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Abstract: [Objective] Application of biological nitrification inhibitors (BNIs) is an effective strategy to suppress
nitrification rates and mitigate nitrous oxide (N20) emissions in agricultural soils. However, how the addition of
BNIs affects soil nitrification rate and N2O emission under organic fertilizer application remains unclear. [Method]
The microcosm aerobic incubation experiment was conducted using upland red and black soils, with two levels of
organic fertilizer (chicken manure: N 0 and 100 mg-kg™ soil) and three levels of BNIs addition (1,9-decanediol: 0,
1,000, and 2,000 mg-kg soil). During the incubation, concentrations of inorganic nitrogen (N) and N2O emissions
were measured, and quantitative PCR was employed to analyze microbial gene abundances related to N
transformation. [Result] The addition of 1,9-decanediol significantly decreased the net nitrification rate in both
soils regardless of organic fertilizer input (P<0.05), exhibiting a dose-dependent suppression effect. Specifically,
with organic fertilizer input, high concentrations of 1,9-decanediol decreased the net nitrification rate in black soil
by 79% and even shifted the net nitrification rate in red soil from positive to negative. In contrast to nitrification, the
addition of 1,9-decanediol either low or high concentrations significantly elevated N2O emissions in both soils,
irrespective of organic fertilizer input (P<0.05). Also, a dose-dependent stimulation of N2O emissions occurred only
in black soil. In red soil with and without organic fertilizer input, 1,9-decanediol significantly reduced the abundance
of ammonia-oxidizing archaea (AOA) and bacteria (AOB) amoA genes (P<0.05), with greater suppression at higher
doses. In contrast, the suppressive effect in black soil was significantly weaker than in red soil. Regardless of organic
fertilizer application, only high dosage of 1,9-decanediol significantly reduced the abundance of key denitrifying
genes in red soil. In addition, partial least squares regression analysis indicated that under organic fertilizer plus BNIs
treatment, net N mineralization rate and AOA/AOB amoA abundances were identified as primary determinants of
nitrification rates, while net nitrification and mineralization rates were key drivers of N-O emissions. Net nitrification
rate was significantly negatively correlated with N-O emissions (P<0.05), suggesting that denitrification rather than
nitrification is the major pathway of N2O production. [ Conclusion] Combined application of organic fertilizer with
biological nitrification inhibitor significantly reduced nitrification rates in red and black soils, but significantly
enhanced N2O emissions. Therefore, rational selection of BNIs types and application rates is critical to avoid
paradoxically stimulating N>O emissions while suppressing nitrification in upland agricultural soils.

Key words: Upland soils; Biological nitrification inhibitors; Nitrification; Nitrous oxide
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F BN R SIS F R EAS KSR (NHS-ND B, 5 E U E %% R 5
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(i sz 2], SO AR F A NOs-N IR BEREAIC, AT TE] 4220820 NoO HETR . PR SRR
AN, AR AT 2 A S A O A 7 (SNIs) 5 A MRS A4 77 (BNIs).  H i,
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Table 1 Soil basic physical and chemical properties

N +HEE YL A5 AR THAR T35 5 th Texture
ERERE SOC/ ™/ BRL  HeN NOSN
Soil type CN 4 - B MR PR
Tl ko- Teo-l Teo-l
gkgh) (ke (mgkg?)  (mgkg™)  cpaom Silgo%  Sand/%
AR:
4.80 6.33 0.64 9.88 1.68 9.32 940 516 390
Red soil
=4
6.01 27.5 2.06 13.3 1.65 335 6.64 497 437
Black soil

1.2 i3It

KA E W R FRTT 2 A S AEAN A A HLIE (MOD At A HLIE (M1, N 100 mg-kg
V) BB B, i E: OIS (CK); ORIKE 1,9-2% —fF (1,9-DL, 1
000 mg-kg! +); @FEIKE 1,9-2 —F (1,9-DH, 2000mg-kg' 1), it 6 M3, HA4k
HZE 3 ANEE . AU EARYE P 5 5 H ] e SRR B A R A e 2 28,
1,9-%% I 1) FH 52 0 228 FLAm S In A= 10 Al A A o) 571 ) L 338 855 5 1ate 2 B Bl i AL 03

