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Abstract: [Objective] Nitrous oxide (N20) is a potent greenhouse gas with a global warming potential 296 times that of
carbon dioxide (CO2). Microbial-driven nitrification and denitrification are major processes contributing to N2O 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 N2O emissions remain poorly understood. The interactive effects of its combined
application with organic fertilizers necessitate further investigation. [ Method1Soil 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 N2O emissions, quantify the
abundances of key functional genes (including nirS, nirK, and nosZ), and partition the relative contributions of fungal and
bacterial pathways to N2O emissions. [Result] The result showed that compared to the control, cumulative N2O 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 N2O 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 (nirS+nirK)/nosZ, thereby decreasing N2O 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 N2O 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 N20 emissions from farmland soils.
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55, SRIFEPIRN.. HICRTAL AEYIBUR S5A PUIERIE P E AL A6, fFid— SRR E R
Jitixof 33 NoO HEUIE B RN o A SCIRFEAC 3T FH AE W) PR A LR B TR RS (7 48D, It
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1.1 fRXR S T IEHRRE

R TVL IR A IR T R IEEE (31°29'17"N, 119°19'57"E) . % X 4P 35S iR 4K &40
A2 16.1 ‘CH1 1096 mm. HIERAKBHERE AN+, TIREAREIMET N pH5.7, ALK 19.5
g-kgl, &% 136 g-kg, ARk 18.6 mg-kgt, HAHH 124 mg-kgt. iXER4GT 2016 45 H, WE 4
ANREE, Sl (D X, Fs () —kEEEEBAED TR, FBs (3D WHEMAANIE, OF;: (4)
B A it P A MURE+— U e A= Pk, OF B o ELAR I AEE i & L3R 1. A/ N X AN 5 mx6 m=30
m?, EAMEEE 3 ANER, it 12 ANRX . AERARYTE R AR RS TR (450 C~550 C) #ilFT
75, I AE W UBRHE G BR 28 7 £ 77, SEAC R A 14 5 A4 : pH 9.43, J& % 685 g-kgt, % 4.61 g-kg?,
B 13.2 g-kgt AR 24.1 g-kgte ARANAE 2016 4 5 H — R PERI 3, SeE T LR
RS, WM& 30 t-hm2,

http://pedologica.issas.ac.cn



+ ok
Acta Pedologica Sinica

R 1 BLEERER

Table 1 Fertilization details for each treatment

Ab 3 AL HI &

Treatment  Fertilizer application rate

F JR#F CEEER 270 kg-hm?)
FB JRE R EA 270 kg-hm?) +AEYFE 5 (30 t-hm?)
OF 75%JR Z+25%F HLIE CalEE R 270 kg-hm?)
OFB T5%JR Z+25% T HLAE CRBEZERN 270 kg-hm2) +AE4H % (30 t-hm2)

H
VE: Fe HIFJRER: FB: —RMESEMAEYIRR: OF: HEMIHAHIL: OFB: 4 A HUIE+— X MEIEH MR R . FIA. 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.

AARI T FIA UL A 3 SAEFTHENE ™ il N P20s F KO & 58437l 20.3. 42.1 1 23.4 g-kgt,
AHLUFKT 350 g-kgte M 2016 TR, B ARENERIE At — k. 61 B4 5—11 FFia
—ZR/KAE, HARETARBE. KRERARIGRHE 5~10 cm /K2, /T BERHIHEKIH . S (b TS K,
FHORFF 3~5 om K= B HAERER . FESR G WIFIEREK, W] B RVE T B2 RAWGEE, TR E L
M, JRFACEOY N T ERFIFD St AR HE70), oAt P e B i 2t B P 2

PR EFEREET 2023 4E 5 H, RIAEMIBURIERES 7 4. B3 (0~20 cm) %[ “S” fixd
PR (RAVNX 5 ), LB B A T, BRI 2 mm §ifi, B Al AR R A PR
YoJa F 100 5E L3R PAC IR 5T LA R T e 55 971k 56
12 BRRRFR

¥4 80 g VYR AL 3 X5 (1 L AE 43Sl N 250 mL $5 7800,  FH 25 85 /K15 43K 43 28 50% K
FKE (WHC) , JfF 25 CTREFR— M CREEZRM) o ERERN, SN E=REL, 4
—H PR E 200 mgkgt (BA N it FRD o« HEETKIET LEKD 2 80%WHC. FraH IR
MseebELX AHS], + 25 CIEEBEIAEEIR 21 d. SR RIS IR EIEA 788k K 7).

