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Coupled energy and carbon balance analysis under dryland tillage systems
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Abstract; Scientific regulation of both energy and carbon flows under tillage system with soil conservation tillage practices is
of great significance for saving energy input in farmland, mitigating greenhouse gas emission to the atmosphere, and
increasing carbon sequestration potential in soils. Based on the field experimental studies on conservation tillage in dryland
maize cropping systems, located in Shouyang Dryland Farming Station in Shanxi province of China, impacts of different
tillage systems (including conventional tillage ( CT) , reduced-tillage (RT) , and no-till (NT) practice) on coupled energy
/carbon balance were integrally studied. through field observations, embodied energy input parameter determinations, soil

respiration measurements, carbon dynamic processe simulations, and energy /carbon balance estimations in dryland agro-
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ecosystems. Compared with CT, conservation tillage (RT and NT) could increase carbon input (about 1.6 tC+hm™) with
increasing stover return and root stubble biomass in the soils, but reduce carbon losses by stover burning /or removal ( about
1.6 tC-hm™) and by soil erosion (about 1.2—1.6 tC+-hm™). The energy inputs (MJ+-hm™) were in the order: CT
(13829) >RT(13289) >NT(12434) , which was similar to the order for carbon emissions (kgC+hm™): CT(283) >RT
(272) >NT(248). The embodied energy consumption was reduce by about 4% —12% ( equivalent to 11—35 kg CO,-C-

hm™a™") with NT and RT practices, as compared to the CT practice. The coefficiency of energy consumption was decrease
by about 6% —10% and the coefficiency of energy production increase by 7% —12% under conservation tillage systems, as
compared to the CT practice. The results also showed that the rates of soil organic carbon sequestration (kg C-hm™a™)

tended to increase from —104 with CT to 144—149 with NT and RT. The field measurements during periods 2006—2007

)

showed that the mean soil respiration rates (kg CO,-C-hm™a™") with NT were generally lowest ( ~13% ) during the fellow
periods in the order: NT (540+30) <CT (619+20) <RT (873+137), but highest (+7% ) at the peak of maize growing
periods in the order; CT (1368+355) < NT (1465+410) and RT (1468+387). The mean total rates of soil respiration
(kg CO,-C-hm™a™") were RT (2342+524) >NT (2005+380) >CT (1987+375). The changes in maize grain yields
showed the same trend with soil respiration associated with tillage practices, for instance, the mean maize grain yields (kg-

hm™a™") also were RT (5614+1298) >NT (5533+631) >CT (5487+1320), showing a positively close relationship
between maize grain yields and soil respiration during growing stage (R*=0.88). Although different methods were used to
estimate CO,-C emissions by soil respiration processes, the analysis showed the same trends in carbon sink /source under
tillage systems, such as a increasing trend in carbon sink with conservation tillage practices ( generally RT >NT) compared

to cathbon source with CT, indicating that stover incorporation combined with conservation tillage practices through

increasing carbon input is an effective way for maintenance and enhancement of soil organic carbon.

Key Words: conservation tillage; agro-ecosystem; energy balance; carbon balance
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Fig. 1 The concept model of coupled energy and carbon flows balance in soil tillage systems
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A R RS L,
RGHNTTER (1) B AFE LU T AEIR (Cei) MIAEPIRE (Ceb) S TR N T4 B RETH#E 5 74 1 i 7 ;
(2) RAIALFERK U DCIEE RN F N R
RGNS BRI (1) AR it HH 0T G045 KFRE ( Cpg) ARG AFARDEH(Ch) 5 (2) BiRHRFRCI . 5 A
TAHTBIBEREAH KK CO,-C( Cee) HEHUMIS H3ERF A CH CO,-C( Ces) BB FE ; (3) =AM K 2k i 2
(Cw) 5 (4) RIFDSAEFTFHESE (Cpsh) o
1.1.2  RHBHERGA AR IES BB 53 Hr
AR g I/ R A E RS S -V RR R A5 € BB 240 i RTRE R (&) 20 #r/
S R A T B T i 2 R G P R4 EOR e /it il ek, M SR R SR 40 T
RG-S (kg-hm™a™ )= f (Cpg,Cpr,Cps,Chm,Cee,Ces,Cw,Cpsh)
ARG (kg-hm™a™' ) = R4 C A-RE C
=(Cpg + Cpr + Cps + Cbm) —(Cpsb + Cw + Cee + Ces)
o
Cp(kg-hm™a™")= BAEAEYOLEAE A X RFEY ik RFGEFE (~Cpg + Cpr + Cps)
Cpr(kg-hm™a™") = BAFEEYRA C B35 5K H 5 C R4 &
Cps(kg-hm™a™)= BHAELIMEYFEF A EAYRES S H T4 C TEA R I
Cbm(kg-hm™a™)= BAELIRKIE A EAYEES 5 H 13 C IFF 09 1 &
Cpsb(kg-hm™a™ )= RAEVEWFEAT 235/ B8R R C 2% i (KR40 H ()0 A [ BEVE b BRAR 5T
Cw(kg-hm™a™)= R4 i KUK RS 1) +HE C #12% it (HRAE Wang 55 HH [RIR56 I 2 £ 53
Cee (kg-hm™a™")= HAELL TV BB A E M AN THIBhBEH A M 21 CO,-C & (=Cei), LA TLAETR
)J\:,jz(g,‘lﬂ
Ces (kgehm™a™ )= 54 5-HHOFIEA S CO,-C BEHGIEL(Ces ~AHUIIAMIE + BUEDIEE+ ARIFE)
TIPS I 5 v« (1) HTRLSAEINRE o 0 AR R 12 7 FH 1) Jst o D 2 AN TRl B R e A i
HERPIR CO,-C BGE . (2) HHEAHLY /R C ARSE . AR SR GORP RS0 1A DL AR (CInAS AT |
A3 ARFERE L) S0 R B RS A DL /0 C B (kgChm™a™) (£ 1), MRHE Wang S5 RAR
TAH WUIEFIA LT3 i BT CO,-C 8 (kg-hm™a™") = k, x F5FFHk(Cps) +k,, x ZF2E6(Cbm) + &, x 4R
FE (Cpr) +hs x HIEAHUK(Cs) o (3) HHEA DBV B FRAGSE . 1 Wang S50 RS 1 1) RARHIE
M PEAIBR B (1C-hm ™ a™) = (1- 0.1566)x-0.1987), (4) IERFILRETL CO,-C REBLFLLAE I, N
Century FAY0 AP A IR B i/ 58 B+ VR R G0+ 0PI CO,-C BT (kgCohm™a™") .
®1 EHTHEPRARAORER FEARENGURIBRMLPTHRH)

