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Evaluation of Net Carbon Sink Effect and Economic Benefit in Double Rice Field Ecosystem Under Long—term
Fertilization
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Abstract: The annual C balance, economic benefit, Soil C sequestration rate and C density of surface soil in long—term fertilization double
rice ecosystem were estimated, based on measurement of grain yield, litter C content and field CO, emission as well as investigation of material
and management inputs, in Wangcheng Field Reddish Paddy Soil Pivotal Observational and Experimental Station of Agricultural Ministry.
The calculated annual C sink under different fertilizations ranged from 0.82 to 4.70 t C-hm™+a™, which C sink effect under combined inor—
ganic/organic fertilization was 1.1, 1.7 and 1.4 times as that under relative chemical fertilization. C cost of material and management input
ranged from 0.03 t0 0.65 t C-hm™?+a™ and 1.42 to 1.48 t C-hm™-a", respectively. Annual economic benefit ranged from 1.17 to 8.71 CNY -

hm™-a™, and combined fertilization enhanced 1.1~1.6 times higher than chemical fertilization. Soil C sequestration rate under different fertil—
ization ranged 3.98 to 16.30 kg-hm=-a™, C density of surface soil under different fertilization ranged 32.82 to 37.24 t-hm™ It indicated that
increasing organic manure fertilizer has great effect on improving C sequestration rate and C density of surface soil. Comparing with that under
chemical fertilization, The paddy ecosystem could not only have higher productivity, but also present greater net C sink and higher economic
benefit under combined inorganic/organic fertilization. So it’s an effective measure to increasing carbon sequestration and emission mitigation
in soil.
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RABRICAHRBEARERMAR W BEEATEET L
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Al R ER I K R A AR B E S AR 5
W PR A KD TR E %4 £ (N112°80 , E28°37,
H100 m), +3ERAHHE LT + KT KRB
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AESIR 17.5 °C, =10 CFHIE 5 450 °C-d, 4F H BERT
#1700 h, &4 & 1 300~1 400 mm, EEE P
4—6 H , 4 5 &4FH 50%~60% , FH TR KL H
300 d, 1981 4FiR I FF LA RTHEZ (0~15 cm) 148 pH 6.6
KR 1:225), BHLE 34.7 g-kg?, 2% 2.05 g-kg ™,
R A 151.0 mg°kg‘l,ii§‘ﬁ@§ 10.2 mg°kg'1,é%|5|3 10.2
mg- kg™, AR 14.1 g-kg s
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AL T4 50% T BERIB AR ; BEIER R i fE 2
38.7 kg P-hm™ ZEAERE A ; B RS E2E 99.6 kg
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FEA ; FE R R MRS 2.1 t-hm?, PIRE AR 10~20 cm J&5
FEAEBIAFEH
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SEBE A NVEYI ) NPPQ IR A== 7 ), 138k HE
R IR R G RFRAE R . THE S R
F R A G B IR AR
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Hf R == B ES - AR A A B A
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HEWEK
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Table 1 Amount and dosage of inputs per area and price of unit

input in double rice production

Bk

HA Input Amount and dosage ikt Price

T Seeds 60 kg+hm™ 3.5 Ju-kg?

N 330 kg N-hm? 2.1 ji-kg”

e P 774 kg P-hm™ 2.0 Jt-kg”

Chemical fertilizer ’ ’

K 199.2 kg K+-hm™ 1.6 Jt kg™

24 Pesticide 6.183 kg-hm™ 4.0 50 -kg?!

VEWEIK Irrigational water FERITF4901 t+hm? 1.0 JG-kg

iRy 5 L83 Diesel 69.6 L-hm™ 4.63 Ju-L?!
Diesel and power . > R Y

consumption H Electricity 40 kW +hm 0.55 JG kW

AT Labors 45~51 person-d-hm? 30~491 75_1

person™-d

T BT AFNH R 2008 SEBIRTE St R g .

Note:Each inputs and price was from Hunan Statistical Yearbook in 2008.

