.08 ER
L,/% 4 m 63.84 18.42 29 -0.44 -0.02 E
2m 57.99 17.42 30 -0.54 0.36 EA
1 m 38.73 13.16 34 -0.07 -1.02 ER
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24 FUREE A PRI A AR ORI BT A TR SR A S 14 2 [ S B 1 5
sy R P bt 2 TR R W WE S
Index Scale Mean Standard deviation Coefficient of variation/% Skewness Kurtosis Distribution
C /% 4 m 2.80 1.64 59 3.18 13.62 EA

2m 2.28 0.92 40 1.25 2.06 IE
I m 1.95 0.56 29 0.62 -0.31 EA
N/ % 4m 0.20 0.09 47 2.97 12.56 ES
2m 0.18 0.06 32 0.58 0.65 IER
I m 0.16 0.04 26 0.44 -0.48 ES
C/N 4m 13.55 1.23 9 0.33 -0.28 EA
2 m 12.55 1.18 9 0.79 0.30 ES
I m 12.47 0.68 5 -0.36 -0.88 IEA
S /% 4 m 0.034 0.006 17 -0.20 -1.04 ES
2m 0.034 0.014 39 1.68 2.47 EA
I m 0.034 0.016 49 2.54 8.35 ES

FHR Ty W, L, L, .C.N.C/N A S 53 FIE L FEF (pmol CO, m™ s7") |10 em WREEAY HHERIE (°C) \+HKI (%) JATEDE (Vv
hm?) JATEWI B K (%) LR (%) 2R (%) 2R/ SR EFH(%) .

2.1.2  [RjERAHIR B

RY5L, L, .CH NEWEEEHEP <0.01),5WEEEEMEP < 0.05),5 TR 5EEAHK
(P <0.01),5C/NFf SHXANEE(P > 0.05) , KRAFESRIRE L, AEEH T ALY 7 R It H:
[ R (R 2), RHZIGE L BIET A R A CH F i iriG, MR, = 11.972 + 0.033L, -
0.267T,,+ 8.058N — 0.390C/N (R*= 0.26, P = 0.000),L, . T,, N Fl C/N 4 ~[H T REM B R 25 8] 22 4L 1)
26% . FIIT T AR R AR TR BN 0 T L(N I C) BEFRE R 25 [H] 42 571 40.56% , {REK A5
FH F B 2( T, B L, ) REABRE 18.20% AR AN F1Y E AL 3(L,) REMERE 11.38%,3 A F M4 BilfE
fift e R 28519 70.14% (£ 3)

®2 TEFREREMEETZENBXEER"
Table 2 Correlation matrix of soil respiration and its influencing factors
F Factor R, Ty W, L, L, C N C/N S
R, 1
Ty -0.31" 1
W, 0.25* -0.12 1
L, 0.34™ -0.19 0.21 1
L, 0.26 ** -0.45* 0.04 0.19 1
C 0.27* -0.22™ 0.59 * 0.22 = 0.21" 1
N 0.29 ™ -0.20 = 0.57* 0.20 = 0.19 0.99 1
C/N 0.12 -0.33™ 0.38* 0.30 ™ 0.37* 0.74™ 0.65 1
S 0.08 0.18 0.30* 0.20 = -0.06 0.28 ™ 0.31™ 0.04 1

Do WK 0.05; ¢ BEMEKFE 0.01

2.2 AR SRE T
2.2.1 JERBUMT

B L, (B R BRI AN R R

P = A
57

FE(Co/ (Co+C) ) ML T R GEAR (2 18] [ M FREE

Ty W, L, .C.N.C/N I Co/ (Coy+C) HHMET 25% , e W1 EA Fesim ity 2 ] FAHSCHE  BEHLIR R 5 1Y
SR 7 ) 5 BT PR S A 32 el 25 R DR 2R An e B R R SR A B B4 AR R SR A R R L, 1Y
Co/ (Co+C) MHABK T 25%Ti/NT 75% , 3B R A1 L, HAT SRR 9 23 18] FAH DG BEALES > 516 R 1L, 1Y
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23 ) R Bk 4 S 31% F 38% , 45 M 5 69% il £3 LR ER