Table 1 Decay coefficients for stover, manure, stubble + roots and soil organic matter (SOM) in the calculation of C balances and the

estimation of soil respiration ( Shouyang, Shanxi) [*]

Wi H Tterm H 531 Z L Decay coefficients
FEFT stover (k,,) 0.8

4% manure (k) 0.48

#R7E Stubble+roots (k,) 0.55

THEAHL SOM (k) 0. 0285

1.1.3 RHEPHER GBS EORBHE I L g -8 A

A R DX AR SR Rt 00 A Hh | B IR IR T 4 BT | A AL T KA A S R I (LR R S Bk
W 4 VEY) RER A B SR RBCY MR FPHE RGN T BhBE &, A0 45 Tl RE IR A A= W BB A %
ZH LB SEh (45 M/ kg) ALAE(N F1 P00 514 91 MJ/kg 191 MJ/kg) A2 (102 MJ/kg) | Filfil
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(16 MJ/kg) 8547 gk A B FRIHFE AR &) , H TGS S REFEA DG CO,-C HEBRE &, Al DU AN L A 7]
PHEE PR SR Remt 1 | BE s % AL R AR OB e = # L 55 . A Bk E R RR I (i) F A
Syt VA | IR - ARIAIE R i 32 B RS S ST, LA BT — B T ORI S W, AT S R - 43 BT Aty
BOFE R,
N THIBIREB A (GI/hm®) = RAUSK AE 2455584 7= Fnds B FEFE R
A48 CO,fFif i (G)/hm® 8 kg/hm? )= 5 A THFBIREFEAR DG CO,-C HFjik i
RYHEEI (GI/hm®) = EY) & (kg/hm?) x7= B 2280 G/ /kg)
REug e (Gl/hm*) = RERERHH -REREE/RA
RGRE AT RHEE (VAPREG ) = BeE i D (vhm? )/ N AT BB A (GJ/hm?)
RGFERESR SRR (GI -t ¥R ) = A THHBIAERCA (GI/hm?) /BE 4 H (v/hm?)
LV EHEhBRE = = BEEHIHE (Gl/hm®) / N THBIBER A (G)/hm?)
1.2 H[EE:
1.2.1 5 XA
TRIG Hb 5 8 LLP 75 BH R A RIS X, A2 T L P P b X A BB 3% DX 483 3 R R 2 Y T i SR i
BRI, AEBIBEKEL 520 mm, —4F—VEF FERIEFP AL SRR BRI E AR 50% DL L, % XK
bl AR (TR 1066—1159 m) , KAF A2 A AR Z I, K ik 5 IR ph 1% ™ & P s 1+ B
B g, b B ST 15Tk FHAK 5 WG B B RN 7 22 B LA I A BVE S RE 7 = i Z BRVE R, A HLIE R
Pz NEEHE A RIEWFSFERRE R0 I, RIS IR 240 T R AR B Tz B2 FOKEE R
Wl — 2 KW, FHEE BRI T LR T 2R, FREZXEFE R E EERFIFRER,
1.2.2 Rt Mok
AR FH KPR E R E IR IR T 2003 A5 TF 4R 7F 77 BH 5% 3R FAAR TR0 X A B S0, 00 o 7 T 28 1
IR TCHEE AR B R b b BRE RS S N AL 25.7 o/kg, & N 1. 04 g/kg, AL N
(NH;+NO3)54 mg/ke, 34X P 7.3 mg/kg, HAL K 92.9 mg/kg,pH {H 7. 87, A £ K i Fh e HH XS M HERE S Bl
IRIGALIEA - (1) CT AZGHHE (1L GERK G R FT At BKCBE B (RS FF 5% B i 29 25% ) +A& e & Tt AL e I & #F
B 5 (2) RT ZDHF CREUBK S S AR T (R T 24 90% ) /DHFIT IS FOAL AL ) 5 (3) NT bk (R 28
22 DFPRE . BORKERE FFIRA T 4R G Bk 55 (BRI H 2 90% ) , 2R HUZE I G b it NE 496 o O K 5 1
BN, FAEANFHELLTE NP MACHE N 105 kg/hm* . AERENE S 20-20-0(N% -P% -K% ) . /INX T
B 10 m x 5 m=50 m*; 54 3 K,
1.3 ARSI B oMy i
1.3.1 3PP 40
2006—2007 4F 1 [E]30 5 AN [ RVE AL B T K A 7 300 RN AR PR3] S98P0S A5 ARk, SR I 0 2 SR P i 45
RO E D, RIFTE A 2SR N 25 om FIEAR 29 om, TS AT, 7RI G2 24 K 0 4 Ml 15 20 8 3 T AU
SENHCE 1 AEA 20 mL KN 1 mol/L 1Y NaOH IR I BER , [R] B 15 45 1 X6 R ( RIPE — 9 it AT 1) ) 452
ZEf i FIRE MR BE 1) NaOH YK o 7EA i DINMUAE Y IE A2 % A, K2 24h J5 Hal ( g8
HBERRET N 7 B AL, DABJT 1 KAH CO, AR TP 3 i 22 ), BT () A 56 i it 1) BaCl, DT TE 2 R I
CO, 1) NaOH ¥ , 2R J5 LA BK M F8 /- 710, FH 1 mol/L (kR #E HCL 473 2 Hh Flad & 19 NaOH, 1155 24 h P+
BRI CO it JEIN b AEB N A 014 A B B B (R R0 L0 300 AT I D AR B ) o3 R A T ORI
BAVNXR 3—5 wHEE , B4 NI 24 h P IEIP G R
CO,-C(mg-m™>d™" )= (V,=V)xC,, xM/A
Ao, Vo A T BRI R bR MEER R AR FR (mL) 5 V A i 8 B OB R A v R R AR AR (L) ; €y WARTESR
BRI R FE (mol /L) s M R BR IR BE JR i ((g/mol ) 54 280, A AL A2 IR AR (m?)
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A X A A B (AL BE A e (CRB B ¢, —¢,) I 1) - S WF W -4 {E (R, +R,,, ) /2) BRI 4058 (B,

