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Abstract; The greenhouse gases such as methane (CH, ), nitrous oxide (N,O0), and carbon dioxide
(CO,) were increased in atmospheric concentration since 1750, which attracted more and more attention
regarding climate change. Agriculture activities contributed to the increase of greenhouse gas
concentration in the atmosphere, resulting in high global warming potential, which was estimated to
contribute about 47% ~ 58% of the total anthropogenic emissions of CH, and N,O. Film mulching is
reported to be a significant agricultural factor which greatly affected greenhouse gas ( GHG) emissions
and the carbon footprint. The annual GHG emissions (CO,, CH, and N,0) from a wheat — maize rotation
system during 2014—2015 were monitored by using the static opaque chamber and gas chromatography
technique in Guanzhong Plain of China. Four mulching treatments were no mulching ( CK), semi-film
mulching (BM) , ridge-furrow planting with film mulching over ridge (LM ) and whole film mulching
(QM). Net global warming potential (NGWP) and carbon footprint were used to evaluate the effect of
film mulching on GHG emissions and composition of carbon footprint production. The results showed that
compared with CK, the BM, LM and QM treatments increased annual crop yield by 9. 0% , 16. 5% and
26. 6% , respectively. Similarly, the BM, LM and QM treatments increased annual CO, emission by
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33.9% , 9.3% and 31.6% and annual N,O emission by 22.9% , 14.3% and 47. 1% , respectively.
However, annual CH, emissions showed no significant difference compared with CK. In addition, NGWP
was increased by 9.0% , 16.7% and 26.0% , respectively. The carbon footprint of LM and QM
treatments was 33.2% and 21.9% lower than that of CK, while BM treatment showed no significant

difference compared with CK. Compared with carbon footprint per unit crop yield of CK, that of BM

treatment was increased by 16.3% , while that of LM treatment was decreased by 13. 1% . Meanwhile,

QM treatment showed no significant difference. Considering both the economic and environmental effects

of different mulching treatments, ridge-furrow planting with film mulching over ridge in the wheat — maize

rotation system was recommended for carbon sequestration and greenhouse gas reduction in Guanzhong

Plain of China with the purposes of water saving and carbon sequestration.

Key words: wheat — maize; film mulching; greenhouse gas; net global warming potential; carbon

footprint
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WS MK (€O,  CH, 1 N,0) &t Hll i 2 4 Bk
A I S LB R g — 22 5 B R A A
2013 AFHK A [ 2 555 2040 28 e A iy e HF ik oF A
) FE Al PR AR HE R |5 4 BRI U
HERC A 1% , B3 2020 4E i H bR > o
Al A A5 R G IEIR % SR €O, (CH, #1 N,0 i
AR T L R T A [ e R R, AR
SHR M [T 98 g o M R R X ARl 3R A v
R T BB, ob [ R B A T AR K 1
Bl o LA IR R A L R R
KAy R R4 2 50 R [ i B Iy 5ok
HOK I AEE 22 5. BB ET R T
R [ 7 2k 5t 3 K 43 R BE £ B, kB
PR T B EE S5 0 ~40 em 3 F K &
PR 5 B T 10.61% F106.75% , 4
LR IE R 25 10 0 ~ 15 em 5 40 7 36 /)
BN T 1.96°C Al 1. 18°C o - HE/K 43 il - 498 i i
L SRS B PR B R K B D T —
AR AR T P 53 2 PR S ROE A R
PES T WAL A T S R ek B, B
AT fd 3% CO, HEi & T & 10.4% ~94.5% ,CH,
HERC R AR 5. 1% ~47.4% . NAN 2" BF 58 k81
B AL B CO, 1 N,O ¥ 8w, 1 CH, ¥ ¥ 8
65 5 781 55 W] S 0k H 4 CO, A1 N, O ki 98 #4142
w5 ML CH, B9k, NISHIMURA %' f#F 55 1
X 3 M N, O S MRHE R 19 5 W), o B MR AR Bk T
N,O Bk . HRT, 56 T ) 5 B X0 4 13 2
SN PR R B 5 5 /0 L 22 4 v 7 X B — SR I BT 5
J7 o