2 HBREHZM

2.1 TEEERGER . ElwE

SRR AT T 4% b 22 4 1 S A R (3R 2)
FH,2007 L7 7t A 5 0 Fr) A FH - e ik PR AR Ak
AT 2 921.1~4 324.61 kg-hm™2-a™, REHEEHE
Jit T T3 aRAE LB R/ MR Sl NPK+RS>NK+PM >
NP+RS>NPK>NP>NK>CK ([ 1), B HLLHLE iR
R AR B YL RO, T AN te AL Fite P AL A 3R R o ik
HERAY“ PR R

P AR AR, ARIEACHERE T
RElkEE RN 2 R NPK+RSSNK+PM>NP+RS> NPK>
NP>NK, Hor, 7Ei ASF AU AR | S pERg R 2
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AL Treatments

B 1 KBEMRE TAEEELE LR ETNE
Figure 1 Annual change of soil C in different fertilization

treatments under long—term experiment
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Table 2 Soil C sequestration rate under long—term experiment and its potential access of rice field in Hunan

1980 2007 BgER RS
MR 4 Soil BHURFEE Depth  HHUKAE  THEATE Soil BHEMKE Depth  AHLBE  Rateofl C - Potential of C
Treatments bulk density/  of plough layer/ Organic C sink/ bulk density/ of plough layer/ Organic C sink/ sequestration/  sequestration/
gecm™ cm kg hm? gecm™ cm kg hm? kg-hm™-a™! kt C-a”
CK 1.19+0.02 15+0.05 3 600.5+10.26 1.11 +0.04 14.8+1.04 2 921.1£30.11 / /
NPK 1.19+0.02 15+0.05 3 600.5+10.26 1.17 +0.01 17.7+0.93 3 788.5£10.27  32.13+0.74 93.68+1.52
NP 1.19+0.02 15+0.05 3 600.5+10.26 1.08 +£0.02 18.5+1.00 3 680.7+21.46  28.13+1.66 83.20+6.24
NK 1.19+0.02 15+0.05 3 600.5+10.26 1.04 £0.02 17.2+1.22 3599.6+14.94  25.83+0.89 73.29+6.89
NK+PM 1.19+0.02 15+0.05 3 600.5+10.26 1.08 +0.02 18.5+1.32 4170.73£6.20  46.28+0.92 134.78+3.78
NP+RS 1.19+0.02 15+0.05 3 600.5+10.26 1.07 +0.03 17.8+1.68 4 092.07£5.96  43.37£1.14 126.10+4.60
NPK+RS 1.19+0.02 15+0.05 3 600.5+10.26 1.07 +0.02 18.9+0.75 4 324.61+10.95 51.98+1.52 151.59+6.27
ARG R A ST HE L BOR, 2007 SEHIRI A FE H AL 2 916 khm’ T EBRIE 1 .
Note: The area of rice field in Hunan was 2 916x10* hm? in 2007 according to Hunan Statistical Yearbook in 2008.
/~4b3 NP+RS 1 NPK+RS 4 [ 2 5 53 B2 A B A ® B X
B1f) NP FI NPK ALSEAG 16,17 4%, RUHGMZE NKsPM . 3, | o
URBRARRE SR MRS NK LSRR 18 45, S5 £ 2oy,
B, St A AL (RERE 838 RRAR HE I p AR Al B % g st
BT R, TR R # =
AR5 [ 0 AL Ak - 898 B 5 T 48 1 R R # <50 ¢
AL HE T W12 A H L3 BRI 1 (R 2). ATLLE ﬂ
25 .

R HECHEA HUIE (RS FF S8 2S ) TR 2 A8 H kT 7
353 (73.29+6.89)~(151.59+6.27 )kt C-a™, S& Btk
REALIERY) 1.1~1.8 £ FREAEHEA VUL R REGS L 1 35
(Bl 3N - A LR R A i, R RIS HE A — I
R, XU R R R R SR BRI E X
22 RIBEE

PG E AR 2007 SEB WUk BH B ZER
T m % (& 2) R, AFEGEAC AT , #F)2 - 5%
BT 29.21~43.24 t-hm2, FL45 R 5B AR 0 3K
HLAET KRG+ R L% 30.86~34.30 t-hm™ Fll
32.92 t-hm? #:3, & TR 0~20 em B LK
JE(20.90 t-hm™?)F1L A KRG T8 2 357F HLER
5 G THE(27.70 t-hm )M, REFEAEAFEHE 1
HE ik % JF K/ A NPK+RS>NP +PM >NP +RS>NPK >
NP>NK>CK, ifii FH AL HE £ Ab 3% 15 5% B B Tt HE
A3, Wikt A LB AL BE NP+RS NPK+RS NP+PM
B2 3k % B 4y B LA AR 32 5 T 40.1% |
48.0%701 42.8% .
2.3 REGRERIC

