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Spatial Heterogeneity of Soil Respiration in a Planted Larch Forest in Shanxi

Plateau
YAN Jun-xia, LI Hong-jian", LI Jun-jian, WU Jiang-xing
(Institute of Loess Plateau, Shanxi University, Taiyuan 030006, China)

Abstract: Based on the data from a planted larch forest in Panquangou Natural Reserve of Shanxi Province, at three sampling scales
(4, 2, and 1 m, respectively) , soil respiration (R,) and its affecting factors including soil temperature at 5 em (7T5), 10 em (T),),
and 15 em (T,5) depths, soil water content (W ), litter mass (L, ), litter moisture (L, ), soil total carbon (C), and soil total
nitrogen (N) were determined. The spatial heterogeneities of R_ and the environmental factors were further analyzed and their intrinsic
correlations were established. The results of traditional statistics showed that the spatial variations of R_ and the all measured factors
were in the middle range; R, were highly significantly positively correlated with T, 7,5, and N (P <0.01) ; significantly positively
correlated with L (P <0.05) ; highly significantly negatively correlated with C/N ratio ( P <0.01) ; and not significantly correlated
with Ty, W, Ty, N, and W,

together accounted for 36% of R, heterogeneity. The results of geo-statistical analysis demonstrated that R, was in a medium spatial

L, and C (P >0.05). Multiple stepwise regression analysis indicated that the four factors of L,
autocorrelation; random and structural factors accounted for 39. 5% and 60. 5% of R_ heterogeneity, respectively. And the factors such
as climate, landform, and soil played a leading role. The results also illustrated that the ranges for soil factors were different and the
range for both R_ and T, was 25 meters. The fractal dimension of the soil index was in the following order: L and C/N ratio (1.95)
>N (1.91) >C (1.89) >R, (1.78) > L (1.77) >W_(1.69) > T,,(1.42). The spatial distribution of R, was in consistent
C, and N; but different with those of W_ and C/N ratio. With a fixed cofidence level and certain

estimated accuracy, the required sampling number of each item differed, corresponding to its spatial variation degree.

agreement with those of T, L

m ?

Key words :soil respiration; spatial characteristics; semi-variance analysis; larch plantation; Pangquangou Nature Reserve area
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BUIRAE L PG4 B 22l A R ) e SR VA [ 2 H SR R
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BME TR 74% VL . KNS EEERESME. B
BB R ZW A HFEIES T AFRIE3 ~4C,
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bk £, L A | W Ll B A R L
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R 20 20 70 AEAR BN T AR ) ARt VR A AR
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m [ DXIRAE A U . B 3 B 30 e Ay, P e
FRACAR. TEIZAE b N 53 9 A% o 25 3k A B DU
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SASHCE 1A PVC B AR 3 em 247, B T
A2 T PVC BRXT 4 35 W 2 19 5% il | [R]EF BT R PVC
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(RS R I a9 A0 o 0 2 o B sl e T
2009 4E 6 A #E4T. HF09:00 744, T4 15.00 45



5 JEREE A o LV i D A N AR L S 4 4 ) S B 1795

4m ¥ 4m 2mx 2m Im* 1m
20m 10m im
i g
20mfiH 10 m 4% Smijt
E1 BHSaHTE
Fig. 1 Distribution of the sampling points
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JH LI -6400 A9 S8R BEAREADIE 5 em(T5) | 10
em(T,) A 15 em( T, ) RER LEEJEE. 10 em
TR S8 R 5 A ST % (] Bk 0, W 2 0 4%
HIEAMI S em A115 em WREE) HHERE AN Tid .
0 ~10 em R HIEEKE (W) H BRI . 78
RS - P I 2 52 U, B S PVC PR 4
FRURHTEY ARG - EEEL 0 ~ 10 em IR Y T35 A
B, WIEYE N 65CHET G R IE Y &K
H(L,,% ) AR ERE YR (L, , t-hm ™) ;
FITH AR A FH 0 2 56K 5 (105°C HET) | B4
HAAXT, 3 2 mm 30 fif H] vario MACRO cube
JCEMTL (FEE) e LR (N) . &k(C) Al
2HR(S). BRA(C/N) = h/ 24
1.3 HdEbE 55t
1.3.1 Ziigit

K HT B A ] JRK B BRI SR K & R ((One-
sample Kolomogorov-Semirnov , K-S) £ 36 54 41 & 75 447
BAEAS S A A6 56 B B K « = 0.05. SR
Pearson A5G HT M e R 1 3R F1 AR 9
K5 LRI A OGO FR 5 SR AT A [ )3 73 A s
g e S IR R B AR SR 3R
A3 BT HE U I - S0 1 3 14y, Rk A Hr A
JH SPSS 17. 0 #4347

FHHAT A0 T IRFEA L & .