62% y %’fﬁ N ﬂ'll ﬂ:ﬁ N j:i%’f‘féﬁ*@ ?@% IEF{/EFH 5 S E/‘J Table 3 Results of the principal components analysis
Co/ (Co+CYE R 75% , 220 S HA B 125 ] AR E  psr ERA L ERSY2 EES3
P, BEHLIE SRR S 107 2 ROk, Component peAt  pear e
ST A S S BRSO Fieemalues R
2R H#/ % Percent 40.56 18.20 11.38

FUELABAR SRR LR - VPR A 2 R A5 7 BT iEk R /% Cumulative percent  40.56 58.76 70.14
RIEAEFIA X ZE B2, B B 25 E A ot Buigonvecton
Rtk e s 6] A AROGIE 26 o R, B R S it 1 IF S
SR AR AT A — RPN, FEARBF ST BR L, 51,
R FHARCH WA R AR 17 m A4y, ZRAKR(FE

R 0.50 -0.45 0.45
TIO
W,
Y . . — Ly 0.41 -0.60 -0.20
4) FWZ A R A ) N a9 AR A AR RO AH RD ;
C
N

-0.45 0.69 0.13
0.70 0.27 0.08

0.41 ~0.24 0.68
MRAE 7 22 PRECHS | RAE S 0 B KR B B/ N3 18] 001 027 020
AHOCHE B A H T2 B Bt i, fEARSZEH , Bk 0.89 0.29 -0.18
BOREE] IR 4 m, /NF2s 18] A A e I AR SEER I on 080  -0.02  -027
FERIE A B S 0.34 0.57 0.40

F4 TETREEZMEFHESRBEARESE

Table 4 The parameters of theoretical models for soil respiration and its influencing factors

LY B PedxE BAHE Hea/ HEeE A /m hiE BB B2
Parameter Model Nugget sill Nugget/Sill Range (R?) Sum of Squares of Deviations
R, E29da 0.77 2.45 0.31 16.84 0.99 2.84E-04
Ty e 0.001 1.63 0.001 16.84 0.96 0.04
W, s 2.53 50.85 0.05 17.35 0.92 172.7
L, 2k 88.70 233.08 0.38 17.35 0.75 5531
L, 2197 55.00 446.40 0.12 8.92 0.88 39497
c etk 0.27 1.27 0.21 17.35 0.95 0.04
N £ 0.001 0.004 0.25 17.35 0.96 3.67E-07
C/N etk 0.23 2.53 0.09 17.35 0.98 0.09
S 2k 0.0003 0.0004 0.75 17.35 0.80 1.66E-07

222 SrHEEUT

T 7 25 REORI 23 ) [ A SEFE 25 20 B B b b, X R RN HE 52w DR 1 4% 1) W) M R0 4% 1) Sk R 1R 40 4 8k
AT VIR (R S) o TR MR S8R B 2 4E8O/ MR N L, (1.87) >S(1.84) >L, (1.82) >N(1.77) >R,
(1.74)>C(1.73)>W,(1.69) >T,,(1.56) >C/N(1.46) , BEA& 73 4RI IR IR, 23 1) 73 A A% Sy X RUBE B9 AR LPE T
R, R UL, L, M T RUBE i 28 S e/ DN, 25 () A AR S5 A e B2 4 T Ty R C/IN B 23 18] 53 A A SR e fRT B

TEA A SEVE S R 76 0005 18] _F A/ 4Egicie Ko 1.99,45° 05 [ ¥R 2~ 1.82,90° K1 135° 7 [a1 458 /INi3 3k 1.56
171, AT UL R TE 0°FN 45° 05 [l 28 (M) 3 AN S 2% . 5 R AR, T 78 0°F1 45° 5 ] b B 43 4E 508N, 78 90° Fil
135° )5 R, Al W, T, 1925 (1534 55 R 128 [l 53 A JFA—3, W 1E 0°,45°F 135° 07 [ 3 4ERCR , 5 R WY
S S —E, L, 7E 0°.45° 90° 1 135°77 ] b A4 e R 5 K, Ui BATE Bir 7 1) b L, ARH5 R AR 28 5
I S [ oA e B o A 2 TR [ T —2L, € AN 7E 0°,45° 90°F1 135° 5[] b 1y 4r 45 AR BAR K,
ULHATE TR 5 0] AR R B (AR S o —3, L, A C/N 78 90°T5 1] I A9 43 AE50/IN T 0° 45° F 135° 77 1] |- 1Y
STAEEL X R W] 90° 5 1] b L, KN C/N Gy A e B 728 S of RUBE AR K, 5 R B A A 8 —3,
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R5 TEMBREEZMETFHS4%E

