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1,3 > 1,3 13 > 2 o5 1,3 > = 1, 3%

(1 DU R IR2EBE , HR 6111305 2 STV AN Mk, JRAS 6111305 3 MG IRIEA W SR I A seie s, ik
# 611130)

W OE. YRR BC) S A Wi AL 70 3 3,4- B IR LTI AR (methyl 3-(4-hydroxyphenyl) propionate, MHPP)Xi 41 JK 14546 +
ARSI, B/ IR PN SRR 2 S 5 IR IS T A R A SR i (1%BC A1 5%BC, B 10 g/kg
H1 50 g/kg) XI5 MHPP Bt X 41 7K 1 48 0 - F R Tl | DI ms b =R | SAH Ak SR ) i TR AL R A ), 25 R
SR RREMLE, 1%BC. 5%BC il 5%BC+MHPP ZMHLEF T IR AWHA UH RS T 26.63% ~ 60.06%; A=Y BT AL FEXS 4
WA AL R TG AE ], 1%BC+MHPP Hl 5%BC+MHPP Ab B 1] 43 W] . 38 [ AR 1 39 B 90 RS 1L 3 R 50.34% Fl
61.56%(P<0.05); FrAa 4= 95 e b BRI i 2 8 I 2k W R AL 8 95.88% ~ 217.53%(P<0.05), H:Ht 5%BC AbBRMG & . Hhoh,
A W R ELA 0 - R U R AR SR A 7, IR AU AL R S0 s SR A LA | A Ao =R 5 B TR A R Y LA ) 5%BC+MHPP
PR, FIOL, 50 g/kg AT iS5 MHPP BUjii i) R el A e H JUk , R s EM BRI IRCR ARG, (ERd—2
HH [E] 35 E

KR AEWR; RIS BIEARL, PN AR AR

FESES: S158.3 MHEAARERAD: A

Effects of Biochar and Bionitrification Inhibitors on Nitrogen Transformation in Calcareous

Purple Soil

LI Mengxiao"* LI Wenxu" 3, LIU Xini"*, ZHANG Cheng?® ZENG Zhuo'?, LAN Ting" "

(1 College of Resources, Sichuan Agricultural University, Chengdu 611130, China; 2 Chengdu Municipal Agricultural
Technology Extension Center, Chengdu 611130, China; 3 Key Laboratory of Investigation, Monitoring, Protection and
Utilization of Cropland Resources, Ministry of Natural Resources, Chengdu 611130, China)

Abstract: The study investigated the impacts of biochar (BC) and biological nitrification inhibitors (BNIs), such as methyl
3-(4-hydroxyphenyl) propionate (MHPP), on soil nitrogen transformation in calcareous purple soil, which included both aerobic °N
labeling experiment and anaerobic acetylene (C,H,) inhibition experiment to examine the effects of different BC applied rates (10 g/kg
and 50 g/kg) and/or MHPP on gross nitrogen transformation rates, including mineralization rate, nitrification rate, denitrification rate,
and NH, immobilization rate. The results showed that, compared to the control group, mineralization rates increased by 26.63%—60.06%
under 1%BC (10 g/kg), 5%BC (50 g/kg), and 5%BC+MHPP treatments. Biochar applied alone (1%BC and 5%BC) had no inhibitory
effect on nitrification rate, while the combined treatments of 1%BC+MHPP and 5%BC+MHPP significantly reduced nitrification rates
by 50.34% and 61.56%, respectively (P<0.05). NH, immobilization rates increased significantly 95.88%217.53%(P<0.05) under all
treatments with BC, with the highest increase observed under 5%BC treatment. Additionally, biochar showed the potential to stimulate
the denitrification process. The lowest ratios of nitrification rate to mineralization rate and nitrification rate to NH, immobilization rate
were observed under 5%BC+MHPP treatment. These findings suggest that the combined application of 5%BC and MHPP may be an
effective strategy to reduce nitrogen loss in calcareous purple soil and enhance crop nitrogen utilization efficiency, but further field
validation is warranted to confirm the effectiveness of this approach.