BN IR R B SRAFAAE (AR W+ ORI ) - 00 R
CO,-C(kg-hm™a™"')= X (R+ R, )/2xAtxB

1.3.2  +HEAHLEAIIE

TR S5 BURE | SR FH B AR PR P A E vk MM BGE AT I A o J7 vk DR 2 AN MBI A 180 C AT,
FH — 7 W 118 B % T - R A R B 3 v P A LB , 80 4% 1) B A% R A PR R R 7 A2 R T 8, DA ST Y1 R 1) 2 4%
R R TR H A LT (SOM) & i, HIEA LB AL A B A PR (SOC) M4 240 0. 58 (B SOC =
SOMx0.58) .
1.3.3 fEY-w i

TEEARWOR BB A E W AEARAE B/ N BEPLIE 3 28 O P40 4T ) SEAT IORE | B3 2B I 7 AR EAT AR, 73
BIBIUDAER 7 /1 YA R NP A9 [ e M K AT SRS B /A 1Y i & <
1.3.4 AW EARg ot

T RefE XA B 2R Gt e A/ B STl AT 8 BT, ASBESE 2 BER FH 2006—2007 4F X1 4 H
R G0 A5 | 45 - RPN 52 | A ML K A AR A T A L R A R T SASPY Ge ik
GLM J¢ REG TP #7522 53 B Il I 5347 .

2 HER55M
2.1 AFBHERG T A2 oo

2006—2007 AP FRFPRL = HEAALUIIE 2, 2006 4 go0 | HCT ERT ONT I
PRI CEFMFOK Y 419 mm) TRAPR=HE £ w0 a EE=
SRR E 4553—5087 kg/hm? , X T CT (4553 kg/ § igg ==l
hm?) | NT £ KA AL ™ 5t (5087 kg/hm?) BFRE A > s000 | 33
120 (P < 0.05), RT /i (4696 kg/hn®) 01 3% . & 2000 |
2007 4FEFERT R F 8 (LT MK R 20 529 mm) | K PO s |
Fei A8 AL IR B AE 5979—6531 kg/hm’, 5 CT 7= & 2006 Ve 2007
(6420 kg/hm®) H %8, RT 7= & (6531 kg/hm® ) 34 /i1 24
2% ,NT 71k (5979 kg/hm®) W2y 7% (A =#HEHAR B2 ARBHETEKE AR

\‘j'é % ( P>0.05 ) 5 Wj ﬁ“: qziq ft% ( kg /hmz ) 7'{] . RT( 5614 Fig. 2 Maize grain yields under different tillage systems
£1298) > NT (5533 £631) >CT (5487 +1320) . #%} T CF: (SRR NT: S R RFFBITEENS B
CT,NT 76 54547 B 38 7 1E 5 FARAE— I AR 7
2.2 RI[EIFHE 2R 50 1 EnF g Al

