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Abstract; Soil respiration for a specific ecosystem can be characterized by its magnitude and its temporal and spatial
variability. In order to accurately estimate carbon budgets in target ecosystems, we must be able to account for small-scale
spatial variation in soil respiration. However, spatial heterogeneity of soil respiration has been less studied as compared with
its magnitude and its temporal variability in agricultural ecosystems. Based on continuous measurement of soil respiration in
a maize ecosystem in Northeast China from late April to late September in 2005, the spatial variation of soil respiration was
elucidated and the effects of heat and water factors, soil properties, root biomass, and measurement position on it were
analyzed synthetically. The resulis showed that there were significant spatial patterns for soil respiration at the plant scale of

the maize ecosystem and higher soil respiration rates tended to occur near the maize plant during the growing season. The
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spatial variation of root biomass accounted for spatial heterogeneity of soil respiration, and there were linear relationships
existing between soil respiration rate and root biomass. However, there were weaker relationships between the spatial
heterogeneity of soil respiration and the spatial variation of other environmental factors such as the soil moisture, soil organic
matter, total nitrogen content and C:N. In addition, root respiration was evaluated indirectly by establishing linear
regressive relationships between soil respiration rates and dry root weights. The contribution of root respiration to soil

respiration averaged 54.5% and fluctuated from 43.1% to 63.6% during the maize-growing season.
Key Words: soil respiration; spatial heterogeneity; root biomass; root respiration; maize
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a;: = fIEFhHH Isosceles triangle arrangement of maize plants;b ;45 JF#4E Rectangle arrangement of maize plants

1.3 FRETFHNE

7E L IFF R AR I E B R B, 2 3RRHE R 10 om - 3583E B R B B R ST (LI-6400-09 TC, LiCor, 38
B E, 8 (12 cm 120 cm) #ad 68 # 3R 1 3K 40 =2 4 ( Diviner2000, Sentek , A FI W) P E . 57
Ah,BETH & . 3R (10 cm .20 cm 130 cm) F IR (10 cm 120 em) FH KL HIEELT B R AKX
LM (HMP45C , Vaisala , Helsinki , 2522 ) B 3l 4,

TV ERIR R A E X HIEPRAE R, 7E L IR R AE W E B e, B S 2R ERERIN L
HBUR A LI IR (ERN 10 cm, 31BN 20 cm) 15 4>, FIKPEE BRI 0. 2 mm 205, 3k
WHEXRBR,80 CTHTRERIFHE,

AR TP IR AR I E G, FB A5 BUH 3R AR W AR 0 ~20 em i HHE B R KT, 5T 2
mm § ARG LIEA VR 2R, HEAVURNERAESRA AL, HELANERAIIKERE,
1.4 Sitor#r

T IEOPIR AR AR 3 R E A B (SRR E K ARIEANAT R ) B9 2 R FE — 4 75 22 (one- way ANOVA ) 20477 5
i MRS A K A F A R R B RN B 5 HEPRIERR X R At
BFEM BT RERERESRBRAEVEZ RN XR. A NEIEIET R84 SPSS 11.0
(SPSS, Chicago, IL, USA) 5E i
2 ZERESH
2.1 HIEIPIRAE RIS B R

TERHRRE L, TP RIERGFEEHENEHRAE6 HSHO6A28H.7A3H.7 528 H.8 F 4
H.8 H28 Hf9 A 22 HIWAE R RE4BIH 42% 28% 33% 2% 44% 46% F127% , 1RIEFEES £ KAk
BT, 15 A HIFRFTLLAR N 3 FPOLE  #RIE) (8 ~ 15¢m) ,478] (20 ~30cm) FIFEEK (1 ~8cm) , HHE 2 AL
B, FRERSPERER PR ZRE ¥ H I EIE TR Ty, PR R AR > BRI >
FRI(E 1), TEERERF DS TR T PR ERIE N 5.6 pmolm s ™ ,7£3.0 ~7.8 pmolm ™
s T BN TIAT IR + NP R i R AR AL BN (1.5 ~3. 5 pmolm ~*s ™" ) 5 BRIA] Ay + S0P R i3 FR 24 I B A

