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i OE: FUA (N0) fE—FRESAR, HHEEHIE Ak (CO,) 19296 fiF, A= MBRsh s bR s aif ik /e
JEAE N,O MEZLE R, Hal O KEA XY A HUILIRAG AR ST, (EAH S0 R W A o8 AR RR B, LR A:
Wi meRT 58 N, O HECAY 5t B 50N 1 N BB, FE 5 HUAC AT IR (T i — 2D 5 . ARBRSR LRI (7 48 ) e HZE Y Bk
A B IR R4, A& AR (1) XHR CEFIRER, F); (2) —IRHEEEEAEY R (FB); (3) HAEMA
HUE (OF ); (4) # 4t FA MUAE+—RPEFEA Y Bk (OFB ). K HANUIEAT L A MU Z R IRE W 25%. FFEEEFR
I AT R A3 438 NL,O HEROR AR RGP D RE R 2 B LU SR Rl A Mt FE X NLO HERCAYARXT BTk, 45K, 5 F
HHLL, FB. OF K OFB 73l & WA 1 44 N,O SREUHEIEL) 49.4% . 38.4%F01 59.3% . A=Wy ioii W& FEAIR 1 BT N,O HE
X BTk % ( Fungal denitrification contribution, FDC ) A9 11.4%, #E T 4IRSk ( Bacterial denitrification contribution,
BDC ) 1 5.8%. A HLUIEREAIR T 2V A AL AN A R STk 15.3%IM34 I T BDC 19 12.1%, & BCHiAERS 1 K% FDC 19 9.7%
MG BDC 1) 15.7%. 45H77 RERERILEAREN] . AL Bl id (% FDC, 424 BDC, LIKFFE(RIEMARERIEFIEN 5 N,O
JFIER EEEM LUAE (nirS+nirK ) InosZ A/l 1458 NoO HE; A HUICHE T &35 BDC LAKFEIR (nirStnirK ) /nosZ WAE
Wb NLO fEil ., RIRGERZRN, it A W) i s AP AIUIETE I D R0l 38 NLO HECOT T HA RS 1 . A SRR T 5%
NLO HERAHSC IR E Wit B2, SR A ST A 0 T i R AUt P X 1 S A A i R %) 3t B AR AR T R 4RHE , SRR LA vs
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Abstract: [ Objective ] Nitrous oxide (N,O) is a potent greenhouse gas with a global warming potential 296 times that of carbon
dioxide (CO,). Microbial-driven nitrification and denitrification are major processes contributing to N,O production. While
numerous studies have explored the combined effects of biochar and organic fertilizer, most have been short-term, and the legacy
effects of aged biochar on soil N,O emissions remain poorly understood. The interactive effects of its combined application with
organic fertilizers necessitate further investigation. [ Method ] Soil samples were obtained from a seven-year field experiment
comprising four distinct treatments: (1) control (urea application, F); (2) one-time basal application of biochar (FB); (3) annual
application of organic fertilizer (OF); and (4) combined annual application of organic fertilizer and one-time basal biochar (OFB).
In the organic fertilizer treatments, 25% of the urea nitrogen was substituted with organic fertilizer nitrogen. A laboratory
incubation experiment was conducted to measure cumulative N,O emissions, quantify the abundances of key functional genes
(including nirS, nirK, and nosZ), and partition the relative contributions of fungal and bacterial pathways to N,O emissions.
[ Result ] The result showed that compared to the control, cumulative N,O emissions were significantly reduced by 49.4% in the
biochar treatment (FB), 38.4% in the organic fertilizer treatment (OF), and 59.3% in the combined treatment (OFB). Biochar
significantly decreased the fungal contribution to N,O emissions (FDC) by 11.4% and increased the bacterial contribution (BDC)
by 5.8%. Organic fertilizer reduced the contribution of ammonia-oxidizing bacteria (AOB) by 15.3% but increased the bacterial
contribution by 12.1%. The combined application of biochar and organic fertilizer decreased the fungal contribution by 9.7% and
increased the bacterial contribution by 15.7%. Structural equation modeling (SEM) indicated that biochar directly reduced FDC
and enhanced BDC, organic fertilizers significantly enhance BDC and reduce (nirStnirK)/nosZ, thereby decreasing N,O
emissions. [ Conclusion ] These results demonstrate the sustained potential of biochar and organic fertilizer amendments in
reducing greenhouse gas emissions from agricultural soils and provide mechanistic insights into how these amendments regulate
microbial processes governing N,O production. This research outcome provides scientific support for in-depth analysis of the
legacy effects of biochar and organic fertilizer application on soil and their microbiological mechanisms offering scientific
guidance for optimizing fertilization practices to achieve the goal of reducing N,O emissions from farmland soils.

