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Effects of Biological Nitrification Inhibitors on Nitrification and N,O Emissions of Yellow Soil

in Southwestern Guizhou

HUA Yao', LU Yufangl, GAO Weichangz, ZU Weijun3, SHI Weimingl, GUO Yali**

(1 State Key Laboratory of Soil and Sustainable Agriculture, Institute of Soil Science, Chinese Academy of Sciences, Nanjing
210008, China; 2 Upland Flue-Cured Tobacco Quality & Ecology Key Laboratory of China Tobacco, Guizhou Academy of
Tobacco Science, Guiyang 550081, China; 3 Bijie Agricultural Ecological Environment and Resource Protection Station, Bijie,
Guizhou 551700, China; 4 Qianxinan Branch Company, Guizhou Tobacco Company, Xingyi, Guizhou 562400, China)

Abstract: In order to investigate the effects of biological nitrification inhibitors (BNIs) on nitrification and nitrous oxide (N,O)
emission on yellow soil in Southwestern Guizhou, a three-week soil incubation experiment was conducted to explore the effects
of two BNIs (methyl 3-(4-hydroxyphenyl) propionate (MHPP) and syringic acid (SA)) on soil inorganic nitrogen content, amoA
gene expression of ammonia-oxidizing microorganism and N,O production. The results show that compared with the control (CK),
MHPP and SA can significantly inhibit the nitrification process with the inhibition rates of 6%—-43% and 5%—51%, respectively.
Moreover, MHPP and SA both reduce the abundance of ammonia-oxidizing archaea (AOA) by 12%-22% and 27%—41%, and the
abundance of ammonia-oxidizing bacteria (AOB) by 6%—19% and 26%—46%. Meanwhile, nitrate nitrogen content in yellow soil
is significantly positively correlated with AOB abundance during the whole incubation, but has no significant correlation with
AOA abundance, indicating that AOB plays a dominant role in the nitrification process. In terms of N,O emission, MHPP and SA
show strong inhibitory effects of 51% and 21% on total N,O cumulative production, respectively, and the reduction of MHPP is
better than SA. MHPP decreases N,O peak while SA mainly delays the emergence of the peak of N,O production rate. This study
indicates biological nitrification inhibitors MHPP and SA have the potential to reduce nitrogen fertilizer consumption and increase

nitrogen use efficiency of the yellow soil in Southwestern Guizhou, which provides a theoretical basis for the development of new
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green fertilizers for flue-cured tobacco in the future.

Key words: Nitrification; Biological nitrification inhibitors; Yellow soil; Nitrification rate; Ammonia-oxidizing microorganisms;
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Table 1 Basic physiochemical properties of tested soils

TR HHLE pH A RS NHi;-N  NO;-N CEC R 2 il (g/kg)
(g/kg) (g/kg) (g/kg) (mg/kg) (mg/kg) (cmolkg) s v R
<0.002mm 0.002~0.02mm 0.02 ~2 mm
P 31.6 5.64 1.9 18.1 22.13 19.90 13.9 581.0 212.0 207.0

PEISRE R, PIALIRIe &1 3 AbEE, RS B
3AES, 39N OCK ((NH,),S0,); @MHPP 4b
FH((NH4),SO,+MHPP); (DSA AbF ((NH4),SO4+SA).
454 SCHK[20,30] 385 3k R FH 19 il £ 100 11 750 32 R i
10 790 3K 56 00 3K O 1k P A B A AR R, 45 b B
(NH,4),SO, A &)} N 100 mg/kg +, MHPP Fl SA
A&k 500 mg/kg .

