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BErXtSRMERTEFRETMERETN

JA N EA R BN RER AFERG FERER X R’
(1. A ERbE R AR S PREE R s 80T 5 XBUAE ST A 9080 %, kst 100085,
2.5 WA IR TTBE, P9 T 8100075 3. PYILRAMREHL KM=, kK 712100)

FEE SR AATHE R 0 4 A 3h 2238 18 8 A VA0 15 4 m R/INEE A SRR I AR AR R4 T T AR A W, 7R SRR SR A
R[] LA (homogeneity-of-slop model, HOS BB ) X4 FH 4 HENF0 2515 FAE BRAR A0 i BRI AT T AT . S5 5R3R I 78 H RS
e, R G A7 - R AR 2B A A SR AR A R FE 12,00 AR R, FRE b, H IR A AL,
FZ LT, 7 A TSR, 25 F M, T 20484 32272 + IR R FNR R AR, ST I AR B [l A8 b g ok, HiAR
REE A 815.72—980.12 ¢ Com >a™', +HEEEIES AL+ FEPIAEFR AL IR 2 AR R 54 MR PR, R R M s
KA 5 LRI 5 R IE A, AT LU R, = 1.761+0.1197,— 1.30SWC, (R*=0.48, P<0.0001) JHiik + Hempng 5 + 3R
FEREHOKHRR, Bkt S RFIR A WA OCOC R . T HOS RN - e W AR bR AR A i) )80 R AT 43 BT 10 2 SR 3%
B, TIRe ARk (FC) (IREE IR T 22 284k R 5% R 747 B A8 £k LA B2 B AL IR 25 23 53 T LA S B AR PR 4K 1) 10. 6% . 58.4% 4.5% il
26. 5% , DI BEAE AL X - HERF IR AR BRAS AL A 52 i B R T MR AERR AR R g i . R L, 7 A 3R IR A T P, AS BEAN LUK SE ER
BE K F A5 AR T - ERE I A9 AR Ak | T8 02017 P 5 1) g AR A Xt - PP I ARE I

KEBIA  LHECRIL; BRIk ThARARML; A H 5 ARPRIE] B AR A

Seasonal and interannual variability in soil respiration in wheat field of the Loess

Plateau, China

ZHOU Xiaoping'”®, WANG Xiaoke', ZHANG Hongxing"*, PANG Junzhu’, REN Yufen', HOU Peigiang',

LIU Wenzhao

| State Key Laboratory of Urban and Regional Ecology, Research Center for Eco-Environmental Sciences, Chinese Academy of Sciences, Beijing
100085, China

2 Qinghai Academy of Environmental Science , Xining 810007, China

3 College of forest, Northwest Agriculture and Forestry University, Yangling 712100, China

Abstract: The interannual variability (IAV) in soil respiration (R_,) is crucial for learning the carbon budget in the
global climate change, the factors and the processes controlling the soil respiration. Variability in climate factors may
by “function change” by changing the biological

directly control changes in the R_,, but also may indirectly control the R

soil 9 soil

and ecological processes. We measured the soil respiration and climate factors (air temperature, soil temperature , soil water
content and precipitation) on the winter wheat farmland in the Loess Plateau, China, for four growing seasons. The
homogeneity-of-slope model ( HOS model) was used to distinguish direct effect of IAV in soil respiration and the function
change. The results indicated that the soil respiration had a very significant diurnal, seasonal and interannual variability.

The diurnal variability was controlled by the soil temperature, reached the peak at 13:00—16:00. The stepwise regress

EETE . ERABE e SR L0 B0 H (XDA05050602, XDA0S060102) 5 EI5K [ 4AFH=SE4: % B35 H (71003092)
r#s HH3:2012-04- 14; &1T B #1:2013-07-01
# W IRAER Corresponding author. E-mail ; zhx973@ rcees.ac.cn
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analysis indicated that the seasonal variability in soil respiration was controlled by the soil temperature (T, ranged from
-3.8°C t0 30.7°C ) and soil water content (SWC, ranged from 1.5% to 50.3% ) , both of them showed positive relationships

with soil respiration that could be described by the function: R_,= 1.761+0.1197_,— 1.30SWC, ( R>=0.48,P<0.0001).
The precipitation had no significant relationship with R_,. The mean annual R_, ranged from 815.72 ¢ C-m a"' to 980.12