Key words: Biochar; Organic fertilizer; Legacy effects; Nitrification; Denitrification; N,O
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TR (COy) 1Y 296 £51, A AR RS R E BN
NL,O HERCE, 4R A NLO HE Y 52%), Hifise
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TR IR XS NoO HERC 5 e 1] RE 2 B [F] sl Bk
J¥i. Zheng ZEUSHAFSEHE H, AWk S AT HLALER
A it H e 98 42 HEAR M) A WO 4 = 3% pH L {2
N,O iR 5L, MR NL,O HEfik, B A B IR0

WriRAEUI BT R W, AR Y BAGE L B R nosZ HEIA
FIEWHE NLO, 5 HUEEC A IS nosZ D =
JERFREAL, SEORHARONIRG , ISR
HIBE R RN, AR o S5 A AILAL TR G A4 47 FAIL 1 o8 A
WG, it — 2RI T H IR 145 NLO HEL Y it
BHRUNE o AN SCHRHE A S0t FH A= 0 S AA AILAE B 1
RS (74F), WP REFRAE, WE: (1) A
[Fl b 2 A4 NLO HEOMAE 5 (2) f LA i flid
FEXT NLO HERCAYFIRS BThik s (3) A AL A Sl P 7
REHE A %

1BPRS

1.1 HARREFRE TEFRRE

PRI H A VTR BEPH T R VB (31°29'17"N,
119°19'57"E )o 2 Hl X AR 35 S0 R 7K £ 43 1) R
16.1 CAHI1096 mm, +HERARKPFEREB AR+,
T AR PALME T . pH 5.7, AHLER 19.5 gkg ',
L% 136 gkg', AR 18.6 mgkg ', M
124 mg-kg ' RIGHAT 2016 4F 5 H , E 4 MAbHE,
Gy (1) SRR, Fy (2) — MLt ik,
FB; (3) WAEMIANUIE, OF; (4) HA4EH A ML
AE+— VR P it A= % , OF B LMk ARl i P
W2 1 BANMEEFR 5 mx6 m=30 m*, H~4b3

x1 BFLEERER

Table 1 Fertilization details for each treatment

Gisiil it HEL

Treatment Fertilizer application rate

F PRE#E (HUtE% A 270 kghm?)

JRZ (EIEEE N 270 kg'hm™?) +EWFiR (30
FB

thm?)
OF 75%R FE+25% A LI (Bt & &M 270 kg'hm )
T5%IRE+25% A HUIE ( BtiAE R 270 kg'hm )
OFB

+EYFE s (30 thm?)

E: F: WAKE; FB: —KMESIGEAEY TS ; OF: 4
JEABUIL; OFB: 4t A HUC+— R A M B, T
[i]. Note: F: urea application; FB: one-time basal application of
biochar; OF: annual application of organic fertilizer; OFB: annual

application of organic fertilizer in combination with a single basal
biochar. The same below.

http://pedologica.issas.ac.cn



1302 + b1

63 %

=

3IAEE, HiF 12 ANX . KA R AR R
AR (450 °C~550 °C) PRATE, MLl
SELARBE A BR A Fl A, FEAREAL T . pH
9.43, Bk 685 gkg', MA 4.61 gkg', B
13.2 gkg ' FUESAT 241 gkg'c AEYIRBAULE 2016
AR5 A —W kA 4, e T HIER IR ST,
Jiti FH 4 30 t-hm 2,

