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Assessment of wheat straw and its biochar effects on carbon sink in agricultural ecosystems using ''carbon
footprint' method

CHENG Gong'?, ZHANG A—feng"*, WANG Xu—dong"*, ZHANG Wei-hua', DU Ke—qing'

(1.College of Resources and Environment, Northwest A&F University, Yangling 712100, China; 2.Key Laboratory of Plant Nutrition and the A—
gri—environment in Northwest China, Ministry of Agriculture, Yangling 712100, China)

Abstract: This study assessed the dynamic, distribution and composition of carbon footprints in wheat production process under applications
of wheat straw and its biochar using “carbon footprint” method. Crop yields and N,0O, CH, and CO, fluxes during wheat growth period were
measured in five field treatments : control(CK ), conventional fertilization(N ), N plus 4 t-hm™ straw(NS ) amendment, N plus 4 t-hm biochar
(NBC,,,) amendment, and N plus 8 t+hm™ biochar( NBC,y,,) amendment. The energy consumption in each step of wheat production process
was also analyzed to calculate the carbon footprint. Results showed that the carbon footprint in wheat production was mainly net primary pro—
duction and energy consumption related to fertilizer production. Compared with the conventional fertilization, Wheat yields in NS, NBC,,, and
NBC,;y, treatments increased 30.9%, 66.3% and 36.6%, respectively; The seasonal amounts of soil CO, emissions increased by 68.7% in NS
treatment, but had no significant difference in biochar treatments. Cumulative N,O emission was reduced by 33.9%, 23.8% and 58.6% under
NS, NBC,,, and NBC,y, treatments, respectively; The carbon footprint increased by 26.0% in NS treatment, but reduced by 198.0% and
112.9% in NBC,,, and NBC,,, treatments, respectively. These findings indicate that applying wheat straw biochar reduces carbon footprint in
the agricultural ecosystems.
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Table 1 Organic carbon and total nitrogen of wheat straw

and its biochar

5 Sl % R % A
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Table 2 Experimental treatments and description

s 0 ST M
CK — At e 0 0

N — B 0 1035
NS FEFF HHHEAT+4 t-hm? FEFT 15112 1339
NBC,, AW WHGI+4 chm? A2 19584 1463
NBCuy ZEWIHE  WHUGAE+S t-hm? A#% 39168  189.1

W RESREE N 46%,

Note : Content of nitrogen in urea was 46%.
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Figure 1 Concept model of carbon footprint in agricultural ecosystem



WL R AL T A N R B MR BN A S RS 607

[Fi] b 2% e 3 S R WP I A B HR A S /N2 A K i v
BB [ (RS R G 01) , U AR S RS
(558 e (NEE ) 455 R MEAE 28 RGE IO RR B 2, 9%
BN SR G0 CHL AT N0 (9HEIL, 28 &3 E M/
2 RERT LA it FEI 1) [ Vs 1 L R GE o M )
S A PR AR A R GE o, ok LR A S &
SE IR B TR AR A2 38 (CF)ZRAE . TEBR A (1911533
T REFF A S A 0 T A8 i o R P 1 B RS
FHIBFERY S B RR o AR B A i A b ™ AR i A=
Wit — A A AR A Y R B L R T AR
PrIiokS He 0 52 2 AR file = 0 AR (A R | 72X LT
HVAT 2 LA I R %

NSRRI R CF T AN,

CF=3(A,xEF,)
KA RO B AR S (USSR 2457 5%
kg, 1. J7HAE  kWh); EF, B HERCSEL

YEYLE 7 B 7 B ik 2 7 CF,(kg CO~C.rkg™),
RIAEZS R Ge A P 1T S0 /NFE = A (BB HE i, T3
2R,

CF

=1y

L 1Y R/ N
1.5 #Esh

i B35 R 3 WE A . SR IMP 7.0 Siit4k
PEXT R A T AL FRAA G404, 19 OriginPro 9.0
SRS TR, SRR Duncan Y APETHEEA T
#5071 (a=0.05).,

