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Effects of biogas slurry substituting fertilizer on greenhouse gas emission and greenhouse effect of wheat—
corn crop rotation

YIN Gao—fei', WANG Xiao—fei’, SHEN Shi-zhou', DU Hui-ying', BA Shi-di', ZHANG Ke—qiang'"

(1.Agro—Environmental Protection Institute, Ministry of Agriculture and Rural Affairs, Tianjin 300191, China; 2.Henan Academy of Agri-
culture Science, Zhengzhou 450002, China)

Abstract: Greenhouse gas emissions under biogas slurry irrigation from the wheat—maize rotations were measured in situ using the method
of static chambers and gas chromatographic techniques, and the greenhouse effects were assessed by using Global Warming Potential
(GWP) and Greenhouse Gas Emissions Intensity (GHGI). The results showed that during winter wheat—summer maize rotation period, the
GWP of T3(3 times in wheat season and 1 time in maize season of 2: 1 biogas slurry irrigation) and T4 (4 times in wheat season and 1 time
in maize season of 2: 1 biogas slurry irrigation) for the year 2017 were not significantly different from those for the year 2016 unlike the
GWP with conventional fertilization (CF). The GWP of T3, T4 and CF in 2016 were 2 990.82+285.00, 3 235.48+307.05, 3 047.35+315.11,
respectively; while, the GWP of T3, T4 and CF in 2017 were 2 865.61+296.44, 3 069.10+318.44, 2 741.70+284.37, respectively. But the
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GWP was significantly reduced by T1(1 time in wheat season and 1 time in maize season of 2: 1 biogas slurry irrigation) and T2(2 times in

wheat season and 1 time in maize season of 2: 1 biogas slurry irrigation) treatments compared with the GWP by CF treatment .The GWP of
T1 and T2 in 2016 and 2017 were 2 578.57+£279.39 and 2 586.13+263.01;2 702.59+300.75 and 2 733.19+260.81 respectively. Compared
with CF, T1 and T2 treatment reduced GWP by 15.38% and 11.31% in 2016 and by 5.67% and 0.31% in 2017. In terms of yield analy-
sis, T2, T3, T4 and CF treatment did not show significant difference in two consecutive years, the yield of T4 treatment was 4.12% higher
than that of CF treatment in 2016.The GHGI of T3, T4 and CF treatments were not significantly different for two consecutive years. Com-
pared with CF treatment, the GHGI by T1 and T2 treatments significantly decreased by 0.56% in 2016, while T2 and CF treatments had
shown no significant difference in 2017. Comprehensively, with the consideration of GWP and crop yield factors, the T2 treatment (2 times
in wheat season and 1 time in maize season of 2: 1 biogas slurry irrigation, and 315 kg +hm™) might be the optimal choice. Therefore, T2
treatment is a reasonable irrigation mode instead of the application of chemical fertilizer.

Keywords: biogas slurry ; wheat—maize ; greenhouse gas ; GWP; GHGI
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Table 1 Winter wheat — summer maize rotation experiment design
/N 2R R TN TR FeorimA
Lb Wheat season irrigation Nutrient inputs/kg+hm™ Corn season Nutrient inputs/kg+hm™
Trcaments wow e wkw o A . o
Wintering period ~ Jointing stage ~ Heading stage  Filling stage X After sowing :
CK K K K K 0 0 K 0 0
T1 2: 1 THK K K 105 39 2: 1{HK 105 39
T2 2: 1AW 2: 1R K K 210 78 2: 1AW 105 39
T3 2: 1R 2: 1R 2: 1R K 315 117 2: 1AW 105 39
T4 2: 17 2: 1R 2: 1AW 2: 1AW 420 156 2: {1 105 39
CF K HK K K 300 120 T K 120 60
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Table 2 Crop management details for all treatments in

2015—2017

Ve e AR ] FlvFEL AT 7] gk ) V7K [E]
Crop rotation time ~ Planting time ~ Harvest time  Fertilization time
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2016 £k 2016.06.18 2016.09.30 2016.06.15