Bk LS4 B B RIE 5 D v AR B 2 R AT 9
I A9 A AR A AR 1 B T B Al B R T
% Z e M PPN BEVE HEIE T I R 25 A A 7 3

gk FE, i A IR 51 4 A R] 2 A e HE S
B S B AR A 7 3 Sl IR A AN
SR, RIS F [ A FH A B0 D 4 2880 1 R gk
I TR R R K SCHR P, K2 O RS AT IS e A
HUAL G 25 A5 BELE i 19 A S F S0 405 2R, A SR A [ B
577 3 R RN, R A T D o P, AR SCRL R R F
JE/INAE = TR A A T LN BT X 42, i i B A
[l B2 J 5 AL B, B X & /N - B AR E R FN
bl A R R Y R e, e O T
(NGWP) Flk 2305 2 A br PP Al A ) 82 16 7 20 1
e i DR H1E S5 R0, G A P ) A7 B i, 48 5 5 v o I
AT IR AR T 5, DL O PR R /N A BRI
B Al 8 g Ik HE B2 AHAR A

1 #REFE

1.1 I XHER

FH 1] 328036 67 B 74 O v - it rp A e IXC, P L
A RBE 5z K45 KR I 3 0 (34°20'N [ 108°24 'K,
MR R BE 521 m) | J@ 2 T R E X . 2014 4R
10 1 f55—2015 4 10 J] f5y s [k &y 540. 8 mm , 4
IR R 14.3C i g i N R IEN L ,0 ~ 1 m
2R H R HRE K EE 0 23% ~25% , % R A
8.5% (¥ Ryt & /KA ) FEHI 0 ~20 cm 3R A
PLBK & f A 8. 23 g/kg, A& O 0.95 mg/kg, +
PSR T RN S 41 mg/kg, BIHEERER T EA
1.35 mg/ke, 5 %5 (P,0,) & & M 20.91 mg/ke, #
B (K,0) & & 5287 mg/kg, pH fH (/K + J5i & F
1:1) 4 8.32, L HEATE N 1.43 g/em’,
1.2 igit

IR FHFE AL X H B3, A BB (CK) 2 i
Bl (BM) BAEE I (LM) (44 55 (QM) 4 Ak
oA XA EmE L o, £A4MES 3 K,
12 A /N X A/NX BN 10 m* (2 m x5 m) |, fili
SHORHE IR (3R 28, S 0. 008 mm , B3~F-J7 K ot 5t
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Fig. 1 Sketches of experiment arrangement
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Tab.1 Fertilization rate and irrigation amount in

wheat — maize growing season

iR/ (kghm %)

H W 7K & /mm N P 0.
2014 -10-15 0 120 100
2014 -11-19 30 0 0
2015-03-15 30 0 0
2015 -04 -09 30 0
2015-06-10 225 90
2015 -06 - 12 30 0 0
2015 -08 -02 30 0 0

1.3 MEBEMTTE
L3.1 s R4 S

il = AR SR 2 G R O (3 kAT SR 4R
RO SE o SRATAR P AR A R IIG 28 28 18, A6 1A T PVC
H B, B W IR R BCOE R RE, RosE o 50 em x
50 cm x50 cm, F PN 2 B HE 5] AR 1 KU AR AT
I, 3% G 12 =i 1o i 9 FH AN 45 A, ROE ol

50 cm x50 ¢m x5 em, JiEJE N TCAEY) , U 2 #R b 1 3
TR AR HE . A b TR A A SRR 2 A A
T 7K 2% B DLRR 48 46 A 3 B . SR SR A I [R) Dy
09:00—11:00 Z [&], 41146 J5 57 BI A 60 mL i3 Jff &%
RS SR G A3 N AE AR S5 10 .20 .30 min B SR A
— o B 10 d RAEE— U, 2 Tt T I B K )Y
PIERAE AT A, — SRR AE 3 WK, 4300 g 2015 4F
SH23H.7H 16 H.8 5 H. RHEEZH )5 E
A 152 50 % AR 835 AL (Agilent 7890 A AU, ¢ [
LEERBHHCA R A ) #6147 73, CH, #1 CO, ffi
F A B RIS (FID ) I, 800 &AL HER b
80°C , il 2%  FE ly 200°C , 3 3 4y 40 mL/min; 5,
&S, O 35 mL/ming B8 2 AR, IR
350 mL/min, N,Of A iR & (ECD) , 230
S, AT IR 2 65°C, K N £ L BE 330°C, Ui B
30 mL/min, ASACHRERGHE 38 1 4 > 3% 200 5k B R
AR GE LN [T 53 A5, o Y
MP de
e T E TR
X F—— R R HEBGE &, mg/ (m” +h)
H—RHFEHH i, m
M——AR I BE IR it i, g/ mol
P——R b fi Ak, Pa
R— 5 SR8 %, B 8. 314 Pa-m’/ (mol -K)
T——RAE I 46 N P2l , °C

o AL L/ (Lemin)