> a”'. The interannual variability of R_, was controlled by the soil temperature. The results of HOS model analysis

gCm
indicated that function change, interannual climatic variability, seasonal climatic variability and random error explained
10. 6% 4.5% .58.4% .and 26.5% , respectively, of the observed variation in soil respiration. Function change account for
more than twice the variance in soil respiration of interannual climatic variability, it suggests that the soil respiration in the

future con not be predicted from the climatic variability alone, the function change must be considered into mechanistic

models.
Key Words: soil respiration; interannual variability; Homogeneity-of-slope model; climatic variability ; function change

1325 100 4F ], MUk @ AR RSN T 0.6°C , Wit F ANk 28, K S8 1.4—5.8C, HEE L
25 50P COL MR RREIE b4l 5 sk A zAR AL | 3 N AR T 1R RS — KA LB | HLR AT
fig A 1300—2000 Pg C'*', EREHIRLBERRE B 2—3 7%, R RARIER 2 520 LR E SRS COo,
ACHR M F B GRS R Y R AR MR 50—T5 Pg C i NP HE LR RS, 4
b7 R B 5%—25% , - ST AR Ak T BE 2 B BUK R CO, R BE A3 KBk AR | a0 1T 5 i 4 BR A AR
6100 R, BRI A A BRAG IR A AZ O T 5 RS T ) PN A A AR KOG A iz g Y

- ST (%) T AR AR AT PRAE AL S B2 IR R AR A K AOSE IR, B 5T - IR R ) 21 AR Ak R AT B
AR LA R PR R R SR T AR SR AR 25 F R L HENF NG AR (b () Sk, R 2T K, EHERE R YeE
RIS AR A AN PR AR A Y B FE LR R YRR T v 2 s A B 4 A, AR 2 A IR G (1 3
JntEe) AR 2B RER R I T 4 R B S A RN 2 18] (4 48 B0 FOR B+ R, (H A 1R BT A 45 R
B AIE, Grace #l Rayment ¥ AT A B R S 6 T R v S (X A A R IR RN REAC R IR K
ST T A A3 ) Giardina A1 Ryan #F 5% 2 A, AU 36 i - 398 35 52 I A RE B AR vk £ 3219 C
AIREAR S A TR AT W, T A 2515 A5 A RN AR PRAS Ak 39 3 B AN - K A3 2L R 45 (1
Epron 558 2 M, 5 8 A L, £ 58K 50X - HE0F IR 215 A b i g m s o 2

DA X - SEOF IR 14 A7 B AR A 32 B3 e A B (E 0 AR S R R AR B SRR . (HOM R o Rk
EER T A R, (AR F 1 ST AT PRAE LS RIS R | IR 75 B - P I AR BRAS (L A R N HEA 540, Hui
25T PR At [ SR A TR SN AR R AR TR B R 43y 4 Fifrs (1) A0 PR AT PR AR AR X6 3 I (1 B 425
M5 (2) A R 2 AR AR - SFERT I A B 5 (3) Ak DR 3 ok 5 0 A A 25 3 AR T (R4 X 4 SN
(IETE (FC) 5 (4) BEMLIRZE . Hui XFARMRA A R GEF AR BRAS AL 43 M7 2 B, D REAS ARt - R I 1) 5 i) 22
KT IREE K AR BRAS AT+ HEP IR AR BRAR (L i) B 3R

R e EREE NS RG22 — , FREA A R Y A 00 3% 41 2247 57 W DU A AFF 55 5520, i/ b ot
AR A 25 2R G0 A P AE PRAR A K LR A A, DRI, AR S 6 B - SR/ AR S RS CO, &S i AT T
da HOTESENU , 43 A T eI A B AR Tk 215 A AL RNAE PRAS AL AR, 00 T EEIRBE N 7 (B HERE =X
T EHER R FEoK ) X HEOE I A S, RN A ST W AR R AR AR G R R HEAT T AR, B R A R T R
RAMEARAC T 1 - P AR A B SRS SR A A
1 MBS5H*®
1.1 ARSI

