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Spatial Heterogeneity of Soil Respiration in a Subalpine Meadow at Different

Sampling Scales
LI Hong-jian, GAO Yu-feng, YAN Jun-xia, LI Jun-jian
(Institute of Loess Plateau, Shanxi University, Taiyuan 030006, China)

Abstract: At four different sampling scales (10, 5, 2.5 and 1.25 m) we measured soil respiration and the environmental factors
affecting soil respiration in a subalpine meadow at Yundin mountain of Shanxi province. The purpose of the paper was to study the
spatial heterogeneities of soil respiration and the environmental factors including soil temperature, soil moisture, total nitrogen, organic
carbon, ratio of carbon and nitrogen, and total sulfur. Based on those measurements we analyzed the required sampling number at the
four scales. The results showed that spatial variations of the soil respiration and environmental factors at all scales were in the middle
range but for the soil temperature at 1.25 m and 2.5 m scales; and that the coefficients of variation in soil respiration and soil
temperature increased with increasing sampling scale, but for total nitrogen, organic carbon, total sulfur and soil moisture the
coefficients of variation decreased with increasing sampling scales. The environmental factors had different impacts on soil respiration at
different sampling scales. Simple correlation analysis showed that at 10 m scale the relationship of soil respiration with total nitrogen ( P
<0.01), organic carbon (P <0.01) and soil temperature ( P <0.05) was significant, but not with total sulfur, C/N and soil
moisture; at 5 m sampling scale it was highly significant with total nitrogen, organic carbon, but not with total sulfur, C/N and soil
moisture and soil temperature; at 2. 5 m scale it was highly significant with total nitrogen, organic carbon and soil moisture, but not
with total sulfur, C/N, and soil temperature; and at the smallest sampling scale it was highly significant with total nitrogen, organic
carbon and soil moisture, negatively significant with C/N, and negatively significant with soil temperature, but not with total sulfur.
The required sampling numbers for 10, 5, 2.5 and 1. 25 m sampling scales within £10% and +20% of its actual mean at the 95%
confidence level were 28, 21, 18, 14, and 7, 5, 4, 4, respectively. The results showed a decreasing trend of required sampling
number with decreasing sampling scale.

Key words : sampling scale; environmental factors; soil respiration rate; spatial heterogeneity; subalpine meadow
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R AL F I PEE BRI R3S, i,
BN = LA AL By P SR 1 B R A SRR AP X, 3
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E Z ). [MiA10 443 hm® , R IE R 74% . XN
(EESIT SN 7= SYE - AT I S (S i S
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MEZRBERENF, FEAKNHEY A A ES
( Artemisia gmelinii ) . & M 25 B 3% ( Potentilla
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¥ ( Geranium wilfordii ) . -1 ( Plantago asiatica) .
7%/4\\3@( Taraxacum mongolicum ) | W ﬁ‘%“ﬁ( Carex
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W ( Equisetum ramosissimum ) . B 22 5€ ( Papaver
nudicaule) . A B ( Thymus mongolicus) . ¥ KZ5[K
3¢ (Potentilla supina) . K¥F# (Artemisia sieversiana )
S5 PSRN FIRE 74 0 TE 405 00 WL SCik [ 25 ~27].
RIS ) - RS g 1 R 4 R R R 1S
~20 cm, IR WM T AL ERIEA ) 53 i
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SRy CFHRURE 55, 3 36 AN AL SRR MKIRTE L — 2
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ARV R R BURE A5 144 4>, ST RE S E 1T 2
S I SR AR R 2 T AR AL AR
1.3.2 BRI e A it

H Li-6400 £ #5 =X 4K 20 B & S8 ( Li-cor,
Lincoln,NE, USA ) I Li-6400-09 3¢ #F g i i 5
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1 d ¥ PVC P46 AFE SR 3 b JF 57 B A3
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2010 4F 7 H 21 H 16.:00 JF4h, [BIF% 1 h il —k,7
H 22 H 18.00 Z53, L5 25 k. FIH H AL
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1.3.3 R TIE
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em REEM) IR (T, . Ty Ty5). 0 ~10 cm S
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SRR 5 WU, A PVC 2R 0 ~ 10 em
UREE) A B A SRR 148 A [0 g6 =, — 3R 40
FHT D0 33K 3, TR 030 AR IT, 2 2
mm T IEGE HT o0 ISR APl 2. -
HEAA(TN) M2 (TS) {4 vario MACRO cube JT
R AL (TR M, A LR (SOC) FHHHK R
PR A BAGE BEA TN 2, BRALE (SOC/TN) =
LR A
1.4 Hdageitonth

FHEAREA ] JR B85 R -1 K 7% K ( One-sample
Kolomogorov-Semirnov , K-S ) #; 56 £ 45 J& & 45 & 1IE S
I3 RH—H4E77 2% (one-way ANOVA) 53HT7E 4 Fi
PR RUBE T L R 3 R 38 P 7 1408 2 S 1) S
FME; s 5 2 A LA IR 1 | R
R 5 IR R A A DG OC R, A 1 EE 7
TG F SPSS 17. 0 SE1, B AT 4R
Sigmaplot 10. 0 2.

2 HRE5H

2.1 A HERPIR R e A H AR L

2 2 2010 4 7 H I & L2 ) - S5 I 02 R0 A
BERF R AR S, NRATLIEWL T T, T)s
AR H AR, 1 d P SR R B IR
HBTE 06:00 2oy, fe (H T TE 14:00 Zefq. T,
Ty Tys W PIIE S 15.34 £ 2.75(SD) | 14.72
+ 1.99 F114.03 = 1. 15, P05 GREE AR, TR BAIL.

