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Tillage Effects on Soil Respiration and Contributions of Its
Components in Winter Wheat Field

ZHANG Yu, ZHANG Hai-lin, CHEN lJi-kang, CHEN Fu

(College of Agronomy and Biotechnology, China Agricultural University/Key Laboratory of Farming System, Ministry of Agriculture,
Beijing 100193)

Abstract: [Objective] Field experiment was carried out to estimate tillage effects on soil CO, emission, relative contribution
of root and soil respiration and carbon balance, and carbon respiration intensity during winter wheat growth season. [Method]
Conventional tillage (CT), rotary tillage (RT), and no tillage (NT) were used during 2006-2008, soil CO, emission was measured by
using static closed chambers and root contribution of root respiration was detected by root exclusion method. NEP was calculated for
estimating carbon sequestration intensity. [Result] Soil CO, emission was affected significantly by different tillage systems and it
showed a significant seasonal fluctuating characteristic which was dropping until reached the lowest in hibernation and hoisting
during the following period. The order of mean soil CO, emission rate was CT>RT>NT. The mean ratio of root respiration
contributed to total respiration was 26.18%, 29.96% and 36.44% under CT, RT and NT, respectively. The contribution ratio of
rhizospheric respiration to total soil CO, emission was fluctuated from 15% to 85% during the season and the ratio was highest at
jointing stage of winter wheat under each tillage system. [Conclusion] Therefore, soils were sinks of atmospheric CO, under each
tillage system, but the order of the intensity of carbon sink was NT>RT>CT.

Key words: tillage; winter wheat; CO, emission; root respiration; carbon balance
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Table 1  Soil chemical properties of the tested field

Y B AR USRI 7 20N A L3R 2 43 4 B
S IC SR B RE I RGOS A BRI, 4R
re b DA P SR s ) SR AR A

1 #RIERZE

1.1 K&t

TR AE R B 2SI A AR 00 v E AT, A7 T
JEB A FET A E KT S (114°40'E, 37°50'N) ,
WK 50.1 m, AEE 12.2 °C L AR K & 480.7 mm,
H LT N - FOR— AR P RURAEIX

K R A T 2001 EIFURREAT, JL¥ 3
AMREL: BIFE (CTY o el (R« &t (N,
FEAEHEL) 0.33 hm BHHFHHA 15 ems FEPHHHA S om;
T, BESIREA AR TR 3 MEHME A&
KFEFF A FE T, FPHA ML 7 167 kghm™, g
N 6467 kghm?, #FA 7008 kg-hm™?,

ARG 73 9T 2006, 2007 FNEAKIBAT,
e A AR A A Le ], T 2007 SEAE S AL ER
AR T AR, A R AT A R AL AN 3
BEE, & S5 AN A BEAH ), (HAN 3G R . 4353
EIAHE L (CTO) | JEMHERHL (RTO)  fdff#th
(NTO) .

W g L, oL, AR
PRI 1,

R A TR M R SAHUR

Soil depth (cm) Total N (mg-kg™) Available N (mgkg™) Available P (mg-kg™) Available K (mg'kg')  Total organic matter (%)
0~10 0.074 37.95 62.90 115 0.88

10~20 0.064 30.58 39.62 90 0.94

20~30 0.045 27.99 23.32 65 0.69

1.2 MEmE
1.2.1 A4RAE 86 2006 4F 10 H #4651
TTRAE, AR RETERIRR/ N R AR IS 1K,
KAZFERAE 1 H 15 BT 1 0lE, NERE (3 A 15
HOJGRERG 20 d J5E 13K, 6 H 15 H/AINERGR G 451,
L 10 K, AFIEIAE 9: 00— 10: 00 SE k.
CO, HFBOE &R SN E . JRBEHEANAED)
171, Nt 5 em, BN K TENTRBEA TR ) o
IORRI,  SRATA T B2 J3CLE I AR T4 P I K 2%
PAGRAIEAE PSS KT AR R