HEARFAEREE T REHASREE =P L
WA R (R 3) AT LLE R, BMERRGE T A
it A Ak 3BT A A 7K AR Bl I S (e ik [ 48 ) A F 4.2~

CK NPK NP NK NK+PM NP+RS NPK+RS
AbFH Treatments

B 2 2007 FRBABLEHLLERRIHREE
Figure 2 C density of surface soil of different fertilization treatment

under long—term and fix—position in 2007

8.9t C-hm?-a™ Z[A], K HHEANIE K/ NEF A NPK+
RS>NPK>NK+PM>NP+RS>NP>NK>CK, FBAMEAEA
FIFRBAZRG R, BEHE VB B ERTH
TALHE . Horr, L NPK+RS AbBH/K R as Miods NPK 3
fin 6.47% ,NP+RS Lt NP 31 14.9% ,NK+PM Lt NK
N 25.3%.

ARl it HE b PR FH 398 AR AR HEACAE 3.3 ~4.3 ¢
C+hm?2+a? Z[A], HAK/MNFFH NPKSNPK+RS>NP>
NK>NK+PM>NP+RS>CK , 20 B AL AR Bl T 130
W R KR, G0 T B A HE o 83 A P AR BBk
HE (B RAS L) 20 15 429%0~51% , TR FFLE = i
RIASTERA R Geh- P A IR EZE A8,

MR 2 LB KREEREAFMICAET +
B Y NI, i AEA PRI K F CK, K BHHE
HEREIE HE KRB A K 27 ) L3800 . HoH , NPK+RS
REFRERIC B K ,15-4.70t C-hm2-a™, KX F NPK &b
B ; NP+RS #1 NK+PM AbBEERIC KT NP 5 NK,, 43
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Table 3 Carbon flux estimation in agricultural ecosystem production under different fertilizer treatments(t C+hm2-a™)

HEBRGRHE

C emission from ecosystem

e BRI C adsorption

e ABRHEN C emission through input BRI Net C sink

Treal- fEipiEgR C  WEY

o AR RN
[k C in it

N s owem e OB

K25 ME O OBFME BCK

ments tisrii:;i[lla(t}ir(:; litterfall Subtotal G;Z:Jii;lg friff(pl\i:il:i Subtotal Labor Irrigation Tillage (E:;::illlzc;l Pesticides Subtotal C balance —CK
CK 4.06 0.15 4.21 1.79 0.15 194 041 083 0.18 0 0.03 145 -0.82
NPK 8.04 0.3 8.34 1.98 0.17 215 042 083 018 0.61 0.03 2.08 -4.11 -329
NP 6.32 0.24 6.56 1.94 0.16 2.1 043 083 0.18 0.59 0.03 2.06 -240 -1.58
NK 6.21 0.23 6.43 1.92 0.16 208 042 083 018 0.6 0.03 2.06 =229 -147
NK+PM 7.78 0.29 8.07 1.88 0.16 204 045 083 0.18 0.6 0.03 2.09 -394 -3.12
NP+RS 7.26 0.27 7.53 1.86 0.16 202 045 083 0.18 0.59 0.03 2.08 -343 261
NPK+RS 8.56 0.32 8.88 1.91 0.16 207 046 083 0.18 0.61 0.03 2.11 -470 -3.88

MrKREE KB RRRGAE AN B+ 35l & (F0kk
CK Ab 38T ) 2 87 , 78 AL TC HLAE B it B4 14 Bk T =
1 -2.61~-3.88 t C-hm2-a™',NPK Jig & i iE 7 -3.29 t
C+hm?-a?, ffij NP .NK 4ZbBE435)H-1.58 F1-1.48t C-
hm2-a”, HH NPK+RS % NPK #25 17.9% ,NP+RS
5 NP $27 65.2% , NK+PM # NK #2755 112%, AW,
it FAAA ALAE B B 2 (2 A 3
24 REZEZRFR