Table 5 Fractal dimension of soil respiration and its influencing factors

Hhi el A # S Anisotropy
Parameters Isotropic 0° 45° 90° 135°

R, 1.74(0.99) 1.99(0.00) 1.82(0.97) 1.56(0.96) 1.71(0.92)
Ty 1.56(0.93) 1.18(0.99) 1.48(0.93) 1.78(0.69) 1.71(0.74)
W, 1.69(0.82) 1.81(0.68) 1.75(0.72) 1.60(0.70) 1.77(0.70)
L, 1.87 (0.57) 1.90 (0.20) 1.93(0.23) 1.94(0.29) 1.80(0.65)
L, 1.82 (0.62) 1.83(0.60) 1.86(0.30) 1.80(0.67) 1.86(0.43)
C 1.73 (0.95) 1.68(0.95) 1.77(0.84) 1.81(0.75) 1.71(0.92)
N 1.77(0.96) 1.76(0.90) 1.79(0.91) 1.79(0.91) 1.80(0.91)

C/N 1.46(0.89) 1.71 (0.58) 1.53(0.67) 1.33(0.73) 1.47(0.95)
S 1.84(0.70) 1.89 (0.27) 1.56(0.67) 1.84(0.20) 1.80(0.55)

O AES BRI PE RE(R)

2.2.3  ZE[ESHAAE )R

Kl 2 S Kriging St N ARTEXT R LS e Rl #EA T4 0, 4 s HRESH e 5 oy TR 50, 22 7] il 5 DX 1Y)
FHZ A Kriging £ S8R B 2 MR 4 192007 22 BT 280, IWAEHEZIEI W] LAE DI X B0 Y R,
TRREAR, 0 5 DI ) PO ARG FRER 50 5 T O o3 A A 5 R AN TRD i B DX 0 DX 3l 1 g 35, T AR AR
W 28 B AR B o 2 4%, A B I BEHe - A ol (B BAORE | P Ande i i, AR e L, .C N .S F1 ¢/
N B2 (8] 3 A A U 4530, P LA s, AR ARG, DA B ATk B R By =S Rl kil W, L, \L, .C N,
S 17 Bl A R — B, M T W23 [ A AT AR AR ]
2.3 GHCRFEAE M E

K FHBRE BRI T A R EAG Ao X R S B R ik 2 — . B A 32 L 580 TR
KA mEZR AT HAL,

N=(T=CV)*/k (1)
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Table 6 Sample capacity under different confidence levels and estimated precisions
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Fig. 2 Spatial distribution maps of soil respiration rate and its influencing factors

TE 28%—42% 2 8] ; Xu AT Qi ™ 45 H # by N TAKAYZAE 57 22 0FF 30% 7247 s Russell Al Vorney' ™ % BH A ME A 25
SR 16%—45% 22 18] 1F1 565555 2 F8 1 2 .7 112 4EAE R N AR 23 6] 48 5 R BT 34 0 28.8% . 22.4%
H19.6% ; Yim 451 % 30 H AR — AP A8 N TARAYAE 52 R BN 28% , A b2 8] 75 S R 45045 v 22 7 i 194 T A
5 5 Adachi %5 X6 I fe Y Y DU b ZR A A5 R GE L IRNT I 5T 5 A5 AR S R BN T 40%—45% . AR, B
A S R G HEE I A 25 [ A8 57 R B 209%—50% ) S A1, A5 R 5 40 - S9ETI f14 2 () AR S R B
HORE ] B A 25 AL T AE 4K, 40 Rayment F1 Jarvis 25 4R 3E S HORE R R T 1 m Bt - HEIF I 14 45 7] A5 57 bifi 25 BORE
[F1] 1 P9 188 K T 484 K (88 K A 2 R K s Kosugi 25 1R FH ARG MRS i A5 A0 1 6 2R 3 R AR 50 mx50 m
B A BIF ST T, A BRI I 3K 3R 1) 235 i) A5 S B o SRR R B R M8 K, ARG o L 3T ) A8 S R B
BURE RS B938 KM R, 1 m 2 m A4 m BURERUEE BN 16%—22% , 37 TARIE MRIELIX. , AT 6 -5 10 HF ZRAK 0 RE
Hi 2548 e R R AR T B 5