PUBEEE . FAREFR 60 cm X 30 cm X 30 cm. Y
FERF,  SRAEH I 2 TR0 S R RS 4 I F K % 8, DA
TRAUEFT WA RAAT AR AS e . RAERT, K4
PTG R AT T, AR N SRR 5T, FEE A2 4]
K2 JE ) 104 20 A1 30 min [T 50 ml VESS 28 A
iGN

AR E AT HP689ON ALty il CO, i
Kyl k) FID, 52 i 5 200°C, A:%Y 4 Porpak Q 4T,
FE 70°C o HEBOH 5 F AR b AR P B B[R] R AR 4E e
THPAEAS Y, W TN . F=de/dt(hM, Tg)/M,
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DTSRRI E s E AR (R BB R T LK
FEDD
1.2.3 mPEHHE RS ESRSGES) (NEP)
KRR ESRG WA, NEP 4 IEMEN, #RASR
JERA COp ML “I07 5 [RZ AR CO, HIHEK
“UR” o BOPETIEE A NEP=NPP—Rs.
NPP 4 {EW st b3 A 5 R i A s i i, 1
Yyhh b AR I & T 45%,  TIERAEY) R R
WEIY C RSB Ay 3 FIBIHE 7 30 A R AR b A A 4/
FAE WA CO, IHER R .

B4 K H SPSS AT HT o
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R H COo. HM A ASE
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CO, MHF RS PR TR IES (& 1D o \iT+
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TIHl The same as below

COH:HEE CO, emission (mgm™h™)

H #iDate (yy-mm-dd)

& 1

CO, ¥ BE & CO, emission (mg:m™>h™)

RS, TIEPIOEZE N, 104/ R
LB AR . IWA/N AN R AN, Bl
T HER R EETE, CO, HEBUR B T, B4
AN A N HE R e . AN IR A
FGR CO, HEBOH AR A AR

WHET7 O CO, IR — € 1%, Skt
ZAFN IR, SRR, N R
i, THERERAR, 7RI A BH LR
XEREERERTE s g, LRI R RK A i, i
SRR N IR IR HE SR R . AN A F I
WEFE CO, HEBUA BT P44, 2006 % 2007 4FZ2H 3
FAHE T XN ARH CO BRI 547.04. 44423
A1387.2 mgm™h'; 2007 % 2008 45K 483.304
440.47 A1 390.96 mgm™>h"', FILAFHE> et > %
HE, TR I LE R T 11.14%F0 18.02%.

ANFIRHE 7 20N AR B CO, HEBCH BAT FHALLIY
A (B 2) , BRI RS T s AR A 3,
3 PPAbEE CO, HE R B ARAE HIRAE A T 3281
VEFE TR, CO, TEMMEYIINHE R, BEA I
AR, HOBOE# AR, X B T R
BAAR AN L3 b 5 o3 i LB = (b, 33k 3 Al B
ZAF A CO, HEUR BB BRAG . F72 1 i E B
Wi Ft e, TIE CO, HEE A 1 0, FHAES ER Rt 1
LR, CO HEB BN, R T Co, 4k
R REE o /N A TAT AR H AL BT CO, HE i &
BUBE. BERE. B AN 356.44. 34531 Al 248.34
mg-m>h, BIREHERT G B2 3 LE BB AE T 28.55%
F130.70%.
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Fig. 1 Dynamics of soil CO, emission under different tillage of winter wheat fields
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Fig. 2 Dynamics of soil CO, emission of bared soil under

different tillage systems

x2 ZNELEFHARMEARNT RELIRFRANE

IR BB A LA, AR - I HE TR 2 R A7 A
FEZES. 12 149 1 TR H 8 CO, HFTBUE & %Ak
BIE R, HirT 12 e 1l 1 31
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Table 2 Soil CO, emission during winter wheat growth season under different tillage systems (g'm™)