AR T A HUIE A A6 2 SR AP HERE ™ &, N
P,0s fll K,O #4350k 20.3 . 42.1 i1 23.4 gkg ',
AHLT KT 350 gkg's M 2016 4EFFHR, ARAFELISE
NE I8 20t — ko I R B4 5—11 F Fifl—
FoKRE, HABRASE, KBRS REF 5~10 cm
K2, SEERWIHOKIE ., kK, it
PRFE 3~5 em K2 BB . VER S W Ik
WEOK, HIE A RIS T B 2Rk, RS FF B b B,
F B R N TR A i dF DA B ), H A
FH 1] A8 B i 5 4 b R B — B

PR BERET 2023 4F 5 A, B A 5 it
JE55 74, BHE HHE (0~20 cm ) $#2 IS R
£ (BAV/NX S ), A SITRAERT, £
Bk 2 mm G, BREATWAR R LA PBR Y AT
5 - S ER AR IR DA R T B B K 6
1.2 EFAEAFR

¥ 80 g DU B Ab FE X T Y 4 BE 4 B A
250 mL 55 3#50, 2R KA HHEK & 50%H
KFkE (WHC), 3T 25 CFRFHR—JH (BrEK
F) IERIEFREE, B E = IRER, F—Ii
FJRZE 200 mg'kg ' (LANIF, T ). ALEEFK
P K4 & 80%WHC, JITA 1 32 R 58 42 bl
PFLX4LHES, F 25 CHEIEBEEHELFE 21 d.
IR 91 RS 308 ) R 3 A B R AR 2 K 43 o
1.3 SEXRESHE

SMCREESR Sy . IR FRAT 5 KER—IK,
%6 REH 21 REW 3~5 K—IR. BUWRFER#
25 5 min, ZJRBBIEIM, REFHFEF 0~2h
AR, RIS @I (Agilent 7890A, %4
e, SEED) WE S N0 WEE . NLO HEBGE A
XN

F=(pxVIW)x( ACIAt)x [273/(273+T)] (1)

A, Foy NO HEilE &, pgkg hts p bRiEIR

BT NO M, kgm s VRHEIEIRA AR, m’;
WO ET YR, kg; AC/At N EH /NG G
N,O M BERY R4, 1077 'y ToRIRAE, C. T4
RAFRRHEYH N0 PR, HBRUA N0
HE I 2 30 3 A AR R AR B HE CE 0 A
T
1.4 TEBEAMRSHT

14 pH MERF A KBt 105, A
BB AL (PHS-3C mv/pH detector, [ )
T o i B R - R R B AR A I A BL A
(SOC ). ffi [ TOC 43#14X ( TOC Veph, Shimadzu,
Kyoto, HA) Wi +3EnT A4 Hlik ( DOC) & .
il XU K50 A0 a6 B TR AN A (NO;-
N) &b, S EE S A (NH,-N) &
o AL E ZENE H A (TN) i
FH &AL ARG —EA BT L 7R D - 8 TP )
i RSP L e A A (AP) i,
0 DG RE T I E S (AKD) &
1.5 FELHERMEFENEE N0 BXF=ZEkE

FI R SR ) XA AL T (AOA ) il
AT (AOB) X N,O HE Y AHXS BTHk. 0.1%
(viv) BIZH (Acetylene ) Fl 0.03% (v/iv) B 1-3%
He (1-Octyne ) s 5fedEFPEMH] AOB fil AOA 3K
R AL TR AOB T SR Atk 20,
DL 2023 4F 5 H RAEM DUFP LB H 3T 4, IF
JEmRLRER: (1) JesdRgsm (=34l); (2) &
e (2l ); (3) 1-2F8 (Efdl ). FREC10 ¢ +
HekESh (R H30) F 120 mL BEESI A, AR
fe4% ((NH,) ,SO4, 120 mgkg ') ¥ 2 mL, %
25 B KA 156K 5 2= 60% WHC AR G 58 2%
B, 5 BV S 806 SR 1 A IR
25 CHEIRBEE LM R 22 h 5, REMP UL,
M5E N,O HeJE . AOB 1 AOA B3R5 N,O HEjil it 7 rf
i WP/ W X

AOB X3 19 N,O HERCER=N,O HEjilci: (25741)
-NLO HEfilci (k) (2)