2 ER5HMH

2.1 AEMEBNEFERESRERSVRETNESR
INZEWRJE , A A BN PR DLIET 2, /NA2 7

12000

i 9000 F b ab
= i T wemmfannny
) E T T
< ¢ :
1§ 6000 —
< 3000t

obedod 4 b4 b

CK N NS NBCu, NBCig

AR PR AL BRI 22 53 52 P<0.05. R[]
2 INERFRREEY TR NE =BT

Figure 2 Effects of wheat straw and its biochar amendment

on wheat yields

F & FMERAR Y A NBC,>NBC,,>NSSN>CK, 5 CK A
Et, A A B /N e g A AR R T 83.7%0~205.5%
S B IEAR H, TR 4 t-hm 2 FERT S /NEE 1P AR
BT 30.9%, US4 t-hm™ 1 8 t-hm™ A=) i e Ab B3
INFE TR RIERES T 66.3%F 36.6% , /N2 bl
A 5 e FH 8 18I0 T BT o

ANFEACEEZ [0 A 25 R G IR A 7= A Bk
2252 (B 3) .5 CK A E, Ut A AL PR A H AR S &R
G AT 1R E T 36.1%, 5 N AL, 4N 4 t-
hm? 5 FF (4 t-hm™ AW 5T 5 Fl 8 t-hm™ A= 40 JoT i Ab
B, NEEB RGOSR S0 B T 30.9%
63.0%F1 27.8%.

10 0007
5 | a
£ 1
< 80007 b
& b 4 ! i b
1 y P | | .. .
2 6000k : | = [ | :
o0 1 i
Soaoor gL
4 [ |
X 2000} |
& | |
ok | | | | | H i 1 1
CK N NS NBCy, NBCy

3 ARAEKBEESRESFRETN

Figure 3 Net primary productivity in different treatments
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Figure 6 Composition of carbon footprint of wheat production in

different treatments
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Figure 7 Carbon footprint of unit wheat production in

different treatments
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Figure 8 Representative products in wheat straw and its biochar

identified by GC/MS

Shan Z523% &5 3 BT A 53 A% FFE B NLO HETL Y
SO, SRR, R AR X NO A HE R AT B
S X S IRATT AT 45 RN TR, St AL BEAH L,
T4 - hm? FEFFAL A2 R G N0 25715 HE B = %
KT 33.9%. X0l fg 54 H AR T 2, L f 2
RIPLKFEFF C/N A5, Cayuela FE™HF5Y 281, A9
JoE A it FRAR T 54% 11 £33 N,O HEjik, I HLFFAIK
) 55 A 0 o o )t P i B B L L 45 2 00 o e
() JEURE B 25 R A W SRR AR B 1Y) C/N S5 N,O
HERC S R 28, ARG, 5 5 HU B A B L
AN 4 t-hm™ FI 8 t-hm™ A9 SR B AL BRI AR B R G
N0 ZE P HECR RS BIREAR T 23.8%F1 58.6%, FHor
USHN 8 t-hm™ A=Wy B AL B NLO i ZE 35 HEC it

FRT H A AL B, EORHEAEAR PR NLO 925 HE
S 32.2% (& Sc) o AW it F 2 5 — 7 T ik
S L PR BT AR NLO RS, I — Jr THI Y
M) - 32 S AL AN (AOB) A 252, FHHRRAIK T S i k2
B (nirK F1 nosZ) W) FE R 32 B, AT 52 ) T 4 398 12 il
A B FE P,

3.3 FEFFAEY B MR NEEKSHRE TR

TR A HAEZS R G P A, A IR %R
T AN A AT 1 CO, HER B2 (F IR %
& SENTIY CO, Bt RS REMERI N7 T LA
Rt ARS8 CH, F1 N0 HER™, AWFoE 284
JE T ARG SRR CO,, IR A RS0
BRI Ere H AES RS CH I NO BRI RS FF
14 sk MR e AL A B e 1T Akt = i fg v
PRI RBTR , AT R G AT TR R AR S it AR
HZ G AES RGN . BRI ARG (FiS
AT Y R 2Pl AR S R S CO, IR A [
0, 2R PR IR FE A DGR AL A N ] R
KASHE R G A TRl 12 A WL A 5T, 45 4 B, 78 0
T F T 4 TN R B4R NEE 43 31 -1.98 . -3.18 t C -
hm™; Zhang 25§ S A6 20 PAR 1 A= 9 52 1 it 1 X8
K X RG22 Fe/E RGBS, INZ KR
NEE ffi5-0.9~-2.2 t C-hm2, AWF5T/NEH: K 2= NEE
FIE A -0.4~-3.8 t C-hm™, - F LR = FZ ], 5
H, KALFE CO, ¥ sZ (B I 1Y 97.0%~99.7% , 3%
L NEE 1E Ay [ 5 5 T 58A WL S48 b5
YE e i g B, ARG R IEAEA 5 R gl 4%
A K 59.8%~64.0%, =AM F A FEMKIE, 5
Cheng 25" fifF 7T 25 R —50, ok EESERF T 05
DX R A FH A= 285 2R 495 [Tl 5 e - ey s i, 45 2R 3R
HHALAESEA 5 RGO BB AR 73.5%~77.4% , W 155
TAMFFREER  HUORA 25 NLO PR, 43 ) o5 45
b TR T AE AR 1Y 12.0%~42.7% 1 5.8%~30.6%.,