2016—2017 /NAZ 2016.10.07 2017.06.15 2016.12.03

2017.04.07

2017.05.05

2017.05.28

2017 £k 2017.06.18 2017.09.30 2017.06.15
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Table 3 The basic water quality characteristics of biogas slurry
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Figure 1 Dynamic changes of soil WFPS, air temperature, soil temperature and amount of precipitation
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A VR I Ak B B 2 3 hn 4= 38 DOC 5 &, i it AR IR
EFR(CF) B T 138 DOC & i .
24 BESEHNS&FWEFZ BHEXEST
18 14 Pearson AH M AT R B (£ 4) , CO i &
5 R AR B A1 3 DOC 5 /& (P=0.395) & i % 1F A1
K, A1 43 NHI-N &5 (P=-0.440) &£ 5 % 51/ ;N0
HECE & A1 WFPS(P=0.293) . K< ¥ (P=0.313) .+
HEDOC(P=0.332) , L HENO;-N 5 &8 (P=0.280) &£ & &

TEAASE ; CH I WEFPS(P=0.325) 5 i AR ek
25 BREBNRESERFHNEMNZMm
MFESHATLUE th, FEA /N -5 KRR RN
W T3 A1 T4 40 HL5 CF AH F BRI RIS H(CWP) %A
S EEEZE 5 T AN T2 A BR A5 HL it JEAH B 2. 35 PR AIC
T GWP, 2016 4 T1 F1 T2 4b B> S FEAK T 15.39% Fi
11.32% ;2017 443 S FEAK T 5.67% F10.31%; £ X 7™
B AT 43T, 2016 4F 1 2017 4 77 & T2 . T3 . T4 #l CF
b FRAH HE 22 S VA B 2, b T4 AR FRAE 2016 47
b CF AR BRI 5 T 4.12% 5 i = S ARHE SR FE T3 . T4
1 CF 2L W AFE 25 VAN 2, 2016 4E T1 A1 T2 Ab 3
5 CF AbHAH b 8 2 B AR T 0.56% , 2017 4= T2 kb B A
CF b PEAH b 22 S PEA B3

R4 SHBRESKHNEES EEAFZEABERE

Table 4 Correlation between three greenhouse gas emission fluxes and various factors

Grf;lln%oig:gas Airjl(e:j‘gﬂzlrfure WEPS NH:-N NO:-N Doc
CO, 0.705%* -0.053 -0.440%* 0.107 0.395%
N.O 0.313* 0.293* -0.145 0.280%* 0.332%*
CH. -0.155 0.325% 0.235 0.131 0.002

1 327K P<0.01 i 2K, *E R P<0.05 5 27K,

Note: ** represent significant at 0.01 level, *represent significant at 0.05 level.

£S5 20152017 EARRMEERERGE RN E £ RBREBESEHEMEE

Table 5 The cumulative effect of different treatment of greenhouse gas emissions, global warming potential , and greenhouse gas