13 SHRESHE

AARREESR . IEREEFRAT 5 RER—IK, 6 REH 21 REFKE 3~5 KiK. FICRIERTE
2 5min, ZJEEBRFEM, REFEETE 0~2 h Nk, FIFASHEE (Agilent 7890A, %%
e, SEED Wl AT N2O WREE. NoO FEGE & A A :

F = (pxVIW) x (AC/At) x [273/(273+T)] (L
X, F OO NO HFBGER, pg-kg™hts p AFRHEIRES T N2O HIESE, kgm3; V HEIZHA) AR,
md; WO HIETWRE, kg; AC/At VEEPI/NFRETE N2O WRER AL, 10° hts T NiRE, C.
THE A RARTERFE 2 H N2O PSR « 577 N2O HEBUE 5 i AR {RRAE H A HEBOE B ALY
FERUTE.
1.4 HIRBUHRDHF

3% pH ME I oK BT E A 12 5, AR GBEERRIC (PHS-3C mv/pH detector, i)
T 5E o i FF A PR - 2 468 TR A AR AL V253 5 3 HLBE (SOC) o {ii i TOC 43 #14X (TOC Veph, Shimadzu,
Kyoto, HA) ME LIFAEIEAHLK (DOC) & . XA AN e I E ISR

(NOs-N) &, fff F By il 77720 E # AR (NHa-ND & i ELIKGE Z0E N E LA (TND
T A E ISR AHEA L e H Rt (TP) &8, (MBIt L Gkl 2 A 2k
(AP) &, M KIEGEETHENEE A (AK) &&#.
15 SEHAEMEENEE N0 BTN E
AT F AR X = A AL 1 (ACA) FIE AL 1H (AOB) X NoO B AR XS 5Tk - 0.1%
(W) I (Acetylene) #110.03% (viv) ] 1-3F 4 (1-Octyne) 4737l e 41 AOB F1 AOA
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IXENH R R AT AR AOB SR AT AR, DL 2023 4E 5 H SKRAER YRR AL FE K HH 43 A% 4,
FERIHEIFIRLE: (D BIHFIFRN (54D 5 () 4 (LD 5 (3) 1-¢H CGEbréD .
FREX 10 g H3gEd (B RTih) T 120 mL B, AR ((NH4)2S04, 120 mg-kg 1) %
W2 mL, I K K 2 60% WHC. FIR IR SES Bt G, SERIHIVESS 884 2 bk 1-9%
PoE N EHERE S . 25 CHEE R 4F FRiFE 22 h J5, REEM 4K, W N.O #KkFE. AOB I AOA
IXZ) N2O HEBGE 2 rT 4% R Kk B

AOB IX#) 1) N2O HEE=NO #EiltE: (=S4 -NO HiitE (Ehhdl) (2

AOA IRZNT N.O HERUE=NO HEME (EFd) -NO HElE (L4 (3)

HoA N2O HEAUE=NO HEE (24D (4)

AR 2GR, AR A AOB 1T AOA IR N2O 7= A2 5 RIS AN FI4L NoO F= A= (I LU fE, 115 AOB
HTAOA XF N2O 72 A I AH T TRk o
1.6 EREFMMAE T N.O B STk E

SEA RPN S R A5 T PR, A B R0 RO HH R N2O HEBURI AR X DTk
TINNAS [F 3R FEE 4D T2 T AR 5 2 2 30 490 ) B R0 B IO PR, A3 1 94 P 0 ) 7 358 B 4
A AR RE [ ], e o e it A B mh A R ) B AR FE 43930 10.0 mg-gt A1 6.0 mg-g 2. il
RIGALEE R (D ABIHF; (20 RINKEMBLEER: (3 RINKEN#EER: 4D A
[ % 5 2L A5 () R AR 35 . ZERE RN R] 4. 12, 20 A1 32 h B AR Gl Al @ il b CO2 ik, 5
FHIFA INELAE CInhibitor additivity ratio, 1AR) , Z44MIFIAINELE L 18, %0766 2.