24 RUBE b 4 ok 2 A - ST G ) 2 [ A3 A A 1 fige 5 i - S P 243 1) 72 5 %) 552 il R - R WL B
B, KR AIRFFT 3 W ZR A 25 R 0 1 eI 1) 2 () 5 v 5 - SRR U & R WA O 0 R AT
RIS MR G A AR, HL A8 fb 2 5 ) 36 AR W )0 2 T R i) - 49, U A Rk
WAER M ANAR AR i, SR AT AR AL IS N K %) 1358 /U AR 2B i 2 RIS, i 8 I e LU AR e
L AURIFRART 3T WL 2 1 W adE AT 40t 16 ShHE R CO,, B TR JE Rl Xk 4S9 IF Wi ofe 136 28 56 B
B R R RN A ST 54 B A2 1) 3 b B A A AL R I, 2 S A AL B AR R RS
b AR, - ST IR R g 2 S RN AR ST R P A R AR S B IR ARG (P <

http ; //www.ecologica.cn



24 4 PRI AR PSR FORAR I DR R TR AR IR I 10 225 [ 5 o 9

0.01) , RFE 7K —J7 1 B2 R ) - 38 AR 25 Rl A g %) P R 3 36, 59— T 3 i S LA 4 L el A K DU
e e E T TR1 2R ) - SE0F IR, A 4RI - NP A 2 () 2B fb 5 ek o B IR OE Y 5 e
BFASE P ARG RIS Y S K K R B IEAE(r = 0.26,P < 0.01;r = 0.25,
P < 0.05), 5 MHIEEFEERBENMHE(r = —0.31,P < 0.01), 3R H IR0 5 A G, A RE R K
- HEK 3 aXoF - SER E 4) ShA 2R IO BT [ 4 R i - g L 20

T ELAG A R I A (AR S S T B 2 I R ER  A BE RS B A T TR ) IR A R AR AR
B R Hh - TR A T B s A AR R MR 22, FUR BERR 530 M FE AR 25 0, 4 B LU 2050 VA 1 3 o R A O 458
ERAR T EARMASESE, Yim %5 A RTE 95% B 5K FIRZETE 10% F1 20% AR H AR #5 - Fis X T4k £ 558
I W (14 0 B BSR4 )R 30 AT 8 A, I H B BURE RS 5 2 7 55 9% T RRURININ 58 v A %, Ry
Tt B R R /NI i T A 2 I R ER E  R P B T AT T - A W A A g 0 O
BRI T PR T Z A BRERUE: , Davidson %570 4GH T 78 [RVREAY B /KT IR 22 T MR AT B I TR A2 bR 1 S i
1) DA BLRAEFCER S0 41 A1 10 A TAH DA BRAEFICER: 15 A 38T 11 235 i) 25 S A B R 22 7 5 1) T B UA AR
KIF 5 Adachi 4500 Th A PO Y DU BRAR AL 25 2R GE0F 5 5 15 HH - S0P 052 A o0 B2 BRORE K0 ) B T - HE R I A1
73 (A SRR DN 67—85 ANFI 17—21 A, ARFFERWT, 3 AU R 95% ,90% & A5 K iR 2ETE 5% 10% Fl
15% Wb BER AR FCE AL BBl A 39—74 Fl1 28—52 10—19 Hi1 7—13 4—8 il 3—6 Z ] I T bW 5% iy 4z
AR DA BRI, T B RR M  AM 2 (A S, AR SIZ 00 T ORI £ 56 o S T 00, Adachi 2P0 A AT
X7 e B SRR = TRl L XY

