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Abstract: Irrigation can influence greenhouse gas ( GHG) emission and carbon footprint in agricul—
tural production. In this study annual GHG emissions ( including CO, CH, and N,0) were mo-
nitored with static opaque chamber and gas chromatography from a wheat-maize rotation system un—
der different irrigation treatments in the Guanzhong Plain of China during 2014-2015. A total of
four different irrigation treatments were conducted e.g. W, W, W, and W,,, where the sub—
seripts represented the irrigation amounts in mm. Net global warming potential ( NGWP) and carbon
footprint were used to evaluate the influence of different irrigation amounts on GHG emission and
composition of carbon footprint of crop production. Compared with treatment W, wheat yield of
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(CO,) .

treatments W,,, W, and W, increased by 31.3% 44.3% and 33.7% while corn yield in—
creased by 9.9% 22.6% and 33.8% respectively. Similarly annual CO, emission increased by
22.2% 24.3% and 15.1% and annual N,O emission by 18.6% 67.8% and 91.5% respectively

while annual CH, absorption decreased by 51.7% 79.6% and 97.8% respectively. The values of
NGWP increased by 20.1% 31.6% and 31.4% respectively. The carbon footprint of treatment
W o0 was 19.1% lower than that of W, while W o, and W,,, showed no significant difference. Treat—
ments W,,, and W,,, increased carbon footprint per unit crop yield by 44.5% and 23.3% respec—
tively while W4, showed no significant difference. Considering both the economic and environmen—
tal effects of different irrigation amounts we recommend the irrigating amount of 180 mm for the
wheat-maize rotation system in the Guanzhong Plain of China for the purposes of water saving and

carbon sequestration.

Key words: irrigation amount; wheat-maize rotation system; greenhouse gas ( GHG) ; net global
warming potential ( NGWP) ; carbon footprint.
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8.23 g+ kg™ 0.95 mg * kg™
5.41 mg * kg 1.35 mg * kg™
(P,0,)  20.91 mg * kg™ (K,0) 287
mg * kg™ pH( 1:1) 8.32
1.43 g+ cm™.

1.2

. Wo (0 mm) . Wy,
(120 mm) W 4( 180 mm) \W,,( 240 mm) 4

3
12 10 m*(2 mx
5m). 0.5 m
0.5m
- (
‘ 227) 2014 10 15 2015 6
6 N <14y 6 11
10 8
1
1.3
1.3.1
PVC
50 emx50 emx50 c¢cm
50 emX50 ecmX5 cm
9:00—11: 00. 60 mL
10.20 30 min 1
1
Table 1 Fertilization application rates and irrigation

amounts in the wheat and maize growing season

Date Irrigation amount ( mm) Fertilization rate
Wo  Wig Wi Wayp (kg hm™)

2014-10-15 0 0 0 0 120 (N) .100 (P,05)

201411419 0 30 45 60 0

2015-03-15 0 30 45 60 0

2015-04-09 0 0 0 0 30 (N)

2015-06-10 0 0 0 0 225 ('N) .90 ( P,04)

2015-06-12 0 30 45 60 0

2015-08-02 0 30 45 60 0

10 d 1 N
3 2015 5 23
\2015 7 16 2015 8 5
Agilent 7890 A
CH, CO, FID( )
80 C 200 C
40 mlL * min"; 35
mL ¢ min~"; 350 mL * min".
N,O ECD
65 C 330 C 30 mL * min~'.
4
. CO,.N,0 CH,
Fep MP  dec (1)
R(273+7) dt
F (mgem>+h™");H
(m); M (ge*mol); P
(Pa); R (8.314
Paem’*mol « K'); T
(°C);de/ds (pL e L™ ¢ min™)
1.3.2 N
1 m’
(teshm™)
N (1
5 em N
20 min . TDR
3
( water filled pore space
WFPS %) WFPS = /(1=
/2.65) x2.65.
1.3.3 ( NEE) ( NG-
WP) ( NEE)
s
NPP=0.446xW_, —0.00067 (2)
NEE=R,-NPP (3)
: NPP (kg C, *hm™); W,

y Ry
(kg C. *hm™).
(NGWP)
( soil and crop-based approach) "