Key words: Biochar; Biological nitrification inhibitors; Soil nitrogen transformation; BN labeling; Denitrification rate
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RERLIEY m =R E SRR, R,
K FZAEM AR, 28 gak ik =X
FA MRS Yo ) B B R NP I R AT 85 S R AE 3R
B iy 210 2 AN FTE SRR Z 0 A B A B g
G B o ) IR VA= ik < SR I SR AR 22 T e )
LR R A R A e AR AR
TERS LA ER BV B NH; 84k 9 NO; FRE—E 4
bR NO; it Re, ARG B P O
FRERME & . k. OSSR KRR, 28
b J2 & E AL 41T (AOB) Al & Ak 7 B (AOA) FI
P INABFHAMOY NHIAL N NO; iR, Al
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R A R LA R AR VE B 2 2R
U NEEE Cr N R R LU Il G /AN EIE e e
HARMPAERERY, A%EIAY, mESHEDR
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AW BA FLIR R | BRAEL L O A RRERE
fiff Sy 1OV T DS e B AR R HEE S . pH AN
AT PR S, IR S LB EE R NHy, DA
ToF il A AN A A A 90 77 A 3 M SR PR i ]
e AR — SR sT R B, AT e T DU R
AR RN FE, AR, AT
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A2 B A i 700 T 38 o sl A A L A s
A RN, AT 7= AR R . IRBETE Y KU S
s 52 M, A A A AR R A AR R
TSR A VLAY, IS SRE . 3L 3, 450K
KL R (MHPP) 1, 9-2% &2 181 3 HhyF SEAe 47 2%
P RS AEVE R . BEAh, PRIOLARPREE TS e XU |

F RS AL E A8 M2 20z 613", Subbarao 2
W92, MHPP X AOA FI AOB AU HIZE Ky rh
45, Wi Lan ZEPUYE—B4E H, MHPP B0l R A1E
14.1% ~ 55.5%, HARR T HAE A% pH, JAEIGH
GRS F I A AR R A S A AR (H
O 3 AU e R A E AN A,

T LI, A4 LR I e 5 Ak 2 Ak il ) i
fith, AT AR A R, RS A (NH;
N,O. N, Fll NOWR AR P42, sRifii, A £, 4
W0 1 T R 2 R R k27 i A 0 o 590 B 02 1 Ak~ i Ak
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R PLEUE A7 BRTMANERE. AL, A5
LT N R IR R R AR 2 B e, A
GET AW F AN MHPP Bt K HC it ) + 498 R 4%
WAL R | PR A6 | SR Ak 5 A e [ f bk R
I SZ A .

1 MRS

1.1 fkart

P M 55 €5 1ok B V0148 3% 7 T R WY
IK AL H(30°23/39"N, 105°30740"E), 1% ab
FRB M REEHEE IR SR, M7 12
30 ~ 20 cm)IHEATHURE, RBRAHE . WAL AY
Jii, it 2 mm WA TIR A . AR HA M T D0
% 1,

F1 i L REARBAMER

Table 1 Physicochemical properties of tested soil

pH  <oum#hk  AHE: 4% CON WA TAHE NN NO;-N 4o AR
(g/kg) (e/ke)  (gkg) (cmol/kg) (mgkg)  (mgke)  (gkg)  (mgkg)  (mg/kg)
8.10 296 10.72 0.89 12.0 26.25 2.35 25.5 0.58 16.4 138

iR, MHPP(41i E>98%) 4L FH Adamas Biomedical
Technology /A w], {# FHBIARICGR & i) g, i
AR T NH-N R 1710, fEAE Y Bk h &
KFGHFFAE 550 CAMF T @RI, o 2 mm §f 510

I, HBREL(C/N)H 73.51,
1.2 PN @FaEFR%

SRAERH i+ RES B TIF R PN R R G4R
Rl , i s 5 A B, 2l . OX)E(CK);
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@1%BC 4F(10 gkg AW Fim); 31%BC+MHPP
AhEE(10 g/kg AT A MHPP); @5%BC Ab#
(50 g/kg HEWIFIK); B5%BC+MHPP ALBE(50 g/kg HY
A=W 5 e Fl MHPP) .