hitp : //www. ecologica. cn



12 4 BIR S TR LRI AR B 2 1R S R R AR AR R IR AR PR B SR 5257

FRIFIH 2 (2.3 ~6.0 wmolms™") ,

—  mmmm 7A] Row space ——— #%[d] Inter plants

—_
<

2.2 SN SRR f P2 TR bR B S #EF K Near plants

MR, SR E PR EWE | T
EMRREYRREBEEME TS L RS LR N A
B EEAIR 2ANBRALNERLRAREE E°f o I
(F1), XEHEMRERE L, HRTRERGES 82 |
MRt FEAR I TR L MR NL RS R, -
3X Wiseman 1 Seiler'® | Maier 1 Kress'”' ., Pangle # 2 2r
Seiler ™ SE R B L4 AR —BLo L IEIIH SMHT, & DA . IH ‘ IH I I I %
SIS I, HE MR BE L 1 + S A SR R A (05 0628 07:03 07.28 05.04 0828 0922
B2 MR BENLRMELER(E3) ’

y=ax+b (1) B2 For - 3R 4 A s A 5 i

j:l:P , ¥ j@ ijgﬂqg% ,ﬂ;ﬁFﬁ ig %( p,mol . m-2. S_l ) L% Fig.2 Mean soil respiration rates at three measurement positions
N - measuring during maize growing season
AEKBREEYR(g-m™), REEVEIFBERT X
5 g 5 5 2 E5 BEMFESFER . Significant differences among measurement
6A5SH6A28H.7H28H.8 A28 HFMI9 A H positions ( after paired t-tests ) are denoted by asterisks; * % P <
33 P R AE S B AR B 53% 65% \64% \51% (.01, 4 % + P<0.001; Exror bars represent 1 S. E. (n=15)
N 48% ,

®1 TERPRERZEAESEAPIRPREZSHMETZEHAXXR

Tablel Correlation coefficients between soil respiration rates and controlling factors for different measuring positions
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Fig. 3 Linear relationships between soil respiration rate and root biomass of maize during the growth season in 2005
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Table 2 Contribution of root respiration to soil respiration during the maize-growing season in 2005
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6 A5 H June5s 1.95 1.11 0.84 43.1
6 H 28 H June 28 4.33 1.58 2.75 63.5
7 H 28 B July 28 5.39 1.96 3.43 63.6
8 H 28 H August 28 3.92 1.82 2.10 53.6
9 H 22 H September 22 2.66 1.44 1.36 48.6

Tk F - SRR A P 2 ) S0 0 2 DR S R e, 78 1 SR O 2 S A TR SR 3T R AR R 1 3
Fo TELABRTHIBFIT R, L BPR M F 7 /N R b 28 IR S R 7E — R AE S AL PR . HI40, Wiseman
1 Seiler % BEAZEHAPK b 5725 1 - S0P 08 8 1) TR SEE A B3 5" 5 MEARE A Tk o R RS 1 - 330
n&{a‘u: R B - B IR (& 785 " s Pangle 1 Seiler 4 BIEE T AR 398 0P I 38 R i 35 5 0 B AAMRY 4 - 3 PRI

A Fang SR PEWBEE FTHLIE CO, BB BES T M B 14 CO, @R B A SIS AT
NERFCRT LA Y, — A KR B 5 R 7 (X SR A ) - SRR A PR ZE R [ R B e B 2 LR e . BRI,
8 T ST B LSRR A P, 157322 18 A 0 R 0 S i 25 [ S5 b, SR K - S NP IR A FRU B 5T T