W 20g (AT EI) LIRS, B5E%E, BT (25+1) ClElss: 748
Fto MEFRMIRE, M1 ACEFRANAYUIETFS S8R R TR AT, B I i) 7] b 21 A
MWRE I 2T 1,958 eI N2 B 17K 79 3585 7K 822 60% H 8] e KA /K EE(WHC)
TS 73 I 1 R R R P R PR AL AT o S — IR AEHE T I B3 4 AL
7S, 4kgk (25+1) °ClEIRIEFR. HiFRIHAIEERE 3 d T AR E AR b e K 7y, ORERR 1%
FIKELE 60% WHC. 7ERFFRI 1. 4. 7. 14, 28 d FATHEIRMEIURE A T LI N LA & &
€, [FIXFES 28 RAE AT TR FFE . 38 e AR R ZE % ), B 2% A ¢
HUREIS (8] 5 56 — AR IR, RROCREESAARRT, HEERI 24 h, SRE1EH 50 mL 35 48 ) Bl
HETEIE A B4k 5 1k, BLIRAISAER, MJEHL 25 mL SRVEAN S E S BA0R (B8N 22.5
mL), JHFIE N20 K. MCRIESERUG, WHETEIMEAT 10 min B2 ALEE, SRS 4RELE;
7%, FFEEREMREES 10 min ABRIRIFEIAEL, A Hh 7845 25 B 7K 45
1.3 HIRBUMRS N.O KENE

13 pH XA pH 1HIE (Z/KFEN 1:2.5); RIEES/KERHABFENE; HIEE
WA 5 B R FH IR -KoCrO7 BRI E s T3R5 SR LIV BRI e s I8 i R
WOtk A (Mastersizer 3000, JE[E) JlE. HIFELHLE (NHs-N A NO5;-N) H 1 mol-L!
KCl %242, b5 KA Sant++HZESLaN T4 (Skalar, faf == Wl & 32 FE# H HY NH4" -N 1 NOs-
NOREE . AARFE AL T NoO IR EEAE A UMt 4 (Agilent 7890A, SEED J5E
1.4 DNA 12 ERFISEREEE PCR

FREL 0.5 g e L3 Fe dn, X T4 LIEFEA, (R Fast DNA Spin Kit Soil (MP
Biomedicals, LLC) {7l #1 Fast Prep® 24 bead-beating instrument (Qbiogene, Inc.) 4HffiZY
AR IR AP S DNA, BRI & b 0U0 E kA7 . ROGSERT E & PCR 4714
JZNAE CFX96TM Real-Time System (Bio-Rad Laboratories Inc., Hercules, CA, [E) it
17, XFESH DNA I EA T (AOA) I SEALAI T (AOB) amod IREEEH LA K nirK.
nirS Ml nosZ AW IER FE . AOA A1 AOB amod HNEEIER LA nirK nirS 1 nosZ AE
DhRedE R e & VR A7k R 0 B bR ifE 25 218 Huang SEPEEST, 41 231X 95.0%~95.7%.
1.5 BIRALE
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(N ) AN gy ), 2 HINETR t d MO d IS RS &, mgke's t ARFRREL do

AR N0 HEBUHEZE F (N pg-kg!-d™:

28 V _dc_ 273
F:p><-><—><—><—><24 (3)
44 W dt 273+T

ArF, p AFREIRAS T N2O I35 JE (1.96kg'm™); 28/44 4 N.O-N 2%, vV AR A
RAKFR (m®); W ONEFRIMA T8 (kg); de/dt A RASLIRF [ A AR 2 0 A /A2 I B 189 in
(ug'mLhD)s T ARGFER PR (°C), 24 T AL, NoO RFHE a8 i A AR Ik
AT HE G 2 S HE O TR R R AR B A

45K H 1BM SPSS Statistics 16.0 (SPSS Inc., 32 [E) #F AT K R J7 2 08T (ANOVA)
8 H SIMCA 13.0 (Umetrics, Hii$t) 4 i/ — ik mIEREAY, FFokda T A8 &) it ) 5
B (VIP). AHINES BT S B Origin 2024 F1 Excel i1

2 4 B

21 TIELHNAESETL

T HHERAFRIAE N 575, CK ALFE 3 NHS N &2 - m g K5 2]
B Jo G I e s T R 2085 it B A HUIE Y =R B2 1,9-28 AL BE NH4*-N 2 &l 35 77 I [H]
JEKTIZEIG AL, HAR 1,9-%8 BT NHy N S 284% BT, T 4~7 d iR FgfE, Bt
JEIEE T R TR T RR R AENUEEH S5, WK, mREER) 1,9-28 —iE
ATEE N3 NH N & & (& 1la. B 1b).