4 %t

3} PSR A AR PR DA R IR A MR 3 AN IBORE RUEE R (AT 1 m 2 m Al 4 m) 102 AN SRAE S R I
FERWT, R 72 5 A5 B it HORE RUBE A3 KGR, A8 S REUTE 16% — 22%Z ;R 5 L, L, .C FI N 24
FIEAK(P < 0.01),5 W R2BFEIEMX(P < 0.05),5 T, E2WMBEAFE(P < 0.01),5 C/N F S HIEAR
BE(P > 0.05), RIIHAEHFAEMFERE FEEM, A A 17 m 224, %M R4 m 2 m fl
1 m HURERUEE 95% B A5 /K IR ZETE 5% M 10% P T 75 SR FESCR 4 51 74 .44 39 A~F119 11,10 4,

22 3L Hf ( References)

[ 1] Trumbore S. Carbon respired by terrestrial ecosystems-recent progress and challenges. Global Change Biology, 2006, 12(2) . 141-153.

[ 2] Schlesinger W H, Andrews J A. Soil respiration and the global carbon cycle. Biogeochemistry, 2000, 48(1): 7-20 .

[ 3] Borken W, Xu Y J, Davidson E A, Beese F. Site and temporal variation of soil respiration in European beech, Norway spruce, and Scots pine
forests. Global Change Biology, 2002, 8(12) . 1205-1216.

[ 4] Davidson E A, Janssens I A, Luo Y. On the variability of respiration in terrestrial ecosystems: moving beyond Q,,. Global Change Biology, 2006,
12(2) : 154-164.

[ 5] FangC, Moncrieff ] B, Gholz H L, Clark K L. Soil CO, efflux and its spatial variation in a Florida slash pine plantation. Plant and Soil, 1998, 205
(2): 135-146.

[ 6] Davidson E, Belk E, Boone R D. Soil water content and temperature as independent or confounded factors controlling soil respiration in a temperate
mixed hardwood forest. Global Change Biology, 1998, 4(2) . 217-227.

[ 7] Raich J, Schlesinger W H. The global carbon dioxide flux in soil respiration and its relationship to vegetation and climate. Tellus B, 1992, 44(2) .
81-99.

[ 8] Rayment M, Jarvis P. Temporal and spatial variation of soil CO, efflux in a Canadian boreal forest. Soil Biology and Biochemistry, 2000, 32(1) :
35-45.

[9] YimMH, JooS]J, Shutou K, Nakane K. Spatial variability of soil respiration in a larch plantation: estimation of the number of sampling points
required. Forest Ecology and Management, 2003, 175(1/3) . 585-588.

[10] Hanson P J, Wullschleger S D, Bohlman S A, Todd D E. Seasonal and topographic patterns of forest floor CO, efflux from an upland oak forest.
Tree Physiology, 1993, 13(1) . 1-15.

http ; //www.ecologica.cn



10 GO O 5%
[11] Song Q H, Tan Z H, Zhang Y P, Cao M, Sha L. Q, Tang Y, Liang N S, Schaefer D, Zhao J F, Zhao J B, Zhang X, Yu L, Deng X B. Spatial

[12]

[14]

[15]

[17]

[18]

[32]

[33]

[35]

[36]

heterogeneity of soil respiration in a seasonal rainforest with complex terrain. iForest - Biogeosciences and Forestry, 2013, 6(2) : 65-72.

Luan J W, Liu S R, Zhu X L, Wang J X, Liu K. Roles of biotic and abiotic variables in determining spatial variation of soil respiration in
secondary oak and planted pine forests. Soil Biology and Biochemistry, 2012, 44( 1) . 143-150.

Katayama A, Kume T, Komatsu H, Ohashi M, Nakagawa M, Yamashita M, Otsuki K, Suzuki M, Kumagai T. Effect of forest structure on the
spatial variation in soil respiration in a Bornean tropical rainforest. Agricultural and Forest Meteorology, 2009, 149(10) . 1666-1673.

Ohashi M, Kume T, Yamane S, Suzuki M. Hot spots of soil respiration in an Asian tropical rainforest. Geophysical Research Letters, 2007, 34
(8): LO8705, doi: 10.1029/2007GL029587.

Xu M, Qi Y. Soil-surface CO, efflux and its spatial and temporal variations in a young ponderosa pine plantation in northern California. Global
Change Biology, 2001, 7(6) : 667-677.

IR, M, VRIREE, BdA, XIS, sRZEAR. KA ST AR T 2 18] S SR S AR AR AR R R TR, AR 2SR, 2007, 27
(12) . 5254-5261.

