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Ecological benefit-loss analysis of agricultural ecosystem in Foshan City, China
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Abstract ; Evaluation of ecosystem service has been one of the hottest issues in the field of ecology and ecological economics
since the publication of Costanza's famous article in Nature in 1997. Agricultural ecosystem (farmland and orchard) is a
semi-natural and semi-manipulated ecosystem, which not only provides people with grains, vegetables, and fiber, but also
plays an important role in ecological buffers, regulation for gas regulation, soil and water conservation, and environmental
decontamination. However, agricultural ecosystem also has negative effects on our environment, such as excessive water
resource consumption, greenhouse gas emission, and environmental pollution caused by fertilizer and pesticide application.
Agricultural ecosystem service has profound effects on the sustainable development of human society, and its study is one of
the research frontiers in ecology. However, there are only a few research reports on the agricultural ecosystem services in

China, especially in the rapid urbanized areas.
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This paper, based on the connotation of ecosystem service, developed an evaluation index system for assessing the
agricultural ecosystem services value in Foshan City in Guangdong Province and quantified the positive benefits and negative
benefits of agricultural ecosystem services in Foshan City during the period of 2000—2009 , which locates in the Pearl River
Delta (PRD) , one of the most powerful economic areas in China and covers 5 districts with Chancheng, Nanhai, Shunde,
Sanshui and Gaoming. The results showed that the total service value of agricultural ecosystem in Foshan increased from
¥5.88%10” in 2000 to ¥7.31%10° in 2009 and a net increase of ¥ 1.43x10° was achieved during this decade. The
products provision service, which was one of the most important services of agricultural ecosystem in Foshan, was
significantly affected by technology and management and there is a potential for its further improvement in this region. The
proportion of its products provision value to the positive benefits increased from 30.47% in 2000 to 61. 15% in 2009 while
its proporation to the total value increased from 36.86% in 2000 to 69.33% in 2009, indicating that the other services
were being gradually weakened except for the products provision. For the period of study, the positive benefits of
agricultural ecosystem were greater than the negative benefits while the gap between them was widening each year, and the
ratio of positive benefits to negative benefits increased from 5. 77:1 in 2000 to 8.48:1 in 2009. Water resource consumption
and greenhouse gas emission were the most serious problems of agricultural ecosystem services in Foshan City and the
combined proportion of these two components in the total environmental costs value was 82.79% in 2000 and 78.40% in
2009, indicating an urgency to take effective measures to decrease the irrigation water consumption and to change the
farming system in the region in order to minimize those adverse impacts on the agricultural environment. The current study
demonstrated that agricultural ecosystem services have both positive and negative benefits apart from providing agricultural
products. To attain sustainable development of the nature, economy and society ecosystem in fast urbanized areas,

evaluation of agricultural ecosystem service should be imperative.

Key Words: agricultural ecosystem; ecological benefit-loss; value evaluation; Foshan City
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F1 HUTRAESRLEERE CO, KMNE/(10° T)

Table 1 The value of carbon fixation of agricultural ecosystem in Foshan City

£ Crop 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009
TEA Rice 96.31 93.84 55.00 32.96 28.81 28.50 21.79 21.70 17.69 18.42
B Multigrain 4.00 3.46 3.82 3.36 6.66 4.64 2.07 2.45 4.81 5.13
X Potatoes 2.21 2.75 1.71 1.37 2.96 1.80 0.87 1.20 2.59 2.34
K. Soybean 0.40 0.42 0.31 0.26 0.44 0.13 0.07 0.06 0.33 0.52
BHIE Sugarcane 2.29 2.17 2.00 1.75 0.58 0.43 1.08 1.01 0.08 0.02
164 Peanut 2.47 2.32 1.77 1.52 1.42 1.51 0.97 0.90 1.23 1.29
3% Vegetable 218.42 222.74 238.74 251.39 244.29 248.71 189.59 159.02 165.94 176.33
IR Fruit 90. 69 64.24 62.16 60.39 61.43 62.49 66.99 67.16 64.11 59.98
A1t Total 416.79 391.95 365.52 353.01 346.59 348.22 283.43 253.51 256.78 264.04