NGWP
NGWP = GWP gy + GWP ys00 =CWP gy, (4)
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Fig.1 Daily precipitation and maximum and minimum air temperature in the winter wheat and summer maize growing season.
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Fig.2 Seasonal dynamics of CO, N,O and CH, flux under different treatments during the whole wheat-maize growing season.
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2 18.6%.67.8% 91.5%.
. . o 2 - CH,
Table 2 Fitted equation parameters of soil respiration rate
with soil temperature and temperature sensitivity of soil res—
iration rate
P W,
CH
Treatment Fitted equation R? Qo 4
W, R, =21.42¢%0547 0.74 1.72 8
Wiao R, =29.07¢"05°T 0.77 1.75 CH,
w R, =30.82¢%047 0.78 1.62
10 : - 10~35 C.WFPS>60% ( 3)
W R, =34.98¢"0¢ 0.67 1.44
CH, .2
- CH,
Wigo~ Wy W, CH (P<0.05) W
<V. N
Qo Wing>Wo>Wig>Woy. W ¢ W CcH W 20
WIZO‘WISO‘W24O - Coz g0 240 ¢ 0
W, 22.2%.24.3%15.1%. S1.7%.79.6%97.8%.
2.2 N,O.CH, / 2.3 . NGWP
2 N,O0 - 3 W20
Wi >Wigo > Wi >W, Wiso~ Waso - W
N,0 12 Wizos Wigor Way
2 N,O 31.3%44.3% 33.7% 9.9% -
4 9 N,O 22.6%+33.8%. NGWP
N,0
AY N20 -
Wi 72.1 NGWP (P<0.05) W50 Wi Wy
we N,ON *m2+hi(6 17 ). 7 NGWP W, 20. 1% 31.6%-
WEPS<40% ( 3) N,0 31.4%.
8 N,0 2.4
Woio>Wigo>Wi50>W. Wiss ( 4).Wy
Wiso~ Waso N,O W, W, 19.1% Wiso~ Waso
3 N
Table 3 Crop yield annual amount of GHGs emissions and NGWP under different irrigation treatments ( mean+SD)
CO,-C CH,-C N,O-N NGWP
Crop Treatment Yield ('t hm_z) (kg * hm'z) (kg - hm'z) (kg * hm'z) (kg * hm_z)
W, 5.01£0.50b 2644+334c¢ -2.57+1.20d 0.35+0.08¢ 8117+826b
Wheat Wiz 6.58+0.43a 3476+380a -0.58+0.20c 0.38+0.06¢ 10603+696a
Wiso 7.23+£0.25a 3431+407a -0.28+1.70b 0.51+0.09b 11566+402a
W 6.70+£0.34a 3152+347b 0.25+0.79a 0.59+0.10a 10672+£542a
W, 4.77+0.34b 1789+138b -2.44+0.16¢ 0.25+0.01d 7768+554b
Maize Wi 5.24+0.71b 1945+380ab -1.83+0.27b 0.32+0.01c 8480+1179h
Wigo 5.85+0.38ab 2082+101a -1.60+0.18b 0.47+0.03b 9332+617ab
Woso 6.38+0.66a 1953+103ab -0.36+0.07a 0.54+0.04a 10195+1104a
W, 9.78+0.40B 4433+176C -5.01+0.53D 0.60+0.05D 15885+657B
Annual Wiz 11.82+1.11A 5421+143A -2.42+0.32C 0.70+0.02C 19083+ 1822A
Wigo 13.08+0.28A 5513+78A -1.02+0.27B 0.98+0.04B 20898+452A
W 13.08+1.00A 5105+109B -0.11+0.02A 1.13+0.03A 20868+1637A
NGWP: Net global warming potential. ( P<0.05) Different letters in the same column meant signifi—

