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Spatial Heterogeneity of Soil Respiration in a Larch Plantation of North China at

Different Sampling Scales

YAN Jun-xia, LIANG Ya-nan, LI Hong-jian ", LI Jun-jian

(Institute of Loess Plateau, Shanxi University, Taiyuan 030006, China)

Abstract: Based on observations of soil respiration rate (R, ) and both biotic and abiotic factors in Pangquangou Nature Reserve at
three sampling scales (4, 2, and 1 m), we studied the spatial heterogeneity of R_ and the factors, and analyzed impacts of soil
temperature at the 5, 10 and 15 ¢cm depth (75, T,,, T,5) , soil moisture over the depth of 0-10 cm (W), and soil total nitrogen (N),
soil total organic carbon (C), ratio of carbon and nitrogen (C/N) , soil total sulfur (S), litter fall mass (L, ) and litter fall moisture
(L

confidence levels and under the responding estimation accuracy. The results showed that: (Dthe spatial heterogeneity of C/N at 4 m

) on the spatial heterogeneity of R_, respectively. We also calculated the minimum sampling number of all the factors at different
sampling scale, W_at 2 m sampling scale and T;, T|5 at 1 m sampling scale had low variability, while the spatial variation of R_ and
other related factors had medium variability. Coefficients of variation of R, C/N and S decreased with the increase of the sampling
scales, but those of N, C, W,, Ty, T\, T\, L, and L, showed contrary trend; @ the spatial autocorrelation of R, W_, T, T,
T\s, L, and L decreased with the decrease of sampling scales but the spatial autocorrelation of C, N, C/N increased with the decrease
of sampling scales, and the spatial autocorrelation of S decreased with the decrease of the sampling scales at initial stage and then
increased; (3 the key factors that influenced the spatial heterogeneity of soil respiration were different at different sampling scales. Soil
temperature was the key factor influencing the spatial heterogeneity of R_ at a larger scale. However, at a smaller scale, the spatial

heterogeneity of R, was influenced by C, L, and L_; @ the minimum sampling number for soil respiration measurement and its

influencing factors reduced greatly with the decrease of confidence level and responding estimation accuracy. The sampling numbers of
R_, C/N and S increased with the decrease of sampling scales, while those of N, C, W, Ts, T,, T\s, L, and L decreased.