A HABHE R G0 T HERP IR By 3 1 KAHE CO, M 2 | 22046 T IR i A 1y W W AT ) A P B - 458
YN, ST AE A AR A A T R GRS TR 2 — AR KRR B R G PG 5, AR
FER FAASIR] 5 AN [ 22 G0 1 HERP MR A A0 . (1) FH ) JELASE 000 52 - NP 5 (2) AR - 398 DL 40 ¢
i CO,-C HEAGH; (3) AT T BRAG 5 CO,-C 5 (4) BERUAGI + HERF
2.2.1  HHE] A E 4 S

2006—2007 4F-7E 111 VG 77 FH R A0 XA RV E /RS AT AR 2R 398, F 5K A= B - OR R R 0 R Ak e 7
D + SERFIAE 3R (mg CO,-Com™>d™") (& 3) G - AR R G LRI AR ] CO,-C AR BT &t
(kg CO,-C-hm™a™") (K 4),

FEI [ 2 S5 3R B, FORA K R B M W (7—8 1 35 Kl ifi-nk 22 1)) + S0F % H 38 o 34 B e K, IR A
WI(11—4 H FRBUR G - R REE]) - 3580F 0 B 2= 5 (IR (181 3) . 2006 Fi1 2007 AFAS [FIHFAFE b 21 £ K A
B IEFIR H 3 & (mg CO,-C-m™-d™") 2B f IR BE 43 51 4 . 385—1176 Fil 414—1300 ( RT) ;287—1385 Fil
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271—1525(NT) ;280—1279 F1292—1264( CT) , 7 F KRNI (JCHZRKBRAL B ) NT - 2P0 3 % Ay F
I T TR AE B, JOHAE FRA R e dl]  NT - S8 I 3 32 Sy gy, 4 2006—2007 4F 3 FhfFAE T AR K i
A A SRR 3K (mg CO,-C-m ™ >d™") 4391 4 : 1385—1525(NT) ,1176—1300 ( RT) Al 1279—1264 ( CT) ,

1800

< 2006—2007

o 1600 - ——RT
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E3 WREENEXBRARBERZLIEFRATHES
Fig. 3 Changes in soil respiration rates in maize field under different tillage systems measured by liquid alkali absorb method

CT: fEe#rBl; NT: %k RT. 57T BIEE B

2006—2007 AFEA [RIHFAE AL FH 1 18 07 W7 AF PE i

(kg CO,-Chm™a™ ) ILBE(FH 4) , ERIKIRIIES Yy, © %0 20062007
NT(540+30) <CT(619+20) <RT(873=137) ,NT %% CT %é 222

RERZ 13% , 31X 5 F AKUGRIG NT ZHERBIZNIRAD T g8 1600
VP X E R A BT CT(13682355) B 100 |
<RT(1468+387)%H NT(1465+410) ,RT 1 NT % CT 2 8 s

S 7% 3T R 5 A Gk M b R RS 1/ s T 4 °

it 1&%%/4@%%&%%@‘%0@/3’%&7\ [i] B 2 0 - i

Wy FIAR 25 19 P WA AT O, 4R L S0P IR B (kg B4 R ERE R RS TR R
CO,-C-hm™>-a™" ) A RT (2342+£524) >NT(2005+ Fig. 4 Changes in soil respiration flux in maize field under
380)>CT(1987+375) ,RT AbBHAL CT #2529 18% different tillage systems measured by liquid alkali absorb method
I BTFE4s B R R, AR FEE T B ke e 5 24 CT: fEGBH8; NT: Sff; RT: RSFFBIHIE M8
3 SR E i A A (] 5) | A 2006—2007
AEE KR (kg-hm™a™" ) FHh  RT(5614+268) >NT(5533+564) >CT(5487+278) , T kArkir=i 54EH
$ - ST 5t 2 ] S A VAR DG (R =0. 88)  {H SR PRI - P WG & 22 ARG AN K, 55 CT AL, RT Ak
PR FRWOGRIG A 4R 3 T HIEE PR | B SR AE R AR VR A A R AR X
Bt X AT RETE THE A ML MR HE 1 S G Yis PR R DL B o i, ELEGE TAEY SR ol .
2.2.2  THHEANWIEREL CO,-C ALK
A 2006—2007 4 7 AN [RI B/ 3% 42 AL 31 + 3G DU AR A0 FnVE S 7 s 408l , SR DL (Canfs #F | 4
F& MAENGPL) 0 REC(FR 1), a] LUK SRAS B AR R AT AR 36 FH 3 HLY) 23 i BT CO,-C i (3
2), HEAFEBHER X £IERF (kg CO,-C-hm™a™") [5EMN , RT(3565)>NT(3508)>CT(2215)  HAL A
B3 FH ()00 2 85 SR R A — 350, LAV 00 235 SR v T HHT PR 25 2R, O 5 S5 Al R v o B - 33 LA ik 114 H
{HIREE (20 om) A 5%, b A R — Pk,
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3000

~ 2006 2007
k2 o A y=038x- 1.84
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ey
e A
o 2000 |
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Fig. 5 The relationships between maize grain yields and soil respiration flux

