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Abstract: Biochar is a promising material for mitigating greenhouse gas emissions. In addition to carbon sequestration, it has
positive effect on the ozone-depleting gas nitrous oxide (N20), which is with long residence time and strong warming potential.
In this research effort, an anaerobic incubation experiment was conducted. Three treatments with different biochar application
rates were set, taking account of biochar to soil ratio (w/w): 0 (0BC), 1% (1%BC) and 5% (5%BC). Soil gravimetric water
content was controlled at 20%. According to the robotized incubation platform providing real-time determination of N2O and N2
concentrations and soil denitrification functional gene abundance measurement, we analyzed the impact of biochar on N2O consump-
tion and biological mechanisms. The main results indicated that after a 20-hour anaerobic incubation, the denitrification functional
gene abundance of 0BC treatment was 6.80x107 (nirK), 5.59x108 (nirS), 1.22x108 (nosZ) gene copies per gram soil, respectively.
Compared with OBC treatment, the nirS gene abundance of 1%BC treatment increased from the initial 2.65x10% to 7.43x10% gene
copies per gram soil, while, the nosZ gene abundance increased by an order of magnitude from 4.82x107 to 1.50x10® gene copies per
gram soil. However, there was no significant change in nirK gene abundance. And the denitrification functional gene abundance of
5%BC treatment did not show marked variations. In conclusion, the N2/(N2O+Nz) ratio of treatments with biochar application was
clearly higher than 0BC treatment. The results of correlation analysis showed that nirS and nosZ gene abundance was significantly
correlated with the N2O concentration at 0.01 level, and the abundance of nirS and nosZ genes all increased as N2O concentration
declined at the end of the experiment. Therefore, in the present trial, a 1% biochar addition significantly increased the abundance of
denitrifying bacteria with nirS and nosZ genotypes and N2/(N20+Nz2) ratio, and promoted the complete reduction of N2O to N2. The
main mechanism of the biochar effect on N2O emission was the enhanced reduction activities and gene expression of nosZ-containing

microorganisms, resulting in complete denitrification.

Keywords: Biochar; Greenhouse gases emission reduction; Soil microbe; N2O consumption; Denitrification; Gene abundance

[12-14] N,O

http://www.ecoagri.ac.cn

8% N,O tl;
, N20 (<700 )
11%, 2020 (231 N,O [15-16]
114 , 100 R N.O ) )
CO, 298 [ , N,O
> N.O
, N.O , N,O
, 270 mol-L! , ,
324 mol-L!16] N,O (Glycine max) , N,O
=81, 50%, (Brachiaria. humidicola)
, R 80%!7
, 3 : N>O )
] 2/3 N0
[1o1, , .
( pH pH, ;
), ( ) ,
) N20 R N.O
N,O (1] ’
19 , ,
“Terra Preta”
N,O N,O

B

nirK nirS  nosZ



9 : N:20 1303
N2O 1.3 NHi-N  NOs3-N
N>O , 10.00 g ,
, N0 50 mL 2 mol-L™! KCI ,
1h, NO3-N
(UV-2450, Shimadzu, Japan) , NH;i-N

1 #R57A%

1.1
0~10 cm (
, 37°53'N, 114°41'E),
s 2 mm
, (HTT)
520, <2 mm,
pH 10 g
50 mL s 25 mL R
1~2 min, 30 min, pH
(METTLER TOLEDO) pH

(vario MACRO cube;

Elementar, Germany)

(P) us;
P=1-Dv/pg (1)
: Dy , Pd
) pH 7.61,
9.3 g-kg™!, 14.9
gkg!  1.0gkg!, 9.30 1.30
g-cm™, 50.94%
1.2
( 0),
120 mL S 10 g,
[
(0BC) 1% (1%BC) 5%
(5%BQO)], 20%,
3 )
1 mL N2O (99.8%),
Robotized Incubation
N.O N,
130 1 h, 0 5%,
20 h, >

(SmartChem 140, AMS Al-
liace, France)
14 DNA
N,O

DNA,
FastDNA Spin Kit for Soil (MP biomedicals, USA)

(NanoDrop ND-2000c Technologies, Wilmington,

DE) , DNA
DNA -20
, PCR
20 ng-pL™!
1.5 PCR
(mirk  nirS)  NO (nosZz),
g'C )
PCR 20 uL, 10 uL 2 x