TRAHVALEH 57, WA 580 T CK A3 -4 NOs-N 75 5Bl 55 77 i [A] 28 K FF 4k
K, BRI CK ALFE 43 NOy-N &85 m TU i 1,9-28 — kb3, HAEM R 145,
AHUEHEH T CK AL NOs-N &2 &m T EANUIERH T CK A2 (B 1c. Bl 1d). fEL
g, TIAVEEA S, 85780 0~7d N, 1,9-% ZEAHAE NOs-N & Sl R 770 7] 2
TG FRERESS, Bi9E 7 d JEHAE CK B R i, HIRAERIREE 1,9-28 “REAbHE, Bk
TEFRIREE 1,9-%5 AL EE; 5597 K M0 NOy-N & B AR A UK CK A B Ak B i K ME,
UEET it A PR CK AFRAHLL, K. @R 1,9-28 "B T 19 NOs-N &&= 70l P4
17.5 #1134.8 mg'kg! (B 1o). MERLH, TAVIEHEHSE, HRM0~4dN, 1,9-%
TREALFRAE NOy-N MR FRES B 2 FTHE RS KK NOs-N &&= A
BUIER CK ALBErPIA B E, Shi S5 A HUIER CK ALBEAHLL, (K. SREE 1,9-%8 1
1 NO3-N & 50 P 17.0 A1 30.3 mg-kg! (B 1d).
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MO M1 MO M1
T 6ay 6F b+ oo
&9 Red soil Black soil —A—1,9-DH
s 5r St
Z 4t 4t
+ A
3r 3r
&2 2L
xa =
B 1= 11
0 7 142128 0 7 142128 0 7 142128 0 7 142128
~ 80 80
o YER: dHEL
él) 60l Redsoil 60l Black soil
“ a0 40}
= 20 20+
Eoop 2 0 ] S R
0 7142128 0 7 142128 0 7 142128 0 7 142128
1% 3% 8] Incubation tim e/d 1% 3215 8] Incubation tim e/d

TE: MO, ARHEFANUE: ML, FEFAANIE: CK, AU 1,9-5 "8 1,9-DL, HNMRIKSE 1,9-28 [ 1,9-DH, ¥Rk
BE1,9-%8 B, ARFFRERRACEE ) &3 2 % (P<0.05) . F[Al. Note: MO0, No organic fertilizer; M1, Organic fertilizer applied; CK:
No 1,9-decanediol; 1,9-DL: Low-dose 1,9-decanediol; 1,9-DH: High-dose 1,9-decanediol. Different letters indicate significant differences
between treatments (P<0.05). The same below.

B 1 ANRIAEE R L0 A 8 RS RS R & B A
Fig. 1 NH4"-N and NO5™-N content in red soil and black soil under different treatments
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WA HACHEH 575, WM. SRR 1,9-58 I RE85) W32 i p Ah 1111 28d “F¥514
HALEZ (P<0.05, & 2). FEANUEHEM T, MET RN 1,9-% “EEH) CK A2, ANk
VRPN 1,9-%8 “BEAE 218305 I AL 26 R AIK 56%, ik FBERY 1,958 M A 21 338 1) % i A o 2 £
IR, T R i A S 3 AR 44% 1 79%,  3X 3 BH A AL A0 o 3 BB AR 2 P 384
TN . MAETCA UL T, 1,9-58 I ENI0 5 P A - 3 K 15 R AL A< 88 i I3 AR D 0,
HILA A REA IRk, IXRE 1,9-% R e s AR HL . SIS,
Tt LRI NUERIN S 1, W0 1,9-28 R a] BRS8NI 2R, fE0A VUL
HT, EEEEDRGEFHERTONTE, KA THSEREFEL (82,

1.8} a)Zri% 1.8} b2+ K
Red soil Black soil a tg:g;

12} . 8 12}
‘ b

| | b
0.6F b 0.6} m %c
ol L1 |7 il \
Z\N d Mé@@ |
~0.6/ £ ~06| !
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AbFE T ream ent AbFE T ream ent

B2 A AR 203 i A I AR

Fig. 2 Net nitrification rate in red soil and black soil under different treatments
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2.3 N>O HERUFIE
Toit TR HUAE I 515, &A0EE NoO HEBGE &2 (AL (& 3a. Bl 3b),

BN HE RO B BE SR — K, BEGHEBGE R IR T %, JR4ERFERMRKT . T MR H
585, WK SR 1,9-%% R 25 R A - 81K N0 HERC (P<0.05), {HAXAE 2
o, AR LR 1,9-% RIS I (B 3d). fELET, KA N0 RAHE
ARG EY N 1.72~15.45 pgkg!, AiEANAET 1,9-2% ZER IR NoO HER1IR2A
TRFEES, MHEEIET 1,9-% RS N.O REHBEBL, AHUERETIK
FE 1,9-%8 “REALFE R NoO RAFFE A B, 4 1545 pgkg! (B 3¢). Bt &Aabs
NoO BRI E ARG Bl A 0.92~46.58 pg-kg!, HEWHNUIEHH 57, NoO B HICE
HIBE 1,9-%¢ — R R IR T B3R (P<0.05), B HUIEECHE Sk 1,9-2% — B N,O
BRI R, N 46.58 ngkg! (B 3d).