AOA JRZfIHY N,O HEi=N,0 HE (R4 )-N,O
Hele i ( Zpkdl) (3)

FoAth NLO HERCE=N,O HEllcE: (Z4k4l)  (4)
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FHAH 20T, #4E AOB il AOA BREY N,O 7=
A SRFIME R4 N0 PR HE, 1 AOB
H AOA XF N,O 7= A By AR BTk
1.6 EFEMEE N,O HH3F skl E

S A IEPEVEI RN SRS s, L E
BRI R4 BT K - R NLO HE A A X 5T ik
IS [ e B8 1 s 2488 T Tl R 2 28 43 9 990 i) L 7 D
YRR T, Syl G e AR JEE 1 0 ok 500 X 1 s 4 R
JoE | A K I B U R W o i ipred L W e e R 1 i B
Y AR M BE 23 9 A 10.0 mg-g ' 1 6.0 mg-g ' Tk 56
SEFR . (1) USRI (2) RPN EE L
W (3) RIVKEMERER; (4) ARREAS
B PIARSIR . ZERE IR 4. 12, 20 F1 32 h I
SAHETE G E R CO WL, FHEI R A 1
{& ( Inhibitor additivity ratio, TAR), 431375 n
PB4 1 I, 2R a Rk

IAR=[ (A4-B) + (A4-C) ) (4-D) (5)

X, A KRB IEATIHIF CO W, mgkg;
B NI WG CO, W, mgkg's C AR
R R G COL WM, mgkg™'s D KBSk LL b M Fl
B RG CO M,

IEFGRER R, RS g TIEFESE T 20 mL 3
M, A 2 mL AR s Ak, . (1) T
MHF; (2) 6.0mgg ' MEEEHER; (3) 10.0 mgg’
AITER AR ; (4) 6.0 mgg ' FIEEEEZ A 10.0 mg-g '
FITR B . T 25 CERF AP h i E 24 ho Bl
JEhA 2 mL 1% S mgg ' F4IHE ( CeH 06 ) A1 0.1
mg-g ' WEREN (KNO;) FITRAEW, S
HARMEZH (10%, viv), T 25 CFE;IE 3 h
CREG A ), REMR N SARNE N,O HREE . B
2 A 119 N, O HE I 53 1) 368 228 % FE Rl 2 1 ) Ak 3 355
TR Z A1 NLO 7= 25 DL Bt B 5 4% 5 25 b P B
FERZ AR NLO 7= i 22 fH 153 . =X N,O HEjk i
AERT BTHR A 2 T WD NLO 7 AR 38 5 e il 5 Ak
B AR
1.7 MREEEESH

PATR H 0 3 A (IR i, 7 S i IR 1 48
DNA $& UL & vl BB 317 3R 5 b DNA (1942
Bt ( DNeasy PowerSoil Kit, f&[E ), bR+ 3
HE =R FAREE S EOGE T ( Thermo Scientific,

FE) MWE DNA HE SR B MaifE . #IH ABI
StepOne Plus Real-Time PCR System § #4{%( Applied
BIO systems, F[E ), £ X5 N,O HEMOH LI RE
FEIA, Xt DNA F: i 17 E 08T, A4 404-amod
AOB-amoA , nirK . nirS fl nosZ. ¥4 i >k ] ABI
StepOne Plus Real-Time PCR #H % ( Applied
Biosystems, #[E ) #17, &1 qPCR AR R L7
PAR2H4r: 10 uLTB Green®Premix Ex Taq. 0.4 uL
Z Yk (ROX), 0.4 uL IE[@31H . 0.4 uL K5
Y1, 6.8 uL JEKHA 2 uL HH DNA, ERBUY
20 uL. [AAF, B ORI DNA A4 B X IR K 0% it
2 A i A 1 A e e
1.8 HIRESHH