CT: fE5eR8H; NT. Sff; RT. FSFF B H /B

2 AEAMERGERBANE . TEFNRSAENYHHREN CO,-C EHE (2006—2007 4F)
Table 2 Carbon input, soil organic matter (SOM), andCO, respiration from organic material decomposition estimated by using the decay

coefficients of organic materials [+

WA At -~ YL 53 R CO,-C L
R s 30 C input / (kg -2+a™) LRI respiration from o
ar ¢ - : decomposition

o e sﬁi Slubbﬁ%ff roots /(&/ke) / (kg COz'(E) “hm™a™") / (g/hm)
2006 RT 1860 827 29.9 3108 4696b+278
NT 2014 895 28.8 3226 50872418

CT 501 801 30.0 2011 4553b+239

2007 RT 2586 1149 33.9 4023 6531a524
NT 2368 1052 33.7 3786 59792815

CT 706 1130 31.5 2414 642022542

iy RT 2223 988 31.9 3565 5614a+268
NT 2191 974 31.3 3508 55332564

CT 604 966 30.8 2215 548722278

CT: fEGHFH; NT. fe#k; RT. FEAFBUED B, 0 250k L3k 1

2.2.3 AR T RBAGS CO,-C &

BT 75 BH AR M/ DB AR A I 0 R00 , IF25-6 I AR IG FAAR 7 ( Century LD ) AR TN BE1E R 40
IR RS AR 6)  Hh F RIS I 5 AL 4317 45 39 - 84 HLAR - 7 A2 R . SOC (tC + hm ™
a”')= 0.1566x-0. 1987, HHIIC R AT HEH , A4 + A DU -8 1) A B3R AE A I () 20FE 50% (AH 4
F 1.3 ¢ C) , FRUIFEFFIL 3G - A AR AE R e & H A LR A R0R 7 i B SR Rl B VR it
X I/ PSR KSR CT 2 8 A HLIOE K (~104 kgC-hm™a™") ;T SC0E RT F1 NT )i
AT LR L2 B AR I (144—149kgC-hm™ a7 ) (R 3) o HH I AT LA - 1087 07 8t mT Al 355 - S i i
CO,-C Bl FHAF PP S BB (1C-hm ™ a™" ) = (1- 0. 1566 ) x—0. 1987, HCAEA [A] #F 1 it % +
SRR S b R AR A2 A R 2 SRR W), ASTRIBRVE b B A S 0 0 Al U B < RT (2074kg
CO,-C-hm™a™") >NT(2047kg CO,-C+hm™a™")>CT(708kg CO,-C-hm™a™") (£ 3) {H CT fhH(EHA LL WAL,
X GA K R ARTER BRI B (IR ECHEARAE ) X0 3k L 87 WA, B DAASGE T T A FH A A it
XoF A BB S5 it B 2 B S
2.2.4 AL IR

o Century #7150 S R TRIBEE R e/ 045 B - 33 AR 4 R 45 L3R IFI, CO,-C RR . BDLAL 45
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{BL-55 FH TR0 5 A8 AN [RVBE VR it X - S 0P 7 S i s S AR — 35 (BT 7)) o P RS AULAT B3 g - S e 0 A 1 O
CT(2478kg CO,-C-hm™>a™") < NT(3316kg CO,-C-hm™a™") < RT(3988kg CO,-C-hm™>a™") ,(HAEII(E — 4
FEI [0 300 A S i e o T SR s R A2 PR S M AR A, BBURE Bk R 2 7 94 1T e B S g iR 2

®3 FALTEANBRFEREGEE T EFRR T E5FEE (2006—2007 4 FH1H)

Table 3  Soil respiration CO,-C emissions and carbon balances ( averaged over 2006—2007 ) estimated by using the equation of soil

organic balance!*’]

A HERFIR Ke B3/ CO,-C sink/source CT NT RT
A AR C input (kg C-hm™2a™!) 1570 3165 3211
A 3IEE Soil respiration (kg CO,-C+hm2a™!) 708 2047 2074
A $38% I/ Soil C balance (kg C-hm™a™) (+/-) -104 144 149

CT: fE5E8FM; NT. fe#f; RT. FEFF 8L 1A A BB =L IR 6

—~ 04 . S

& y=0.1566x - 0.1988 z

E 03F R2 = 0.8092 g— 500 —A—CT —H-NT ——RT

< 55 B/WB\B/B\M

5 0.1} %g 300

® = c

- of S A—_A\A/A\k—ﬂ—ﬂ/ﬂ

S B 200r

B .01} 52

g 8E 10|

> N

g -02¢ 8 0 I I I I I I I I

O g 3" ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ T 2003 2004 2005 2006 2007 2008 2009 2010
0 05 10 15 20 25 30 35 40 § Year

Cc Cinput/(t C-kg % hm?)
BEl7 Century RS EHIFNRRHIER R HKAES BT IR LIE
LR CO,-C EETL

Fig.7 Simulation of annual CO, respiration from decomposition

6 SEFMNWE (AT C) AN LRBRETUEERKY
Mt

Fig. 6 Relationship between annual C inputs ( from stover C
under different tillage systems using Century model'*"]

CT: {5 BERI; NT. B, RT. F5FFEHEL HA B

return) to soil and the rate of C sequestration in the top 20 cm

layer(*]