KhE H4F W Growth and development stages AH W
Treatments W 4915 BE A AN JE 711 WA W Whole scason
(10.15—12.15) (12.15—1.15) (1.15—3.15) (3.15—4.15) (4.15—6.15)
Seedling-Tillering Hibernation Revival Jointing Filling
A W CT 388.01a 15.20a 220.15a 512.90a 904.50a 2040.77a
BERE RT 320.45b 16.15a 222.10a 486.44b 838.50a 1883.64b
HBE NT 272.56¢ 8.13a 181.94b 447.40c 764.94b 1674.98¢c
B B#E CT 59.33a 9.93a 35.21a 117.05a 312.80a 534.33a
TERt RT 65.20a 10.64a 63.72b 137.50b 287.27a 564.35b
Gk NT 40.91b 6.75a 56.85¢ 165.59¢ 340.26b 610.37¢c
C #HF CcTO 328.67a 5.27a 184.94a 395.84a 591.70a 1506.44a
BERE RTO 255.24a 5.51a 158.36b 348.94b 551.23a 1319.30b
Rt NTO 231.65b 1.38a 125.08¢ 281.80c 424.69b 1064.61c

A HVEDIAEAE AR TSP, B AN TN ZEAR AR CO, BETACR,  C AN B804k CO, RS RS 7R as by ¢ K

/R FSVEERTE 0.05 K LR BN FR

A represents the soil respiration with crop, B represents the wheat root CO, emission of correspond field, C represents the CO, emission of bare field, and the

a. band c represent the significant level at 0.05.The same as below

FIFZE -0 (RE A2 AH B A 34 1
LEWFRAA (Rs) 5 43 FIAH MY %40 BLA AR R (RmD .
SRR, Rm oy S TR 1 LA A A B 430 A <
FIHF 26.18%- TiEHF 29.96%. bl 36.44%. 3 FhibFE
AN, AN N I ED A AR S FIR 1R DT
BRR LB E 15%~85%. HAp i R UGk vTik %7
B (e 30%~45%, P BAED A, H g
WEEBWTEE, AR RIE TR WU R
WS o EAR, AN AR AC IR ZR IR T Ly LA A

SEIBENE 65%~80%, VLI Il TG, T3
PEUREE NI, T U R R A R

3 PR, S AR SR AR R I
PR, %A T IR E AR, TR
ZANZAH W TR EI e i (K AL
Bk, iR o REATE SR A AE B b L
FEA/NZE BT AR RIPE . BEw, iR B
225 3B EYS TEA T, it semi )
WAL LT -
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AFRBHET NP AR R 3. 4
RRWZH XN &N AT 3 MOHEAR R I A
TR U7 o BARANEEEA T W AR g
CO, S\ I R I A B > b > b, H G-
it A RE, 3 FHHET NI RS R I, R
BE=> e > Fipt .

#3 ARMEAXN T2 NEFTREARTE

FRESIERE . SpHARLL, BRI B,
B TR IR 5 g s A, Hn T I Rk
R, DSBS o Tept S B, T
QMR FIRI B, IR AT B e, PR T
TR TS B, B A PR FH A K COL 1“7
T RER G 18 A 7 A AR - Sk (R R TR P AL A2
B bk B2, BMUeBIC R R T

Table 3 Carbon balance at winter wheat growth season under different tillage systems

#pE CT JEdk RT HBt NT
Mo - #B2EY . Aboveground biomass (kg-hm™) 13579.52a 12936.20b 11524.56¢
1R £ Underground biomass (kg-hm™) 597.17a 378.42b 332.34¢
Y )] NPP (kg-hm?) 14176.6% 13314.62b 11856.90¢
IR 1 NPP (kg C-hm™) 6379.51a 5991.58b 5335.61c
R U B Rs (kg Chm™) 4108.47a 3598.09b 2903.49¢
ARG J) NEP (kg C-hm™) 2271.03a 2393.49b 2432.11¢
NPP/Rs 1.55a 1.66b 1.83¢
3 it K NEAH TR 3 M EAL B KRB A KR CO, FF
Ve JI 907, X S PORITH A S R B L. Wi
3.1 FARMTIFEFERAELIET AR COLHME AN AEE Y 3 R EAL I AR R IR
BIATBETE FIECR o T IEREI I LB A1 30%~41%, Tk ZEdH 5