Key words :sampling scale; soil factors; soil respiration; spatial heterogeneity; larch plantation
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Table 1~ Statistical characteristics of soil respiration and controlling factors
g OWHEIE g g OB o R bes e e S
/m T AR
4 2.64 0.80 2.38 2.93 1.46 4.55 2.52 0.80 0.10 ER
R, 2 1.97 0.67 1.72 2.20 1.02 3.76 1.88 0.98 0.86 EA
1 2.40 0.87 2.11 2.70 1.02 4.84 2.25 1.10 1.71 EA
4 0.107 0.028 0.097 0.116 0. 061 0.187 0. 100 1.47 2.37 EA
N 2 0. 097 0.018 0.091 0.103 0.077 0.171 0. 094 2.24 7.76 E#s
1 0. 099 0.021 0. 092 0.106 0. 050 0.171 0. 098 1.11 3.70 EA
4 1.20 0.30 1.09 1.30 0.71 2.05 1.12 1.34 1.55 ES
C 2 1.23 0.20 1.16 1.30 0. 90 1.88 1.21 1.15 2.01 EA
1 1.38 0.21 1.31 1.45 0. 87 1.88 1.34 0.49 0.56 EX
4 11.28 0.76 11. 10 11.54 10. 09 14. 06 11.19 1.50 4.10 EA
C/N 2 12. 60 1.86 12.25 13.36 10. 58 16. 19 12.44 0.49 -0.92 E#s
1 14. 10 1. 60 13.56 14. 64 10. 99 16. 87 14.13 -0.36 -0.72 EA
4 0.021 0.008 0.018 0.023 0. 005 0.031 0.024 -0.80 -0.87 JEIES
S 2 0.028 0.018 0.022 0.034 0. 005 0.114 0.025 3.18 14.34 RIEE
1 0. 031 0.022 0.023 0.038 0. 005 0. 130 0.029 3.11 13.70 JEIES
4 18.19 3.42 16. 98 19.36 11.59 25.86 18. 11 0.56 0. 31 ER
W, 2 19.13 1.48 18. 60 19. 67 15.58 23.46 18.89 0. 54 1.20 EA
1 19. 69 2.14 18.96 20. 41 15. 64 26.25 19.33 0.85 1.54 ER
4 7.74 1.18 7.33 8.16 5. 60 11.20 7.70 0. 62 0. 81 E&
T; 2 8.50 1.22 8.16 9. 00 6. 60 12. 80 8.70 1.21 3.73 EA
1 8.56 0.72 8.31 8. 80 6.70 9.90 8. 60 -0.51 0. 06 A
4 8.25 1.28 7.82 8.71 6.28 12. 16 7.99 0.89 1.21 E&
To 2 7.89 0.79 7.63 8.19 6.33 9.11 8.02 -0.40 -0.95 ER
1 8.05 0.58 7.85 8.24 6. 80 9. 00 8.01 -0.38 -0.61 ERA
4 8. 86 1.44 8.35 9.35 6. 60 13. 40 8.50 1.00 1.49 ER
Ty 2 7.74 0.88 7.40 8.01 6. 30 10.30 7.75 0.95 1.35 EA
1 7.26 0. 66 7.04 7.48 6. 10 9. 40 7.30 0. 84 1.95 EA
4 29.29 8.37 26.35 32.18 13.26 52.83 26.95 0. 66 0.98 ER
L, 2 28.30 7.21 25.62 30. 80 17.26 54. 54 26.39 1.41 3.64 EA
1 28.93 6.22 26.82 31.03 17.26 41.29 28.63 0.01 -0.52 ER
4 12. 40 6. 81 9.97 14.72 2.48 29.59 10. 14 1.39 1.28 E&
L. 2 11.07 4.66 9.19 12.45 5.49 26. 85 9.83 1.70 3.61 EA
1 10. 55 4.10 9.16 11.94 5.49 21.50 9.25 1.14 0.59 IEA
DEFR T TygTis W, L, L, C,N, C/NF1S 43 HCE LIEIFI [ wmol - (m?+s) =115 em, 10 em 115 em IR LHERE(C) | +
HOKM (%) . VBIEDE (-hm 2) | BE S KR (%) . TR (%) . 2F (%) . 2/ SRR %)
w2 HIEMRREEENNE TR X EERD
Table 2 Correlation matrix of soil respiration and its influencing factors
BURE ] /m W, Ty Ty Tys L, L, N C S C/N
4 -0.19  0.49** 0.57**  0.58** 0.03 -0.15 0.23 0. 20 -0.17 -0.10
2 -0.06 -0.16 0.18 0. 08 0.03 0.24 0.26 -0.02 -0.09 -0.35*
1 -0.06  0.02 -0.10 -0.11 0.34* 0.66* 0.30 0.34* 0.10 -0.08
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Table 3 Rotated component matrix and total variance explained
JRURE ] W MR DUE S 37N A 1)
/m /% /% W, Ty Ty Tys L, L, N C S C/N R,
EMSr1 449 40.82  40.82 -0.79 0.95 0.96 0.96 0.14 -0.68 -0.17 -0.13 -0.52 0.21 0.53
4 Epsr2 2.17 19.70  60.52 0.27 0.05 0.09 0.14 0.06 0.09 0.96 0.92 -0.14-0.23 0.47
FEWH3 117 10.68 71.20 -0.16-0.02 -0.08 -0.07 -0.46 -0.35 0.14 0.32 0.23 0.76 -0.22
FEr4 112 10.17 81.36 -0.32-0.06 -0.03 O 0.85 0.25 0.06 0.16 0.18 0.38 -0.14
F1 2,65 24.07 24.07 -0.44 0.81 0.61 0.31 -0.10 -0.26 -0.54 -0.10 0.69 0.63 -0.30
5 Fr2  2.04 18.53 42.60 -0.22 0.17 0.37 0.70 -0.05 -0.41 0.77 0.67 -0.15-0.18 0.27
Fr3 187 17.01 59.61 -0.29 0.24 0.15 0.39 0.60 0.72 -0.05 -0.40 0.16-0.51 0.47
Fr4 153 13.89  73.50 0.0l 0.13 -0.45 -0.14 0.66 0.31 0.28 0.58 0.34 0.39 -0.30
Es1 3.04 27.68  27.68 0.34-0.6 -0.45 -0.14 0.22 0.48 0.90 0.78 0.32-0.56 0.49
Flmr2 2,17 19.73  47.41 0.22 0.66 0.33 -0.35 0.40 0.70 -0.22 0.21 0.32 0.57 0.54
1 Fr3 1.60 14.51  61.92 0.63 0.25 0.62 0.45 -0.55 -0.08 0.25 0.36 0.08-0.02 -0.21
Fr4 156 14.20 76.12 -0.50 0.16 0.44 0.73 0.43 0.12 0.16 -0.11 -0.15-0.40 0.36
Firs5 1,01 9.22 85.34 -0.15 0.13 0.13 -0.13 0.17 -0.28 0.06 -0.08 0.85-0.23 -0.24

2.3 AFIRPEET RPN 7 22 R A B
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W, T Ty Ts. SH1ImM T, Ty.C., N, C/N,
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S R R 2 (8] { AR DCIE Bl 22 % AN K ,4 .2 Fl Ll m
BURE R (AR TR 53 SIAE 16. 86 ~25.37 . 4.62 ~8. 43
1,45 ~4.21 m Z (8], PEWT R, R0 2 0 PR 1~ 19 A=
AT R IEA AR R RO FARVER.
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4 Fn2 A~ IFR s LA B B G ACE RIS T
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KIFEEWA s R C/N FLAT S BYHRFEEL H Bl BORE
(] BE B/ N TG I, i N CL W, T, Ty Tis L,
ML, AP