AHIFGE Sy A 15 T v R 2 B K AR A A5 Ul | 20 0 T 3 7 e R S A B R A AL Kt
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BIR TR (JLLF 350127, 7R 4 107°407) WP 1200 m, M F7KAZ 60 m LR, B IX A0l A 7= 4 B AR A SR %
K JE A AR X AEY) S — A — 2, F B AL /NE (Triticum aestivum L.) & EAK (Zea mays L.) JBEF
( Panicum miliaceum 1..) %5, 12 Hb X J& B 5 2 1010 K i 78 2 XUASUA% |, 1957—2009 44 F #4[5 7K &8 580.5
mm , H PR PRI R K 8 7 AR K S 19 549% , BEK o A A3 ARBRIRI 28 52 K, T RIS, ARSI 9.1°C, TR
171d, +HHEERY T+ AL & 829 3%, pH {E4 8.4, Kk (<0.002 mm) ¥ &K 24% , + ST
1.2 BFSEARL R A S5 1

R/ (Triticum aestivum L.) S5 58 J& 25 + m LAY (/N2 SRR /N2 9 A Hh R #EF
BUE 4 AP A N TR 6 A Ay HECGUSCRIALICR . R[] s jt RS , i S ot e 2 288k PR RN AES | i I e
N JRE (AR N 46%)300 kg/hm®, L BEERES 750 kg/hm® , ARWFFEIX NI FRLML X, TCHEBEH i, /&
WK IS MU R , TR B 30 em,

ARBFFEI AT A 2005 457 A 1 H—2009 4E 6 H 30 H, 4005 4 ©~/NEARKE, TE4ERRAELIF T, 4
AR R R 434 . 2005 4F 7 H 1 H—2006 4 6 H 30 H ( LAF i 5 2 2005—2006 4) ,2006 47 A 1 H—2007
46 H 30 H (AT 5 A 2006—2007 4),2007 457 A 1 H—2008 4 6 H 30 H (LA 5 & 2007—2008
4F),2008 47 H 1 H—2009 4 6 H 30 H (LN &5 4 2008—2009 47 ), FEWF5T HATH], /N7 H A5 B4 it Dl
#1,

R1 BISRZNEEERER

Table 1 Schedule of management activities in a winter wheat ecosystem in the Loess Plateau, China

A4 PRHE T Management activity 2005—2006 2006—2007 2007—2008 2008—2009
AL Plough dt g 513 g 513
FifE H ] Sowing date 09-16 09-17 09-26 09-20
3k H Y Harvest date 06- 16 06-17 06-18 06-19
JEAL Feitilizer  JRZE Urea/ (kg N/hm?) 138 138 138 138
WAL Superphosphate/ (kg P,0/hm?) 90 90 90 90
HEE Trrigation No No No No

1.3 CO, i i FIE J7 ik

AT R Y 2038 T AR T CO il BT E ™, ZiliE 4 H 2hil 24 R 5P F R G CO,
WEAMIAIE R FRAEL L AZERE TRE (B 1), AT REEE— G 7 4R EEG S (PLC,
Programmable Logic Controller) ¥l T~ T/E, 4@ A3l ¥ R4 8 M2 AR 1 &2 LA
B A AZEEFA A TS 50 em BYTE A HESR ARG A L, AR AR 0 BE SR S W A4 I 5 A (3%
TG 98% ) , H-iH ik U] 2 F JIE 2% AR 5 4 HE ZRORG H A R TR BT [T 5 o A o R RS B9 30 e 1y Al (B0l 3
98%) , SFEVRIAI AN EE I G %R . S 1 B (AR w5 KV 4 28 JE | 4 o S 3R T 1 A s R U LR B R
RO 5 5 ol ) A 1 8 R R B SR AR AU M A o v A7 AR AR 108 — 000 v 57 " 2 ) ] — 1 K
JERAUET . YT 58 A R 6 9 58 2T I, PRAr 5 A0 FUAR S B SRS 5 UL IR 4 J5, 46 i o 420 T i
Frm s e . ELAR SR m PLC 421 i g iR, b 2 SRS ALY e 2 K8l 7R BB 1 [
SEA 1A T 30 I AT AR N AU TR & o T8 1A =2 SC AT , KU T i e L 58 -4 el 4 o
AR, R — MR b L B LA U8 X A 5 N AL B2 U, 30 S CO, i 7 RGu A . T8
WEAA TR 1 AR 1.5 m MRS (4 mmx6 mm) DIP-0E 4 N AMTUEZE

CO, MR PE 43 M FE sk F R G H L4 CO, 43 H74% (L1- 820, LI-COR Inc., Lincoln, Nebraska) 2% W4 1/
fr IR AT UR 2l R R AR SR, AR R AR T A AURE R Rl 2l i A T
Py IR AR RS LIS CO, 2 HT A, I 8 B A vh B 2 R CO, KRB, 3 Je i UAR &5 53 Ah— 1>
22318 7 3 A N T R R A 3 minY ) CO, 4 M AN 34 B2 AE B SR 4E B8 B (CR10, Campbell
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Fig.1 Multi-channel automated chamber system