—A %4 H BA DRI
3.2 PSR BAIAR 2 Bt SRR A P 25 A R e 1 B

ST AT, W B AR A B 43 76 A B R A 2R R Ay A R SR R R 2 T - R
B A HUR SRR Xt LI A P 25 (] S R B B SRR B3 . Stoyan S PI4T35 4
BT 2 m® RBE b AR AL/ 32 S v - S90S R, A SR R D 9 25 i S R 1
G B TR MAR RV RIS IR0 25 ) B R R B 12, 7E BB A TR MR BE S BT —EMiE s
BEEEDS  ZERCANMBETRE R, SRR A R K T AT B AR B AR R A 1R, TR DB B AR R , AR R

hitp : //www. ecologica. cn



12 4 BIR S TR LRI AR B 2 1R S R R AR AR R IR AR PR B SR 5259

P (BN ARSCROB ST S5 SR 0 , 78 T kA K Zerh NP IR i SR EESEAB MR > ARIA] > 4718] , DB 11 B
o T IEFRAER B R B R, XA — N AE R TIRALEY R 5 TR RAE = H 5 EER
A

FiBb ,—A IR I EREE A [] X3 fg - 3P R A R Y 25 R o T BB E 3 B B F 1 3
MR 2RI E P . Maestre Al Cortina A /MR E FH LB EM LB ENERESHT 15
COEBBZMFFTEME o Stoyan ZEHAEA T EHAS, b FRAER TR T, 848 T & B K 158
FEBK, RSB T TR B L R R R e SRR TR A S o 0 I o R 2R ) R 5
AL R 056 BT , X T RER i TR E RO SN, 2 R S R M b B3 A0, 3 PN M R G 28 ) S R
Mo FBHN UTTEESMEMNTRREEA X, NEFHETEHEEIZ AN BERESREN T IEAE .-
EAR T pH MHEAKBHERMEERERT 2 m™ , AXHPFERE <0.5 m, BEB/PHREE( <
1 m) +HOKHFEM R IR ZT R,

3.3 HEFPRERANX S

HTREHEBEAESRET CO, IR, N B F:0P 0 AR R S 75 P W% A AR o 1 3380 R 1 FF 19 L 1
FEA™ . RMETIMRMET X4 HPRER TR LB REE . K0T mPRIERK I EEES 3 #,
AFERREYBIEE R RHERREAF A £k, Hanson %5 B 2XHX 871 4 B LB A HE4T T8,
ASGE S E HIFEPRAEFAERSRALE YRR EHFRE, SMEIR RS RN 0 55 H IR PP ik
B, NTIXTR R RAE T o PR AR R R LU B4 T T R . XFPIR RAEY RSN F AN &2
s HEERAR BT/, 8 TEAMRIE, RSN, B 2P E @5, 10 Behera %5 | Xu PV Li
%[32] ,Jia %[33] .

EHREKBHIBATPRERLE 0.84 ~3.43 pmol-m > s\ 2 A1 3, H7E + HEIP IR 4R F o BT o5 Ho il N
54.5% ,7E43.1% ~63.6% Z A3, 7 A RERBRIFRAE & 1 BFRAE R A5 R (63.6% ) , XA
NAETFHEBEOAR, RSRAPRIEAERE X, EEREKES BBRNESEANRRRRERS
BB SRR, FB T IR R A, TR #E TAR RIPRAE R, AR AES RS, B APRER S -
PR AR A B HL B RERAME 10% ~90% 8™ 3 5 7 vk B SBESRHE X, HAELAHEK
1%, Hanson 2 #8 M EBME SRR EBRAE KT IR RIPIRAEF & 0P /R Bl H{E 2 60.4%
A3 - PR A AR FR R R AR R BT o B A A R AR R R R A MBS 45 R . Rochette I
Flanagan*® 7 K 31 tpr00 18 20 T AEAME , AT B 1R A0 2 7 i T2 4 AR B B AR 28 PRI 4 P o 338 R I P
i HLABI B R (60% ) o {BJ2: Swinnen™ {8 /1N3E FAFI K32 A vh R R PRI 4 A o 33 P I2 4E FR B LR AU E 75%
~95% 28], Yang il Cai'™ BF5E & BUK T A= 1 T vh 1R R IRRAE ) o - 390P 00 4F FR I L BIAE 62% ~98% 3,
) b AR SCHER K

References:

[ 1] Granier A, Ceschia E, Damesin C, et al. The carbon balance of a young beech forest. Functional Ecology, 2000, 14 . 312 —325.