®2 BUTREBESRERER O, BME/ (10° 5T)

Table 2 The value of oxygen release of agricultural ecosystem in Foshan City

YE#) Crop 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009
TE4 Rice 41.74 40.67 23.83 14.28 12.48 12.35 9.44 9.40 7.67 7.98
ELRR Multigrain 1.73 1.50 1.66 1.45 2.89 2.01 0.90 1.06 2.08 2.23
B Potatoes 0.96 1.19 0.74 0. 60 1.28 0.78 0.38 0.52 1.12 1.01
K& Soybean 0.17 0.18 0.14 0.11 0.19 0.06 0.03 0.03 0.14 0.23
BEIHE Sugarcane 0.99 0.94 0.87 0.76 0.25 0.18 0.47 0.44 0.03 0.01
164 Peanut 0.89 0.84 0.64 0.55 0.51 0.55 0.35 0.33 0.45 0.47
B Vegetable 94.65 96.53  103.46  108.94  105.87  107.78 82.16 68.91 71.91 76.42
IR Fruit 39.30 27.84 26.94 26.17 26. 62 27.08 29.03 29.10 27.78 25.99
A Total 180.44  169.69  158.27  152.87  150.10  150.79  122.76  109.80  111.19 114.33

H e 3 nl Al i HAES REE bR 00 B 2 BT Bk #2009 4E[H] b 2000 4F FR#1.21x10° TG,
LA AL RS A0 R 55 e T T R ) A i 3 vl A O

F3 BUTRAESREESUHENNE/(10° T)

Table 3 The value of air purification function of agricultural ecosystem in Foshan City

i H Ttems 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009
T T A AN
Value of air purification of 1.79 1.76 1.08 0.64 0.56 0.55 0.56 0.48 0.39 0.40

paddy field

e e AR LRy [e|

Value of air purification of 0.62 0.62 1.20 1.53 1.10 1.04 0.72 0.77 0.80 0.80
dry land

A1 Total 2.41 2.38 2.28 2.18 1.66 1.60 1.28 1.25 1.20 1.20

3.4 KIEMFEME

P LT AR AR B VR AN RS ARAS D AR R K A R AR i AR IE A (4) BIR AR I R A S R 5
KRR RN . P26 4 AT, DRBkH I AR A28 4E TR B LA S 3 WK AE S8 8s , 10 L i A 2B 25 R B /K R ok 77
VIRIERERRE R SR e <E-
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F4 HBUTREAESREHNKERFRNE (10° 5T)

Table 4 The value of water conservation of agricultural ecosystem in Foshan City

i H Ttems 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009
[#7K B Rainfall (10% m®) 57.34 81.87 66.2 51.91 43.92 56.72 37.89 49.39 75.24 55.17
2% & Runoff (108 m?) 31.38 44.45 35.60 25.61 21.81 28.01 75.16 24.43 37.21 27.12
I Vi 2 2L 8 3
KU /(,10 m*) 5.87 5.98 6.41 6.75 6.56 6.68 5.09 4.27 4.46 4.73
Water conservation
I Y7 8 —
KIRIIRHE (10°7C) 3.81 5.43 4.25 3.49 2.23 2.79 2.91 1.90 2.78 2.06

Value of water conservation

3.5 AR SARERE

AR T B MRS, B Ll A F AR 25 R G e L HEAR 3 AR 45 1 mT R 4k R S MR R = R OR [ 4]
4y, HASH N P K & #3055 0.19% .0.008% .0.023% ;3153514 0. 15% .0.009% 0. 003% ; 51853551 Ky
0.10% .0.006% 0. 018% ; HAv 1] R 38 Ei A H ¢ — /K Bl 1 4R 9 W58 A R DX R4 (1982 48) ), 4% i
0.25 m E+Z, AEN1.15 v’ T, K54 N P K FEE AR E (SRR 46% ) JSHRR5S (& P &
15% ) AEACHR (7 K 52 55% ) 3RA3 200 AL IE RT3 00 4% SR 2009 41 6 AT A4 EF= AR &K 1950 Jo/t it i
FRES 630 JC t AALER 4180 Ju/t1? ) K5 R WHF5EIX L IEAE AR ER IO (EAE 10 4F 8] FaAR BB ARl /Dt 3
AR R 33 AR 7 A 8 ST R IR (2, 5 3R A Y 98. 18 % , e 32 B JF R R S A 34 ML
B e T2 e TR R s D 5 R Y

