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Carbon balance analysis methods of grassland agro-ecosystems

LOU Shanning, CHEN Xianjiang, HOU Fujiang "
State Key Laboratory of Grassland Agro-ecosystems, College of Pastoral Agriculture Science and Technology, Lanzhou University, Lanzhou 730020, China

Abstract: According to the structure of grassland agro-ecosystems, their carbon balance represents the sum of the carbon
balances of the four production levels, or the sum from its three interfaces. The carbon balance per production level or
interface is the sum of the carbon that is taken up and lost through the different processes in that level or interface. The
carbon balance analysis method based on four production levels can quantify which of the processes in the production are
either a carbon sink or source. For example, carbon and nitrogen accumulation such as C and N sink, soil and water
conservation are carbon sink process in Pre-plant production level. The grassland tourism hunting and so on, are the process
of carbon source in Pre-plant production level. Photosynthesis and carbon and nitrogen assimilation of biological nitrogen
fixation are the process of carbon sink in Plant production level. Greenhouse gases emission is the process of carbon source
in Plant production level. The process of carbon sink and source in Animal production level are mostly C fixation in animal
product and greenhouse gases emission of ruminant. C fixation in forage and animal products are the process of carbon sink
in Post-biological production level. Processing and transport activities are the process of carbon source in Post-biological
production level. This can subsequently facilitate improvements in the management of carbon sequestration in grassland
production. Furthermore, the carbon balance analysis method based on three interfaces can determine the production
mechanisms of carbon sinks and sources, as well as their spatial and quantitative relationships. This can contribute to
regulating and controlling the carbon emissions from grassland agro-ecosystems. However, both methods cannot accurately

quantify a grassland system’s paths of carbon uptake and output, or its utilization efficiency. The carbon balance analysis by
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the balance between carbon input and output can quantify the pathway of carbon movement. This method is simple and more
succinct; however, it is not applicable to farmland scale management of carbon sequestration. Considering a ranch in the
Qilian Mountains, China, and a dairy farm in Tasmania, Australia, as examples, three methods were used for analyzing
their carbon balances. The results showed that carbon emissions from tourism, product processing, and marketing accounted
for the major portion of the total emissions from the grazing management system. Their main carbon sinks were forage and the

soil. Overall, optimal grassland management would benefit from adding carbon sinks and reducing carbon emissions.
Key Words: grassland agro-ecosystems; production level; interface; carbon balance; grazing; greenhouse gases
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Fig.1 Carbon flow of grassland agro-ecosystem based on four production levels
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Table 1 Carbon balance analysis of four production levels from the deer ranch in Qilian Mountain ( DRQ) and dairy ranch in Tasmania

(DRT)
g FEwPE D FERRI Al
! = Main carbon source (t C/a) Main carbon Sink (t C/a) Carbon balance (t C/a)

Production level

TiH Items DRQ DRT  JiH ltems DRQ DRT DRQ DRT
(iR L7 A= iRl B A/ a 5000 6000 B, K LS/ (Va) -36000.0  -103809.8
Pre-plant production level i ¢/(m/a) 0 0.7

NIBHERL v/ a 7.2 17.3

L =

e . FH IR hm2 1020 1400 SOC FAZ t/m? 0.122 0.122 1243298.4  167580.0
Plant production level
‘MMF& = , L8 GHG i ke/(hm?/a) 1080 2300 ARAH ke/(h/d) 3.15 20 -15.8 -173.3
Animal production level

REHE(R) 1000 2100 iR % 57 70

FERBERE ke/ (3k/a) 0.22 29 e R ke/(3K/a) 526 5840
Ja A I8 B BER AL ke/ (3k/a) 20 81 BYER % 50.72 49.00 -1005.2  -2475.8
Post-hiological WM 1Va 10 8
production level BRI TE AR Va 10 15

78177 capita/a 10 10

CBGAE(2) 1206277.4  61121.2

DRQ . 453 L #4035 B FEH3S Qilian Mountain ; DRT : #5301 2 JE W W3 4E 443% Dairy ranch in Tasmania; CBGAE ; B AV A= 25 RGBT Carbon balance of grassland

ago-ecosystem
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Fig.2 Carbon flow of grassland agro-ecosystem based on three interfaces
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Table 2 Cases of carbon balance of three interface from a ranch in Qilian Mountain and a farm in Tasmania
=B F I FERHAL T F-4fif Carbon balance (t C/a)
Three interfaces Carbon source (t C/a) Carbon Sink (t C/a) DRQ DRT
i P\~ b A58 S T HAE1EM, £ 5 CH, F1 N, 0 TR

Herbage-site interface BOFCRI 3 GHG HERL itk W A 1243298.4 167570.2
BT e e W IR T IR, E . .
Grass-livestock interface Wit A2 SR FE A AN fif S BB O RAT 158 173.3
B B G )\ KiEE : B IR 2 A P 2 e
?rfsiist{)\c? e system- fﬁﬁ%{ ;’? 77'3%7& Zi’;;ﬂ jéDHE HEAE N £ 51, A?_TT & 7 R A A -37005.2 -106275.8
: ’ o Bk, 0l 28 0 A8 B n 14 Bk

human interface Heik

CBGAE 1206277.4 61121.2

PN R G CBGAE>0 , ¥ BRI,

Ol R Gt HE L 3 2R AR TR BT A AR PR 2 SR C L BRTE B A R 2 B A A TER A g
Pftad 900% (& 1 fnZk 2) , DRI, m YA BN Vs /0 iR 420 S AR 0 2B 7R 2 A HE T, B8 AR 4 RN sh i Ak 7R 2
FORRAL ; B I AL A A B ARSI Dk i C ASRRHERT

3 EMRIARRERTEI BN/ A%

O RGeS — 77 2 s T B R T LUAR 38 DU 086 E o #i A ( Carbon input, CI) , M FLL 3R 58 AN
B A RYACAE BUBE RT3 ) AR SR I, S E ME I ([RAE CO, , SR Wi Sl [ 19 CHL, AT N, 2R REFITK
T ORIFH R A, HFH( Carbon emission, CE) , AZE ZFE I ¥ w7 7™ i, (UG B BEUR & 0 L H A R E
4 JE—EWHE IR GHG, &5 #43 ( Carbon fixation, CF) , MU ZF % HEM % 76— 5 ] 9 DL AT I
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Table 3 A case study of carbon balance analysis of animal production level based input/output me method

It S| il F-Aiij 5 Carbon balance (t C/a)
Section Ttems DRQ DRT
i A\ Carbon input BUAK A 0 0
HERL Carbon emission AR B AIREDR -15 -127.575
[ Carbon fixation B 7 i AT 0 0
it Carbon output B I 7 R JIE -0.8 -45.68
CBGAE -15.8 -173.3

AR L AN SIS JE W AN FL R GE R s A 7= JZ 4 R IR (3% 3) , 54 7 2 vk AR 1% 14 43 B 45 SR 4 )
(#£1,%2),

4 it
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3 PR RGBT AT A A N (3 4) o4 7= 2 00 )7 O TE R B 5 ) ST s e 1 25 R
BA A P IR 5 S TR 108 ik o R DG R A 2l A 7 A b AR B 1 AR 194 1 ML 5 BB A/ i S 2 000 5 Bl A X
RGN IE B, 2 W B A R RBL] B RTS8 43 BT R O 8 A AR T R A AT (Life cycle
analysis ) " FITCAHT ( Meta—analysis ) " s Bir %R A L PR, 5472 o m Ak A e
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