IS, FREL 50 g(UE T3 fF + TR IR
(400 mL)N, I ZE IR /K Y 1385 /K 2 2 el ik
FRAK R 60%, Ff o5 % B, 25 CHERHOE TR % 3 d
DARRE TR, Z N T SRR o O AL, i)
HEmA 2 mL PNH,NO; (PN F 1K 10.1%)F1
2 mL NH,"NO; %R (PN = 10.2%), LA ALHY
A BN N 50 mg/kg. I ILE 5 AMbHEE 2 B
BN kil 7 ANBRERTE] S BRKEGRE 3 4 E
&, it 210 DS, BT 25 CClHIRRR IRk
JeHE R HEFRMIE, BERATIFMEE 30 min DMRAREA
AR, I BT R B IR LA R S K e, Iy
SRR FREE 2 h A1, 20 3, 4. 5. 7d HEATREIRTE
PRt +FEH 2 mol/L 250 mL KCUEW (K + 1 5 : 1,
VimWRZEHE 1 h, e dld g, WEIERMRA T
4°CYKAH I LA4S NHA-N . NO3-N #e B & 5N = 52 i)
2, Hod PN SR T BO e
1.3 REZHEAGIR IS

TR AR 2 B A o 30 560 35 g Vi B 2 R (PR R
1% ~ 10%)7E i Ak B2 BB AR N,O i 5 N, 11
PLREIE I3 i 0 5 B2 P 18] P NLO 9 JEE il 3 i
e RAE -3 R A A e . 2RI A 3 S 1.2 A
Al BMABIRN: #5 1: 1(m/V)2IK L 400 mL £
FOHINA 50 g(MET 2B 135 50 mL KB ¥
K, FFEIA KNO; i (EUINA S N 50 mg/kg) A2t
FAEALIEY) . b5, 7 R0 EE DI s R 8 b 1 I
2R L R E AR, A B2l No(ZlEEE> 99.99%),
ELERM I SRR, 76 3 IREE (FFIK 10 min)
Je, KGRI R —H Al Ny B4
TN Ny Fl CoH, 1 (5 L5300 90% FiT 10%(V1V). Z
o, BRI E T 25 ClHERERFRAE TR, o
SHEMAZENGR 2, 12 h, 1.2, 4, 7. 10d,
TEST AR IR A A B —Ab 3 | —S k4 F—
]S ¥E 3 NEE . SR A A5 1Y (Agilent
7890)i 5E NLO M i o JET 10%(V/V)CoH, Ab BRI 7=
A B NLO Ve B A B8 SRS AL R (LA N 3728
14 HIELESSZITHH

TR L R

. ([NHZl +[N0;l)—([NHZ]O +[Nogl))

a t

net

(M

IR A AL R

o] o] )

net ¢
TR R AR

P, [

mgross = / X

log(APE_A,/APE_A,) 3)

log([NHj1 ]0 /[ NHj l)
T IR DA A
[No; ]O -[No; l
= ; X

log(APE_N,/APE_N,) “)

g [ o ], /[vos |
B
[N ] [ mi

lNHI = Mgross — P ~ Hgross (5)

e o fRSRMIEIE] RS ; [NHS]o 7R =0 A NHZ-N
& (mg/kg); [NH; 1, 278 ¢ A NH;-N & 5 (mg/kg);
[NO3]o 7Rk =0 B NO3-N % (mg/kg); [NO3], 3
7~ ¢ BFA NO3-N & 5 (mg/kg); APE_A,FRR =0 B 1)
NH;-"N BT H/08; APE A, /R ¢ B NH;-PN
JEFH 5 ; APE Ny R =0 BfAY NOs-"N JFH
SyH; APE N, 2678 ¢ B NO3-"N JF 71 70 5 moe
N IR AL AN, mg/(kg-d)); nue N IR
THALHR(N, mg/(kgd)); mgross A T IEE WA TL3H
RN, mg/kgd)); Agoss N TIRERAEILH RN,
mg/(kg-d)); L 4 NH;-N [FfE# (N, mg/(kg-d)).