[2] Buchmann N. Biotic and abiotic factors controlling soil respiration rates in Picea abies stands. Soil Biology & Biochemistry, 2000, 32 1625
—1635.

[3] SnchezML, Ozores MI, L pez M J, et al. Soil CO, fluxes beneath barley on the central Spanish plateau. Agricultural and Forest Meteorology,
2003, 118 85 —95.

[ 4] Richard T C, Dalla-Betta P, Klopatek C C, et al. Controls on soil respiration in semiarid soils. Soil Biology & Biochemistry, 2004, 36 945
—951.

[ 5] RaichJ W, Schlesinger W H. The global carbon dioxide flux in soil respiration and its relationship to vegetation and climate. Tellus, 1992, 44B.;
81 —99.

[ 6] Maestre F T, Cortina J. Small-scale spatial variation in soil CO, efflux in a Mediterranean semiarid steppe. Applied Soil Ecology, 2003, 23. 199
—209.

hitp : //www. ecologica. cn



5260 £ K5 % K 27 4%

[7]
[8]
[9]
[10]
[11]

[12]

[13]
[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

Raich J W, Tufekcioglu A. Vegetation and soil respiration ; correlations and controls. Biogeochemistry, 2000,48 . 71 —90.

Janssens I A, Pilegaard K. Large seasonal changes in Q. of soil respiration in a beech forest. Global Change Biology, 2003, 9. 911 —918.

Lee X H, Wu H ], Sigler J, et al. Rapid and transient response of soil respiration to rain. Global Change Biology, 2004, 10, 1017 — 1026.
Fang C, Moncrieff ] B, Gholz HL, ez al. Soil CO, efflux and its spatial variation in a Florida slash pine plantation. Plant and Soil, 1998, 205
135 — 146.

Savina M C, G rresa ] H, Neherb D A, ez al. Biogeophysical factors influencing soil respiration and mineral nitrogen content in an old field soil.
Soil Biology & Biochemistry, 2001, 33, 429 —438.

Boone R D, Nadelhoer K J, Canary J D, et al. Roots exert a strong influence on the temperature sensitivity of soil respiration. Nature, 1998, 396 .
570 —572.

Fang C, Moncrieff ] B. The dependence of soil CO, efflux on temperature. Soil Biology & Biochemistry, 2001, 33. 155 —165.

Dilustro J J, Collins B, Duncan L, ez al. Moisture and soil texture effects on soil CO, efflux components in southeastern mixed pine forests. Forest
Ecology and Management, 2005, 204 ; 85 —95.

Wiseman P E, Seiler ] R. Soil CO, efflux across four age classes of plantation loblolly pine ( Pinus taeda L. ) on the Virginia Piedmont. Forest
Ecology and Management, 2004, 192, 297 —311.

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. 667 —677.

Franklin R B, Mills A L. Multi-scale variation in spatial heterogeneity for microbial community structure in an eastern Virginia agricultural field.
FEMS Microbiology Ecology, 2003, 44 . 335 —346.

Pen-Mouratov S, Pakhimbaev M, Steinberger Y. Spatio-temporal effect on soil Respiration in fine-scale patches in a desert ecosystem. Pedosphere,
2006, 16(1): 1—9.

Adachi M, Bekku Y S, Konuma A, e al. Required sample size for estimating soil respiration rates in large areas of two tropical forests and two
types of plantation in Malaysia. Forest Ecology and Management, 2005, 210 455 —459.

Epron D, Nouvellon Y, Roupsard O, et al. Spatial and temporal variations of soil respiration in a Eucalyptus plantation in Congo. Forest Ecology
and Management, 2004, 202. 149 — 160.

Tang J W, Baldocchi D D. Spatial-temporal variation in soil respiration in an oak-grass savanna ecosystem in California and its partitioning into
autotrophic and heterotrophic components. Biogeochemistry, 2005, 73, 183 —207.

Stoyan H, De-Polli H, B hm S, et al. Spatial heterogeneity of soil respiration and related properties at the plant scale. Plant and Soil, 2000, 222
203 —214.

