+ 1 (Soils), 2026, 58(1): 89-97

DOI: 10.13758/j.cnki.tr.202410280431 CSTR: 32214.14.tr202410280431
XA, BT H, SRR AF. ORISR )5 A HLARECE XA NH; A NLO HE 52 m. +35, 2026, 58(1): 89-97.

A B A5 1L 0 H1 55 5 B AL 4 RHEC e X R 32 NH; 0 N,O HEAAY

=A I

A A, HH A, RAERY, HXE, AR, k%7, £E5EY

(1 e SR AT 550 42 Jr A ) FE S0 28 (P R R e B 0 BT T RT s FeAfoll AR 2SS, B 2111355 2 EREBE R, Juat
100049)

OB NEEHIEEIER SR, A RS NRTTRRE, BT T RS A S A BT ML R AR A LA A
NH; Al N,O HERCE LA B RS A S B ) 5w B AR FAMLEE . (HHao MR B R TS R R A AR 0 Bk 5 SRR Ak il 5 S ot
PRI RR(MHPP)A 3,4-— F LML s TR-ER(DMPP), 43 IR AL Mo IR AN Ak 24 A i AL 300 5 5006 (1o DR At 0 40 700 T 3k
BACHERR = e (NBPT), iR 3Lk E 7 MAbB, fIFRZEU). R ZE+DMPP+NBPT(UDN), JR Z+MHPP+NBPT(UMN), JR %
+DMPP+NBPT+E 2 (UDNH) ., JR Z+MHPP+NBPT+i4H%(UMNH) , /R Z+DMPP+NBPT+E#) i #(UDNB)., R Z+MHPP+NBPT-+
AW TR (UMNB), 4580 . 3060505 A ML RHBE 0538 18 st - AR IR, %0 - S US4 AU AR SRRV P L S Ab 5 R Al fhad
PE—3BIAT 1 NH; #ERF N,O HEW. FESET U AbBE, DMPP AhPRZE AL BRI 15 72.40%~89.04%, 5T MHPP Ab3
21(9.63%~33.00%), S HEACALFEAINY NH; #& SEZESEE, MK UDNB>UMNB>UDN>UDNH>UMN>UMNH>U, 5 U 4t
BEAEL, BInAE s B R T 138 NH; LR, HIRN 496.9%~579.7%. M, JEHERREA A3 NH; LM M1ER .,
3 N,O HEAUR EEZ NO;-N &g, Ak MH/EATE R DMPP AbFRLH FAMLH +4 NOs-N &, N,O HEBUEM L+
U AbHR 5 ERRAT, FRIRA 44.83%~70.87%, Tl MHPP ACSRZHFENR A 1.82%~45.86%. 45 [Tk, 7EZRILHLXAZIE P DMPP 5
DTEAELL N,O MRS, R EOME AR T8 NH; A8, PR A A F AR XA A A7
K ISR AR BRI, NO; NH;

RESES: S156.2 XERFRERD: A

Effects of Different Nitrification Inhibitors Combined with Organic Materials on NH; and

N,O Emissions in Brown Soil

LIU Yingchun'?, ZHONG Xinyue', ZHANG Xianfeng'?, YANG Wenliang', REN Guocui'?, ZHU Anning'?, XIN Xiuli'*"

(1 State Key Laboratory of Soil and Sustainable Agriculture, Institute of Soil Science, Chinese Academy of Sciences | Fengqiu
Agricultural Ecology Experimental Station, Nanjing 211135, China; 2 University of Chinese Academy of Sciences, Beijing
100049, China)