K PSR FE 300 4 AT s 4 R 3R W v 45 Ak 3L
FEI R AR, 5 CK A B, it A R i T AR 2
RGEARIRA T T ARG R T B R GRS 1)
RES o S BUREAC AL BEAH e, RS AT 0t RS i T
WP, DRI N T 484 2R 558 0 Bk A2 00 {8 e ik HE s ot
JE 5 T A= W B B G T A8 R G A 7,
FEARAE S REE N0 WHERL, IF HoXF -3 CO, HEsA
PR RZ I, PR LRI T AR R G 1 sk A2 08 B e HE
BCHREE . AN 8 tohm™ BRI FOR AR TAE S &R
GUAANIR AT T, FEOWIE 4 t-hm™ FED) 5 HeAb



WL R AL A N R B PR BN A S RS 611

BT I 38 S TR B e (o 15 Liu S5 45
B, AW B B T SR T A LA
I AR g R rh 7 A i RE IR ACHR S, AR T
IR AR 7 R R B B 8 M B R B, (BT
M YL R N i E i, SRATA B
ANl ARSI AE 25 R e S i 2 A L
Rl PR MR SR AR AR, Ay S 1 it PR 1A
b A e A AR AL R HE T

4 Hig

(1)=& 7718 , 55 Bt AE AR Fe A, B A sl
YIRS A R/ P e, s 4 t-hm™
FiAF 4 t-hm™ YRk 5 8 t-hm™ ALY AL IR, /)
Fr A N T 30.9% .66.3%F1 36.6% .

(23 2 SAHERO T TR = 58 AU AEAE oA, B
4 t-hm™ FEFH 138 CO, MHEBU RIS T 68.7% |
HEBRG NO HEBUSEFEIR T 33.9%; %4 t-hm™
18 t-hm™ A=W 0 o 43 A A S R 48 NLO By HE R
TEFEAR T 23.8% 1 58.6% , 182+ 3 CO, AYHE R &
WA B EMEZES . BINA YT T AR A 1 14
CO, HEBUS IR RS NO HEUS L.

(3B A2 30 7 T < 55 UG IR A LA, S 0 4 t-hm™
T AFAd /N A e R e T T 26.0% (SN
4 t-hm? F1 8 t-hm™ 2 ¥ 5 4 BRI T 198.0% 1
112.9% ., 23457 J& 77 1 St /e b A5t , 765 FUE AL
JEA b BN 4 v hm AW TR A R TN A Kt
FrhA AR R G sl HE

SE k-

[1] Intergovernmental Panel on Climate Change(IPCC). Agriculture. Eden—
hofer O, Pichs—Madruga R, Sokona Y, et al. Climate change 2014 : miti—
gation of climate change[R]//Contribution of Working Group Il to the
Fifth Assessment Report of the Intergovernmental Panel on Climate
Change. Cambridge University Press, Cambridge, UK and New York:
816.

[2] Intergovernmental Panel on Climate Change (IPCC). Agriculture.
Metz B, Davidson O R, Bosch P R, et al. Climate Change 2007: Mitiga—
tion[ R]//Contribution of Working Group III to the Fourth Assessment
Report of the Intergovernmental Panel on Climate Change. Cambridge
University Press, UK and New York: 498-540.

[3] 24, BN, AL . T EEIRS AT BT IR A S S R PR BT 52
HERELN]. P E el BEIRS X R, 2014, 35(3) : 14-20.