2.3 RHEPHERGRER (=) -0V 4

2 X SR DX A DG LRt L 0 A5 | BB IR AR L 20 BT AR AL P 75 58 WS4 AR R F , A Y b oA
PHER G A BhRe i, 48 TOl iR R AR Y ReF A XS5, I TAR R S REFEA OC) CO,-C HERg i, £
DN ECEE T AN [FIRHVE S B R Ge R A% | R it | REfa e AL R IR AROIL 5 Bl e 7 4% LU 55 A B 0 i TR E &R
GEReT (L) F A S T M SRR - ARG P A 7R AR S IO A
2.3.1 RHEHHERG R SEOAWHE

X0 DX AH S FE Al Ak | PR 450 | e U AR e e 5 0 DR T 2 A L IR b A B R 8 N T %0 B g
i AR T REIR FAE BB A A RSB, I XA [FBHE RS F B RER S HO S REFEA LM CO,-C HElthg i
AR (£ 4) o RBCRFHHER R fERFEA 7 CT(13829MJ/hm?) >RT(13289MJ/hm*) >NT(12434M]/
hm?) 404 THRHECE . CT (283kg C/hm®) >RT(272kg C/hm*) >NT(248kg C/hm?) . 5 CT [L#:, RT
NT 1 R A RE AR T 4% —12% ; BEFE (L) CO,-C HERBER ) FEAE T 11—35 kg CO,-C/hm?*, FHiL
A AL ARBFEE RS B RE B A T L) Y 80% —90% , CT HAVEHLIRBEFER AL (5 BREF Y 12% |, 1M
NT 1 RT %295 3% F19%
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F4 FEMERFTEZRBSBRBHMEMN (2006—2007 FFHMEH)

Table 4 The parameters related to energy inputs and the estimated CO,-C emissions due to energy consumpsion ( averaged over 2006—2007 )

CT NT RT

RETR AR AII BET BRIt HETIL BRIt BETL BRIt
Energy input Energy Carbon Energy Carbon Energy Carbon

/(MJ/hm?*) /(kgC/hm?) /(MJ/hm?*) /(kgC/hm?) /(MJ/hm?*) /(kgC/hm?)

AT Labour 701 14 350 7.2 701 14
FLHE Fertilization 10952 224 10952 224 10952 224

F JiEHF Rotary harrowing 540 11 0 0 0 0
HL#% Planting 338 7 338 6.9 338 7
FhF Seed 489 10 489 10 489 10
455 Herbicide 0 0 306 6.3 0 0
Hi3ts Ploughing 810 17 0 0 810 17

B A Total energy input 13829 283 12434 248 13289 272

CT: fRGEHF®; NT: %, RT: FAFEI I

2.3.2 RHEPHERGRE VA 4T

AN IR B R G0 B A AT, (G X RE 3 A RE A BB AL R 0% AR S B BE = 4% L
AR LA R 5 B . ASFEIBEE R S0 00 B RE s 1 CFPRL+ RS FF) o RT (173462MJ/hm®) >NT
(170957MJ/hm®) >CT (169540M]J/hm*) , #ERE R EL M NT (2. 25GJ/t #FKi) < RT(2.37GJ/t ¥ ki) < CT
(2. 52GJ/VKPRL) s FPRLRE R B L CRPRLAE S/ BE4% ) 9 :NT(7.3) > RT(6.9) > CT(6.5) ; BER A HURN .
NT(0. 44t ¥FKi/GJ) > RT(0. 42t ¥-Ki/GJ) > CT(0.40t ¥Fki/G)) . 5 CT Fb#, RT FIl NT #5iti T AOFERE R 5L
FEARZ) 6% —10% |, RE A ROREE R4 7% —12%

x5 FAEAMERFZREDNEHHRERUFALESH (2006—2007 £FH1H)
Table 5 Energy balance analysis based on energy input amd output, and energy productivity under different tillage systems ( averaged over

2006—2007)

B RS A 5% 4551 Energy input and output CT NT RT
fie A Energy input (MJ/hm?) 13829 12434 13289
fig B AHER i Emissions (kg CO,-C/hm?) 283 248 272
FPRL =i Grain yield (kg/hm?) 5487 5533 5614
fiEf ) CFPRL i) Energy output ( grain yield) (MJ/hm?) 89434 90181 91502
A (RS A7) Energy output (stover yield) (MJ/hm?) 80106 80776 81959
SRE AT OFPRL+F5FT) Total energy output ( MJ/hm?) 169540 170957 173462
H g (A BEH-AERE) Net energy output (MJ/hm?) 155711 158523 160173
RER =8 L (EBERI/ fEIL) Enery output/input 12.3 13.7 13.1
FERLAE I 7= 4 L (FPRLREH/ EAE) Grain energy output/input 6.5 7.3 6.9
BER L7 80K Energy productivity (t #KL/GJ) 0.40 0.44 0.42
R FESR I Energy intensity ( GJ/t ¥F6L) 2.52 2.25 2.37