IAR= [(A-B)+(A-C)J/(A-D)  (5)

X, A NRBIETNHIFIN CO K, mg-kgt;s B NN EEG CO 3K, mgkgl; CH
NINEER R G COKE, mgkgts D NN HER AR % =5 CO K E, mgkgtll,

1ESGREG T, FREL 5 g L3RR E T 20 mL BEFSIE, A0\ 2 mL i FIsE K, AN (D
TIHF: (2 6.0mggl MEEHR: (3) 10.0 mg-gl KL HEET: (4) 6.0 mg-gt (HEH E A1 10.0
mg-gt LR T . T 25 °C B4 s % 24 he BEE I 2 mL £ 5 mg-g? 7% 9% (CsH1206)
A1 0.1 mg-gt IR (KNO3) MIREVEM, HHIEFMEENEIRE LM (10%, viv) , T 25 C
TEFE 3 h CEEEAME) , REMASAENE N2O IREE . F AN 1) NO HEsE 278 ik Xt i 1
T2 T T A B SR TR B NoO 77 B 25 (1 A K Sk R 5 5 3 A B R IR 2 1B () NLO P2 {15
TN NLO HEBURI AN TTBR 9 2 A 05 NoO 77458 R 5 T4 7 A B P A i R 2 L
1.7 et EEEE N

DA FR S I AR, 1 S I8 193 DNA $2BUR 70 & it B 533547 38R By b DNA )
FEHL (DNeasy PowerSoil Kit, 18 [ ), 45/~ b #1458 55 57 — Ik . R Al 70 Y6 6 EE v (Thermo Scientific,
FE) JE DNA BES B E 4L . F]FH ABI StepOne Plus Real-Time PCR System 4 ##4% (Applied
BIO systems, 3 [E), £ X 5 NoO HEBAH K ThREFE [, % DNA #f fhik AT & 54007, .55 AOA-amoA.
AOB-amoA. nirK. nirS F1 nosZ. ¥ 14N KH ABI StepOne Plus Real-Time PCR %% (Applied
Biosystems, FE[E)i1T, &> qPCR Mk R A& LA R4 : 10 uLTB Green®Premix Ex Tag. 0.4 pL
Z ekl (ROXD « 0.4 L IE[MGI#). 0.4 pul M54, 6.8 ub JoBZKFN 2 ul ik DNA, SARFA
20 plo [EJR, 5B TCAAR DNA [ BH PR KA fid th 28 20 i A9 38 e e
1.8 #immH

FHOREIE AR LR 5, R CUPIE bR R 2 (Mean + SE) R, BEEHin=3.
f# F SPSS 20.0 3 Ab 35 43 H7 . T A BEIZRHI/E (A Excel 2007 Al Origin 2021, £5 4 77 #2574 (SEM)
53 HT i AMOS Graphics 24 . TERIEREEA TR 2 /T, BT R EAEirdEuaess, Hd7IES
Iy ARG . TG, K IMP 10.0 B4 A i e e /s — ARk g B AT T R ARG B B L AT AR RE N2O
B EAE. Bl E R EE RN (VIP) MERTEN 1.0 KXy EE S5 ERETE. RETE
HT T8 R . &5, KRR THEXSS SEM B & BT 560 IE. SEM
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M ERERESHGERN: R S5EHEZE (ADP) FMME EEHEN (AIC) B/NELF,
B EHEE (CFD KT 0.9, nfbRZEHI7H (RMSEA) /T 0.05.