cant difference among treatments at 0.05 level.
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4
Table 4 Carbon cost of different treatments
Source of emission [tem Discharge parameter Amount applied in Carbon cost ( kg CO,-C, hm_z)
agriculture
i Wo Wiz Wiso Wi
Fertilizer N 1.52 kg CO,C, * hm™ 1% 375 kg * hm™ 570 570 570 570
P 0.2 kg CO,C, * hm™ 190 kg * hm™? 38 38 38 38
Pesticide - 4.88 kg CO,C, » hm™ 13 148 kg »hm™> 722 722 722 722
Agricultural activity 15.2 kg CO,C, * hm™ « time™! 1¢ 2 30.4 30.4 30.4 30.4
0.9 kg CO,-C, * hm™ * time™" 1 3 2.7 2.7 2.7 2.7
1.4 kg CO,-C, * hm™ « time™' ' 5 7 7 7 7
22.9 kg CO,-C, * hm™ « time™! 16 2 45.8 45.8 45.8 45.8
Irrigation 0.92 kg CO, = (kW = h) =' 2 - 0 181.9 2729  363.8
N,O0 298 kg CO, * kg”'N,0 ** - 75.4 89.4 1264 1443
Greenhouse gas emission CH, 34 kg CO, * kg"'CH, ® - -61.9 -29.9 -12.6 -1.4
Co, Net exchange of CO,  NEE - - -8032 -6874 -9596 -8728
Total carbon footprint CF - - =7256b -5873a -8448h -7461b
( P<0.05) Different letters in same row indicate significant difference among treatments at 0.05 level.
O NEE O CH, @N,0 @ {1 rigation .
2 SETRS e E 43.9%.27%. 4
g = Pesticl ertlizer = co NEE 99.2% ~
P O e N e O e SO e O ' (R ‘
" 99.9% . W 10+ W 150~ Waso W,
ggg_z- 23.3%138.5%+51.4%.
B3
ol . N,0
Hgd
:ﬁgg 47.7% ~ 72.2% 17.4% ~ 28. 6% 8.6% ~
L Ee 61
B - 11.3%.W s Wi W,
g
E o H 44.5%.23.3% W, W,
&) I
_10 \ \ n \ ) ( 5).
W, Wi Wis Waeo
At # Treatment
3
4 _
Fig.4 Composition of carbon footprint of wheat-maize season 3.1
production under different treatments. co,
NEE: Net exchange of CO,. 26
Ab ¥ Treatment
W, Wi Vo Wa Cu Y
0 ' ' ' ' McCulley
3 -0z}
B _ -0
B
& E . 120 mm @,
i £ -04f
=9-K) L (2.
ﬂ_g g a _I_ 28
5 -0.61 b
a 30%  CO,
. 29
_ogl _E_ be Liu
’ WFPS<70%
5 -
Fig.5 Carbon footprint per wheat and maize yield under differ— Wi Wis CO,
ent lreatments. W240 COZ
Different letters meant significant differ— O2
ence among treatments at 0.05 level. 30 .
.Liu
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) *® .CH,
W (5 CH,
Co, CH,
Wi Wi CO, 8
( 2. CH,
N,O .
3.2 NGWP
N,0 B 10 . .
N,O
o ( 5).
32
(3% ~22%) N,O NPP N,O.
WFPS<60% ( <27%) CH,
0, NGWP
N, . ¥ NPP
* ( )
N,0 ( )
40
N 90 ~ 150 mm 2
2
Wiso~ Was
NGWP Wi
N,O . Wiz~ Wigo Wi NGWP 15885,
15~ 19083.20889 20867 kg * hm™ "
35 30~67C . . >
N,O CO,
N,O
CH, Wiso~ W NGWP
CH, * . CH,
N N 3.3
7 - CH,
CH, Co, N
CH, CH, N,O 1Al
CH,
( )
5 (5 cm) (10 cm)
Table 5 Spearman correlation coefficients of soil temperature (5 cm) and WFPS (10 cm) in different irrigation treatments
W, W s Wigo Waso
Environmental factor Co, CH, N,0 Co, CH, N,0 €O, CH, N,0 €0, CH, N,0
Soil temperature ~ 0.777°  0.014  0.576" 0.891%* 0.043  0.231 0.858™* 0.524" 0.533°  0.864** 0467  0.461
Soil water content  0.372  =0.066  0.350 0227  -0.036 0234  0563° -0.079  0517° 0205  -0.021 0412

* P<0.05; * *x P<0.01.
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