CT. fE5EHFBH; NT. fbf; RT. FSFFH8HEAE /08

2.3.3  RHEPHERGR-H 73 b

AR - BRANE PR3 R R B IO AT W2 6, 5 CT HRAS  SREUR P PEREE (RT 1 NT) $i5 it
RN T FE AT I8 T BRA A AR FEA PR 2 1.6 tC/hm? Y0 TS RT3 RS 3R 2 1. 6 1C/hm? | FF-F%
i T HERE CO,-C L EZY 11—35 kg CO,-C/hm’ , FEAR T L3RR IR 1.2—1. 6 1C/hm®, NT 1 RT 4b#
H 1 3EIF CO,-C B KT CT ZbH,  F H (] SR A2 1 S A B4 SR vl i, + 30T CO,-C ik i
TER GRS A S AR KL E (2 d 33% —69% ), WX T NT F1 RT 1 5, 35 0P W 35 2 XoF 5k 5 151 B¢ ik
5 121 69% F1 64% ;X CT 1M, th HIERPIRIE FEFF A be/ 55 | BE 55 A HEOR - 49805 0 2 XoF B Y53 11
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MR E 5 20 5 33% 30% 5% F133% . FHER 6 ST AT A, i ik AR - SRR it ( A0SR E RT FNT) W]
WD R UBRREFE (4% —12% ) FEFFHENE (29 87% ) F/K A 378 2 5 1L 1R B HE T ( 29 60% —80% ) 5 3 3 S it
RT Fl NT FFAEFFA HRS i, A58 = TR AR I R NP R (24 7% ] 4) , [FIRHVEY 7 5t (1] 5) Fi 4458
BHUT & (R 2) WA Irsss,

R T EAGF R R HEIFIE CO,-C iRk A2 7 SR, RGMIL/ WA TS 45 SR B A — 3 (3%
6), 4 CT AbFRIRIUMARIE ; NT/RT AFERINRIC, 7] UL, R HABHE R S8 m Re R A BCS REFE (40 CT) AT 7
ARG IR, T KRR S AEFE (40 NT/RT) WIS BOR G 0T, v LA R NT 5 RT R4 F ik~ it
A AL EEA AT H NT REIAEHL T RT, H22 R F2AET NT 55/ THURREFESR AR (40 NT F1
RT MHERBIR A5 20 5 B REH I 3% F1 9% , 3% 4) , JLREHRHEM L, RS2 AR 1l S St 2% o B B PR AIR (3%
6) , 1M H. NT 38 R A 3Z 3t sh H - e il 7 F— 84 RT 30K, AT W, N NT 81 e F b + 3 Gl 42
Tl A G N - G LB KRR 7 i DAE Ao 45 5 B 1 A2 7 AR (NT M RT 00 129% A1 7% ) K $ migk
HH 22 45 1 48 B e i HE v 355007 RIS, NT 48 RT B i —2%

®6 AEMERZBTES (2006—2007 F-FH{H)
Table 6 Carbon balance analysis under different tillage systems ( averaged over 2006—2007 )

R/ PR4T0 Carbon sink /source CT NT RT

FPRL C 774 Grain C yields (kgC/hm?) +2414 +2434 +2470
FE#F C/H# C R B2 C input by stover return (kgC/hm?) +1570 +3165 +3211
B/ EFFEFF C Pidetd C losses by stover removal (kgC/hm?) —1811 —243 -247
gt AHEL CO,-C #F Emissions by energy input (kgC/hm?) _283 —248 272
5 A 53 R 2K € B Soil C losses by erosion (kgC/hm?) -2036 -431 -828
1) FH JB) 900 2 4 5 - 32002 Soil respiration measured (kg CO,-C/hm?) ~1987 ~2005 _2342
2) B LY S BB 1R, Soil respiration estimated (kg CO,-C/hm?) -2215 -3508 -3565
3) AL I B Soil respiration simulated (kg CO,-C/hm?) -2478 -3316 ~3988
4) A7 LB 7 Rl 3 30 IE Soil respiration equated (kg CO,-C/hm?) -708 -2047 2074
D AEAR ARG C L/ Syetem C sink/source (kgC/hm?) (+/-) -2133 2672 1993
i 2) BRI RS C L/ Syetem C sink/source (kgC/hm?) (+/-) -2361 1169 769

i 3) BRI ARG C L/ Syetem C sink/source (kgC/hm?) (+/-) -2624 1361 346

i 4) AR RS C L/ Syetem C sink/source (kgC/hm?) (+/-) -854 2630 2260
rh 4) it R HEBRI/ IR Soil C sink/source (kgC/hm?) (+/-) -104 144 149