FHN A6 A6 5 /22 L £k A F I CO, N,0 Al
CH, R G
1.3.2 =i R M 5 K R g
AN IG AR AS /N X BB 1 m® [ R A5 AT
B, XU RS AR SBORFRL BT R T B R B
LKEER LG ABUNE & (Vhm') #oR, KBKX A
BTG W B H s AR AR IR K R (181 2)
FHH IR AE 5 em TRAL + 3R R AN E S
TRLEE I 5 I [0 Sy %5 DA A 8 T IS 20 min J5 SR H]
TDR - 387K 73 3 A g 4 3 1A B & K 3 A4S /)
DXBEMLI 3 A~ md P 408, A 38 AL B R 3 7K %
( Water filled pore space, WFPS) I~ , i+ B ARl
Wips =6,/(2.65 —y) x100% (2)
A Wop—— RIEALBRE & KA, %
0,—— TIEIRFLE KA, %
y— HHRE g/ em’
L4 EBFRFETHREMAILRERITE
VEW I A 7 3 (NPP) A S R AR 8T 1 1Y
SRR i AN A HLAR RE B ) 5T I 2l i) B it O

(1)
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Fig.2 Daily precipitation and maximum and minimum

air temperatures in wheat — maize growing season
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Hp N, =0.446W . -0.000 67
A Np——8 0 %A ) (LA S5 (C,) 1),
kg/hm2
W, ——VEYI ORI 1 b3 43 A b 38 43 AR
Yt ey B ke
R,——£3% CO, fEACiE (LL C31)  kg/hm’
ViR (NGWP) J& 2 25 L 3 H AR W) i HE i
#:(Soil and crop-based approach) 2l T AR
Yo A 00 S 5 A TE AR 2 78 AT PEAN, B PLAS
P A B RS W NCWP I+

Newp = GW"’MP + GWPAS()C - GWPCHC\ (4)
it EF' NGWP—Z% i T {% i%“ , kg/hmz s LA COz %l/ %
i

Gy ——HFINBLAE 2 1 BRI g/
Ll CO, 4 i3
—— BRI R A HLI A5 A B R

BB TARR A
WA i
G yp,,, —— L3 CO, (FEFFHEST 4 HELL CO, T

AHE R KA ) N0 Fl CH,
Hl i 9 TR 05 4, ke/hm”, LU
CO, X5
Y Neyp >0 I, B 2= AL, 2 I
L5 HRETIENAEEHE
i 42 38 14 320 5 R T U AR /N 22 B K 25
(2014 410 H f3—2015 4 10 H ) , PP AR BT A ™
1l R CREARERIAR 24 ) 1) B HE S A T35 3l A 1) fE T

THFE CHENE BTG AR 25 B 1 Ik e 22 A )
JREAE 7 aok v A ik HE LV R A R A AE TR T FE
(1) RHAERRG G i (NEE) RIEAES R
G S /N 22 R R K A B TN CH, Rl N, O
JBCR AT A0 BT, PE A A TR By 2O A S R
i1 [ 5 R
AN B R AR K L R R CF 35
xR
Cr= Y AE, (5)
X A——FRBEA M B
E, ——HIRL A HE S B, TE (R R B FE,
U TN LTl
YEW) A 7= 3L 7= i Bk 2 i C,, (L CO,-C,
)N
Cpy = (6)

b Cp,—— AR A= L™ BRI, kg/t
Ty——/INZE R K 77 i, t/hm?

1.6 HFEAESHH

B B 3 kR 2R B E, R A
Microsoft Excel 2013 #1 JMP 10.0 ( SAS Institute,
Cary,NC,USA ,2011) G4 R A7 40 BEANAH 5 1 2>
B, I Duncan #4650 22 5 5 1 (@ =0.05) o B
OriginPro 9. 0 B4 X Bfhs 247 1 4] .

2 HREHMH

2.1 TECO, HMBEMNTTEN

MIE 3a FIE 4a ] LIE 1, & 40 BN - oK
AT CO, HE & (L CO,-C i) A fh it
53R s AR AL, 23 Oy Z AT
4—8 Hinigmtas . CK AP CO, HEHGE & 7E
A/ INFE A 2 N B A AR T B R A L R K i R
AR BN T A CO, HEMOH & 22 Ok, #EA
8 H 1 2 Ji5 F Bif il B2 A AR R vy A0 38 /K 25 b 3L €O,
HEom 2 R FEAUE A (B 3) o WNR 2 AJH/NE R &
BIEAL IR CO, HFiE iy CK A HAF7E 25 M 2 5
(p<0.05), FkZ QM 4B Y CK AbHAF7E B &
25 (p<0.05), BM LM QM 3R, /NE—F K ZE
CO, HE ik & it 4 CK 4b 3 4y 5 3% 7 33.9% .
9.3% 31.6% ,
2.2 1¥EN,OCH, HMRKEBEENST LWL