PENG Chun-yan, LUO Huai-liang, KONG Jing. Advance in estimation
and utilization of crop residues resources in China[J]. Chinese Journal of
Agricultural Resources and Regional Planning, 2014, 35(3) ; 14-20.

[4]Lu F, Wang X, Han B, et al. Soil carbon sequestrations by nitrogen fertil—

izer application, straw return and no —tillage in China’s cropland [J].
Global Change Biology, 2009, 15(2):281-305.

[5] TRPRAE, RSO, BT, 45 AT AN Z A H 30 i) 52
)], A= 25274, 2005, 25(11) . 2883-2887.

ZHANG Qing—zhong, WU Wen-liang, WANG Ming—xin, et al. The ef—
fects of crop residue amendment and N rate on soil respiration[]J]. Acia
Ecologica Sinica, 2005, 25(11).2883-2887.

[6] Lehmann J. A handful of carbon[J]. Nature, 2007, 447(7141).143-144.

[7] Cheng C H, Lehmann J, Thies J E, et al. Oxidation of black carbon by
biotic and abiotic processes[J]. Organic Geochemistry, 2006, 37(11):
1477-1488.

[8] Steiner C, Teixeira W G, Lehmann J, et al. Long term effects of manure,
charcoal and mineral fertilization on crop production and fertility on a
highly weathered central amazonian upland soil[J]. Plant & Soil, 2007,
291(1/2):275-290.

[9] Zhang A, Cui L, Pan G, et al. Effect of biochar amendment on yield and
methane and nitrous oxide emissions from a rice paddy from Tai Lake
plain, China[J]. A griculture Ecosystems & Environment, 2010, 139(4).
469-475.

[10] B, gk 1, X, 5. oI P A A5 R G Bk A2 38 43 T (D1,

K AR, 2011, 25(5) :203-208.

DUAN Hua—ping, ZHANG Yue, ZHAO Jian-bo, et al. Carbon footprint
analysis of farmland ecosystem in China[J]. Journal of Soil and Water
Conservation, 2011, 25(5):203-208.

[11] Wiedmann T, Minx J. A definition of "carbon footprint"[J]. Ecological
Economics Research Trends,2008(1):1-11.

(AP E ey 7 S T M 5 | S (B SV 01 v L L R B
PRl 2015, 48(1):83-92.

WANG Zhan-biao, WANG Meng, CHEN Fu. Carbon footprint analysis
of crop production in North China Plain[]]. Scientia A gricultura Sinica,
2015, 48(1):83-92.

[13] Liu Q, Liu B, Ambus P, et al. Carbon footprint of rice production under
biochar amendment : A case study in a Chinese rice cropping system[]].
Global Change Biology Bioenergy, 2016, 8(1):148-159. DOI: 10.
1111/gebb. 12248.

[14] Hutchinson G, Mosier A. Improved soil cover method for field measure—
ment of nitrous oxide fluxes[J]. Soil Sci Soc Am J, 1981, 45(2):311-
316.

[15] Lal R. Carbon emission from farm operations|J|. Environment Interna—
tional, 2004, 30(7):981-990.

[16] Hillier J, Hawes C, Squire G, et al. The carbon footprints of food crop
production[]J]. International Journal of A gricultural Sustainability, 2009,
7(2):107-118.

[17] Z= i, VARG, 22708000, 45, 21398 e e WA I A AR S R
IF) it I T B A 800 B Wi AR [T]. Al FREE R 22 4K, 2009, 28
(12):2520-2525.
LI Jie—jing, PAN Gen—xing, LI Lian—qing, et al. Estimation of net car—
bon balance and benefits of rice-rice cropping farm of a red earth pad—
dy under long term fertilization experiment from Jiangxi, China[J].
Journal of A gro—Environment Science, 2009, 28(12):2520-2525.

[18] Cheng K, Pan G, Smith P, et al. Carbon footprint of China’s crop pro—



612

KA IMERF 217 M IRRECT IRE.

duction: An estimation using agro—statistics data over 1993—2007[J].
Agriculture, Ecosystems & Environment, 2011, 142(3).231-237.

[19] Asai H, Samson B K, Stephan H M, et al. Biochar amendment tech—
niques for upland rice production in Northern Laos: 1. Soil physical
properties, leaf SPAD and grain yield[]J]. Field Crops Research, 2009,
111(s1-2).81-84.

