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Abstract: [ Objective] Biochar is an important soil amendment material, as it plays an increasingly prominent role in carbon
sequestration and greenhouse gas mitigations, especially in nitrous oxide (N,O) mitigation. To investigate the effects and the
mechanisms of the biochar aging process on soil N,O emissions under a rice-wheat rotation system, an in situ field experiment
was conducted. [Method] Five treatments were established as follows: CK (without urea and biochar), N (urea), NBy, (urea with
fresh biochar), NB,, (urea with 2-year aged biochar) and NBs, (urea with 5-year aged biochar). Soil N,O emission dynamics were
monitored during rice and wheat annual rotation. Also, soil physicochemical characteristics and the abundance of relevant
microbial functional genes during the N,O production process were determined after rice and wheat harvest. [ Result] Biochar
treatment significantly reduced the cumulative N,O emissions by 32.4%-54.0%, with the reduction capacity following NB, >
NB,, > NBs,. Compared with the N treatment, NBy,, NB,, and NBs, treatment significantly increased soil pH by 0.6-1.2 units,
soil NO; -N content by 1.7%-31.3%, and soil organic carbon (SOC) content by 21.4%—-58.6%. Nevertheless, the ability of biochar
to improve soil pH was decreased with aging. Also, NB,, NB,, and NBs, treatments significantly increased the abundance of
nosZ gene by 54.9%-249.4%, and the soil (nirS+nirK)/nosZ ratio increased with the biochar age. Meanwhile, the cumulative N,O
emissions showed a significant negative correlation with soil pH, and a positive correlation with NO; -N content and amo4-AOB
gene abundance. [ Conclusion] In summary, both fresh and aged biochar can significantly improve soil physical and chemical
properties and decrease soil N,O emissions, but the effect of fresh biochar was better than that of aged biochar. The mitigation
capacity of aged biochar decreased mainly due to the increase of soil NO; -N content and (nirS+nirK)/nosZ ratio.

Key words: Rice-wheat rotation; Aged biochar; Nitrous oxide (N,O) emission
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F1 WHEFZES PCR ¥ 13| 40F0 5 5 &4

Table 1 The amplification primer and reaction condition of quantitative PCR

H Ay FEH 519 k72 J R 3 EEPUN
Target gene Primer Sequence (3°-5") Thermal profile Reference
Arch-amoAF STAATGGTCTGGCTTAGACG
amoA-AOA . [21-22]
Arch-amoAR GCGGCCATCCATCTGTATGT 30 MG, 94°CAEPE 30 s, 55°CIR K 305,
amoA-1F GGGGTTTCTACTGGTGGT 72°CHEAH 60 s
amoA-AOB [23]
amoA-2R CCCCTCKGSAAAGCCTTCTTC
nirSCA3Af GTSAACGTSAAGGASACSGG [24-25]
nirS
nirSR3cd GASTTCGGRTGSGTCTTGA
nirKFlaCu ATCATGGTSCTGCCGCG 30 MG, 94°CAEPE 30 s, 55°CIR K 305,
nirk [7]
nirKR3Cu GCCTCGATCAGRTTGTGGTT 72 CHEfH 60 s
nosZ-F AGAACGACCAGCTGATCGACA [16]
nosZ
nosZ-R TCCATGGTGACGCCGTGGTTG

FL R0 AR AR i AT 25 55 W E T (P < 0.05);
FF ) FH Origin 2018 ( Origin Lab, USA) #FfT4K.
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HRz ERIERKER
Table 2 Correlation coefficients of soil physicochemical properties and cumulative N,O emission, the abundance of ammonia-oxidizing archaea

(amoA-AOA), ammonia-oxidizing bacteria gene (amoA-AOB), abundance of nitrite reductase (nirS, nirK) gene, N,O reductase (nosZ)
gene during the rice-growing season