MO Ml 25 MO Ml
L o o bRE S
W s —'_; Red soil 20 4 Black soil —A— 1,9-DH
% g _‘:;n 4
g3 X 15
55 2 10
238 z 2}
Z Z =
5
0,
R S 0
0 7142128 0 7 142128 0 7142128 0 7 142128
B4 3%} 1] Incubation period/d 1% F£ ] Incubation period/d
% 5 ‘ 80 ==
£l ' H K
= o)A Lo HFRL . 71901
8 Red soil | 60 Black soil | 1,9-DH
o0
o &
o
s R
o=
S g
Z 3
&)

MO M1
AbFE Treatm ent AbPE Treatm ent
K3 ANFEANE T HER B 4 NoO HliiE R 5 R HE SR
Fig. 3 N,O emission rate and cumulative N,O emission in red soil and black soil under different treatments

2.4 FEACTRERA YRR S AR L

http://pedologica.issas.ac.cn



+ R

Acta Pedologica Sinica

i, EWHEVER ST, W 1,9-28 FEE Z K AOA 1 AOB amod J:K -
% (P<0.05), HEFHEFEEREA NS nmEm (B 4a. Bl 40, HiAHACAE TR,
R E 1,9-%% Z RIS AOA amoA FERF=FEAHELT CK ALER 737 FEAR 3% 10%,  [FHHfi
AOB amoA HERFFEEMET CK AL 5K 2% 14%. 1752 ik, miRE 1,9-
%% HEXT AOA 5 AOB amoAd FEDAF FE PR AR W 55 T 403 (K 4b. El4d). TivH
WLAEREH 575, ANAE L TR N sk B 1,9-28 A 0] B SRS AL T AE WD CnirK s nirS R nosZ)
BRI (B des B g B 4D, A LIRS iR BE Y 1,9-28 R vl A AS ALY (nirk
nirS Fl nosZ) R F AT CK AEE 737 FEIK 4% 1%F1 2%, MifER -, TS
FANUE, WG R 1,9-28 TN nirk, nirS A1 nosZ 3K 35376 i B 5o (1] 4f,
Kl 4h. B 45,

" 10 AR: Red soil s Bllack soil
“1e Y v @i
sE L c I e\
53 m
B S

2z

<

i 8

H 5

nirSHE R F
Gene abundance

\O

nosZBER £ E
Gene abundance

~

/(Lg copies g dry soil) /(Lg copies-g™! dry soil)/(Lg copies g dry soil)/(Lg copies g dry soil) / (Lg copies-g dry soil)

Kb Treatm ent HAbFE T ream ent

K 4 AR LA B+ AOA amod (a-b). AOB amod (c-d) FEKFEEFER nirk (e-).
nirS (g-h). nosZ (i-j) FEHFSE
Fig. 4 Abundance of AOA amoA (a-b), AOB amoA (c-d), nirK (e-f), nirS (g-h), and nosZ (i-j) genes in red soil and black soil

under different treatments
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2.5 BRHEEREREN NO ZFREMEEME T

WK 5 Fros, XA HUIEHE R 30 1,9-28 B2 IR S0 E R A NoO R R 5
Pt FE R BEEAT T M de /s 3R R 2 AT B R KA DGt A AT . SERREH, R
TR J S SRR A P B R = B S v R AL T R () OCRREER - (VIP>1)s (B0 AL 1Al Ak
TR IR (40 pH, SOC) &5 N,O RANHE KRB T (VIP>1). {$hH1k
THE LG E R AOA amod BRI BE 22 IEAE (P<0.01), N,O RFHE 5
WAL ZE A A A T R 2R 2 A DG (P<0.05).

Nitf_ 1] a) 1.5| R*=0.986 | | R=0513 0)
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Fig. 5 Partial least squares regression analysis of soil net nitrification rates and cumulative N,O emissions (a, b), along with

correlation analysis (b-c, e-f), under combined application of organic fertilizers with BNIs
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