SCHEE ] SPSS 26.0 Fl R Studio #EAT4E 14>
Bro Jorr, SELdH N2 5 227301 (One-way ANOVA)
If454A LSD A Ie Ak # 0] 22 55, R Pearson JA#1+)
Rt B Z P AH G . IR R 3.62 1
ggplot2 FLA .,

2 HBREHSH

21 N@FEEFRE

2.1.1 +3 NH;-N, NO;-N & F H PN =f g
fb TELFERIESR AR, S FPAbBE 3 NHL-N
SEYE FHEBY(E 1A), NO3-N &ENE FTE
#(& 1B). 5% BC+MHPP 4b# NH,-N #&7ER S 1 d
7 d B3R 23.66 mg/(kg-d)FA 3.20 mg/(kg-d), 43
S CK ARBREY 1.66 %A1 3.20 1% CK AbHHAEREH: 7 d
AT NO3-N &5~ 148.62 mg/kg, J& 5%BC+MHPP

2ross
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Stk 100 -
0+ 90
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= 6 R 40l
t E: 38
o4l = 0
+:'« 5L T34t
z S 32t =
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2 21 48 9% 168 S S VIR % 168
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(B iR 2 LRI R EZE (n=3); T )
1 N @FEEFIRE P ARLE L E NH-N #1 NO;-N S 2(A. B)UKE N EEMHASTKC. D)
Fig. 1 Dynamic changes in NH;-N and NO3-N concentrations (A, B) and '°N abundance (C, D) under different treatments in '°N labeling

experiment

LEFREY 1.44 £, FrA AL ER NHZ-PN fil NO3-N i
Yo7 Bt % e ) 6] B9 35 G BT RE AR . KRR 7 d W
5%BC+MHPP 43 NH;-""N Hl NO3-"N =& 53 5]
4 0.19% Fi13.33%, AT CK ARFIEAN T 90% FI
10.63%, 5 2 h BIAHILAHIFEAR T 97.9% 1 26.5%
(K 1C. 1D),

2.1.2  HIERWIRH AHEER | VIR | B F A
HORARL PN AR IRRG T, 5 R HER
WA AR AL 2.86 ~ 5.17mg/(kg-d), 5 CK
REFRAAEE , 1%BC 1 5%BC AbFE + 358 5 0 0™ b i R
SR 26.63% ~ 60.06%, {H 1%BC+MHPP #i
5%BC+MHPP Kb HFAIE T A= 9 5 o it X + 4980 4k
W R VER (B 2A). BLAh, CK A3+ 3R P giis i
AN 6.75 mg/(kg'd), 5 1%BC Hl 5%BC b HiELA
AHIA], 1M 1%BC+MHPP £l 5%BC+MHPP 4b# ) & %)
B Ak AT CK AL P i 25 A% 50.3% 1129.4%
(P<0.05)(F€ 2B). % T CK Ab#(0.97 mg/(kg-d)),
1%BC. 1%BC+MHPP, 5%BC #1 5%BC+MHPP #b#H
B R A R 3 4 R T 105.15%.95.88% . 182.47%

1 217.53%(F&] 2C) o 540 B (1% 4 [R] £ 18 58 i A 40 okt e
NI BN (& 20), A AL B RA ik
R TR R A 23 I A ) B e S I 1 1 o i
(B 3). 5341, 5 CK AbHAH EL , A= ) i ¢ Bt fits MHPP
AR R AL RS A R W E TR T
53.5% ~ 77.9%, AR FEEE L TR T
24.4% ~ 45.8%(I% 2E ., 2F), Hrf, X DL 5%BC+MHPP
b FR B PIAS (B BAIK