AHOCE AR T+ Bt 5, IR IE
WbRfEIR2E (Mean + SE) RyR, HEHn =3, fif
F SPSS 20.0 FAFANBES 3. BirAr B AR (]
Excel 2007 Fl Origin 2021, Z5# 77 FEkiA) ( SEM )
S# i AMOS Graphics 24 54 7EF8 #4850 7
BERIZ 0T, AR 2 brfEfbab 3, JfFitT IEAS
MR . B, RA IMP 10.0 B4 59 e /N — 3¢
i B B A E M L AT AR R NLO HE Y
H AR i T AR R A (VIP) AR KA
Ho1.0 kX pRESERESE, BETEHTT
— BRI R A . B SR, SRR KA R A
THEXS SEM #ERI LG FEEHEATIIE. SEM RIS
RERBSEEN: K 5AHREZL (,/DF)
AR5 B AEN ( AIC) MuU/NEE:, Ll A4
% (CFI) KT 0.9, IERIiRZESITHR (RMSEA) /)
5 0.05,

2 4 R

21 TEEAXRBAMER

AR AL T IR (£ 2). 5
XFREAH LG, AP0 s A AL 3 8 B = 39 pHLL
HHLKR (SOC). AR (NO;), ARl (AP) K&
S8 (TP) &k, BT At B 2 RS 3 S
A (NH, ) &4, A HUIE b B0 w2 1 i e 2
A (NH,) &4, LY RREGEAHLIE (OFB) 4b
i3 pH b 5.66, 3 E T HALAEE; [REHA
PUBR & o fcn, AHEEX IR T; 33.8%. AN[A] AL
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+HELE (TN) §8EF£H M. OFB>OF>FB>F,
AW R el (R ) A LR AT B v i R

(AP) #i, HOlEH 66.9%~81.9%. L4 (AK)
1E OF b F i, FB &% (P<0.05),

T2 TEBUMR

Table 2 Soil physicochemical properties

4b 3 soC/ pOC/ NH,/ NOy/ ™/ AP/ TP/ AK/
Treatment P (gkg') (mgkg') (mgkg') (mgkg') (gke!) (mgkg!) (mgkg!) (mgkg™)
F 5.35¢ 16.13d 81.06a 2.83b 21.77b 1.54c 8.46¢ 0.36b 94.50¢
FB 5.44b 16.64¢ 75.58b 1.06¢ 23.99a 1.46d 15.39a 0.47a 93.00d
OF 5.45b 17.39b 71.60b 3.41a 23.64a 1.62b 14.11b 0.47a 127.0a
OFB 5.66a 21.58a 74.50b 1.03¢c 26.96a 1.74a 15.06ab 0.46a 112.5b

. SOC, HHEAMLE; DOC, RIETEAHLEE; NH,, #AEK; NO,, MAA; TN, £%; AP, Hik#; TP, £W; AK, &
A, FSIARE/NG FhEFR AR 225 W% (P<0.05), FlH. Note: SOC, soil organic carbon; DOC, dissolved organic carbon;
NHZ-N, ammonium nitrogen; NO,-N, nitrate nitrogen; TN, total nitrogen; AP, available phosphorus; TP, total phosphorus; AK, available

potassium. Different lowercase letters in the column indicate significant differences among treatments ( P < 0.05 ) . The same below.

22 F#ENOHHE PicitiAb PR NO HECR A ( 6.44 ngg "*h' ), BEAKE

S—JEN, BT AFEHER NLO HElcasR kg SR, AHLEXTIR, AR . A UL R A B
{8, JoZl PR, ST rie (B 1), XTI T 1% N,O REBUEB R 49.4%.
N,O HEtEfE R (1499 ngg "h '), AEWITRSANIE  38.4%F1 59.3% (P <0.05),

b _
a) 20 - ) ~ 90
- F -O- FB _&D a
= —— OF —&— OFB 20
=15 £ =
X = 2 b
210 o< & b
= 4 = o C
Q, ¥ Ege c
z'E oz 30f
Q s Z 2
Z E=
E
,\7 | | | | | T g 5 0 | | | ]
0 48 96 144 192 240 288 336 384 432 480 528 F FB OF OFB
H5 3R [E] Incubation time (h) Qb ¥R Treatment

. RFE/NG FHRFRRA PR 225 B3 (P <0.05). Note: Different lowercase letters in the column indicate significant differences

(P <0.05) among treatments.

