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Ecosystem services of wheat-maize cropland systems in the North China Plain
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Abstract Field investigations were conducted at Luancheng Agro-Ecosystem Experimental Station of Chinese Academy of
Sciences in Hebei Province for the period from 2006 to 2007. The field data were then used to evaluate ecosystem services of
wheat-maize croplands in the North China Plain. Ecosystem services analyzed in the study included primary products, gas regulation,
soil organic matter (SOM) accumulation, water regulation and nitrogen transformation. The results showed that primary products
from croplands accounted for 5.04~5.71 t -hm™ - a~' of wheat grain, 6.69~8.24 t -hm™ -a™' of maize grain, 8.58~9.72 t -hm ™~ -a™'
of wheat straw and 6.97~8.58 t - hm ™ - a”! of maize straw. As for cropland gas regulation, O, and N,O emissions were 24.99~28.64
t-hm?-a"' and 0.72~1.13 kg - hm™ - a”', whereas CO, and CH, assimilations were 34.23~39.22 t - hm™ - a~' and 3.39~5.70
kg -hm™ -a™', respectively. While cropland SOM accumulation was calculated at 1.13~2.39 t -hm™ -a™', that of water consumption
was 2 890~3 830 m® - hm™ - a~". Soil nitrogen content dropped considerably at the rate of —107.73~5.33 kg(N) - hm ™ - a™' after one
crop rotation. Total economic value of cropland ecosystem services was estimated at 5.48x10*~6.25x10* Yuan - hm™ - a!, which
was three times the value of food production. Based on the results, effects of nitrogen fertilizer on the welfare of cropland ecosystem
services was complicated. Nitrogen application led to economic loss due to increasing nitrogen transformation, simultaneously,
increased economic value of primary production, gas regulation, CO, fixation, and O, releasing. Most ecosystem services studies
have focused on the positive effects of ecosystems on human welfare. But a balanced and reasonable approach was to analyze both
the positive and negative effects of cropland ecosystem services on human welfare.

Key words Cropland ecosystem, Wheat-maize cropland, Ecosystem service, Positive effect, Negative effect, North China Plain

* (30770410, 31070384) (200905010)
(1976~), ,

s E-mail: xiaoy@igsnrr.ac.cn
:2010-10-20 :2010-12-08



430

2011 19

(Received Oct. 20, 2010; accepted Dec. 8, 2010)

[1-4]

[5-6]
Zhang !
(Service)
[12]
, 2002
, 1.57

[7-10]

B

1 MAREXEURFRIE T

11

37°50', 114°40,

480.7 mm,
1 092.3 mm
74 g-kg,
30.1%

(Dis-service)

343
)
50.1 m,
12.3 °C,
6~8 ,
,pH 8.5,
0.80 g - kg™,

1.2

6.25 m?, 2m
, 2005 10 ~2007 9
— 2 (

N1:200 kg -hm™ -a™', N2: 400 kg -hm™ -a™"),

3 ,
, , 49

kg -hm™ -a' “ 21377,
“e 958>~

; 6 15 , 9 25

M : ;
589011 N,O CH,

)

(3)
4) :
20 cm s

2 RHEEBHRFERSREMETNAE
2.1

2.2
221 0O, CO,
0, CO,
(M)
0, CO,
02(0s0) COx(Qs) 02 CO,
")
V.=(axM,,, —0.)xp, (1
, 0 0, CO, ,
1.19  1.63; O, 0,
CO,kg(C) - hm™ - a™']; p, 0, Co,
, 0, 1.00 -kg', CO,
120 -kg'(C)M!
222 CH; N;O



2 - 431
pcct , 2.3
E=F, x24xnx0.01 2) 1 ,
,E CH, N,O (kg -hm™2 -a™"),
F, (mg - m=2-h"), n
(d-a™ Byoe = (bea=bep)*h xp % 0.58 (5)
(GWP) . [kg(C) -hm™ -a'];
g , bea b
E.=027xBxE, 3) (g-kg ) h (m),
Ve =cgxEc 4) 0.20 m( oo e -m”),
1 500 kg - m™(
, Ec CH, N,O ) 0.58
[kg(C) -hm™? -a™']; # CH,4 N,O
CO, GWP (CH; N,0 GWP 24.5 [1.47
320f15]); E, CH, N,O ; 7(1kg - hm™ - ke(C) ]
-a ) Ve ( -hm™-a");¢c 2.4
Co, , 1.20
_ kg—l(c)[13] 1