2.2 [REZHRHIPHIRLE

2.2.1 £33 NH;-N FlI NO;-N &&= 48 1k TER A RS
FERK T B, ASE AL B A 38 NH,-N S &g i,
NO3-N B Wi /D o FER I CH, iR EE , 1%BC
AEFRTERESE 10 d ISP NHE-N Fil NO3-N &89k
15.75 F1 17.29 mg/kg, S5H:i3% 2h mHAHEL, H NH;-N
TENMT 180.77%, NO3-N B/ T 79.17%(1&
4A . 4B). MHILZ T, TEATIN CoH, By FEH (] 4C.
4D), 1% BC+MHPP Z- 3l 5%BC+MHPP &b HE7ER;
7% 10 d Bf % NH,-N & 543518 14.78 Fil 14.83 mg/kg,
FelEg% 2 h mHEINT 186.3% F1 169.76%. M4k,
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-
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W

D i o o 7 s
1F / 2F T ¢

7

CK 1%BC 1%BC+MHPP 5%BC 5%BC+MHPP CK 1%BC 1%BC+MHPP 5%BC 5%BC+MHPP
Ak y Qb ¥R

(B PR [R)/NG R R A B A 22 548 P<0.05 /K25 T IH)
2 NHFEEFREPARLELBRTHEMERE. NRTULEEA). NRHLEE®B). RENLEEC). REEL
EED). HUET HER LLE)FIRE L S5 E LIEER L (F)
Fig. 2 Average nitrogen transformation rates under different treatments, including gross mineralization rate (A), gross nitrification rate (B), NH;
assimilation rate (C), denitrification rate (D), nitrification rate to mineralization rate ratio (E), and nitrification rate to NH; assimilation rate ratio (F)

1%BC+MHPP ZbH Al 5%BC+MHPP ZbBEAER: 3R 10d A9 P 41 40 B v, NL,O HE i i R i K& /N o
Af NO3-N &40l h 18.19 1 17.53 mg/kg, HLEEFE 5%BC+MHPP>5%BC>1%BC+MHPP>1%BC>CK, H:
2 h B/ T 78.18% T 76.93%. o, TETRIN CoH, BYALERZ, N,O HEHGH R 7E SRS
222 I N,O HFGEAEN TERECHIRE 57 1 dIARIIEME, SRS EETRE(E 5A); BAEE SR
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Fig. 3 Average net nitrogen mineralization rates (A) and net nitrogen nitrification rates (B) under different treatments

—m—CK —e—1%BC
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K FRisiE] (h) Rigenstii] (h)
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Fig. 4 Dynamic changes in NH;-N and NO3-N concentrations under different treatments in anaerobic acetylene inhibition incubation
experiment, with (A, B) or without (C, D) C,H, addition

1 d B, 5%BC+MHPP 4bBEE) N,O HEHH F N
321.38 pg/(kgh), & CK APREY 1.23 f%. ZEATIM
CoH, MALFRZE T, NLO HET i 258 B Ao 1] HE < 2 17
/DK 5B), 1E5% 2 d i, 5%BC+MHPP 43 ) N,O

HERCHE %0 0.91 pg/(kg'h), J& CK ALFEIY) 1.96 % .
223 HIERAGEAE R
R, CK AAHMRAELEZEN 0.98 mg/(kg-d),
1%BC F1 1%BC+MHPP Zb# F. CK Zb#H 2 16%,

PRAA ZHL R i 45
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5%BC 1 5%BC+MHPP 4bF v CK AR FRA3 )15 25.5% R 5H0 9 n™ b 18 3 K 447 [R] Ak 1R 12 I 2 16 A1 56
1 33.0%(&l 2D). [AlEE, FHOCAMITES R B, RAEf  (P<0.05)(&l 6).
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Fig. 5 Dynamic changes in N,O fluxes under different treatments in anaerobic acetylene inhibition incubation experiment, without (A) or with
(B) C,H; addition
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Fig. 6 Pearson correlation matrix of nitrogen transformation rates
under all treatments
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2 BRI AR LA R A A o it PR i 25 S ST AR
WF5EH, 1%BC+MHPP ZbHFI 5%BC+MHPP 4b B
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