N = (T x CV)*/k (1)

K, NREGHMFEAS &, T FR 5 B E K

Bk RFGRE VPR
1.3.2 Jbhgeitsdn

A GS +9.0( Gamma Design Software, Inc. ) i#f
11205 22 R BB RIS S BT 55 A Surfer
8. 0( Golden Software , Inc. ) %] 4 35 W K HAR &
PR3 ) 434 B S (2R A

2 HFREHMW

2.1 f&G5itorr
2.1.1 EMEI T

WG AR (£ 1) R, MHEMHERN T
()72 )28 51 J@ T 4548 57 (10% < CV <100% ).
R, FI L, A8 5 RECE K, 45 5 R 35.30% Fi
46.97% ; L, . C FI N B8 57 RECBN 23R 16 20%
Lt Ty Ty Tos MW, AR S RZBOENHN 1 1%
~16% Z [8]. X EE AT K-S Ke g 25 R0, T
L,. C. N fl C/N KB AFFEES A (P <
0.05) W B ¥ J5 75 & IE A 20 A (Pys > 0.05) 5
R.Ts, Ty W, Bl L, BIFFHIERDM (P >
0.05) , i J2 RSB i, AN T B A7 X A5 46 ik
AT LA T MG T T2 4
2.1.2  fA RIS M

A AMISC IR, R, 5 T T\ N 24 5
FIEMEK(P<0.01), 5L ERFEME(P<
0.05),5 C/N LB EHAHME(P<0.01),5 T,
W, L, FlCAHXMARRE(P>0.05)(F£2). KH
LIt A D 2% R, FHA G AT A,
FEH. R, = 0.064L, + 0.3917,, + 12.557N -
0.063W, —1.598 (R* =0.36, P =0.000),L, . Ty .
N F W, X 4 DNHFRefRE R, 22108 36% . MR T
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PR IR AH DG R B RN B 4 R, 520 A
JERI KNSR Ty > L, > N> W, FERAbrdh
REH (R 3) AT BER 1) F 5 1(C
N) REfRRE R, 25 ()78 511 27. 42% AR FEFREE H 719

FAT2( T, M W,) e R R, 25 128 5119 21. 95%
REAWH T FE 3(L,) F4(L,) 53 5 BEf R
R, ZS[0) 28 S0 18. 34% M1 13. 29% ,4 4> F sy Bit
REffE Rt R, 25 M A2 519 81% .

F1 LTETREEZWETFHHERSETSHD
Table 1  Descriptive statistics results of soil respiration and its influencing factors

Eita FHH bRz 5 R A % R 353 P
R./pmol - (m?+s) ~! 2.34 0.83 35.30 0.93 0.90 IEA
Ts/C 8.27 112 13.53 0.45 1.92 IES
T,,/°C 8. 06 0.93 11.57 0. 89 2.98 IEA
Ts/C 7.95 1.24 15.53 1.45 3.16 dEIEDS
W/ % 19.01 2.54 13.34 0.24 1.44 EA
L,/t-hm 2 28. 84 7.26 25.18 0.77 1.58 EA
L,/ % 11.34 5.33 46.97 1.58 2.69 JEIES
C/% 1.27 0.25 19. 85 0.82 0.78 JEIES
N/% 0. 10 0.02 22.31 1. 66 4.10 JEIES
C/N b 12. 66 1.87 14.77 0.25 -0.21 JEIES
D)EF R, Ts. Tyg Tys W Ly L, C. N FlC/N HA B0 A IEIE [ (mol- (m?+s) ~'] .5 em, 10 em, 15 em HER HHIRE (C) |

