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Impact of compound addition of biochar, nitrification inhibitor, and urease inhibitor on greenhouse gas

emissions

TAO Zhen', LI Zhongyang'?, LI Songjing', LI Baogui', LI Siyi', GAO Feng', LIU Yuan"
(1. Farmland Irrigation Research Institute, Chinese Academy of Agricultural Sciences, Xinxiang 453002, China; 2. National Research and

Observation Station of Shangqiu Agro—ecology System, Shangqiu 476000, China)

Abstract: To investigate the effects of the addition of exogenous biochar, nitrification inhibitors, and urease inhibitors on greenhouse gas

emissions, an indoor incubation method was employed and combinations of exogenous substances were as follows : control (CK), biochar
(BC), nitrification inhibitor (NP), urease inhibitor(NB), BC+NP(BCNP), BC+NB(BCNB), NP+NB(NPB), and BC+NP+NB(BCNPB).

The greenhouse gas emissions from the soil, as well as the soil pH changes, NHi=N, and NO;—N in these treatments were monitored. The

results demonstrated that compared with CK, each treatment basically suppressed soil N,O emission with NPB being the most efficient

treatment; all treatments promoted soil CO, emission except the BC treatment; the effects on soil CHy emission were generally similar to the

CO; results. All treatments, but BC, BCNB, and BCNPB had an inhibitory effect on the global warming potential to some degree, and the

NPB treatment worked best. At the end of the incubation, compared with CK, except for the NP treatment, which increased the soil pH, all

the other treatments decreased the pH; in terms of inorganic nitrogen content in the soil, compared with the CK, all treatments increased the

NH:—-N content, whereas the NB, BC, BCNP, and BCNB treatments increased the NO;—N content, whereas the BCNPB, NP, and NPB

treatments reduced the NO;—N content. Considering the effects of both global warming potential and soil properties, the treatment of the

nitrification + urease inhibitors in the study is the optimal choice to suppress greenhouse gas emissions.

Keywords : biochar; nitrification inhibitor; urease inhibitor; greenhouse gas
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Figure 4 Changes of soil CO, emission flux during incubation
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Figure 5 Changes of soil N,O emission flux during incubation
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SR AE Ak BN e R R R ) BT - 48 pH R,
HE— LS WSk A AR 5 10~14 d B N,O
HE S kb . R 28 Kok 1 pH B i T A
IEE T pH T & A SRS AR VR F % 3 7= 9 e NLO 5
AR R NPT S 30 NLO HE 3 2k (18 5) .
5 CK AR, 7 /M ES) 5 Ak B4 0 T N0 REHE L
i, H NP NPB A ()3 O IR 2 T 5 K (%
1) o FASFMIE Y A HE H NP 30 61 R0 e 4, ok b
79.8% , NB Ui /b 39.4% , BC I /) 13.8%; 5 NP . NB #f
ke, BIr X1 B BCNP . BCNB 403 ) N,O 2 HE = 4>
BB T 239.4% . 64.6%, NPB 43 5] 98 /> 10.8% .
70.3%, 5 BC AH £, BCNP AR B 1) N,O B2 FHHE ik & sl />
T 20.7% ,BCNB AL FEYE I T 15.7% , —JC 4 H i Fh
035 7K A5 it T 8OR BE 45 5 BONPB AR FEAH LY, —
JUAL FE P Y BCNP 4 # N0 R R HE i & 0 /) 6.3%,
BCNB Ab B 34 i1 T 36.6%, 1fii NPB A4b B U] ik /0> T
75.4% ,— JCAL P Fp ) NP NB &b 3 N,O S FHER &7
FEA> T 72.4% 17.1%, 1 BC BN T 18.1%, £
IG5 = OndL A [T i A A0 i 70 R0 3 i 5]
0 S 3R e i, S 5 5 A W 45 T NLO HERCR:
A PRGN, AF Rt A P B SR kb, 3R
A3 441 59 5 A 9 e 2L 7 NLO HE T T AR R B
PO HEBC 3
2.4.3 3 CH AR L AL

S ARA I Y - SR BT (E s X 3] T
CH4 B HERL , 3 55 25 - S5 e 25 R 2R L. 4~10d
Aot 4 38 P R4 T KR NHG-N, 1 NH S CHL 4314544
ARARL, T 25 5 4 R e S A0 TR TG P67 A5, S B0 s 1] B
P CHHEGE I . 2 5 MEE AL B e 7, +
e NHGZ B /b, B A3 pH B Wi RRAI%, 52 T 34
() 5 A R0ONE 5 3 B e T 1 L 3 30 CHL HE G 2=