>

x1 RAESRZRZEUMESZE

Tab. 1 Classification of economic values of the nitrogen transformations by the croplands
Item Method of calculation Value Method of valuation
Fertilization Pure N in fertilizer Positive ,3.34 -kg'(N)
Input Rainfall x (0.77 mg - L™H{' Positive ( )
Rainfall during growth period x N concentration Alternative market Pfi?C method,
Seeding x Seeds x N content Positive 3.34 Yuan - kg~ (N)
Irrigation x (3.84mg - LH!' Positive
Irrigation water x N concentration
x Positive
Abandoned straw Abandoned straw biomass x N content
Leaching x ( o ) Negative ,81.80 - kg ' ()
Output Leaching water x N concentration Marginal reduction cost method,
81.80 Yuan - kg"'(N)
N,O Negative ,120  -kg (oM
N0 emission Same as the method of gas regulation Sweden carbon tax method, 1.20 Yuan - kg™ (C)
x (15.1%)1°! Negative ,79.15 - kg '
NH; volatilization N in fertilizer x coefficient of NH; volatilization Marginal reduction cost method, 79.15
Yuan - kg”'(N)
x Positive L2168 -kg'(N)
Harvest Seeds Seeds biomass x N content ( ,2004 )
Marginal protein price method, 21.68
Yuan - kg’](N)
(United States Wheat Associates, 2004)
x Positive 334 -kg'(N) ( )
Straw Straw biomass x N content Shadow price method, 3.34 Yuan - kg™ (N)
2.5 e VAN 1-)?
3 45 % 5 PEY
, 3.1
, 2 , 2006 2007
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Tab. 2 Primary production by the wheat-maize cropland ecosystem t-hm?-a’
Wheat Maize
Year Treatment Grain yield Straw Grain yield Straw
2006 N1 5.04 8.58 7.92 8.24
N2 5.65 9.63 8.24 8.58
2007 N1 5.55 9.44 6.93 7.22
N2 5.71 9.72 6.69 6.97
#3 NE-FERKRAESEZESKIFTHIEE
Tab. 3 Gas regulation by the wheat-maize cropland ecosystem
0, O, releasing CO, CO, assimilation N,O N,O emission CH, CH, assimilation
Year  Treatment (t-hm?-at) (t-hm?2-a" (kg -hm?-a™") (kg -hm?2-a™")
2006 N1 25.81 35.36 0.77 491
N2 28.64 39.22 1.13 3.39
2007 N1 25.05 34.31 0.72 5.70
N2 24.99 34.23 0.77 3.67
x4 PNE-ERRBESRELEFINRETREN
Tab. 4 Soil organic matter (SOM) accumulation by the wheat-maize cropland ecosystem
SOM content (g - kg™")
Treatment Before wheat seeding After maize harvest SOM accumulation (t - hm™ - a™")

N1 11.91 12.71 2.39
N2 12.40 12.78 1.13
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Tab. 5 Water regulation by the wheat-maize cropland ecosystem

180 cm
Year Treatment Irrigation (mm - a™') Soil leaching at 180 cm (mm - a™') Water consumption (m® - hm™ - a™")
2006 N1 430 71 3590
N2 430 47 3830
2007 N1 360 71 2 890
N2 360 47 3130
1) 161 2001~2002 Data was results of Li et al measured on the growth season of 2001~2002.
*6 NE-ERREAESREZAZRELITN
Tab. 6 Nitrogen transformation of the wheat-maize cropland ecosystem kg(N) - hm ™2 -a'
2006 2007
Item NI N2 N1 N2
Fertilization 200 400 200 400
N input Rainfall 3.62 3.62 2.87 2.87
Seeding 4.35 4.35 4.35 4.35
Irrigation 16.51 16.51 13.82 13.82
Abandoned straw 4.05 4.49 6.99 8.58
Sum 228.53 428.97 228.03 429.62
Wheat harvest 132.60 159.79 145.93 161.30
N output Maize harvest 170.69 201.67 149.42 163.82
Leaching 2.00 38.00 2.00 38.00
N,O N,O emission 0.77 1.13 0.72 0.77
NH; volatilization 30.20 60.40 30.20 60.40
Sum 336.26 460.99 328.28 424.29
N balance -107.73 -32.02 —-100.25 5.33
3.6 - :
« 7, - , 2006 2007 NI N2
5.48~6.25 -hm™-a,
) 3
) ,2006 N2
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Tab. 7 Integrated valuation of ecosystem services by the wheat-maize cropland system  Yuan - hm™ - a™'
2006 2007
Item N1 N2 N1 N2
Primary production 19 679 21210 19 267 19 233
Gas regulation 37 346 41384 36256 36 141
SOM accumulation 2033 967 2033 967
Water regulation -215 -230 -173 —-188
N transformation 2977 -962 2900 —1424
Integrated values' 61 897 62 484 60 356 54 809
1) N,O N,O 2006 —78  -hm™?-a' (N1) -114 -hm™> -2
(N2), 2007 —73  -hm?2-a'(N1) =79 -hm™?-a' (N2) In the integrated values of ecosystem services of the wheat-maize cropland ecosystem,

the value of N,O emission was just counted once, though it was calculated both in the gas regulation and the nitrogen transformation. N,O emission value
were —78 Yuan - hm™ - a™' (N1), =114 Yuan - hm™ - a~' (N2) in 2006 and =73 Yuan - hm™ - a' (N1), =79 Yuan - hm™ - a~' (N2) in 2007.

4 Fit5itit
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