RIEEEEATUR HAEFRRA ST (F3)
fEBEAFRIEA IR HAESRELTRE (B 3)%
B, XA H AR A T B 2553k 25 538 | T ANt AR
X} B8 3~6 1% . N RIMEALAL B RGBT EE RN KRN
NPK+RS > NK+PM > NPK > NP+RS > NK > NP > CK,,
HiAE B AE R A IE O T, WGt RE R R 2 A 3 A vl 2
Fb it AL HE Ak BB 4 3 B g HE 24 938~3 000 JT» X -5 A[F]
HtE AEREHE T KRR AR (L 3 — 3, B = B
AR AR AR B R

. 100oop
L
(=} —
Q
E _ 8000} _ —
g =
ke 56000-
e
7 S 4000}
E 2 000}
E:3
L1

CK NPK NP NK NK+PM NP+RS NPK+RS
AbFE Treatments

B 3 KHAE AR T F MR AL IR T2 il a5 bL e
Figure 3 Comparison of economic profit in different fertilization

treatments under long—term and fix—position experiment

3 iFig
3.1 TEEEIRGER ER%EN

A% H 3 S BV A X F H R = BB VRS
SERHECR A 23.9% , % F 2R CO, gHEE A EEE
RS, 1k B A 58 HLAR i [ e A AT KR
CO, & &, M EMREEFNE X B EREMN
YERRM, HRFSEFEM I 20 453k , KRG+ B 72 1E
BB S, HAER A K FALHY, R MEF A EEK
RS FE A 2 A 0 ) SRR A B R B 45 SR 4 #T
A5 1 X R 32 2 3 [ B T ok 87.3 Tg(6.67x10°
hm?) . 2= BRYRIETLPE 4 R TLE KRS+ G LAk g 2
55 HE R [ S B 1 XK R 2 25 20 4R E KK
CO, §(555.1+88.7)Tg, H AT HR AT FH[EHKR (5 150+
1063 )kg-hm?, ZEARFFIILEL B A 7= J1KFF , FH
SRS b X KR -+ SRSk T [ e KR CO, 2 (441.0+
84.7)Tg. BHVKPVIHT A B, 3 AL Nt A & RS FFid H
B AU HE B e, v DL R Rk
B A AR B 94.91.42.23 41,38 1 3.58 Tg-a™,
A1 182.1 Tgea™, FATE M E AR A [F e
FERE it et F T R R 4 A R Y, - 338 [Tk i R
7E 25.83~51.98 kg-hm?2-a”, JifEREM R INFEE 15
R, AR i Xk i B AR A, SR A AL
(FEE 2R RE N B, F— S KIMEAE S
T [ BT AR, A HLAE Y NPK+RS,
NP+RS 1 NK+PM {9 [&f 78 773 e F A AL AT AL 22
R ALAEIE IN T ERER, T EX R Rk
HIREFF o 3X SREAR DL AR BRI S S F K Bt FH A AL
RE A HLICH AL B T 3 2 50 + R 2 AR | PRI
HIERPIRHER S A A . IREPIR R HRE , 1Y
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T HLAE Bt FH RE A5 38 il - HERZ B AE B AR S £
HEE
3.2 AEMERAAER T HREE

B rerkR, 3 5 B R H R A HUREE N
(50 + 47 ))t-hm™, MEHE T+ H{CH (35 £32)t-hm?2,
JKH 7 (46.9 £ 25.7 )t-hm™, &+ 35905 2% FEHs /N T4
BREIE , BT BIMER T0%~75% , 32 B3 1] 133
WAEF S RCHE B R RK 22 AR R LREENT
29.21~43.24 t-hm™ Z [8] , AL FEARK 2 AR, 7]
B85 FT e ) XA B 25 B SR BB AE Y
3 R A AR 0 S AR A 7 0 R R IR ) oy i
TR [ SABRINER A 56, T H IR R R T A
BES, UWARXHERAEYEVRNEE = EEEY
Wi o I AR A, R T R EA S R G R K
FREREAR, N SHAES R B AR RE 1SS (2
AR T E IR HER B K2 8] o JERE S KR [
HEREALEE T /KRS A MLERIEA TS , 18 AL I 555 3
Brtisb 3 , A PR A4 A FBOL TOC F1 POC &2
EE T AR AT | Bt A0 S A AL AR S5 55 AT B i Ak 2
T o MBAR MOS0, SRR I T LA RS &,
HA A YLIAEEC GRS R 2, K2 LmEE R
AN R AL RE 5 5% 25 Be it > fLIE SRS FFECME > 1k
B, X eegh R AMII AR H B0, A UE
FY R A AR A ALk A R DL B
AR
3.3 KBES RSB