*5 BUTRBESRENIERBERENE
Table 5 The value of soil conservation of agricultural ecosystem in Foshan City

ifpi iﬁﬁmsymm %\inf 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009
FEHI& R/ (10 1) N 34.25  33.54  20.70  12.24  10.65  10.60  10.65 9.18 7.54 7.65
Content in paddy field p 1.44 1.41 0.87 0.52 0.45 0.45 0.45 0.39 0.32 0.32
K 4.15 4.06 2.51 1.48 1.29 1.28 1.29 1.11 0.91 0.93

il Value /(1087%) 18.28 17.90 11.05 6.53 5.68 5.65 5.68 4.90 4.02 4.08
A/ (10% 1) N 27.82  28.16  31.35  33.16  33.25  33.12  33.29 22.34  25.01  26.57
Content in vegetable field p 1.67 1.69 1.88 1.99 2.00 1.99 2.00 1.34 1.50 1.59
K 5.56 5.63 6.27 6.63 6.65 6.62 6.66 4.47 5.00 5.31

M {E Value (10878) 16.72 16.93 18.85 19.94  19.99  19.91  20.01  13.43 15.04  15.97
B/ (10 1) N 5.89 5.66 6.81 6.61 7.68 5.55 6.81 5.72 6.18 6.73
Content in dry land p 0.35 0.34 0.41 0.40 0.46 0.33 0.41 0.34 0.37 0.40
1.06 1.02 1.23 1.19 1.38 1.00 1.23 1.03 1.11 1.21

#H{E Value (10878) 3.45 3.32 3.99 3.87 4.50 3.25 3.99 3.35 3.62 3.94
At Total (1085T) 38.45  38.14  33.89  30.34  30.17  28.82  29.69 21.68  22.68  23.99

3.6 EHIEYEIEHME

RGN AW ASO R T B LT Ak RS ISR S 3 R B R R A . S EW A
W N.P.K B R M. KA 1.05% 0. 42% 0. 56% ; 25 1. 11% 0. 33% 1. 53% "2 ; 53¢ 0. 33% .
0.15% .0.49% O BAEYFIARFE R4 0.5 .0. 65 F10. 70t 6 A1, WFFE XK ARG AR = AV ESI Y
BEFRY TGN SRR K H T AbF 3 Sy, b TR T R D AR MR 1 7= B AR, S T SR
FIPEIR , 308 T2 B PR MMATE 10a (R 2B A0 % HohoK RS 08 FR Y RAESR N E T REIE, i

@ PR 10 R SR IR S R AYFIME, hiip://www. yiny. gov. en/neirong/syjs/index_show. jsp? id=67657
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2000 4118 7. 85x10° JU TR 2009 4E1 1.50%10° JT, 10a [E]JE/D T 12.69x10° JC

F6 HUTRBESRENWRERNE (10°70)
Table 6 The value of nutrients cycle of different crops in Foshan City

Y% Crop 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009
JKHE Rice 7.85 7.65 4.48 2.69 2.35 2.32 1.78 1.77 1.44 1.50
B3 Potatoes 0.21 0.27 0.16 0.13 0.29 0.18 0.08 0.12 0.25 0.23
B2 Vegetable 5.87 5.98 6.41 6.75 6.56 6.68 5.09 4.27 4.46 4.73
AT Total 13.92 13.89 11.06 9.57 9.19 9.17 6.95 6.15 6.14 6.46