FREL 10 g T L& TR, Iz imoKE 1y +
HEEIKEE 40% WHC(H A KRk E), 25 C fH
BRI FE, WiEE 1 d Ja, EH— ks o4t
SK)UEE 1.6 mL (NH,),SO. FHA: Wi A4 il 7] Ak 2
Jtan, RS AT R S IR A e, SR Rk
TR 60% WHC., 45— 2H 56 68 FH 3 11 B st 4
AL/ MLLRIEE S, JEA 25°C fHiERE TR
FEURSEIEOEIE IR 21 do BEFRIE], RERR 2 d FTOFE O
FEFR FE K A K A3 R 1E 60% WHC, 76 3 in Ak BRI
JEIES 7. 140 21 REAT HIEBOAMERAE, —HK0
AR S T AR A T, AR A G R R
THEE —80 C &M TR T HIERUEY 8T
5 A R R B RN 25 °C HIREEFRA
WEEREFRE, TEMALBRG IS 1. 2. 3. 4.5, 6.
7. 10, 14, 21 RIFFTMUEE, BUCREFTR B
HHESUG %6 23 h, FH 25 mL AHEES 8 E 3 I
5 R AE 20 mL SR A BEA N, FHTIE N,0
1.3.2 MEH S NHz-N. NO;-Nf#iH 1 mol/L f9
KClAEW IR LS g +4E 50 mL KCLE R 1 h,
FRE 30 min 5t IS BN, A AT LAt
JCEETHD-8, FRLIEE AR A ED)IEWRE . N,O X
AU B PSR (5321 (GC7820A , Agilent Technologies,
Inc., USA)E .
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W EH T NHE-N THFE(P<0.05), 1fii MHPP {XAE
iR 0 ~ 14 d WEA BB MHIZ0N (P<0.05), W& b
FRIF 1] A S A RO A 25 . 7R FR 0~ 14d N,
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BFEWT MHPP, +HELHLA S B2 NS LAt
(B 10), 5 CK Mk, SA 43 FIEHLE & AR
()15 % I (R 240G i 258 Ak, T FE 7 d Al 14 d P, MHPP
Wb BRI TR S AT i R 3(P<0.05)
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1757 ) 175p ® 1751 (©
a a
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—_ —_ b a
3 125t 1250 3 125) b
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Fig. 1 Changes of soil NH; -N(A), NO;-N(B) and total inorganic nitrogen contents(C) under different treatments

22 AEAEYEHELINEIFLE L EEAIERY
=41

M 2 s, BB SFRRAIAYIE K, CK ZbFERY
AL R B W N %16 0~ 14d N, 5 CK A, MHPP
FISA Ab P il A 53 B 2 AR (P<0.05) , JE B3 77
BEIER S 21 d TR EFZER . 658 7. 14, 21 KA,
MHPP il SA BJHHIZ53 518 43% . 51%, 26%. 32%
6%, 5%, S5XTHEZH CK AHEE, 70 ~ 14 d ],
PR PR o ) B R bR, H 0~ 7 d B
HIRCR SR, SA XHF Ak 2 1 30 3% T MHPP.
23 ARAAEYHEEMEFILETHESSEUEE

ERESHERSENKER

IO i PCRME T s Ab A FH G R A
— R E A TR (AOA) FIZ SE AL A T (AOB) Y amoA
B B (8] 2) TR IE SR MR, CK AL T AOA
FETHBEME 24). 5 CK M, 0 ~21d K
MHPP FlI SA ZbHHE) AOA T2 1) i F AR (P<0.05),
JFH SA 4#ERY AOA F R B (LT MHPP b3
(P<0.05),MHPP Fil SA %} AOA FMHIZ /57 12%
~22% M 27% ~ 41%, FHhe 14 K, B

F2 AEIFERZAE T LR R R R E R S &
Table 2  Soil nitrification rates and inhibitory efficiencies of
nitrification inhibition under different treatments during different
incubation periods

I ] BE(d) WP R R (me/(kg-d)) IR (%)
0~7 CK 8.65+0.03a
MHPP 4.91+0.09 b 43
SA 4.19+0.14 ¢ 51
0~14 CK 755+0.13a
MHPP 5.58+0.01b 26
SA 5.13+0.10¢ 32
0~21 CK 624+ 1.14a
MHPP 579+028a 6
SA 5.84+0.49a 5

TE - [RISVEHE /NG TR AN R 7R 6] — I 1] BEA ] A B 0] 22 5

43 (P<0.05),

MIEFIFIRRNZE R, CK ¥ AOB FJE 2 ¥HF

s SE(E 2B). 5 AOA AL, BB IR IRl Y,
5 CK # 1t , SA Ab3fY AOB = Ji i 4K (P<0.05);
ifif MHPP AbBETE O ~ 14 d PN &40 T AOB i,
Bl IR R ZE K, 3 21 d W2 T B EMEIVE .
JFH 0~21d#iH], SA 4B AOB F IR i 1%
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Fig.3 Correlation between soil amoA4 gene abundances of AOA(A) and AOB (B)and NOs-N content
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Fig. 4 Changes of soil N,O emission rates(A) and cumulative N,O emissions(B) under different treatments
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