Scientific Inc., Logan, UT, USA), BdiREMSBE NEE 10s 1057 1 IRELIF CO, BT I 24K
JH5 I 3 2 A 2R G5 98 CO, i 8 N, 78 /A2 I AT I Bl B4, /N2 R, L BRAR T B ik 7
2 PRUE T R N AT /N MR R IR N I SRS B ARy - 4P
AR LR RN ESE k4 NEE
1.4 IREEHEFRYIE 7 ik
R R SR R I T R b K R A A SR I v R el . B8R (Sem) A28 SRR
T AVHHLE (T BY) W 5 + 387K 502K H EC-H, O &8s I (W + 387K 53 0—30em HIERARFR S KR ) | T
TP EC-H, O 4 J84% 34 3% 45 76 B0 38 R 2 %% CR10x b oE A7 80310 sk MR A7, BedE REW R N 1
X/10min,
1.5 HdEabsr i
1.5.1  JEISEHRE 46 X CO, i
BB R AR A8 L RS T AT EAL , FH C+HE S S TR B HBE 2 21 45 5 107 )8 H A
SRIGHAEN Excel JESX 7EMIET , A T35 CO, 8 & .
de V P
4 S RT (D
K, A SZ AL AR AR ] Y CO, Bt (umol s m ™ s7™") ¢ J& CO, BE IRV HE (pumol/mol ) 5¢ SZFF[A] (s) 50

SRR AR (m?) ;S BRI (m®) ;P R KK (KPa) ;R 2R HE(8.3x10 m* kPa mol k™) ;T
SR EFE NSRS (K) . () W de/de 230 555 AR CO MR EARIER B T INAS 1 — 2 CO, ¥ K
AN A IS R] B 5 S 4R T RRRI AR, I HR T RER) R*<0.85 W, & 540 & TS i ARPRAE

1.5.2  HIERPI AV AR 20t

MR 51 IR AR PRAR A IR 2R SR HOS AR AR - 3P W AT B AR f 4 R R AT 4302 5 ke
- BENF AR BRAS AR R B PR 43 A 4 Bl s (1) RS 1% - T g Tl 52 i ( T REARTR) | (2) SRR FAEBR AR fk
X HENF I Y B, (3) FREE R T2 AR AR - T ) B, (4) BEALIR 2Z

HOS AL S —Fh 3 1] )5 43 A (19 A 7R 322 A5 78 P ke G 56 A 15 PR 1 AR 22 (8] 1) 38 B AR 6T 4= 38 0 10 11

S
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Y,=a+ Y bX, + ;bikx,jk + e, (2)

Y, RN NP FORYE P AE =12,y (KRBT y=4) i KRB j R j=1, 2,-, n; Y, RRHE
SRR KB IEREI b FOREE k ANRE k=1, 2, -, m (RBFRT m=4, EHHRE SRE | HHRE
TR E)

HARBE N 45 B R 2 5 0PI 1) 56 R BPRIE S AE PRI AR, RUORTEZEDIREAE 1L (b, =0) . I F K
0 Kot ATl FH AN [ g Ak 23 5 A 4 fl LA ) ) B S0 L e, R 75 i W 5 B R (2) OIS R, TR R B iR
Ho W53 R REPR AR PR E) 25 IR AN B 3 I DI RBAR AR AE7E , A 2 AT LASRIfb ol 22 o0 4 ok [l A5 A

Yi,.=a+k2bkxijk+eij (3)
=1

s H BB s, SR WIRERA 35 AR PRI 22 53 I DN REAE A A7 A, J5 i 2 i Ak 204k
(ERCIVSYEIER

Yij =at kzlbikxijk te; (4)