emission intensity in 2015—2017

Ak CO R R N0 Rt CHL S P GWP/ eI Yield/ GHGI/
Treatments (-4()? cumulative . N‘z()l(iumulatlve . (_‘H? cumulative . kg hm kg hm ke COs eq-hm™
emissions/kg C+hm emissions/g N+hm emissions/kg C-hm
2015—2016
CK 1 985.13+187.03b 437.36+62.94b -2.32+0.35a 2036.12+213.50¢ 6 428.90+245.28¢ 0.32a
T1 2 424.55+234.75a 736.50+119.41b -1.45+0.46b 2 578.57+279.39h 10 462.53+1 335.77h 0.25b
T2 2 576.42+250.50a 700.88+140.94b -2.13+0.46a 2 702.59+300.75b 15 814.63+515.04a 0.17¢
T3 2759.88+250.40a 1 018.12+£79.07a -1.39+0.49b 2 990.82+285.00a 16 220.87+2 387.79a 0.18¢
T4 2 893.79+264.45a 1315.67+109.55a -0.25+0.48¢ 3235.48+307.05a 17 189.40+2 601.48a 0.19¢
CF 2 797.6+262.15a 1090.77+168.15a -1.41+0.40b 3047.35£315.11a 16 509.5+683.45a 0.18¢
2016—2017
CK 2129.44+196.15b 518.52+44.32h -3.34+0.34b 2 173.37+217.43¢ 5906.3+769.19¢ 0.37a
T1 2 519.31+229.46b 782.895+74.79h -5.02+0.49a 2 586.13+263.01b 9 954.47+907.69b 0.26b
T2 2616.67+224.23a 938.465+88.21b -4.47+0.47b 2733.19+260.81b 15 778.63+770.89ab 0.17¢
T3 2707.24+259.99a 1 036.625+94.35a —-4.15+0.41b 2 865.61+296.44a 16 025.40+434.34a 0.18¢
T4 2903.58+271.72a 1133.27+122.56a -4.81+0.51a 3 069.10+£318.44a 16 195.23+303.27a 0.19¢
CF 2 636.66+238.42a 896.805+115.39b -4.74+0.55a 2741.70+284.37a 16 645.13+498.27a 0.16¢

T ANJE /NG T REFR 7R AR B E] 22 5 1 25 (P<0.05) .

Note: Different letters indicate significant differences between treatments (P<0.05).
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3.1 BRERRKBRESEHRZE

A B CO, 1 HE ik 52 B 2 4 338 v AR AR A A
fe2z it B4 A B Z LR A, X5 COHEL
PRI R IE AR, & COL MY TR, 3X 5 HoAth 24 2 A2 AR AL
JRASE] Y 485 e — 20, AR /N2 2 o, HEGE H
0 Bl 2 1.39~25.65 kg-hm2-d™', FIHAd 2% % 12 AR L F
JEURIF 5T 45 5 (1.31~63.31 kg - hm2-d™") BLA —Fo-21,
R AP LA 5% 25 R 32 B Jit PR 36 X DOC %
A, AT R B, R Y COHECS 4
DOC 7 52 i & 1EAH ¢ (P<0.05) o #540fF 5 % W it
FHAHUAE 2538 in COL A HET™ Y, A biF 53 2% W VH W T
Tk it FH A0 A Ak 34 22 1 22 S PR B i, X 55 PRk AR
ERI PR AR — 3 W RS CO, 1Y HE B 5
IR, 32 2 I AE X = R A= W FAR o I W i 3% 4
e, DA 52 i = 398 11 A= A 50 R R DG 9
B, + BRI Y CO. A 85%~90% 2 1 T 3 A
a7 AE . ANE AR TR R, LI A
PERESS , COL HE M & 8 /0N | 45 Ab R ) 22 RN B i
2015 4 1 2016 4F /)N 22 1B 4 W CO, HE ikt 38 2 73 5l 4y
1.45~3.81 kg-hm?-d™" F11.56~3.53 kg-hm2-d™'. 4 H
IINFE AR, R CO, A HE I Bt 25 15 R ) FF v i
T, Bl TR Wt A SE T VR PRk A K FIAR R 06
3l COIREIEE — M HER R . S M6 ks T /N
RS AR ARG R I . 2016 4R 1 2017 4F /)N
7 75 B HER = 083 51 4 19.89 kg - hm™-d ™ F125.65 kg -
hm?-d™. COLHEMGHE & /) 25 AR Ak 5 R 1 2=y
PEARCIEAR W) A, FRFERIRZ W, COHE i &
MR s /N 2 Bl oK R I AT %
Ay AEEF) 8 1y B CO, A HECE & 15 2 5 K
1B, A K JE I — AR — R K. BB,
FRETZ M R AR | b R SRV S BB n , Rk
A E SRR T Z A MU, IR BT ) CO,
HifcaE 25 B — A/ N B