3.7 HHEFYIME

FE IR /N AR S HERC A B 2 ) 1,96 t F10. 33 A M RS E B AR HE R B L TR
ARG, A B S X ER IR A T Y, — BB R BUSE URAL T B TS A AL I LA SR A . R, AR
SCRFHEARC A B, M H RTA HLIE )40 500—1200 Jo2 8], BOHSE Y (E 850 o/t 44, B SRAGHF 5T X
B AR A RGIHANE TP SN, F 3R 7 FT%D,2000—2009 45, 11117 R b i AR ek 20 1L | (45
A AR RAFRE BB AR I 8 AR AR AR 20 2RI N, 2 vl A H AR 28 R G TH AR 70 S M 2000 419
2.82x10% JG FTH%] 2009 411 3. 43%10° JC,

RT BUTHEERFEESRAESREHENEFTNNE

Table 7 The quantity of livestock at the end of the year and the value of waste management

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009
AEHERCRAE B
Total discharge of excrement 33.17 34.13 33.25 33.99 33.65 36.61 33.67 38.00 40.24 40.22
/(10* t)
8
B 2.82 2.90 2.83 2.89 2.86 3.11 2.86 3.23 3.42 3.42

Total value /(103 J5/a)

3.8 SUEBRMME

e SR A O Y e [ R [R] Rl AR 2 2R e S T RRAE A IR S5 M 2 R O T AR A A AR i
SEBRRBLHEATIETT B AR 2R 55 01 2R O 2 [ PP Y 2 A%, BRSO B AR (4% 17. 6 JT hm a3
B0 S A (8) TR b LT DU AR A IR S R G SRR INEL (K 8)

®8 HUTREAESRERENIURINE

Table 8 The culture and recreation value in Foshan City

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009
i A b AR
Area of regularly-cultivated ~ 8.43 8.33 7.98 7.62 5.8 5.59 4.48 4.37 4.2 4.21
land/ (10*hm?)
AL SR (B
Culture and recreation value / 0.015 0.015 0.014 0.013 0.010 0.010 0.008 0.008 0.007 0.007
(10%JC/a)

3.9 JKBHEIHFEMNE

O PRAEAS 0 77 il L T o P AR 25 AR 8 v B A T =3l DA 57 ot P 1 AR5 8 SR/ 2 23 331 580,230
mmem~+a” F170mmem>a™ A AR (9) TR A SR K BRI FEM . 2 9 %K W],2009 4F [
2000 AEAH L , A& FZK BT FEM BT T 1. 90 10° JT, 4024 T4 H AR BEIHFEM (B, 7T 0L, K B IHAE H
(B2 202 RS T AR Y
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®9 HUTESERBKFRHENEEL/ (10° )

Table 9 The value of water resources consumption of different crop specials croplands in Foshan City

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009
FEH Paddy field 2.44 2.39 1.47 0.87 0.76 0.75 0.76 0.65 0.54 0.54
SZHb Vegetable field 0.99 1.01 1.12 1.19 1.19 1.18 1.19 0.80 0.89 0.95
b Dry land 0.23 0.22 0.27 0.26 0.30 0.22 0.27 0.23 0.24 0.27
A1t Total 3.66 3.62 2.86 2.32 2.25 2.16 2.22 1.68 1.67 1.76

3.10 EESEHE M E

PEAFZE) o Lyt DX KA SRR ) CHL, HEBOhRHES 12 0. 068 ,0.034 0. 017 t/hm® \N, 0 43 5ilJ&
0.026.0.015.0.011 t/hm®, Tii 1 kg CH, FYBSIEALN Z 1 ke CO, (4921 fi%,1 kg N,O HIHEEZN & 1 kg CO, 1
310 57 HE CO, MUA N 642.70 J0/t, RIFAZ(10) THEAT H A 1L Tl AR 25 3R G0 T == AR HE R A
fH(3£10),

£10 BLUTREESRGNHEREESERENMNE

Table 10 The number and value of greenhouse gases emission of agricultural ecosystem in Foshan City