sy Hwo

m

KAF(%) . TP (hm =) FED K (%) . LHELER (%) . 2F(% ) M2/ 2A, TH

®2 TEFRRERNETFZEHEXEERE

Table 2 Correlation matrix of soil respiration and its influencing factors

R, Ty Ty T W, L, L, C N C/N It
R, 1
T, 0. 04 1
Ty 0.34%* 0.65"* 1
Ts 0.31"* 0.32%* 0.71%* 1
W, -0.15 ~0.28%*  —0.43%* -0.53** 1
L, 0.14 0.08 0. 00 0. 10 -0.24% 1
L, 0.20* -0.33**  -0.37"" -0.22* 0.40"* 0.34%* 1
C 0.17 -0.00 -0.09 -0.14 0.31** 0.05 0. 04 1
N 0.29°* -0.30"* -0.11 0.14 0.21* 0. 08 0.10 0.79"* 1
C/N It -0.20* 0.47** 0.05 -0.40** 0.09 -0.07 -0.20* 0.24* -0.39** 1
1) = FRBEMEAKT0.05; * = FoxBEHEKT0.01
R3 EEHLWMER
Table 3 Resulis of the principal components analysis
% % F a2 FWisr3 F a4
FRHE(E 2.19 1.76 1.47 1.06
LRE R/ % 27.42 21.95 18.34 13.29
Rt oiEk xR/ % 27.42 49.37 67.72 81.00
FRAE 1]
R, 0.25 0.72 -0.09 0.04
Tho -0.45 0.65 0.27 0.07
W, 0. 60 -0.60 0. 04 -0.11
L, 0.16 0. 34 -0.51 0.64
L, 0.53 -0.14 -0.69 0.18
C 0. 74 0.12 0.59 0.27
N 0. 82 0.38 0.28 -0.19
C/N I -0.22 -0.41 0. 47 0.71
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2.2 AS[AVAE SERRAE S AT
2.2.1 BEIr UMY

FIH R, Ty W, A1 L, #0545, L, . C. N
FC/N HC YU FH R 55 4 5 1 B0 1647 2 T 22 o
Borbr. 48REWI(FR4) B L, B BIEAE S BEAL
OYAR LA AL AN R B HAth 52 M PR 7~ 119 B A5 AR
Y@ TR WA RL o R T, 1 W, i3S
BAUA ST N IRE B C C/N LR L,
FEBOAY KW L, o3 A FL A REML, T A P 2 R
SRR, BR L, Ab, HAL IS PR ARG (1 e
FE RBE R AE 0,95 DL

PG MBEAIEZ [ Cy/ (Cy +C) TR T RSE
AR As [ ARG, T, L, . C. N Fl C/N iy
Co/ (Cy + C)EHMIET 9% , T WM AT T EA 5505 1925 1]
I AHSGHE: , BEAILPE 28 51 2 10 5 Bt /0N, 25 18] 52 o 1
(AR AL B PR 25 40 PR R AN M . Il A 4= 3 i + B

JRAE SRR ZE SR ; R AT W, 1 Co/ (Cy + C)fHST
4 39. 5% 11 33. 1% , %W R, Fil W, HAT A8 i
()23 1] FARDCHE  BENLER 735 12 R, FI L, 1A)7S (] 55 5T
P35 39. 5% F1 33.1% , 5 # H & 15 60.5% Fi
66.9% M5, WP | TGN REE £ 21EH;
L, [ Cy/(Cy +C)MH A 100% ,32W] L, NEAZH A
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Table 4  Parameters of theoretical models for soil respiration and its influencing factors
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Table 5 Fractal dimension of soil respiration and its influencing factors
- I Sk

EfELN % I [ o 15 e 35
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1) 455 H B BRI E REU(R? )

HIZS A S R, ANIR), AR s, PEAE A (1A
2). VLB R, Mz E iS5 1, L, . C
N sl Ao —2 S W, . C/N =S
) AN R] 3% — 4518 SARC /AR —3k.
2.3 SHLRHBCH R E

FE A — BASACE A TS T AR AR ) 2
SRR AR, BOR T A 1 25 () A8 S 7

20

(F6). WIEF 1, T R, ML, 2507285 REE K
(43 50M 35.3% K1 45.97% ) , PRI HE s B HURE B0
WL, BFANEURERE R, FI L, /D BUREAS By
BIELRTF 21 138 A GBI F 95% (1) B A5 K F A
85% WAk TG BE 5 1 6 T 4% ) A S R B8 48 /N T
AW, W FEEL 3 A BEALIBURE 0 RE T RS 1 2
Ky CHIN /DR EEHL T ~ 8 M.

Ly (thm™) |8

- 48
H 42
£ 20 36
#
= 17 30
24
14 18
11 12
0.18
0.15
E
s 0.12
#
0.09
- ®0.06
100 15 20 0 5 10 20 0 5 100 15 20
PEES/m PEES/m PEES/m
2 TERREEZNEF=ESH
Fig. 2 Spatial distribution maps of soil respiration rate and its influencing factors
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Table 6 Sample capacity under different confidence levels and estimated precisions
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