BT AR ) N,O HERGE R (a) FRBUHEE (b)

Fig. | Dynamic variations of N,O emissions rate ( a) and cumulative N,O emissions ( b ) from the field soils under different treatments

23 F[EMAFHRELHEN N0 F=ERHEX

==
n

XFF T A AL B, ARk 2 e w2
R 1398 NLO HEE: (P < 0.05, & 2), PURhkbFR
+ 4 rf AOB XJ NLO 7= A= 9 5T HK R K 50.0%~62.1%,
M AOA By TTHRZ Ny 14.4%~19.0%. 5 F AL, FB
25T AOB X N,O P2 A 5T#k ) 5.1%, OF FE(KT

AOB MIXJ 5THkH MY 15.3%. [FH}, FB #1 OF ¥4 &
FEAR AOA FYAHXT BIHER (P <0.05),
2.4 EFMAFE N0 F=E 3T Tk

X T AT A P 0 o A A R —— R
o] T R4 0 1) 70— A R I RE R AR 123 NLO HiE
% (P < 0.05, 3 )0 HLPE XA ] Ab B A 4
N,O HEHC B AH XS TTHK RN 43.2%~54.6%, 40P XT
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al

AT AR B 4 8 NLO HETL AR SRR 16.1%~  AEWS b 35 38 i 240 Bl o2
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a) b) 100
12 P U
O %25 Air B 4% Octyne B8 Z5k Acetylene 2 O ZSLAIE AOB B ZALILI i AOA
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‘OD E’ E o
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HE 8 ! a a E2E 60 c
Zf 22
B T8 w0 a
25 4 cg*® c °
< ¢ Z = b be c
> 5 2
0 g O 1 1 1
B FB OF OFB
AbFR Treatment AbFR Treatment

e 18l 2a PORTRNG SFRER R AR R A0 BEOR [RIM AR AT NoO Hiii 2 5 B3 (P < 0.05), K&l 2b ARR/INE FH:RK AOB
I AOA “RIFARFREIXF NLO HERL B AHXT 5Tk 25 57 8.3 (P < 0.05), Note: The different lowercase letters in Figure 2a indicate significant
differences in N,O emissions under the application of different inhibitors of the same treatment ( P < 0.05 ), while those in Figure 2b indicate

significant differences in the relative contributions of AOB and AOA to N,O emissions among different treatments ( P <0.05) .

B2 ANEHMSGRIES T 15 N,O HECE: (a) MEE AR (AOB) M AL (AOA) XF NLO HERLAAR 5iRkR (b)
Fig.2 Effects of different inhibitor applications on soil N,O emissions ( a ) and relative contribution of ammonia-oxidizing bacteria ( AOB ) and

ammonia-oxidizing archaea ( AOA ) to N,O emissions under different treatments (b )

a) 90 - b)
_ 9% O X} # No antibiotic control 0.9
= J£R BTl Cycloheximide application S OF ®FB SOF mOFB
e B §i45 % Streptomycin application " %
i PR . I
5 ERraL R B+ 55 25 The application of both antibiotics £ 06|
He g
£ 22
T2 £2
Q.2 a H £
“ 2 30t 8 03}
5} Q o
c 2
ON S d “ g
z § S
I~
N
0 1 \ 0 AN B
OFB FDi BDC
AbFR Treatment AR BTk Microbial contribution rate

IH: FDC, ELEAXITIMAEE; BDC, NHEAHX STHkE . K 3a TARRNE FRFRRA R FR M T NoO HEGE R 25 B3 (P
<0.05), & 3b TAR/NE FH: R /R AR AL R A] 22 55 .35 . Note: FDC, Fungal denitrification contribution; BDC, Bacterial denitrification
contribution. Different lowercase letters in Figure 3a denote significant differences ( P < 0.05) in the N,O emissions rate with different

inhibitors, and in Figure 3b, they represent significant differences among treatments.