I B U R TS (8 BRI R 5 0 SR R T, Ty Al T Y28 57 RAKIK N 18.3% | 13.8%

21 7
18 | 16 %

9 &

&l 3

g 15 1s &
12 44 B
[¥] | | | 1 | | 3
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2 TRUEETEFEREERERFHEEL

Fig. 2 Diurnal changes of soil respiration and environmental factors
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B RAE HBAE 13,00 ~ 16.00 Z [8] | Fe AR AE H I AE
04:00 ~06:00 Z[d]. 5 24 h iE K9F 2 E A H i
(&3),21:00 ~ ¥ H 0800 2 [&] + 3 MFIE (AL T H
SE-HE,09:00 ~21:00 (1) - HEOFIE K T 7 H{H,
WRZETE +10% AN AT BE A 08 .00 ~ 11:00 F119 .00
~21:00.

1.5

12
Bn
0.9

0.6

0.3

g I A/ A 4

0
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B3 LA TNIMES 24 h FHE
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Fig. 3 Diurnal changes of proportion of the measured

values and daily mean value ( dashed line)

2.2 ARERET L IEP Y2 [ AR 5

FI AR E J5 B BG5BT AS [R) BUORE R R - 1N
W e AR DG PR g 25 ) AR S 45 R 3% 1. AT
DI BR 1.25 m F12.5 m BURE R |+ HE3E 1
2 (AR SR T H AR AL, 3T K HAR SC P T2
[ AR S35 8 T S AR S - SR I RN 4 S 3R A AR
S FRA B A ORE RUBE (R3S KM K, A8 S5 R 800 3o
19.10% ~26.97% F1 6.97% ~ 16.65%. + 34 %A .
R, A6 K A 1A 5 R A Bl BORE R
FERIE KA BN 1y #5300 R 15.93% ~ 11.68%
13.32% ~10.25% . 26.56% ~ 15.29% H1 12.18% ~
10.18% . KB IR AHLEK . 25+ K5
FERE/INIIBORE RUBE | 258 ()28 S K i - SR I A A
KIHAERE bas (A48 Aok, FLR R J7 22 93 A 4
R . 4 A RUEE - NI R + R R L 25 AN
BEP>0.05), HIELAEARE(P=0.067), T
HEA MR 322 7 B2 (P <0.05) . £k
A MR P 2 Sl B (P <0. 01).

x1 TEFREEEXEFHTHE, REENEREY

Table 1 ~ Summary of mean, standard deviation and coefficient
of variation of soil respiration and controlling factors
T IEFE bR RUE/m SFEIME bRk BRRE/%
10.0 6.69 1. 81 26.97
- 5.0 6.97 1. 64 23.52
gy
/pmol+ (m?-s) 7! 2.5 7.47 1.61 21.48
1.25  7.30 1.39 19.10
10.0 0.68 0.09 13.42
. . E 11.
2R % 5.0 0.69 0.08 68
2.5 0.72 0.09 12.92
1.25 0.66 0.11 15.93
10.0 7.11 0.73 10.25
. 5.0 7.47 0.84 11.31
AL %
2.5 7.58 1.01 13.26
1.25  6.97 0.93 13.32
10.0 0.09 0.01 15.29
5.0 0.10 0.02 19.47
B ’
2.5 0.11 0.02 22.35
.25 0.11 0.10 26. 56
10.0  32.60 3.69 11.33
A % 5.0 31.92 3.25 10. 18
2.5 31.95 3.71 11.61
1.25 29.17 3.55 12.18
10.0  18.29 3.04 16. 65
10 em +HEREE/C 5.0 19.45 2.23 11.48
2.5 18.06 1.26 6.97
1.25 19.42 1.72 8.87

2.3 BRI AR ) AR S e PR

AR (3 2) ,4 DIURE R BEF £ 0
W3 36 5 34 SRURITAT LA 350 22 W f 3 T A G,
FRE AT 0.45 ~0.86 F10.55 ~0.82 Z[H];
SRRA EBRAE 1,25 m R b5 25 R oeh  HiAy
3AWFEREAHX K REARE; £ 10 m A5 m R
BE I, eI HOR 5 KA M AN B3, T AE
2.5 m A1 1,25 m RUBE [ S 28 B AR OG A OC R 2K
I3 0.46 F10.49; BR2.5 m f15 m REEAD + 4
P R 6 5 3 AN [R] R B 1) 1 HE UL B 2 W S5 M O
AR 0 m NES 7,M T, 2B EEME 5
Ty BIFACEARE 1.25 m RIES 3 FiEE R
JE R R A DG s 4 ASIORE RUEE R - 3P I 5 R
ST EEmAMCCRARE(FK2).

*®2 FAERETLEMRSTEERFHBEXRH

Table 2 Correlation coefficients between soil respiration and controlling factors at different measuring scale

RE/m SOC TN TS SOC/TN SWC T Ty Ts
10.0 0.55* 0.60 ™ 0.01 -0.17 0.27 0.32 0.33" 0.40"
5.0 0.66™ 0.45™ 0.08 -0.11 0. 30 -0.11 -0.12 -0.07
2.5 0.58 0.48 ™ 0.22 0.23 0.46 ™ 0. 09 0.12 -0.03

1.25 0.82* 0.86 ™ 0.14 -0.37" 0.49 ™ -0.49 ™ —-0.48 ™ -0.46™

1) # FORAHICHELE 0. 05 MWK+ + FORAHICHETE 0. 01 19 B E /KT
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Wi5E ; CV RFEAR S RE kAR Rvr iRz
(FEAY L5 % | 10% | 15% . 20% ).
RIFAZ (1) R THE 95% M1 90% WA~ B A5
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