2 44 B

2.1 HIBEABUMIR

ANFARFR L R T SRR (3R 2) o HXFHRARLL, AEATUR EE LIRS SR B e L
pH. AHLEE (SOC) . WAZR (NOs) « HXME (AP) K4WE (TP) &&. AEMFUR AT 2 K
TSR (NHS &, mAVUIEAE D RS TSR (NHS S8, EYTUREEA AL
(OFB) #b#E+3% pH v 5.66, W35 = T H AR RN AR S & s, M X RIEFA 33.8%.
AEAE AR (TN) G 8EEIA: OFB>O0F>FB>F, EWmmak (R A& LR A 1
B 0 (AP) & &, HlE N 66.9%~81.9%. HAET (AK) 7F OF 4bBE T s, FB ik (P <0.05)

*®2 HIRIBAMR

Table 2 Soil physicochemical properties

posi SOC/ DOC/ NH4*/ NOs/ TN/ AP/ TP/ AK/
Treatment PH (o'kgy)  (mg-kgh)  (mg-kg?) (mg-kg®) (gkg™® (mg-kg™ (mg-kg® (mg-kg®
F 5.35¢c 16.13d 81.06a 2.83b 21.77b 1.54c 8.46¢ 0.36b 94.50c
FB 5.44b 16.64c 75.58b 1.06c 23.99a 1.46d 15.39% 0.47a 93.00d
OF 5.45b 17.39b 71.60b 341la 23.64a 1.62b 14.11b 0.47a 127.0a
OFB 5.66a 21.58a 74.50b 1.03c 26.96a 1.74a 15.06ab 0.46a 112.5b

i SOC, LIEFHUEK: DOC, mIVAMEAMNLER: NHsH H#AR: NOy, MEZ: TN, &% AP, Gk TP, &8 AK, HXH.
FFAF/NG FRFROR A (7] 2 7 23 (P < 0.05) . TFF. Note: SOC, soil organic carbon; DOC, dissolved organic carbon; NH,*-N,
ammonium nitrogen; NO3™-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.

2.2 1% N,O HifE

E—FN, P RIER NO HEBUER A REE, a3l P, sEeT e (BD .
XFHEALHE 3 N.O HEUE (B iy (14.99 ng-g™h™) , AWFUR SAHUEE AL B N2O HEUE it
ik (6.44ng-glhl) o BEAREFRIAN, FHELXTIE, AWK A HUAE K& it 5 % & PR T 1%
N2O BB 49.4%. 38.4%71 59.3% (P <0.05) .
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123787 [Elincubation time/h b3 Treatment

W RRVNG P REE R AR 273 52 (P<0.05) . Note: Different lowercase letters in the column indicate significant differences (P <
0.05) among treatments.
1 AFEAEEE S N2O HEGE R (a) MRBHEBE (b

Fig. 1 Dynamic variations of N,O emissions rate (a) and cumulative N,O emissions (b) from the field soils under different treatments
2.3 EENAEMEENLEEI N.O =4 KRS STk

X PR AR I, AR R LS e 2 AR 135 N2O HERER: (P <0.05, K2) o DUfhit
H L3 AOB Xt N2O P4E (K1 BTk %A 50.0%~62.1%, 1l AOA [HI 5Tk %A 14.4%~19.0%. 5 F #LL,
FB #Zi% I AOB Xf N2O j*/ETTHRIK 5.1%, OF [k 7 AOB XS iriik ) 15.3%. [Fif, FB 1 OF
P54 2 A AOA HUARXS TTiR % (P <0.05)

100
12 ¢
OTFSAr ®FEHEOctyne @ ZHAcetylene = ODESEEAOB BEE/LEEAOA
~ £ 80 | WHAMBLENOthers
B 2 a
= 2 2 2 E£E 60 . b
5 Ko
O, 2 27 40 a
Z5 1 b = b
= H . C
> % ii Z 20 b be c
%
2 2
0 ia “ 2 0 L L \
OF 2 F FB OF OFB
4bFE Treatment =
o RbFE Treatment

e B 2a PARRVNG TR R AR R AL BN R H0HI RN T N0 HES 257 83 (P<0.05) , K 2b 1AF/NE5E%7R AOB Fll AOA
AN AR FR 1) NLO HERR A x Bk 25 57 5.3 (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).
2 ASFEHMHIFZ T £ N2O FFE: () MEEMAE (AOB) FIE A (AOA) Xt N2O HEBAH XS BTk %
(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)