A NLO 2 76 AR W 7 T 38 2 i Ak A s s £k
AL RS 3 o) B R A7 it R R | PR AL
JE RS S AR R AR NLO 9 HIE i 243 31
H3-3.01~11.87 g-hm?-d™", 5 B A AE X1 5= i 2512
EF X R WRHEWE S NLO HEOWF 98 25 R A — 3%, 22
DR A VR R AR A KA A N 38 [ BV Y Ik £
BEAL T DRAAVIRA S SR AR AR 4 At 5 2 i HL Ak T
TR RS . 2015 AR /N A B T

NoO W R I BR G, B 35 Bl R -3.01~-0.77 ¢ N;O-N -
hm?-d™ AR SR B, Y b F—Fh N B 4
TR T EE IR BT, 2 B A 35 NLO W AT f B 4200
A5 WF R R IAEBAR M0 5T N B4 i K o 5
AR AL S RO et R AR B NSO it — 2
B8 A Ny, DRI 23 HH 30 N0 IR I B 422, DAL vh
AT LA it A R AT DA S 2 i N2 O AT, 3
F IR TR A EY A AR L T 752 3755 e
WE R AR AE s T R AR IR A S 2 T
N.O 19 HE L o Keller 6% 9 #F 58 48 5, 7£ 50%~
80% W FPS 3 Bl P4, NoO HEAIE i % WFPS X604k
B R, T ZE 420 E & B WEFPS 1 70% 7K
O3 ST HER R N0 225 55 T WEPS TE 50% HY 1% L
XA IG5 2 A 25 S AL, 38 A A M S A AR
N.O HIHERC WEFPS 5 M5 . W78 W &I FuK 4
JEAR HH NLO HEC f 25 P 2, Hodh A HL S
J& NoO F= A SRS PR 722 BRIEACHA A, 25 b B TR
JE AR 1 d, 358 NoO HEBOK -1 80 25 1k 22 = (P<
0.01) , P& BHA W H B9 N AE o] DL #E 4 B NLO I HER
K78 N0 HEGE T2 K FAZE IO T bl ##
EJAHTR | FUTR DA R A O Tl P S5 28 U0 AH OGP, AT
PR HE N0 POHERS o /N2 E AR T 1A, 38 0 R I ) AR
PRI T 55— NoO I HEIC R 0, 32 PR 78 1 9 1]
o THE B £ RN 2 i A A SR 0 N R RS B
(7K 3, - HEAL 38 EHE AL NLO 1K F- . 2016 4
12017 45 /N 22 2 (0 HE T 06 43971 4 19.99 kg - hm ™+
d7FT 11.87 kg - hm™ - d™", {H Bl 25 B[] 7 4 % 4% Ak 34
NoO HERAKT- 228 B AIS L 22 B N AEFIOK 43 i A 25
1 8 N2 O HE IR ST 18 55 8 1 T v 9 AN 237 AR K s
Wil 22 ) AR RV S /N A A A Gl 3 iy
N ZEAS BT /)N 22 A8 bR T 5, 338 NLO HEHICGHE i EL 3K
Ko ELhAE I A 5 301 NLO HE I A S5 MK TR 5 40
TR B TR A I K HE R, A AR R 1 B 57
JCER . HEREE I R S N 2 R
e VA R PR 2 A AR, B oK R ) NLO HETGH
TEREWR 5 55 3 d AR PR FFAE B R 7KK it A T R Aof
R A LA ARG FE S B K 4y %
P NoO HEC RS =i o