FH S SR b X 22 1 3 BBk 7 2UF
A CO, HEBOMA:, 5T AWFIT & s Ay >
FIFHAR L BRyENAS, 3 PhALERAAE R AN S AEE R
SHAEIAEAE N L IERPI R DTBR 2 B B TE 15%~85% .
WEFCAA, s KR s, SRR K oy
)25 BHAG AR 3R I 5, AT AR 1 4 R g2 g
WA FH v ok - SRR f B AT T 2T, |
TRBF AN A KT T e A, RAMRE Rk
A DAREE 3K Sy, NI RE I 1 RN o 2535 43 L
Bl ERRGT, HRIFI L IR L) B AR
KA E T, FEAALE 10%~90%[a) I EN™, A%
SR G580 BTN P AEEEDR R, K
IEAZARES I AT 18 T R AR SR R i) 5
AP I RPIR 520 . Ak ol TR CAE )
e IR, R SN RHRGAL, 1E
FEA LN TR AR 1) - 0 7 B A UG
THOK WA N R, DA A F BT IR N A
HEUR I HE BRI AR R IR AR CO, HETK

=R

3.2 EZHMAMFMEMLLHIRS LIRFRAIXFR

I FHAR 2 323000 5 75 AR FH AR AR PR A 5 R £ g L
B0 34%~44%, TN 40%. DT
RSP 38 0 5 AR AR S R 0 AR PRS- 38R R (1 DT ik
N (48+5) %0, AIRIG £ FUR T %458, — ]
Rty MMk, BT L R o, SRANI R
VI R R 3 B 2 5T 45 SR . S 25201
R 22 BRI A5 1) K L P (K Tk R, A KO
PR 46%. TN BRI IR REY, H5EK,
) H 2885 s FHE AR LG, AR AR I 5w B Ol E L
3.3 IREMENAMERNEFHERREH

DN ERTIE TN/ el we: A 2 R (RN Y T DARFS
B B A EAINEE . WREBRE, W E
PR AU 172230 Hall AR Y7 A E R AR 25 ok
TR 1) H 25 AR 0 D) AR o P R by 8] 1 398 5 IR 1)
60%~70%. Rochette “5ZViIF 5 % BT [ 47 2592 40 )
AR 22 BRI ) Rm HHAE 45% 4047, B4 W8 25 5
5 5 P A5 L OB ik 0 5 75 R AR T AR I - 38 CO,
i, UEBEFEY S S AR TR R R BT L
Bl BT . BRI R, R R R A
TR 52 /N2 IR T - Y] - AR 2R AR 5 A Y 4
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TIERFRAE BN L . IR AR EBRIEEAR H RS
R AT N I EL . R BRIEAE D —Fh R IR E
FRARIPIR R 7595, B I 2 A AR AR S 5L T
LT A AR R ITIR O, TAE SR 22l T
X R AT € R E, AR O T E AN
PSS N AR R IO AE B Ak 3 M AE B
(IR L HEATAR DY, LSRR, (HANEAT R R, IXHER]
CAORUEDI 2 I - SR 2 45 4 1 e 2

4 i

ANFIBEE D7 U 22 11 L3 Co, HE A B R
Wi, HEANANE R E IR B CO, P HEBOH 2 R I
BB > TRt > bt . ASRIBHE 7 T A R AR 1 5
W 26 [ K B A BB > e > Sk . AR 2:B5%
AT, AFEBHE T AR AR HAR R (Rm) 5y
SR EIRE 26.18%- FEHF 29.96%. bl 36.44%. 3 Fh
MEERAAEN, A/ NS B I WY AF e 0T 1 e
ITTIREA T 15%~85%, Hh & Nk iA H +
AR RN kR e B VAN R B O A
FERINFESRAET (NEP) , EHZMX T4
INEEEZE 3 FHHELBI RN KA CO, HER
G o MBI A IRE, 3 R E 7 R R
o8 BRI S > BERE > BIHt .
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