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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 to 0.65 t C-hm™2-a™ and 1.42 to 1.48 t C-hm™>-a”, respectively. Annual economic benefit ranged from 1.17 to 8.71 CNY -
hm™2-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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SCR¢ kg-hm?-a™ DSOCy
kg-hm=-a™ 1.
DSOC, kg -hm?-a™ .
D50C: D3OG, Dsoc Table 1 Amount and dosage of inputs per area and price of unit
DSOC = SOC-SOC, In input in double rice production
DSoC kg-hm™?-a™ SOC,
n kg -hm™ Input Amount and dosage Price
S0cC, kg hm?2 Seeds 60 kg-hm™ 35 kg
n N 330 kg N-hm™ 21 kg
SOC Chemical fertilizer P 774 kg P-hm® 20 kg
, K 199.2 kg K-hm™ 1.6 kg
SOC=S0C"xXBDxHx*10 Pesticide 6.183 kg hm? 40 kg
S0C g’ m~ SOC’ Irrigational water 4901 t-hm> 1.0 kg
g kg™ BD g-cm™ H Diesel 69.6 L-hm™ 463 17
cm 15 cm Dl:jilf;ztmver Electricity 40 kW +hm 055 kW'
1.2.2 L 30~40
Labors 45~51 person-d-hm person-d”
CSP= CSR-CSR, S 2008
CSP kg . Note Each inputs and price was from Hunan Statistical Yearbook in 2008.
CSR, 1 CSR, )
2 S hm? 2007
2.1
2
2007
NPK NP+RS.NPK+ 2921.1~4 324.61 kg-hm™-a™
RS.NK+PM NPK+RS>NK+PM >
1.2.3 NP+RS>NPK>NP>NK>CK 1
[9-10] [43 ”
DOC=SOCxrxHx10™ “7
DocC t C-hm? SOC g
kg™ r gcm™ H cm, NPK+RS>NK+PM>NP+RS> NPK>
1.2.4 NP>NK. 2
/ CO,
. 30 r
ERE T
C02 ;; -E [—[ H
CO, g w 10F
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NPP s o0 m =
- X & NK  NK+PM NP+RS NPK+RS
T b
(1] % £z
B §_—20 -
1.2.5 H
= — — -30*
4k 38 Treatments
= + + +
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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
Soil Depth Soil Depth Rate of G Potential of C
Treatments  bylk density/  of plough layer/ Organic C sink/  bulk density/  of plough layer/ Organic C sink/ sequestration/  sequestration/
g om™ em k- hm g om™ em kehm?®  kgrhm?al kiCea
CK 1.190.02 156005  3600.510.26 1.1 £0.04 14.8+1.04  2921.1£30.11 / /
NPK 1.190.02 15:0.05 360051026  1.17 0.01 17.7£093  3788.5£10.27  32.13:0.74  93.68+1.52
NP 1.190.02 15:0.05 360051026  1.08 0.02 18.5¢1.00 3 680.7+21.46  28.13:1.66  83.20+6.24
NK 1.190.02 15:0.05 360051026  1.04 0.02 172£122  3599.6x14.94  2583:0.89  73.29+6.89
NK+PM 1.19+0.02 15:0.05 360051026  1.08 0.02 185£132 417073620  4628+092  134.78+3.78
NP+RS 1.190.02 156005  3600.5£1026  1.07 +0.03 17.8:1.68 4092074596  43.37+1.14  126.10£4.60
NPK+RS 1.190.02 15005 360051026  1.07 0.02 18.9+0.75  4324.61£1095 51.98+1.52  151.59+6.27
2007 2916 khn?
Note The area of rice field in Hunan was 2 916x10° hm? in 2007 according to Hunan Statistical Yearbook in 2008.
NP+RS  NPK+RS 21 : .3
NP NPK 16.1.7 NKPM 3 ) Bl
NK 18 . : 2 e
\ 2ot
“« 7 . B2
® £ 3| G
. |
. BTk NPK NP NK NKePM NPeRS NPKeRS
73.296.89 ~ 151.59£6.27 ki C-a” £ =
L1-18 . B 2 2007 S RIEIR I EHEAR AL B Y R + R T
Figure 2 C density of surface soil of different fertilization treatment
: under long—term and fix—position in 2007
22 89tC-hm?-a™ NPK+
2007 RS>NPK>NK+PM>NP+RS>NP>NK>CK.,
2
29.21~43.24 t-hm™ (21 . NPK+RS NPK
i 30.86~34.30 t-hm™ 6.47% NP+RS NP 14.9% NK+PM NK
32.92 t-hm™ 0~20 cm 25.3%.
20.90 t-hm™> ™ 33~431t
27.70 t-hm™= 4, C-hm2-a™ NPK>NPK+RS>NP>
NPK +RS>NP+PM >NP +RS>NPK > NK>NK+PM>NP+RS>CK.
NP>NK>CK. .
NP+RS.NPK+RS.NP+PM 42%~51%
40.1% .
48.0% 42.8%. 2
2.3 CK
. NPK+RS
3 -470t C-hm™>-a’! NPK
4.2~ NP+RS  NK+PM NP NK.
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3 tC-hm?-a™

Table 3 Carbon flux estimation in agricultural ecosystem production under different fertilizer treatments t C-hm™-a™'

C adsorption C emission from ecosystem C emission through input Net C sink
e C . . . CK
T Subiotal O N Subtotal Labor Iigaton Tillage o Pesticdes Subtotal C balance ~CK
CK 4.06 0.15 4.21 1.79 0.15 1.94 041 083  0.18 0 0.03 1.45 -0.82
NPK 8.04 0.3 8.34 1.98 0.17 215 042 083 0.18 061 0.03 208  -411 =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 0.8 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  -2.61
NPK+RS 8.56 0.32 8.88 1.91 0.16 207 046 083  0.18 0.61 0.03 2.11 -470 -3.83
CK 3
-2.61~-3.88 t C-hm~?-a™ NPK -3.29t 3.1 .
C-hm>-a™ NP.NK -1.58 -148tC-
hm=-a™, NPK+RS ~ NPK 17.9% NP+RS 23.9% CO,
NP 65.2% NK+PM  NK 112% Bl
: €O,
24 1l 20
3 1 &l
3
87.3 Tg 6.67x10°
3~6 . hm?* . 3
NPK+RS > NK+PM > NPK > NP+RS > NK > NP > CK. 20
S CO,  555.1+88.7 Tg 5150+
938~3000 . 1 063 kg-hm™
CO,  441.0+
. . 84.7 Tg. Bl .
10000 94.91.42.23.41.38  3.58 Tg-a™
;L - 182.1 Tg-a™.
§ . 8000+ — —
3 :g: 6 000} | 25.83~51.98 kg-hm™-a™
£ 54 \ o
% : 2000f NPK+RS.
g i ﬂ . ) . _ . . ‘ NP+RS  NK+PM o
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B3 KEERR TARRELE TEflEt R
Figure 3 Comparison of economic profit in different fertilization

treatmer.ts under long—term and fix—position experiment
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