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009
CH, HEjif i
Discharge amount of CH, 0.68 0.67 0.55 0.45 0.44 0.43 0.44 0.32 0.33 0.34
/(10%*t)
N, O HERCEE
Discharge amount of N, O 0.28 0.40 0.37 0.34 0.34 0.32 0.33 0.24 0.26 0.27
/(10%)
oy
R 6.54 8.86 8.08 7.38 7.38 7.02 7.25 5.28 5.57 5.90

Total value /(10%7C)

3.11 Rtk

JTHRA AR S AR | (H H A4 A0 = 1T 24 240 ke, ARGt R e m ™), 18
PR Dk A5 N2 RIS, 0 T bt AT 2 X, FRAE R %A 27.39%  ARAEAZR(11) , B 52 B0k AT 3R A
FERE A S JT A% 2 2009 4E 6 AT KA EM =02 G (& NP K % 15% )3220 Jo/t HFE i 11 af
AL, LU T R BV E RO B AR 1 TS e AR IR AT 2l i DA 2000 4119 44792 ¢ /051 2009 4E1 39212
t, ALAE e M (B 0 1 2000 4EAY 1. 44x10° TCFEAE R 1.26x10° IT,

F11 LT REREREERNEFRE

Table 11 The quantity and economic loss of fertilizer in Foshan City

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009
PR (4748
Amount of application 61688 63051 60421 60885 61189 59374 56095 54838 55730 54004
(purity, 1)
MR Losses/t 44792 45781 43872 44209 44429 43111 40731 39818 40466 39212
v2s He
MR A 1.44 1.47 1.41 1.42 1.43 1.39 1.31 1.28 1.30 1.26

Losing value/ (108J0)

3,12 fehim gy

F T HH R 2 ) 3 A 40 % —60% W 74 2 3 1 >, R I AR SCHCA 25 1 FH 2R R 50% 4 2540y % B 2009
TR IR (22545 Jo/t) R4 A (13) THR LT DD A A 25 L (B, m] s, ARRE A A BIF ST, B
1% MET= BRI ARG YA AR (14) B RS-k (£ 12) .
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F12 HBUTRBEAERELERBMEFHRE

Table 12 The quantity and economic loss of pesticide in Foshan City

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009
HEFIR Amount of 4071 3700 3327 3421 3389 2861 3641 3062 3092 3015
application/t
PN Losi
s e 0.46 0.42 0.38 0.39 0.38 0.32 0.41 0.35 0.35 0.34
value /(10°JG)
AR The value of
ek o anen 0.22 0.22 0.24 0.25 0.26 0.57 0.47 0.43 0.43 0.51
grain loss/ (10°JG)
£t Total 0.68 0.64 0.62 0.64 0.64 0.89 0.88 0.78 0.78 0.85

3.13 il AR RGIRSS D Re MM E B

213 X 1L T A A A R GRS U A T Ak AR 2R R G S5 B (1 B 2000 4F 1) 58. 77 x
10® JC_FFH3] 2009 4E14 73.09x10° JC, 30 14. 32x10% 56, WFFEE], 7= SR s in 1 29. 01x10° ¢, ¥
B AR A 7= B AR R KT A Bt | b sl A0 I R A Al = (B A H 201 55 T AR AR RENAES
FrEAE . eAh RO A 7 il & SR HE RIS A 2506 T 4ok TR A S R G n fskiss , (HTEWF 5T
L] SR 7 N N

F13 HUTREESRENESTRSNE/(10%5T)

Table 13 The value of agricultural ecosystem services in Foshan City

25 Types 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009
EREE 73R Products provision 21.66 21.74 24.33 24.88 25.89 56.60 46.86 43.16 43.05 50.67
Positive  [EBRBE4E Fixing carbon and releasing oxygen 4.17 ~ 3.92  3.66  3.53  3.47  3.48  2.83 2.54 2.57 2.64
benifit  ¥HLIFBEE Environment purification 0.02 0.02 0.02 0.02 0.02 0.02 0.0l 0.0l 0.0l 0.0l