N>O RFHHEK B i
+ TR LR EERiIRY S 25 AR HAA
Cumulative N,O pH B
& WFPS% ele TN NH; -N NO; -N
emission
N,O ZFHEKL — —0.594* -0.029 0.155 0.461 0.774%* 0.551*
amoA-AOA 0.552% -0.005 0.304 0.714%x* 0.684%* 0.571%* 0.875%*
amoA-AOB 0.687%** —0.163 0.365 0.646%* 0.673%* 0.644%* 0.857%*
nirS 0.368 —0.841%* —0.042 ~0.224 -0.017 -0.159 ~0.140
nirk 0.243 0.371 0.428 0.919%* 0.825%* 0.464 0.908%**
nosZ -0.108 0.798%** 0.153 0.534% 0.374 0.460 0.484

L F R R R B KA P<0.05, P<0.01, Note: *indicates significant correlation at the 0.05 level and ** at the 0.01 level.

#3 EFIE N0 ZRHASRENETHERE. [RENARER. THESEREEERE. N0 £REERER LIREL

MRz BHHEXX R
Table 3 Correlation coefficients of soil physicochemical properties and cumulative N,O emission, the abundance of ammonia-oxidizing archaea

(amoA-AOA), ammonia-oxidizing bacteria gene (amoA4-AOB), abundance of nitrite reductase (nirS, nirK) gene, N,O reductase (nosZ)
gene during the wheat-growing season

N,O ZBHEK N )
+ K FLBR EERIR TS 2R ey THAA
Cumulative N,O pH -
 WFPS % soc TN NH; -N NO; -N
emission
N,O ZRHE — —0.824%* 0.073 0.249 0.452 0.460 0.800%*
amoA-AOA 0.491 —0.118 0.709%* 0.884%* 0.885%* 0.119 0.892%*
amoA-AOB 0.832%* —0.696%** 0.286 0.358 0.594% 0.410 0.819%*
nirS 0.494 —-0.472 0.793%* 0.603* 0.764%* -0.158 0.713%*
nirk 0.432 -0.278 0.867%* 0.740%* 0.892%* ~0.111 0.804**
nosZ 0.207 0.326 0.353 0.822%* 0.585% 0.214 0.630*

e # RN o B e R B 2 MK FE P < 0.05, P<0.01. Note: *indicates significant correlation at the 0.05 level and ** at the 0.01 level.
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B 3% k. B PR A B R e
5 NoO HERC VIR G o AT S AN [7] i i) 2 Al 2
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Yy 5 e 3 T S5 A IR, H AL O S s, K4y
TR (CBUE AR & ). Spokas 451 Py 43 Hr d
t0 HH [R] Ak A 0 o e AL R 45 Rk 1 9 L SR T R 1Y
i A S R AR B0 1 700 9 23 i, AT RE S EOHXT NL,O 1
W BEE AT B8 T R o g A B9 R A ) o T H
[ Ak J5 , SR AT I 0 3 55 )28, AT I B K o 20 0k
HomeE . E . BEITR, BRI E R, KRvmE
T2 5 5 A W e A A ROEHE N,O RE 1.
ZACEY R IEHE N,O feJ) FRE, IBATRE S 11
pH A . T3 pH Z I 13 N,O Hiim E LA
£, N,O BRI S 4 pH 2 B A (& 2.
% 3). 5 N AFHARL , AE 9 o e b B I+ 3% pH,
{38 B 2 A AE B A S T R AIK . BF9E h, Bfif
A= W) 5k 2R LA ML TE A VR TR 800 1, 3%
48 pH BEIMEO, Rk 1 R R AR D RS
A RLEAR NLO fHERC Y, bl A W o i A 1R
e, REKTREM, AALFRRIE RS 4D
JoT R 2% T R B AU RE MR L (-COOH ) FlEs
(-OH) ¥, SH L4 pH TR, nTRES R
N,O HEj > >,