3 g

AT 2 TA]RURE L S PR 2 ) S i P ) 2
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FARMEMIDE . Martin Z545 12 £ HERPE 14 25 1]
ARFAE O ~ 1 m RUEE b 22 AR SRR 7 P 520
TE1~10 m RUZ EEZZRAEYE | L8R/ A
AR R SRR AR, 7E U B R T
SHF. Fang SR ALYk RN ] L 40T
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Table 4  Parameters of theoretical models for soil respiration and its influencing factors
WiH BURE ] FE/m TR Hegd HAMH B/ R G 1H AR/ m PLE BB BT
4 BRIE 0.217 0.799 0.272 16. 86 0.974 2.528E-03
R, 2 Lk 0.392 0. 499 0.786 8.43 0.102 6. 852E-03
1 BRIE 0. 686 0.824 0.833 4.21 0.501 0. 0263
4 2k 0. 830 14.707 0. 056 16. 86 0.939 3.510
W, 2 Lk 1.251 2.454 0.510 8.43 0. 858 0. 066
1 2k 4.190 5.031 0.833 4.21 0. 654 2. 869
4 etk 0. 001 1.818 0.017 16. 86 0.983 0. 0909
Ty 2 2k 0. 461 1. 549 0.298 8.43 0. 848 0.0578
1 BRIE 0.125 0.575 0.217 3.39 0. 899 3. 548E-03
4 etk 0. 001 2.094 0. 000 16. 86 0. 984 0. 0860
Ty 2 i 0. 188 0.632 0.297 5.76 0.974 2.471E-04
1 BRIE 0.09 0.417 0.216 4.66 0. 999 2.358E-05
4 Lk 0. 001 2.625 0. 000 16. 86 0. 986 0.156
Tys 2 2k 0.307 0. 875 0.351 8.43 0.937 8. 013E-03
1 ek 0.283 0. 505 0. 560 4.21 0.752 4.418E-03
4 2k 57. 600 76. 641 0.752 16. 86 0.103 147.8
L, 2 etk 45.20 57.495 0.786 8.43 0. 004 51.07
1 2k 34.50 41.428 0.833 4.21 0.311 64.34
4 2k 15. 550 58. 944 0. 264 16. 86 0.974 14.11
L, 2 i 6. 870 24.710 0.278 4.62 0.782 2.352
1 2k 13.930 18.052 0.772 4.21 0.173 19.34
4 2tk 0.000 5 0.000 8 0. 625 16. 86 0.983 5.270E-10
N 2 2tk 0. 000 3 0. 000 4 0. 750 8.43 0.385 1. 388E-09
1 BRIE 0. 000 1 0. 000 4 0. 250 2.04 0.844 7.803E-10
4 2tk 0. 057 0. 098 0.582 16. 86 0. 986 6. 716E-06
C 2 Lk 0.015 0. 049 0. 306 8.43 0.991 2. 846E-06
1 BRIE 0. 007 0. 044 0.159 1.45 0. 049 4. 114E-05
4 Lk 0. 401 0.583 0. 698 16. 86 0. 831 1. 851E-03
C/N 2 2tk 1.999 4.040 0. 495 8.43 0. 663 0.551
1 BRIE 0. 588 2.534 0.232 2.45 0. 990 3. 103E-03
4 BRIE 0. 000 0 0.000 1 0. 000 25.31 0.984 3.535E-11
S 2 etk 0. 0002 0. 000 4 0. 500 8.43 0.784 2. 948E-09
1 53] 0.000 1 0. 000 4 0. 250 4.21 0.772 8. 859E-09
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Table 5 Sample capacity at different confidence levels and estimated precisions

i H HRE IR /m 95% B AR /K TAb RS

90% ELfF KPR EE

95% 90% 85% 80% 95% 90% 85% 80%
141 35 16 9 99 25 11 6
R, 2 178 44 20 11 125 31 14 8
1 202 50 22 13 142 36 16 9
4 105 26 12 7 74 19 8 5
N 2 53 13 3 37 9 4 2
1 69 17 4 49 12 5 3
4 9% 24 11 6 68 17 8 4
C 2 41 10 5 3 29 2
1 36 9 2 25 2
4 223 56 25 14 157 39 17 10
S 2 635 159 71 40 447 112 50 28
1 774 193 86 48 545 136 61 34
4 54 14 6 3 38 10 4 2
14 2 9 2 1 1 6 2
1 18 5 2 1 13 3 1 1
4 36 9 4 2 25 6 3 2
T, 2 32 8 4 2 22
1 1 3 1 1 8 1 1
4 37 9 4 2 26 7 3 2
Ty 2 15 4 2 1 11 3 1 1
1 8 2 1 1 6 1 1 1
4 41 10 5 3 29 7 3 2
T)s 2 20 5 2 1 14 3
1 13 3 1 9 2 1
4 125 31 14 8 88 22 10 6
L 2 100 25 11 6 70 18
1 71 18 8 50 13 6 3
4 463 116 51 29 326 82 36 20
L, 2 272 68 30 17 192 43 21 12
1 232 58 26 15 163 41 18 10
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