7R 3 R A 4 B R %) PR AR o 1) 220 R o T RBAR AL
I I GE T 00 7 R DR A AR S 1 D R AT 43, DT S 300 A SR A R A 18 3 PR i -
SS,= SS,+ SS, + SS_+ SS, (5)

o, SS, Ry A R A4 75 S5-I, S, R IR DR 2856 - NI 7 (] 2 5 Wi ( D BE AR Ak ) BT e A R 1) 1 38
WP F) A5 S5 J5 FL, SS, A R PRI PR 2241 AR Ak e iy PRI A8 a9 78 S5 57- 5 R, S, ol FH AR IR 22 A 2 1 A8 4k |
AL 118 DRI AR S 748 S 75 R, SS oW R R Gt i 25 5 RS A DR AR £ i 48 S - AL, Gk X SST 143, AT A5t AN [
PRI - ST AR PRAS AL A TTRRR . Q2R HOS BRI ARG S0 45 SR W FC IFAN 3 TUDKs - S8 g iy 2% 5= 53 i
3 4y B R AR PR IR N ) ZE AR Ak, UKL 25

JH SPSS 16.0 #4T T A W GE 5387, H sigmaplot 10.0 #4TEIE 2,
2 BRE5SH
2.1 EHEPIRIA AR R AR L
211 HIERER A H AR L

BRA RN, T HEREIE H AL 52 25 p BRI th 2 (18 2) o 3R H A f Y 32 20K 5 P R 2 R Y H
A, ] (0:00—5:00) 3 1) AR e K, 5 3T 3 (8] (4 AR AL R A/, N 700 2245 JF iy, 4458
P ot 7 S ) BT 38 0, 76 1200 2247 3K B e AR, AN [] 237 - $9830 3 R - 39 07 R 3k 81 e R {1 A s
[EATR], 428 R EETE 0°C LATR , AR 1 83 B2 i A8 Ah i B2 50K (H - 3P I A8 A i BE AR DN
2.1.2 NP R PREE P ) FE T ARk

TR A AR BRI B A AR R T R KRS A SR R K R R K R R
W (E 3) , REERUK R 2 AR SR — 3,6 A 2 9 H Rl s s i 2=y, i
SRR T A ZETY, R AERE K 60% , HIEE KR AR oK i Z A 3

S I EE R T AP AR PR AR A EOR (K 2) o AR P2 SR B 1R AR BE S 11.0—9.5°C 4E 1 +

*2 BEIEFRMRERFELHE

Table 2 Mean annual values of soil temperature, air temperature, precipitation and soil water content

AR Variable 2005—2006 2006—2007 2007—2008 2008—2009
A+ FEIEI Soil respiration/ (g C em 237! ) 815.72 856.91 980.12 896.16
2SS HRE Air temperature/C 10.3 11.0 9.5 10.1
FHEEE Soil temperature/ °C 11.2 11.7 11.5 10.5
RS KR TR L Soil water content/ % 28.01 19.62 22.01 20.87
7Kt Precipitation/mm 568.2 502.7 559.3 495.9
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7 [ ® 1o _ f%%i ~
o $ \ (E) T‘.,A -5 g
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Fig.2 The diurnal variations of R; and T;

SR B A AR AR BE R 11.7—10.5°C, 4135 - 800 BE (9 A8 A B2 R 28.0%—19.2% , 4F- B B 7K 1 22 AL i B
568.3—495.9 mm,

P SR B0 B H AR R T AR AR (B 4) IR AR A AR, S/ ME K HE R 0. 25
pmol - m™>s™' NAZEH 7 H FAEHIEMN,7 A FAIREHRRAE (17.92 pmol -m™s™" ), I IFIE AR Br[a] 25 4L
R (FR2), HAREIRE Hy 815.72—980.12 g Com™>a™' . HIEFFIR M KAE H BRAE/ N W E))S #3587 +
BT A A
2.2 LHEIPIR 5B TROCR

X A HENP SRS A O R DT T RIE T (ES) . HHERE 2 SRR DL A S R AR - e
A BFERFM (P<0.0001) , Horp e X+ E0F I A 520 i K (72 = 0.40) , R3ESKE S PR > Mg
B IEACKCR (7 =0.12) , BE/K R 5 T EFI 2 B AR OCOC R AN 2, 3R B s RO 5 3P
Z A1 OG0 AT AR BOC 2 R4 | 01 H ZR 5500 = TRk Ml

ZICIE A A 53 M 25 SR WY - 49800 88 0 - 498 08 B ] IAR G 040 SRR, B0 B H 43 B 5 30 1Y) o
RAUS TR R, = 1.761+0.119T - 1.30SWC,R* =0.48, JHIH £ 404 XcF - 30 F A+ 13 gt + e np g
B2 AT T 40 M, 38R X - 0TI () E AR R K 0. 73, SWC X - 3EF I AR R 0. 07, £ £ 5ERE
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