Maier C A, Kress L W. Soil CO, evolution and root respiration in 11-year-old loblolly pine ( Pinus taeda) plantations as affected by moisture and
nutrient availability. Canadian Journal of Forest Research, 2000, 30, 347 —359.

Pangle R E, Seiler J R. Influence of seedling roots, environmental factors and soil characteristics on soil CO, efflux rates in a 2-year-old loblolly
pine ( Pinus taeda L. ) plantation on the Virginia Piedmont. Environmental Pollution, 2002, 116 ; B85 — B96.

Fang C, Moncrieff ] B, Gholz HL, ez al. Soil CO, efflux and its spatial variation in a Florida slash pine plantation. Plant and Soil, 2002, 205,
135 — 146.

Liu J, Zhu X W, Yu F H, et al. Spatial heterogeneity of Ulmus pumila open forest ecosystem in Otindag sandy land. Environmental Science,
2004, 24(4) . 29 —34.

He Z B, Zhao W Z. The spatial heterogeneity of soil moisture in artificial Haloxylon ammodendron. Journal of Glaciology and Geocryology, 2004,
26(2) : 207 —211.

Larionova A A, Yermolayev A M, Blagodatsky S A, et al. Soil respiration and carbon balance of gray forest soils as affected by land use. Biology
and Fertility of Soils, 1998, 27, 251 —257.

Hanson P J, Edwards N T, Garten C T, et al. Separating root and soil microbial contributions to soil respiration; a review of methods and
observations. Biogeochemistry, 2000, 48, 115 — 146.

Behera N, Joshi S K, Pati D. Root contribution to total soil metabolism in a tropical soil from Orissa, India. Forest Ecology and Management,
1990, 36. 125 —134.

Xu M, DeBiase TA, Qi Y, e al. Ecosystem respiration in a young ponderosa pine plantation in the Sierra Nevada Mountains, California. Tree
Physiology, 2001, 21.309 —318.

Li LH, Han X G, Wang Q B, ez al. Separating root and soil microbial biomass contributions to total soil respiration in a grazed grassland in the
Xilin River Basin. Acta Phytoecol Sin, 2002, 26 29 —32.

JiaB R, Zhou G S, Wang F Y, et al. Partitioning root and microbial biomass contributions to soil respiration in Leymus chinensis populations. Soil

hitp : //www. ecologica. cn



12 4 BIR S TR LRI AR B 2 1R S R R AR AR R IR AR PR B SR 5261

[34]

[35]

[36]

[37]

[38]

Biology and Biochemistry, 2006, 38 . 653 —660.

Kuzyakov Y, Cheng W. Photosynthesis controls of rhizesphere respiration and organic matter decomposition. Soil Biology and Biochemistry, 2001,
33. 1915 —1925.

Lee M S, Nakane K, Nakatsubo T, et al. Seasonal changes in the contribution of root respiration to total soil respiration in a cool-temperate
deciduous forest. Plant and Seil, 2003, 255 311 —318.

Rochette P, Flanagan L B. Quantifying rhizosphere respiration in a corn crop under field conditions. Soil Science Society of America Journal ,
1997, 61 466 —474.

Swinnen J. Evaluation of the use of a model rhizodeposition technique to separate root and microbial respiration in soil. Plant and Soil, 1994, 165 .
89 —101.

Yang L F, Cai Z C. Soil respiration during a soybean-growing season. Pedosphere, 2006, 16(2) : 192 —200.

SE 3k :

[26]
[27]

XU, SRBEFR, T 60, B0, RS, 2N, ESRRU RN RAESRENZRREE. FRREE,2003, 24(4): 29 ~34.
i, BICE. REEHEATRRALIORS = RRFERERFIR. K)IEL,2004, 26(2) : 207 ~211.

hitp : //www. ecologica. cn



	12C46.pdf
	12C47.pdf
	12C48.pdf
	12C49.pdf
	12C50.pdf
	12C51.pdf
	12C52.pdf
	12C53.pdf