Abstract: To improve nitrogen utilization efficiency in brown soil, in this paper, based on a soil cultivation experiment, the
effects of two nitrification inhibitors and two organic materials on the inorganic nitrogen contents, N,O and NH; emissions, and
nitrogen conversion related enzyme activities and their mechanisms in brown soil were studied. Humic acid and biochar were
used as exogenous organic materials, hydroxyphenylpropanoic acid (MHPP) and 3,4-dimethylpyrazole phosphate (DMPP) as
biological sources and chemically synthesized nitrification inhibitors, respectively, and n-butylthiophosphate triamine (NBPT) as
the urease inhibitor. Seven treatments were set up, including urea (U); Urea+tDMPP+NBPT (UDN); UreatMHPP+NBPT (UMN);
Urea+DMPP+NBPT-+humic acid (UDNH); UreatMHPP+NBPT+humic acid (UMNH); UreatDMPP+NBPT+Biochar (UDNB);
UreatMHPP+NBPT+Biochar (UMNB). The results showed that inhibitors and organic materials improved soil physicochemical
properties, affected soil nitrogen conversion related enzyme activities and nitrification and denitrification processes, further

regulated soil NH; volatilization and N,O emissions. Compared to U, the peak net nitrification inhibition rate of the DMPP group
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reached 72.40% to 89.04%, which was higher than that of the MHPP group (9.63% to 33.00%). There were significant differences
of NH3
UDNB>UMNB>UDN>UDNH>UMN> UMNH>U. Compared with U, the addition of biochar significantly increased soil NHj

in the total amounts volatilization among different fertilization treatments, with the order of
volatilization by 496.9% to 579.7%. On the contrary, humic acid had a tendency reducing soil NH; volatilization loss. Soil N,O
emission was mainly affected by the NO;-N content. The DMPP group, which has a stronger nitrification inhibition effect,
significantly reduced soil N,O emissions due to lower soil NO;-N content, with a decrease of 44.83% to 70.87%, while the MHPP
group had a decrease of 1.82% to 45.86%. In summary, the application of DMPP in brown soil in Northeast China can reduce the
gaseous loss of nitrogen fertilizer in the form of N,O, while the combined application of humic acid can reduce the total

volatilization of soil NH;, and their combination is more conducive to nitrogen sequestration in brown soil in Northeast China.

Key words: Nitrification inhibitor; Organic materials; Nitrogen transformation; N,O; NH;
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Table 1 Physicochemical properties of tested soil

14 pH EERiING 2R Tl A & NH;-N NO;-N e Sl AP
KA (g/kg) (g/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (g/kg) (mg/kg)
g 5.04 18.20 1.08 122.65 14.75 24.51 471.26 25.17 158.44
Fx2 BHER. FYRREAMER
Table 2 Basic properties of humic acid and biochar
HHLIR  APLR(gkg)  EF(gkg) — &Bi(gkg)  (gke) e F TR (m?/g) FLBREE (cm®/g) pH
JEHE TR 204.10 25.75 30.83 2.38 0.000 63 9.17
AWy I e 193.53 3.29 3.30 22.86 3.27 0.016 9.35
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Fig. 1 Trend of soil urea nitrogen content under different treatments
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Fig. 2 Changes in soil urease activity during the early stage of
cultivation under each treatment
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Fig. 3 The effect of combined application of inhibitors and organic materials on transformations of NH; -N and NO;-N in soil
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Table 3  Soil nitrification inhibition rates under different treatments
Ab B 3d 5d 8d 12d 18d 30d 51d 70d 90d 110d
UDN 8.76 13.91 33.16 51.94 74.80 53.34 21.01 11.29 1.93 7.34
UMN 3.97 6.14 10.03 12.41 13.41 33.00 9.02 4.61 5.28 1.58
UDNH 5.66 15.40 24.41 50.69 72.40 53.58 28.67 15.50 13.21 5.60
UMNH 8.31 6.21 1.97 10.31 8.99 10.59 2.40 6.10 4.70 1.47
UDNB 6.70 15.40 35.61 61.92 87.21 89.04 76.75 53.03 15.71 11.37
UMNB 6.39 7.04 9.63 0.61 -7.74 -60.45 -17.60 -30.67 -21.94 -17.61
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Fig. 5 Comparison of total loss of gaseous nitrogen in soil
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Fig. 6 Comparison of nitrogen conversion related enzyme activities on 30™ day of cultivation
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