JK U FE Water resource conservation 3.81 5.43  4.25 3.499 2.23 2.79  2.91 1.90 2.78 2.06
FHEAE J1{AFF Soil conservation 38.45 38.14 33.89 30.34 30.17 28.82 29.69 21.68 22.68 23.99
BEFY TGS Nutrient cycling 0.14 0.14 0.11 0.10 0.09 0.09 0.07 0.06 0.06 0.06
MUK F4Y Waste management 2.82 2,90 2.8 2.8 2.8  3.11 2.86 3.23  3.42 3.42
AL AR Culture and recreation 0.015 0.015 0.014 0.013 0.010 0.010 0.008 0.008 0.007 0.007
/N Total 71.09  72.31  69.10 65.26 64.74 94,92 85.24 72.59 74.58 82.86
FaaE K IRIEFE Water resource consumption -3.66 -3.62 -2.86 -2.32 -2.25 -2.16 -2.22 -1.68 -1.67 -1.76
Negative % HHEL Greenhouse gases emission  —-6.54 -8.86 -8.08 -7.38 -7.38 -7.02 -7.25 -5.28 -5.57 -5.90
benifit ~ fLACIAR Fertilizer loss -1.44 -1.47 -1.41 -1.42 -1.43 -1.39 -1.31 -1.28 -1.30 -1.26
2575 Pesticide pollution -0.68 -0.64 -0.62 -0.64 -0.64 -0.89 -0.88 -0.78 -0.78 -0.85
/Nt Total -12.32 -14.59 -12.97 -11.76 -11.7 -11.46 -11.66 -9.02 -9.32 -9.77
SANME Total value 58.77 57.72 56.13 53.50 53.04 83.46 73.58 63.57 65.26 73.09

4 Hit5itig

(1) = o Re 2 b R HAES RE R FE MRS EZ —, T RBAES RS ™ MMM EE
ERES M BT S B a3 | B 2000 4E#Y 30. 47% b TFE] 2009 4R 61. 15% , TEFNERA: 77 R A
AJG P2 AR S S M 2 HE A 2000 4E1Y 36. 86% 713 2009 4F 1 69.33% , ] WL, 57 i $ A
EAR A T AR R G0 0 A IR 45 D RE S4B 1 55 , 75 25 RS 40 1100 s B E AR

(2)2000—2009 4[], f 1L T 4 FH A= 25 2R 48 i $2 4L 1) 1E 80 25 H 2000 411 71. 09 x10° JT I T %] 2009 (1)
82.86x10° I, 1M 1505 W] 1 2000 47119 12. 32x10° Julk /51 9. 77x10° 7o, HAR HAES R IE L i K F
HARRS B ZRAEY K IERL 25 5 25 2 He i 2000 4E14 5. 77:1 _ETH4 2009 4R 8. 48:1, [HitL, 752
XA A B R G AT A A S R DR S L G AR B IR SS URe .
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(3) RERMABRGEAABERRBEN (BRI BHEAS, y 3 m I 8 555 200 AT 0t
BEAN KA TR K 26 PF R Rl 2 AR B8 — A 2 SRR, 2 R s DR A o B2 A R i 2 S Y 2
HECIX 22—, b 13 R, il Ll A P AR 25 AR ST K BRI AR LR 22 AR OR: H e 58 HH i AR 25 TR, —
3 B P A o SR AR 1) HUAE A TE 77 % DA b PRI A SR IO A0 Tt el 2 R 2 7 14 3 TR
FH7K a8 A FE B 6 38 A > HE A i S

(4) B TAS RGN A EAZST A 2, H AT, A SO A T A2 25 R GUIR 55 (B 1 2 PG R A
Je B TR A SRR 807 T TR | X L 6 DS 3t DX 28 55 AR A 22 8 9K B 2 114 7 1Y 22 S T 7™
AR 2E DI, 75 B0 DA T A 25 R GEAR S5 PR T PRAR AT, WS AR TH AR 25 R GE AR 55 0 (L EA T XM I
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