[20] Haefele S M, Konboon Y, Wongboon W, et al. Effects and fate of
biochar from rice residues in rice—based systems|J]. Field Crops Re—
search, 2011, 121(3) :430-440.

[21] Xia L, Wang S, Yan X. Effects of long—term straw incorporation on the
net global warming potential and the net economic benefit in a rice—
wheat cropping system in Chinal[J]. A griculture Ecosystems & Environ—
ment, 2014, 197 :118-127.

[22] Zhang A, Liu Y, Pan G, et al. Effect of biochar amendment on maize
yield and greenhouse gas emissions from a soil organic carbon poor cal—
careous loamy soil from Central China Plain[J]. Plant & Soil, 2012, 351
(1/2):263-275.

[23] Uzoma K C, Inoue M, Andry H, et al. Effect of cow manure biochar on
maize productivity under sandy soil condition[J]. Soil Use & Manage—
ment, 2011, 27(2):205-212.

[24] Zhang A, Bian R, Hussain Q, et al. Change in net global warming po—
tential of a rice—wheat cropping system with biochar soil amendment in
a rice paddy from Chinal[l]. Agriculture Ecosystems & Environment,
2013, 173(8):37-45.

[25] Wang J, Xiong Z, Kuzyakov Y. Biochar stability in soil: Meta—analysis
of decomposition and priming effects[]J]. Global Change Biology Bioen—
ergy, 2015, DOI: 10. 1111/gcbb. 12266.

[26] Liu S, Zhang Y, Zong Y, et al. Response of soil carbon dioxide fluxes,
soil organic carbon and microbial biomass carbon to biochar amend -
ment: A meta—analysis[J]. Global Change Biology Bioenergy, 2015, DOI:
10. 1111/gcbb. 12265.

[27] Shan J, Yan X. Effects of crop residue returning on nitrous oxide emis—

sions in agricultural soils[J]. Atmospheric Environment, 2013, 71 .
170-175.

[28] Cayuela M L, Van Zwieten L, Singh B P, et al. Biochar's role in miti—
gating soil nitrous oxide emissions: A review and meta—analysis[J]. A -
griculture, Ecosystems & Environment, 2014, 191.5-16.

(291 BRf M. H TS0 T REFF AL W ST pc x4 H e i 2 WU REVE A1
HIRZIR D). BT : P At A KA, 2013 110-113.

CHEN Jun-hui. Effects of biochar on soil microbial community diversi—
ty from croplands under field experiment[D]. Nanjing: Agricultural U-
niversity of Nanjing, 2013:110-113.

[30] 4R & 3C. FAZ FEAE A S R Guil = A (CO,, CH, FIl NO)HERLIF 7
[D]. B A i RUROIE K2, 2005 3-13.
70U Jian—wen. A study on greenhouse gases(CO,, CH, and N,O ) emis—
sions from rice—winter wheat rotations in Southeast China[D]. Nanjing:
Agricultural University of Nanjing, 2005 .:3-13.

BI1Z &, T i, SNGEEL, S5 AU IR0k H A 25 R Gk sc 4 S HFR

BePHEHLRII]. h R D 4, 2006, 36(F4 1) T ):210-223.
LI Jun, YU Qiang, SUN Xiao—min, et al. Carbon exchange and its envi—
ronmental regulation mechanism of farmland ecosystem in North China
Plain[J]. Science in China Ser:D Earth Sciences, 2006, 36 ( Suppl
I):210-223.

[32] Shang Q, Yang X, Gao C, et al. Net annual global warming potential
and greenhouse gas intensity in Chinese double rice—cropping systems:
A 3-year field measurement in long—term fertilizer experiments[J].
Global Change Biology, 2011, 17(6):2196-2210.

[33] sRATE, ™ B 2%, SR, 55, b B B4 AR S R G ik 5
WP ARSI, Ol TR, 2015, 31(4):240-247.

ZHANG Heng-heng, YAN Chang-rong, ZHANG Yan-qing, et al. Ef-
fect of no tillage on carbon sequestration and carbon balance in farming
ecosystem in dryland area of Northern China[J]. Transactions of the

Chinese Society of A gricultural Engineering, 2015, 31(4) :240-247.