TIETCHLA & wE a2k rT e Eee A W ok
IHE N,O BB J) T R 22 22 1458 NL,O BB 5
TIHENO; -N i 2 WEFIEMK, (FEELE N0
FRHEA S 13 NH -N SRR IEHe (£ 2.%3).
5 N AbFEAHE, 13 NH -N &85 Y R
LALZEHT R, 1 NO3 -N NLZ#HiH A1, Duan 2:1)
XF HH E) 2 ACA Y e A TR . BN E GRS
K, 2D TR AES I N LIS A T e A
Fe A, ghmsg A YA sk, It
AW o BE 6 B 2 1 A 3B Ak RN B A AR A
X NoO FHEAI o A 57 J T [ Ji 457 ORI %2 B, N,O
HE AT 58 5 A= W o o %) B 22 W% B A 5 30 NH -N
T TR, HERAEY e, AR
RELLFWREE Re ARG, WEBE R, A AT
AN X NLO B BTHRE o b Sl Ak i s A4 R
YR S2AK, Ak AW 5T ok 3% 10 SR A 2 W fn
3R, HEHNNOS -N 7 HEh R B, A R0 T
NO; -N Wik, Maefe #f /e AL e NoO i HE
BB Ak A W I e A a5 MR A T 20 R R Aot
FRFEAL NLO HEL P,

Ay Jo o 3 ot 5 i 50 BA 2 e R PR A BE S e+

H N,O HEi. 5 N AFEAH L, NB,, b3 EREAR
amoA-AOB FEHEE, BN,, fl NBs, WA AR FEJE
A3 AN AR B b B 5 ZE N amoA-AOA F i,
B K #94ON NBs, > NBy, > NB,,. CAFFRED,
Bk e A AR fE A £ B AOB i AN J& AOA F
S0 M, BTk R NLO HET ik
FEY amod-AOB F A . BEE AV K E
1k, amod-AOB =EJE i 1. #RNIZEE A K L)
JBT i B8 Ao W A PRI AOB ¥ 14 1) 1
FAEY, R AAE R NLO HEf. Liu FEPSA
MY R ARE Rt ( NH, ) #ENE (NH; ),
JEFRNATRE (AOM ) LI AE R aE 1KYy, JhE
WAL AOA I AOB F 3, fEdtgfbid Bt T,

5 NS, FAY Fixett, 15 nirk
nirS FEREREZREEM (K 4), EHEINN nirk 1
nirS PR RAE AL R B NLO HEBCH) 3222 5Tk .
nirK 25 SOC 2R FH M (L2, 3), &AM
TR E AP F IR A 9 e 2 3 nirk &
PRI, H A A i 2 ik — 2B R nirk SEH
FEREU 5N ACBA LG, AW TOR AL BRI T RS A
ZF LI nosZ LN L, HIGHREZI N NBoy > NByy >
NBsyo Sun 25OV 53t 2 PR A= 90 I ¢ R A6 434 il B2 g
it B nosz BER F R, ITIREAR NLO HEL - nosZ
LR F R 5 R 1 pH 2 B 2 IEAH (3 2 ), Obia
O AR Y BRI S 4 pH BN, & S8
it N,O W5 nosZ JEH FFESE N, i stk 7=
Y1 No/NLO it 2z it s hn, ATs 2> NLO i HE
. EHIE AREKET, 2AEY R pH B ERE
%, Xt nosz FPH E B w551, S8 HE N,O
BE I TR, (nirS+nirk ) /nosZ Y& N,O HE B2 /)
f& 78 48 b, B E AR W) BTk AL AR BR B9 3G
(nirS+nirK ) /nosZ Z Wi (& 4), FRIELAY
s HE N,O IRE S TR .

4 Z5 &

TERR-ZEREAE RN, 8. AW R4 e i
e R A R R K 3 NLO M HE; BEE R
Yok AR R, EEMER S K
(nirS+nirK ) /nosZ FAEZZEYGEIN, T F 804 P ot
T HE NLO WHERE 1B I o ASBIFSE R )
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