4 g CHL VR FEAR T KA CHA MR BE I, 7R
FERREEAE AR 51 CHL 9 7 HE i, A U0 45 S e B 4
JUF S 358 R CHL I, 5 R IR 55 £ &
SR B PN B B A R — B, X FEEREHT
CH.7E 3 i HE ORI sz B e R B L 1
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AR R A A RS e N
AN T T 58— VR RE IR, — Ty T - 4 b IR
AL, 55— 7 T 38 NHI-N FIINO—N By 5 il
SR I 00 ] - X CHL A WO, TS 2E T CHL 1)
HET o AR 5 20 BB A, pR TR S5 R A B A i A%
11 CH. W HE B FAARACE , S b B2 0] 22 S5 AN K.
4 F/NZZ AR WIS, BE A TH AR R A A DA
TR (4 18 T, CHy H AR — AN HERCR 06, eIt CHL o
AR 5% 0.05 g-hm2-d" F10.12 g-hm2-d ™. 24/]\
ARG, BT K2 FN R IEAE, CHL W HE
R WA T/ N R . EOKRZE R IR A
CH X B —ANHE R e, Bk AR E I, &b >
A 2R
3.2 BRERX HIEBE A MR

INGZ - FOKREEAE R BN, AN [R)Ab #E H NHE-N | T
TR A 5 B A R R R B — 2 1 22 S
2015 4 F1 2016 4F /N7 114 1A A, T V000 Tk A 34 g 55
= T CK A CF AR B, &R & A KE N E
FRouE Hh AU 0 A =, 2016 4F TR
JHE R ACh BRI bt P AR A Ak 25 S S B B nT BB R T
PREFGAL A NHI-NFEHR . FLAET A NHI-N (1) 75 53
TRTF /N R A 2 DR R /N T PR A A B,
N 2 R A7 43 W SO Pt ACERGH W Wi i Bz, P
DL A4 NHI-N & S 8K, 55 AME BRIV WO I 1)
A St 2 R B TR R B ) /DN i 0, X FR T AN
T P O8R5 B8 9 v NHG-N & 3, A6 P IR
X DA 23S R ILRE A 3, DR R 3.76 mg - L™, jifi
JE R0V W HE IR S 4 NOS-N & R A Gk T
MJEAES 7 dJF ik B R ME, X2 N &R FEE L
NH;-N B9 ik A 4358 3 3 36 903G sh s #h
A AR % NHE=N 15 NOs-N 84k . TR &
HRENAVY, N ITE & E 5 -5 % DOC &% &
T, &AL B DOC 5 8 B % 22 51, T4>
T3>T2>T1>CK>CF, 3 BV HE L °T LA S 2 4 vy 1 45
DOC & it , Z 5058 = B A HLIE Sy + i 2k 4 it
T, R T RE A% I 3 v L 3 A PIL 1 o
AR T it AL AEEe=, - At 5% 2 B it FH A0 IE 25
FEAIC 88 DOC F 5, 3 J2 PR oy AUt £k AES 2 o 3ok +- 358
SRR EI RS e o A w8 R0 W A A 1B e =
T A A AL ) 43 i 1 58 b oA LB 1 Ak 3z 2 4
], U85 AR P DT (5 - 48 rpon] s A LA
AR A AR R IR, b I 2 i AR Y
MO BR B A I, A 158 5 SE A A WL RO LA A AL

JT¥IAT T IEFE 8 A PSR R
3.3 BREBIMED =2 K&K HIRE A2
A H KRR A B E R UE P i A T4 TR =R
PREA T BB A ST R, TH R I A BN
BRI AH Eb ™ i A M 25 S, LV R R T LA
B P R L & R DA SR i, I EY AR
At R EETR. CGWP EELUINO N F, BEEKT
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WA FE WA EEFR IR MR ICRFESR
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FERIEAT AT HT | 2 BITE VRO T R Rt A Ak 2 S
AR, PRI A IE 2540 TR T DA AR it FH T4
M. IR SRR SR B (GHGL) /b iR 30 S5 159
FE R ASS AR PEM 2R A IR E AN . ASHIESE R, T2 Ab
PR S AE I GWP AR T FUE NS AL 38, 7 5t AR F1
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