1 & 3b mI, 4-4b PR N, O HE il & (LA N,0-N
)RR /NE - FOKE T N A #—3, 1E
JIES B R S 2 BT 4 S /NHE IO R TS K HE
W, b /0N 22 2 U R AT A it I B M e R B
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Fig.3 Seasonal emission fluxes of CO,, N,0 and CH, under

different mulching patterns during wheat — maize growing season
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(p>0.05), QM 4b 3 & CK kb3 23 fm (p <
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M 3 AL, NZ - oK ZE 3 CH, BEA I
FRAE AT HEBCRRAE , 64 | 5280 + 38 CH, A W e Bt
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Fig.4 Dynamics of soil temperature and soil WFPS under

different mulching patterns

WFPS KT 60% i (& 4b), B3 2 oJH1, /NE . E
KA L CH, M0, /N 45 0 3 TC
FEWZER(p>0.05) 1M £ AT LM QM & # 4 CK
A IR E FEAR T CH, MW, MAEBR CH, MR &
HAE, SO IR EEER(p>0.05),
2.3 IMFB.EKFEMNGWP BT

B2 AL B I TR R, NE S LM
Ab 3R E A CK AL 31 5 35 48 m, BM QM CK 4k 3/
A EERFMLES (p>0.05), EKkF= QM 4bH ™
R CK A0 P 5 28 14, BM (LM | CK &b 2 £ oK 7™ &
TRFEWZESR(p>0.05) (£ 2), M CK &L H,
BM LM QM &b ¥ () 4 Br G 77 1 20 53 7 9. 0% |
16.5% \26.6% , A% NGWP 3= 2 e F ki =
i, & A0 PRI R WA R B IR = SR, B
FERL™ 52 | [ R v ) 8O SR 45 Ak B [B] NGWP
ERHUmEER B, BM b /NE - E KE
NGWP 5 CK 4b B JC & & ¥ 22 5% (p > 0.05) , LM,
QM b3/ —F oK 2= NGWP %% CK 4b #2534 fin
16.7% 26.0% ,
2.4 BmREBHIEZN

MNZINZE = K ZR i A 305 53 A Al A, AN [ Ak B 3R
MARHAESRGEWKI (£ 3), LM QM 2k FEfK &
W CK A3y /b 17 33.2% 21.9% ,1iii BM 42k 35 e
JE 5 CK ARFRTE B 2% 22 5 (p >0.05) . NIE S Y
Tk JE 7 B AT 0, AR AR CO, Hrad it (NEE)
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MR 99.2% ~99.8% ., BM LM QM 4b H  fif¢
TSFE A CK b PRI T 41.7% 51.7% .76.9% .
Tt T FE 2 P HE ORI S 2 I ) R il B, VR R
WEFD N, O HE, 43501 o 5 Ak BHE R I #E 7 19 33. 1% ~

58.6% Ml 27. 1% ~40.7% 9.9% ~17.5% Fl 6.5% ~
8.6% o & 6 nJ 71, BM AbBEEA R L B4 CK AR
UG i T 16.3% , 1 LM A4k B AR CK 40 By 2> T
13.1% ,QM 4 P55 CK ZEBC B #1225+ (p >0.05)

®2 FRBEARNTRBRESEHMREIEEEES

Tab.2 Yield, annual amount of greenhouse gas emissions and NGWP under different mulching patterns