CT: fRGeHHB; NT: SHf; RT: FEFFBIEE M REBICT+53RR, REBEMN-53F87R

3 g EHit
3.1 AFEBERE A R GEmAL IR0

Yu 55 ARSI R 3 LR 2% 3% (1990 ARAR SR BHE LML) ik 60% —80% . BR T 5%
SN ER (U AR ) S M S, b BRI o 1 2R e A 7 REAE (SO ARHE L) R Mt A
PRARSEE L i TR]-4 05 2R G 1 % R M B A 5 1 ) S A DA G R 1) DR B
A AT A 5 e A LRI 1 4 REAFE SR S BRI - SR R lCHR T 1 ERR BURE (b O, RO L BRI A
JESE YN H X A RITFE s, 8 5 R - DR (e st R S/ S Bt ) St A AR A1 - 3 HILRR A 2% | X 2
WA LR R B BA AR J1°7 s G R 2 AN RV 1 RO R St S B E LU (>10a LAZE >20a)
AREWIY  ABFFEESREY], 5 CT WA, RIS R I I I 1 RS FFIE RS A SARTEA ) 4,
/D TR B/ SR Ok I R PR R i, R AR T Tk BERE CO,-C 82k (29 4% —12% ) , NI, RT Al
NT X4 FUBFVE 2R GE 520 SRR, A AN [R] D7 A 5 1 3P Il CO,-C B R AT BE 22 57 R, REE
AL/ W T BT AR 45 R e — SR, 0 CT AR BRR R BN i I RT A NT Ab B R BN BRIL, H— B8 NT >RT,
7 EL, WSS WA AT T /G B ot 49 i - et £5 AR 245 N o A LR 1 A B804 AR
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3.2 [EBFERE it A 28 G0 RE B/ BT 14 R )

SRR R DL OBV P 2R G ) I R e A% AR IR 2 AR 1) BT R R A ML 1 5 T AN T 2
B S 2 2 BN AR R SRR A 28 e P A AN 5 IR REAE B | AE 1Y CO, 1) R HEBGHE = 2 AR 52 4
JeHORBE 2 RAOAE Rl A8 7= fe K REFERE AR CO, HERLAGHE IR ™ B4R A P i BE AL R BEAE A A&
2 VEWR AR T Rk IR ARHERC IR, AR IR A R B, AR I A 7E 3R B AR A e AR K L
O Al IR E AR A AR 2 5 A A P RSB AR R AR 509% T AHF ST AR R X R AR AR
GihE/ B AR AL IBHATE R G ERER TP 24 5 80% —90% , CT BHENLIRAEAET AL (5 B AEHAY 12%
(NT #RT %295 3% F 9% ) . WAK xR HHHE RS Re/ Mo PALR 5 0T il LU e bt RGBT
PR ARG I T A 2555 55K, S Bt IE A9 0 013 7 380 A — L TAE SR E RS, SR, SebF R4 R AT g
FAZACEE T REAIR > - M Slok M HEIR 2 M K 1B e  AERE RN N - AT AR | LA KA 338 7 0
IR R LhaE 2o 46 8 B it AR 7 RO R 4R B AR T R 4 IR [ e pal HE R A% . ARBFSR R, 5 CT [
B, RT FlI NT R G RIFERE R BT AR 6% —10% |, fEti b PR a3 7% —12% .,
3.3 RIREFHER XA H 2R G0 T 1) 52 i

2006—2007 4= F H [a] Ji 457 0 52 - SFE T, AN [RIBRAE A P - S I Wi A R 1 LA, 76 FORARPRDT, NT £
SRR S R CT FRAR 24 13% 3% AR5 F KRGS NT RISl M0 HIEE e A 5, EkAF W,
RT Al NT L HE0FI% 8 48 CT #2520 7% , X AET RT A1 NT RS AFiE H /78 55 1 8 i A 45 70 12 10 RE IR R % 4 it
N AEE T A M RUR R IR . ASRIBEE T 0 KR = 5 2 3 - N i g i RS AR )
(R*=0.88) , —F 4} .RT >NT >CT, Wi RT Al NT #5765 H 34 R — & C A RIS HE i N
B AR HE T - S A P s PR ML R0 23 A, 3550 T A2 0 SRR A Y TRl Bt i e T A AR A4t
N, B0 T AR R AR AR AW, D st b A A R AR A WEIE RS A AL R A B - 4
B, - SEF IR e R 2 A S 0 T L PG A B SR S ] SR A B R T K b - S i R R
FREH >3 AR >CK, i 450X Al 2 A4 3005t A B -4 4 0 8 3 e ORI o A 2R L5 2R A LA >
NPK fLJE >CK, 4%, T/ 0k R G e A KR R0k, £2 058 1= 5983004 W/ s, DA T 52 g+ 3845 ML
Y53 fif N - 3ENEI CO,-C BERGERR , T2 i L AT ALRsCT- A . B i o B, 20 S bk 3R 0 - S P W 3 5 34 in AT LA
3 3 9D A T AR 2R (I Tl REARERR B K, RS AT RS e 5 2%, 4R R it 2K 45 ) T AR UM A R 5
e - 45 A A

Al ST R A0 2 (CAnAR R 3 ALY A R R CO,-C AR TEL, FEF - 38 HLAR V- 7 RE A B, 5
I PSS ARUASCALLAG 0 <5 ) 19 5 1 ) S o 00 2 245 R [l a3 B RT SNT >CT, FH B[] J5 A5 0 i 3 mT 0, +- 38
IEI CO,-C PR AR R Gl RIS AR KL (29 33% —69% ) , H1 T TSR oo 78 32 BRBE S M AR K
TEURE B SR 2 7 VA T e R B0 iR 2%, AR, HIEIFIL CO,-C 2k A 305 2 5 ) B A FH RGeS 1
G, PRI, 3R H AR A i AR R AR S 2578 A0 Y ]ORN | AR SC R85 D 2R MR, LA AN [) 0 2 Ak 380 vk
()22 FHARE A TR — 0 MBS AR IE | LAY/ 4 S0P I i 2 B A 3 A AN B e 1
3.4 5B
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