2.4 EEMMAFEXT N,O =4 akExt sk

XTI AR B 358, S0 3 BRI ) R — i e T I AN A B A ) ) —— B R R I BRI I N2O
Heu#E % (P <0.05, B 3) o EEXA[E AL 135 N.O HERFIAH X DTk Z N 43.2%~54.6%, 4 # %)
AN[F] b FE 33 NoO HEBU A X TTBk % 9 16.1%~31.8%. it F A= 5 7% fig 1% i 35 WA AT 0 14 (O R 0 ik
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X, MmN kR . [N, it A VLUIERE S B I g B ok A, e ARV R FTA HLIERE
% 1 2 PRI B D R R EL R S Al B ok % (P < 0.05) &

a) 90 )09 -

0O 71 BENo antibiotic control

4% HBICyeloheximide application

B 155 F Streptomyein appli cation

W [P EL+35 3 The application of both antibiotics

DF @Ffe BEOF MWOFB

; 50 | F03 [ /
2 il P = %
: 413 Treament ﬁﬁgﬂcﬁﬁkiﬁkﬁaubial cunttifuIt)i(u:n rate

7E: FDC, HIAHIXI TR BDC, MEARN TERA . 18] 3a PR FE/NG PR R A FHIHI RIS T N.O HEGEHR 2 5 2% (P<0.05) ,
3b FFR VNG TR R AN R Ab 3R] 25 57 5. 2 . 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.

3 ARG AN L35 N2O HEBOE A (a) AN G ANZH G XA [F] AL BE 4 3 N2O HEBUHI XS 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 REEEFE
Ji A Ab B -3 AOA-amoA Hil AOB-amoA i [K#5 T K (A2 AL Y [ 703 2.05 x 10°~2.90 x 10°
1 4.75 x 10*~7.94 x 10%, nirK. nirS 1 nosZ %[5l #% VLA Y42 46 115 73 i 04 5.72 x 10°~1.25 x 107, 9.80
x 103~1.51 x 104, 2.78 x 105~6.86 x 10°. Jiti A HLIL 2 F#1K 7 AOA-amoA F-J%, 1 & &0 T
AOB-amoA. nirK fll nosZ (IZEHFEE (P < 0.05) . [N, JinsEYm R & &N T AOB-amoA il
nosZ 2 FEE (P<0.05 K4 .

9 ~

3 OF HFE HKOF MOFB

é pab’ 2 a

= T % bb

5 - e

g %

k| dabp p % %

: aaa . |

2 s} b % |

3 % b2 |

] % ¢ c /

i . |

. |
AOA-amod AOB-amoAd nirk nirs nosZ
£ FH A E Gene type

I ANFRNG TR R AR 2 7 22 (P <0.05) . Note: Different lowercase letters in the column indicate significant differences (P < 0.05)

among treatments.
4 AN[FIAE XS 3 T R K 3 5 1) R

Fig. 4 Effects of different treatments on the abundance of soil functional genes
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2.6 T3 N.O HE S E MR, EEMEYREMN T REREENHEEXR

+3% N,O HEitE 5 DOC. HEEAHM TTHRZE (FDC) . AOA-amoA K = B K HAHN Tk &
AOA-amoA/AOB-amoA -/ Lk 2 i F ) IEAH 52 &2 (P < 0.05, & 5), 5 AP, TP.pH. SOC.AOB-amoA.
nirkK Al noszZ 3 K = 5 DA S S AR STk R L R EH RIS R (P < 0.05) « EFEAHX TTERE,
AOA-amoA =2 [t HAHXT TR 3 5 13 pH 2B R AR KR, nosZ [ FE S pH. DON.
TN F1 SOC 2 & E M IEM KK R,

P<0.05
1.0

NO| )’m(’
| g ¥ soc

0.60

= 0.40

020

0.0

75750N099 99\ \7
000

(AQAamady AR

(AOA-amiaA)(AOB amat)