TB Green Premix Ex Taq (Takara Biotech, Dalian, China)
0.5 uL (10 pmol-L7Y) 8 puL
1uL DNA
F1aCu:R3Cu (nirK)!'", cd3aF:R3cd (nirS)?*?!, nosZ-
F:nosZ-1622R (nosZ)?*22

(nirk  nirS) (nosZz)
pGEM®-T ,
, 10 ,
103~10? , 3
, DNA PCR
(CFX Connect™, Bio-Rad, USA) PCR
1 95 2 min, 95 30s, 57
(nirK) 56.8 (nirS) 59 (nosZ) 40, 72
30,40
1.6
EXCEL 2016 IBM SPSS
Statistics 19.0 (SPSS Inc., USA) ,
SPSS R Duncan
s Pearson
EXCEL 2016  OriginPro 9.0

http://www.ecoagri.ac.cn



1304 ( ) 2019 27
2 HERE5SH I , No/(N2O+N2)  N,O/
21 N0 N» (N20+N:) ’
20 h ; N0
N,O R N, )
( b, N.O N N2
, No,O >
N 0BC , , N0
20h 1% 5% N,O N>
200 pmol-L! , 2.2 NHi-N NOs3-N
N,O 1% 5% ; NHi-N
N, 0BC 3 , 8.12 mg-kg™!
550 19.69 mg-kg™! (0BC) 18.72 mg-kg'(1%BC) 13.97
0 a mg-keg! (5%BC),  NO3-N 6.11 mg-kg™
S 200
£ 0.1 mg-kg™! (1 ,
’;g‘ 5 150 5
% g 100 | ——0BC NO3-N
8 —a— 1%BC
g —a—5%BC NHi-N
S 50+ 0BCS ’ ’
;2. . —*—5%BCS NO3-N , ,
60 ’
S b ’
= 50t
= , , 1%
€ 40}
P 5% NO3-N 0BC
S 30f
X , (DNRA)
S 20f N _
2 NH3-N NO3-N
S 10t
“ o 1 REKHTRMENFRRN AR ALK 18
NHi-N 1 NOs-N & 2R &M
12 112 Table 1 Impact of biochar on initial and final soil NHi-N
1.0 11.0 and NO3-N contents under anaerobic condition mgkg™
% 0.8 10-8 % Ultimate content
2” 0.6 10.6 % Initial content 0BC 1%BC 5%BC
Z 04 ---ﬂ--zg%%g AN 10.4 2 NH;-N  8.1240.18  19.69+0.29a  18.72+0.38a  13.97+0.22b
021 %0 (5)‘1’3/0%%8 N % Loz NO:-N  6.110.10  0.07£0.0la  0.09£0.0la  0.10£0.01a
0 \ " N 0 0BC: 0 ; 1%BC: 1% ; 5%BC: 5%
¥ -
0 5 10 15 20 3

RIS 1] Trial time (h)

1 REFHTRMEN R IR N20(a)s Na(b)iK
EREMN G LBl()BIRM[E ¢ , KA N2/(N20+N2)
BILL1E, B4 N20/(N20+N2)HY LLfE)

Fig. 1 Impact of biochar on soil concentrations of N>O (b) and
N: (b) and ratios of N2/(N20+N2) and N20/(N20+N>) (c) under

anaerobic condition [in figure c, the solid line shows the ratio of
N2/(N20+N2), the dashed line shows the ratio of

N20/(N20+N2)]
0BC: 0 ; 1%BC: 1% ; 5%BC: 5%
; 0BCS: 0 + ; 5%BCS: 5%
+ 0BC: 0 biochar application; 1%BC: 1%

biochar application; 5%BC: 5% biochar application; 0BCS: 0 biochar
application and autoclaving; 5%BCS: 5% biochar application and auto-
claving.

P<0.05 0BC: 0 biochar application; 1%BC:

1% biochar application; 5%BC: 5% biochar application. Values are
means + S.E. (n = 3). Different letters within a row indicate significant
differences at P < 0.05.

2.3
2 3
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Fig. 2 Impact of biochar on functional gene abundance of

denitrification under anaerobic condition
dry soil: ; 0BC: 0 ; 1%BC: 1%
3 5%BC: 5% P<0.05
dry soil: soil before the experiment; 0BC: 0 biochar applica-

tion; 1%BC: 1% biochar application; 5%BC: 5% biochar application.
Different letters indicate significant differences at P < 0.05.
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