e CO, HE it (CO,-C)/ CH, HEji 85 N, O HEjik 4t (N, 0-N) / NGWP/
(&7 b 72 ) 72 ) 5
(t-hm ™) (kg+hm ~?) (CH,-C)/(kg-hm*) (kg+hm?) (kg+hm ™)
CK 6.58 0. 43" 3476 +380" -0.58 £0.20" 0.38 £0. 06° 10 603 =696"
N BM 6.84 =0.08" 4986 +127° —-1.04 +0.26* 0.47 0. 02" 11063 =112°
LM 7.83 0. 15" 4083 +345° -0.84 £0. 13" 0.46 +0. 02" 12 620 +248*
QM 6.80 +0.35" 4669 £327" -1.45 £0. 23" 0.56 £0.01* 10 891 +565"
CK 5.24 +0.71" 1945 £380"™ -1.83 +£0.27" 0.32+0.01° 8480 +1 179"
ok BM 6.03 0. 44" 2274 £173" -1.49 0. 36" 0.39 +0. 04" 9735 +724"
LM 5.93 +0.56" 1 843 £248" -0.33£0.17* 0.34 0. 04" 9549 +911"
oM 8.16 +0. 65" 2462 207" -0.76 £0. 26" 0.46 0. 02° 13 152 +1 053°
CK 11.81 1. 11° 5421 £143° -2.42 £0.32° 0.70 0. 02¢ 19 083 + 1 822¢
P BM 12.87 +0. 49" 7260 +93* -2.54 £0. 35" 0.86 +0.08" 20799 + 819"
LM 13.76 0. 71 5926 +202" ~-1.18 £0. 32" 0. 80 =0. 03" 22269 =1 158
QM 14.95 +1. 00" 7132 £274° -2.20£0.21° 1.03 £0.02° 24 043 +726°

T« RSN [F) 5 B e 7 Ak B ) 22 53 (2. % (p < 0.05) 6

£33 FARBEREAXHBRER

Tab.3 Carbon cost of different mulching patterns

RIS FE S (UL CO,-C,3f) /(kg-hm %)

HE Ok 5 i H HE i Al T B
CK BM LM oM
JE A N 1.52 kg/hm?[2 375 kg/hm? 570 570 570 570
0.2 kg/hm?[! 190 kg/hm? 38 38 38 38
42 4. 88 kg/hm?120] 14. 8 kg/hm? 72.2 72.2 72.2 72.2
Al i HriE 15.2 kg/ (hm?- %) 12" 2% 30. 4 30. 4 30. 4 30. 4
it A 0.9 kg/(hm?*-yx ) 12 3 2.7 2.7 2.7 2.7
W0 A4 24 1.4 kg/(hm? -y ) 12 5 7 7 7 7
Y3k 22.9 kg/(hm? - %) 12 2% 45.8 45.8 45.8 45.8
AL 2B 0.25 kg/( A -d) 2 N 0 0 12 0
fiy 0.25 kg/( A -d) [%2] 4 A 0 14 14 10
Hb 5% i it 5. 18 kg/kg!? 0 397.8 497.3 746
T % W] 0.92 kg/(kW-h) [ 181.9 181.9 181.9 181.9
i B B N,0 298 kg/kgl? 89. 4 110.3 102.7 131. 4
CH, 34 kg/kg'?! -29.9 -35.5 -14.6 -27.3
CO, 28 i NEE -6874. 1 -6761.5 -9376.9 -8960. 8
Sk 2 CF -5872.6* -5332.5" -7823.0" -7158.2"
3 i T30 55 e AL ) 32 R B A 58 O R A

3.1 AREERG AR ESEHER A R0
BT i3 e K POIR B0, ATAT 16 55 1 38 2R
Wy A R P L At 5 e 3 CO, S Y 3
PEBR 0 HEFLBREE T . R CO, HEMH Y
AR AR IR — B B R R
BFIEMK(E4) 0L HK RS CO, 74

PEAHUR & RS 7 T, g i s TR
L BE YIS o /N A TR A K, R [ B
5575 2 4 B AT AR 0 CO, HERR, PRy 2 5 ke 3 - 33
TR, AT 38 388 - S 3 e, s - S LIS 1
Gt B R RLIAR FR R SR B R A
CO, 3N T 4 CO, We ™ 5B I 14518
— B B A BT SE A S 2 A 4y B SEL IR A, M T [ A1
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Fig.5 Composition of carbon footprint of wheat — maize
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B AE - HOK ISR 5T B, 3 A 2o AR ek
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Tab.4 Single Pearson correlation coefficient of each emission with soil temperature (5 cm) and

WFPS (10 cm) under different mulching patterns

) CK BM LM oM
W+

o, CH, N,0 o, CH, N,0 o, CH, N,O o, CH, N,0
LHEGEEE 0.891%  0.043  0.231  0.701°  0.178  0.438  0.655°  0.236  0.260 0.875° 0.211  0.484

+ B8R 0.227 -0.036  0.234 0.334 -0.056

0. 407 0.229

-0.363  0.253 0. 405 -0.293 0.576"

T # FRTE p <0.05 KU H MK 5+ FIARTE p <0. 01 KPR EA R

BRI 8 N,O i ki Y . NIAHIMURA 41
WF5E & B, 3% 14 MG N, O 3 45 He K S 57 11 97 ik
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