-10
7: CAOA, AOA HHXJT1#k=E; CAOB, AOB HXI Tifik#. “*” FnZEREH (P<0.05) . Note: CAOA, relative contribution of AOA;
CAOB, relative contribution of AOB. “*” indicates a significant difference (P < 0.05).
K5 3 NoO HECE Sk 2A PR DhBE A= PoAH S Tk J He o B = A S
Fig.5 Correlation between soil N,O emissions and chemical properties, relative contribution of functional microorganisms and gene

abundances

2.7 £YIBIRFIB NIRRT 11 N.O HE S a5t 5 1215 R
ik iR (SEMD 2pfir (18 6) Bow, AEMIFUR B EFEK FDC, R3$§Em BDC, Jfililfz

N

7 pH B (nirS+nirk) /nosZ EbfE, M PR 3% NoO HEjiR. A HLIBALEEE 2% BDC, JiEit
PR 13 pH FEAK (nirS+nirk) /nosZ LA IR/ N2O HEL .

3) b)

0.938*** 142752

os | I I

I | 53 Total effect
A1k BB UDirect effect
(B3 R Indirect effect

i) EEﬂect size
o
O

v
(mirS+nirk)
/nosZ

e, : : st
- i 000 g * @ & & &
AOB-amoA i v o
; &
0.464 A
&
J/DF=0890, p=0.533, CFI-1, R

RMSEA=0.0001, AIC=62.009
e B 6a PGS RIRIEMR, TELLKRRINR, BERREE, REFRRALE, 7 FRMAMLEE (P<005) , “**”
TN R E (P<0.01) , “**” FRMAMESEEE (P<0.001) . SEM MIARERESEGEN: FHESEBEZL (ADF)
iz BEHEN (AIC) HUNEEE, ELEHETEE (CFD KT 0.9, JELLRZER T (RMSEA) /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 (y*/DF) and akaike information criterion (AIC) should be as low as possible; a high comparative fit index (CFI) should exceed 0.9;
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and a low root mean square error of approximation (RMSEA) should be below 0.05.
K6 A5 e R HLAE XS 12358 N2O HERG e K 4544 77 R (a) R & DR300 338 N2O HEUH B AR08 (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

Jiti A S 7Y l(ByE=i NO HEji& JE Bl 22 R
Fertilization type Crop type N,O emissions Explanation Reference
VTR B, N PRI B2 pH, $25 NLO i JR BRE 1% [19]
Biochar HBE; B PRI $&8 nosZ FEZIEF FRE, B (nirk+nirS) /nosZ  [31][32]
B ERiE]
oK, B FEAIG 7 CIN EL A 90 5 o 400 - 3 g AL A S i A1 [27][33][34]
/ PRI AR KBRS NOs™, f45 NO 7= 2RS4 il >
i 4 hn A5 R LR S R A R A G [32]
P ) 4 hn pH FEAIE, HOMNITE nirk JERE R, $RmdKERE (9]
AN S AL
AHHLE oK, K PRI @ CIN b, SECHHURR W] RIS, kA rE  [35]
H
Organic fertilizer
P A% A LR F 38 pH $27F, 327 NoO 38 JR G 1 [36]
R oK, e AHLED LR 2 KBTI, BT MikSR [37]
) e
HR Hm BHERZER S T AOB/16S Fy HLIE [38]
firea -0 nirks nirS & nosZ B4 i Wb Ak =F 5 35138 [19]
AW TR A
B FEAI REWN nosZ FFF=LE, 27 NO iEJF A N, [19][34]
HUAE Biochar
) 7 P BEPC LY A S BB SR [35]
and organic
fertilizer

3.4 MREPRYE

ASCEA R IR, o TAEYIBUR SA VUL R RCEYILR . BRI ) 4

179 80% WHC [ A 77, JoiE AUl B[R] 3T A2 B 0T NoO SR RN . 7 TR A B
AN N2O HEE, T3 52 5 A0 AW 5 Jti FH AP AE S TN, AT RE 2Rk 55 TR AZ B NoO I HERY
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