K3 ORTEMRIRIAS T 13 NO HEHGH R (a) FIELTE LN B A7) b 2E 138 NLO HEBOHX 5Tk (b)
Fig. 3 Effects of different inhibitor applications on soil N,O emissions rate (a) and relative contribution of soil fungi and bacteria to N,O

emissions under different treatments (b )

25 DgeEREFE AR T B2 ) 5.72 % 10°~1.25 x 107, 9.80 x
B AT Ab B A3 AOA-amoA FI AOB-amoA 3:H 10°~1.51 x 10*, 2.78 x 10°~6.86 x 10°, Jiti FHAT#L

PEDLKCA AR AL T R 20 1 8 2.05 x 10°~2.90 x 10° FIl R W FH AL T AO0A-amod FPE, il FEIEIN T

4.75 x 10°~7.94 x 10*, nirK . nirS H nosZ H X # Il AOB-amoA . nirK 1 nosZ WFEFFE (P <0.05),
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differences ( P < 0.05) among treatments.
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Fig. 4 Effects of different treatments on the abundance of soil
functional genes
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Yy B R FDC, 3548 % BDC, JHisad 2
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d:: CAOA, AOA HHXITIMk#; CAOB, AOB HXTTikF, “*” FREF W E (P<0.05), Note: CAOA, relative contribution
of AOA; CAOB, relative contribution of AOB. “*” indicates a significant difference ( P <0.05 ).

K5 4 N,O HERE: S5 A=A e

TREAE AR X STk B e DY = B2 B AR S

Fig.5 Correlation between soil N,O emissions and chemical properties, relative contribution of functional microorganisms and gene abundances
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CHR” FORMCHER B E (P<0.01), “*7 FRMEMREERE (P<0.001), SEM WG HRERESHLEE N FHFS5HHEZ
I (%/DF ) F (s B B AEN ( AIC ) B/NEET, & 45450 (CFL) KT 0.9, TR 22174 (RMSEA ) /M T 0.05, Note: In Figure

6a, blue and red lines denote positive and negative correlations, respectively. Solid and dashed lines indicate statistically significant and

non-significant relationships, respectively. “*” indicates significant correlation ( P<0.05), “**” indicates highly significant correlation

(P<0.01), and “***” indicates extremely significant correlation ( P<0.001) . The model fit is evaluated against the following standards:

chi-square/degree of freedom (3 /DF ) and akaike information criterion ( AIC ) should be as low as possible; a high comparative fit index

( CFI) should exceed 0.9; and a low root mean square error of approximation ( RMSEA ) should be below 0.05.

K6 LW R AA DL 158 NoO HEHCRZ I OS54 77 TR AL (a) L2245 N30 138 NLO HERCAY ELH R E) % (b)

Fig. 6 Structural equation model describing how biochar and organic fertilizer affect soil N>O emissions( a )and the direct and indirect effects of

various factors on soil N,O emissions (b )
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Table 3 Regulatory effects of biochar and organic fertilizer on soil N,O emissions and underlying mechanisms

JEHE 2IESi N,O #Ejik J5 225 Sk
Fertilization type Crop type N,O emissions Explanation Reference
A Yy BiE; NE R A1 5 pH, 1275 N,O i JFUEHE 1 [ 19 ]
Biochar Fwy s B R A1 P25 nosZ R AR FLE, FEAR (nirk+nirS) InosZ [ 31 ][ 32]
B AL
EA B FEAIR 5 C/N L A= 9 Jo e 40 ) -39 s Ak An s Ak 1 [271033]
/ FEAIR A I KM NO,, 5 NLO 72 A JEE i/ [ 34 ]
B Hm 5 R ) 50 o) - s T A AR 7 A S A G [ 32]
P Hm pH FEAR, HNECE nirk JEDNERE, S5 Sk RAR RN [9]
A0 A A AR
AHHLE B S d FEAIR 1 CIN b, SECA UL IR oAt A%, Sk fe e [35]
Organic fertilizer AP ReeAIk FAHUILHE Y 138 pH 3, 4205 NLO i 5L 1 [ 36 ]
Rt s EoK; Hm AHLED e B R R TR, A T RS S R [ 37 ]
ARy fLFEH
2 oyl AHYUEBERE T AOB/16S 1 HiH [ 38 ]
e d JCRE M nirk . nirS 5 nosZ RS AR Y BE BB [19]
A e AT HLAE Bk FEAI BEIEN nosZ JHFJE, R N,O IBIFH N, [ 19 ][ 34 ]
Biochar and organic b FEAIK B PR A A R R [ 35 ]

fertilizer
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