F1 CO,.N.0.CH, ZRRH M EFNEIKIGRE R

Table 1 Cumulative emissions of CO,,N,O,CH.and global warming potential

AL H Treatment CO/(mg-g™) N.O/(mg-g™) CH/(mg-g™") RIS H GWP/(mg-¢™")

CK 2 547.3+73.0e 14.74+0.53a 1.45+0.03¢ 6494.11+116.99ab

BC 2911.3+109.8bed 12.71£0.47a 1.32+0.10¢ 6316.33+136.44h

NP 3052.7+£82.0b 2.97+0.44h 2.17+0.07be 3900.54+94.21d

NB 2 812.2+46.3d 8.93+0.69ab 1.65+0.08bc 5224.77+111.08¢
BCNP 3059.0+118.2b 10.08+0.71ab 1.91+0.11be 5783.74+164.10bc
BCNB 2995.0+17.3be 14.70+0.48a 3.26+0.14a 6 981.64+88.92a

NPB 2 831.9+25.4cd 2.65+0.33h 3.03+0.18a 3619.05+64.22d
BCNPB 3277.1+49.3a 10.76+0.36ah 2.67+0.06h 6 203.18+124.94h

TE [l — 1 AN [ 5B 3R A BRI 22 57 4.2 (P<0.05)

Note: Different letters in the same column indicate significant differences among treatments (P<0.05).
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Figure 6 Changes of soil CHsemission flux during incubation
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A (3R 2), AIREAE R N Bl pH Y T i 3 rh ik
YriE e TR PRI B bl 2 TR, NHI-N 240k
NO:-N (A fb 2 B2 7= A2 N,O ) R 2R 2 2 — i
NLO HEJCE £ 5 NHI-N Z [B] R B0 B Ao, 5
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Table 2 Correlation between greenhouse gas emission flux and

soil environmental factors

A F Factor CO N0 CH,
CO, 1
N,O -0.333 1
CH. 0.071 -0.332%* 1
pH 0.706%* -0.635 0.174
NH:i-N 0.117 -0.285* 0.058
NOs;=N 0.120 0.353%#* 0
WFPS -0.247 0.309* 0.323*

T #32RAE P<0.0S KOF b 35 AR, ## 38R TE P<0.01 K- |- i
AR
Note: * represent significant correlation among treatments at 0.05

level , ** represent significant correlation among treatments at 0.01 level.

NO-N Z RN B EASE . N.OHERGE 5 WFPS
Z R FE B R B35 IEAH OC , 3X 5 DOBBIE 28 fiff 55 2%
H—5, T RE R O B IS KRR, 3R AR
YRS 5B AL RN R T, A
2 N0, CH.HEHGH &5 + 3¢ WFPS Z [ f74E B 3 1E
PHRKR, 5L pH Z A —EIEM R HR
TR B 2K X AT B -5 7 B ot P B A DR A
WEA X
2.6 EIKILRE R

T 3 A AR B IR RO 22 AR, R IR —
SR HE AN BE 4 T i W TR, Bk cwP Sk
fhr B AN T ) PR AR . AR ES , BONB Ab B
GWP & F CK, 4 6 M~ Ab#L iy GwP AL F CK, H
NP . NB,NPB &b B B AIRRCR 2 2 (P<0.05) , HiH NPB
BOR (R Do 5 CKAEL , BONB ZbH7E 1 338
COHER A R B3 i 1 CHLHERL ; NP NB  NPB Ab #
HBIE N T COL M CHLHE L, A B sk 20 1 NLO HE L, T
NLO X 4R G TRV 1 STk AR e i, 306X 344
() GWP AL T CKo A AL il 51 | R 0 6 551 2 e
A ECAEBELE S A Y e GWP 3G, B W AE AR 12
565 v A= W 5 (A VS IIN A R BB SR 1R 2= 3800, AR o
3 itig
3.1 ANESMNEYI AR T CO HER R 72

ARG ZEAE T, i 7] A B 0 T 43 COLHE
B, 3 GRS IBIE 5T B i AL | TR T o 59045
P HEHEI CO M &5 3R — 30, R T RE N —F HEA
T E R T B pH, DTSN COLHERC . BT 1R
LR T 0.8% 7 R NP AL BEAHXT T 0.1% 5 & 8 NP
Aib B G A E 398 COLHER , TA R T R 2 fiF Ak 410 i 551
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