Martin J G, Bolstad P V. Variation of soil respiration at three spatial scales: components within measurements, intra-site variation and patterns on
the landscape. Soil Biology and Biochemistry, 2009, 41(3) . 530-543.

Adachi M, Ishida A, Bunyavejchewin S, Okuda T, Koizumi H. Spatial and temporal variation in soil respiration in a seasonally dry tropical forest,
Thailand. Journal of Tropical Ecology, 2009, 25(5) . 531-539.

Maestre F T, Cortina J. Small-scale spatial variation in soil CO, efflux in a Mediterranean semiarid steppe. Applied Soil Ecology, 2003, 23(3) .
199-209.

Foti S, Balogh J, Nagy Z, Herbst M, Pintér K, Péli E, Koncz P, Bartha S. Soil moisture induced changes on fine-scale spatial pattern of soil
respiration in a semi-arid sandy grassland. Geoderma, 2014, 213, 245-254.

Kosugi Y, Mitani T, Ttoh M, Noguchi S, Tani M, Matsuo N, Takanashi S, Ohkubo S, Rahim Nik A. Spatial and temporal variation in soil
respiration in a Southeast Asian tropical rainforest. Agricultural and Forest Meteorology, 2007, 147(1-2) : 35-47.

Western A W, Bloschl G, Grayson R B. Geostatistical characterisation of soil moisture patterns in the Tarrawarra catchment. Journal of Hydrology,
1998, 205(1/2); 20-37.

Hillel D. Research in soil physics: A re-view. Soil Science, 1991, 151(1) : 30-34.

Goovaerts P. Geostatistics in soil science; state-of-the-art and perspectives. Geoderma, 1999, 89(1-2) . 1-45.

D, LR, s 7Tk, dbat. PEBSEEOR R, 2001 185-280.

Trangmar B B, Yost R S, Uehara G. Application of geostatistics to spatial studies of soil properties. Advances in Agronomy, 1985, 38(1) : 45-94.
Rodeghiero M, Cescatti A. Spatial variability and optimal sampling strategy of soil respiration. Forest Ecology and Management, 2008, 255(1) :
106-112.

Russell C A, Voroney R P. Carbon dioxide efflux from the floor of a boreal aspen forest: I. Relationship to environmental variables and estimates of
C respired. Canadian Journal of Soil Science, 1998, 78(2) : 301-310.

EIZETE, s, B RE. AR (Populus balsamifera) N T ARRY A IEEIE 23 0] 5 k. AEZS2% 2435, 2013, 32(6) ; 1378-1384.
Adachi M, Bekku Y S, Konuma A, Kadir W R, Okuda T, Koizumi H. Required sample size for estimating soil respiration rates in large areas of
two tropical forests and of two types of plantation in Malaysia. Forest Ecology and Management, 2005, 210( 1) ; 455-459.

Sge A R, Buchmann N. Spatial and temporal variations in soil respiration in relation to stand structure and soil parameters in an unmanaged beech
forest. Tree Physiology, 2005, 25(11) ; 1427-1436.

Rasse D P. Nitrogen deposition and atmospheric CO, interactions on fine root dynamics in temperate forests:; a theoretical model analysis. Global
Change Biology, 2002, 8(5) . 486-503.

Bazzaz F A, Williams W E. Atmospheric CO, concentrations within a mixed forest: implications for seedling growth. Ecology, 1991, 72(1) .
12-16.

Graf A, Herbst M, Weihermueller L, Huisman J A, Prolingheuer N, Bornemann L, Vereecken H. Analyzing spatiotemporal variability of
heterotrophic soil respiration at the field scale using orthogonal functions. Geoderma, 2012, 181: 91-101.

Allaire S E, Lange S I, Lafond ] A, Pelletier B, Cambouris A N, Dutilleul P. Multiscale spatial variability of CO, emissions and correlations with
physico-chemical soil properties. Geoderma, 2012, 170 251-260.

Davidson E, Savage K, Verchot L V, Navarro R. Minimizing artifacts and biases in chamber-based measurements of soil respiration. Agricultural

and Forest Meteorology, 2002, 113(1/4) . 21-37.

http ; //www.ecologica.cn