Kern F1 Johnson™#2¢ H 3 FpéinA:- 5 R4 + 3
I A BN, B4 B0 58 HLR A 7K Lk
SR EPEYR T KEFEEVENREB T . &
PRUUESE T HEALRE L REA LR Bt RS AT H A
SR FH BB X v ] A B T80, L P B X 4
Bk, BT # SOC 4 0.889 t C-hm2-a™!, BEFF iR
HH At A ALAE AR AR 2, A LB ARG I &=
43514 0.597 F1 0.545 t C-hm2-a™, {ifLAE SOC 44E
0 0.129 t C-hm-a™, jE B — 5 B AL JL-F- AN RE
i SOC Hghm, EERAAVEM . Heob, BRI G st
B FIRS FHE HH RSB RRIC TS 1 8K AT G A 2
RERIILSHTRY, VEY R F 2RISR,
R BRIC SRR 96% LA b, R, W] ASESE i 4 4 7=
AR A A A S R GBI A,
NPK Bt HLAEAL KRS = B i, LB s M
I B v g A [R] Bsf  FELApE AE AL BE . R AR D AU
5%, CARECHEA VLB BUK RS - B HER A s &

FHEORF YR, A VLI AL B AT I 4R AR A e
HBFMMAGRIL, XS5AMRGEL—B. AR
it HES Ak B v Bl Y R0 B BN TR], 4% Ak BEBR IC B A
F-0.82~-4.70 t-hm™ Z ], HH NPK BijtiA HLAE A
IR , 52Tt RS A8 HLTCHLAE BC A T v
e AR ALAE T /Y 3 AR R — B, LAk, 2R
BRFTPER SR T TGRS A R G CO, HRR
HEAT T AU, ZE KRR K, RE AR RSN
KA IR Bk 3.85 t-hm; FRREEPHRYE 3R
FRIPHR R F AN B =T R R A S RS
PTG, KRR BREHERCER (-6.1920.21)t-
hm?, S5ABSOKREE K ER AT T KRR
I —3 AR R TR AR B I A A B
TAE R 2 57T RE R BUL B 45 SRR 2
34 KIBEFRERBLHMEENAHREY
ABFAGR LSRRI T K MR A TR H
ARG A YR A PR DL R R A e AR
FORHRAFMAE I THEE, AR BRI R DL S 0%
ST RE S LB AATE—E N ER . NATESF=A:
HIRHEBCFEEZ S, RO RIBX R FEHHE R R A
IR TR E A AR, B RS R
REMERNZS, F—FR ek & BAEERRES, §
AR PR HE R HRR DA BRI | RERE FE XAk IR
BRI TR R TARIBBRHE RS, XAt
BEEFATR T AHEM: . FELF AR, BT IR56 H A
SRR AL , 55 T A RIS S Ao S B
AT HEAESREIFREER, W T 554
REIARHEME . AL, /NIRRT REZE = B A S A ]
I A EE 5 K PR A E— B ESR, R
FORBEHERR H B/ N IRIE R RRRYE, BRI AR
RS T BOhESRR E I EGE, BERAETS
FTF K H LG TRE H A S RGBT

4 ZEig

A SCH KA E ORI BAR A 5 T A R AR
Jiti T~ 5 R [T e 28 3 R [ e Vs 3 , A T i S g - 8 T ke
TR FNERIE 15 BT 25.83~51.98 kg+hm2+a™ I
73.29~151.59 kt-a™ , B A HtAG HLAL BEASH2 /5 (&A%
TR AN EIRRIE 7 o AN [FIREAE AL B A8 H 32 s R
29.21~43.24 + C-hm?, 3 HEA VUL RESR M HIER T
W RE . ANFRIEALALIEK RS A K 050, K/
JIFF 4 NPK+RS>NPK>NK+PM>NP+RS>NP>NK>CK,
H 35t AR AR = FAUAE . B2, AHLTEAL
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