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Influences and Factor Analysis of Syringic Acid on Nitrification and N,O Emission in

Different Soil Types

WANG Fangjia"? LU Yufang', HUA Yao' % SHI Weiming'**

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

Abstract: In order to investigate the effects of syringic acid (SA), a biological nitrification inhibitor (BNI), on soil nitrification
and nitrous oxide (N,O) emissions in different soils, three typical agricultural soilsnamely calcareous soil, paddy soil, and yellow
soil, were selected for incubation experiments. The effects of different SA concentrations on nitrification rate and N,O production
in the three soils were studied, and the main factors regulating the effect of SA were explored. The results showed that SA had
inhibitory effects on soil nitrification and N,O emissions in neutral paddy soil and acidic yellow soil, with inhibition rates of 20%
to 55% and 11% to 60% on soil nitrification rate, and inhibition rates of 55% to 65% and 13% to 24% on soil N,O emissions,
respectively. On alkaline soil, SA had no significant effect on soil nitrification rate and N,O emissions. The inhibition of soil
nitrification by SA on yellow soil had a dose effect, while such a dose effect was not found on the reduction of N,O emissions.
Two factor analysis of variance showed that both soil type and SA concentration affected nitrification inhibition efficiency of SA,
and they had an interactive effect, but the latter had no significant impact on emission reduction of soil N,O. The correlation
heatmap analysis further indicated that soil pH, organic matter and clay content may be key factors affecting soil nitrification
inhibition and N,O emission reduction of SA. In conclusion, soil conditions with slightly acidity, high organic matter and clay
content are more conducive to the effectiveness of SA, which provides a theoretical basis for the precise application of BNIs.

Key words: Biological nitrification inhibitors; Syringic acid; Nitrification; N,O; Impact factors
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) SNIs 7E4 ), FEAF ] T —@n M, (HIHAEAE
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DU A deg b ML 3RE 1k S SR BT 1O R ARk, BNIs
TERHEHCR | RIVEY) . WARSEThZ AP B 2K
FIHEA T8 S 463 , 4 - B HF % P4 i (Brachialactone)!' )|
XFEFERTA IR H H(Methyl 3-(4-hydroxyphenyl)propionate,
MHPP)"® | 3 (Sorgoleone)!'”! | EKEAPY | 6-H1 4
B2 28 I W e bk i (MBOA)Y | 1, 9-3% — (1,
9-Decanediol)*? . T 7 & (Syringic acid, SA)* .|
Nimin”“H Neem"™4§ . {1 BNIs P78 B AR I
W R, TERERET SRR, ZUEM RS . &6
PNV ARE 1) R R T, X BNIs 78 b g /EH
RO 5 LIRS B [ 04 1 T 37 R R G Y
w1,

BNIs [0 I8 A Ay 2 — Tl 600 A58 A G g 41 ol

LS NLO HE b semg 1, Horp 1, 9-%%
XFFIE 3 Fofr AL A SRR L PR KRR A
B VELT R AL IE M 5 NLO HERC A 8 TR
AR 39 T A A8 SR T v P Rl - 126
MHPP 7ER PR 540 4 I AU RS AL RO 58 T rppE 2%
., X N,O AYISHERCR A P75 w7 i R
TR AE A AL TS PR p T -4 AR E NLO HE X
G HT 0L, AS[A) BNIs 78 AN [R] 338 F s it ml i
ARARZES ., SR, HFT BNIs BN F5E K Z 4+
FE i — 1 R0 2 K L 30 e = KT
1028 BAFI o ARWF IR B 5 AR 1) T &N B
FRyIT, Peie T 3 P R A I 3, R E AN
RIS, P58 T A RRAE 3 PR TR 38 X 3 a 1k
HORA NLO HEBCAERSEM, FRIT R T H IR 5L
WA EER T, NJE%: BNIs 7E40 AL B A0k
A AREE Y SN ST

1 #REFE

1.1 kst

BERIERL: BREREE((NH,),S0,, ZrHral),
SRy A IR R A=

HE AR Py s AL Al 7). T A R (SA,  Sigma-
Aldrich, 3E[H),

B e H R 1 | KRS R 4R A
TR E(35°00'N, 114°24'E), 7KFE 3% H VL5 E 2%
(31°17" N, 119°54' E), B HE % [ 5= M % X
(105°2'59"E, 25°11'43"N), 3 FpISHY + e [ & H
BHERIZ(0 ~20 cm), HIBRHTEE LA 22 S5k
RE, 2ARKTIGT 2 mm G, HREEARM
fRPER L 1.
1.2 Rt

R & N IR SR ik, ¥ 100 mL 35
AR 7%, B AUIE N (NH,),SO4(N 100 mg/kg 1),
BEFp BRI E 3 A (D(NH,),S0, ZhFH(CK
XFH); @(NH4),S0,+100 mg/kg SA AZLFH(SA-100);
(3(NH,),S0,+500 mg/kg SA kb H(SA-500); % ~kbH

£1 HiRTIEERBAMER

Table 1 Basic physiochemical properties of tested soils

F-gEs FBURE Hb A pH LT EA THA A HSA ik 21 AR (%)
(g/kg) (g/kg) (mg/kg) (mg/kg) A Kk Wk
1 I EE 3 8.16 7.29 0.60 19.72 3.62 8.2 34.9 56.9
IKAE 4 VLI E 2% 6.15 23.70 1.35 6.26 3.23 17.4 41.9 40.7
B T2 X 5.64 31.60 1.93 19.9 22.13 58.1 26.3 15.6

e R IEUR R AR vE S EERE<0.002 mm . #KE 0.002 ~ 0.02 mm. @4 0.02 ~ 2 mm,
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1.4 HEAKX

D4R

R, :[(NO;-N)t —(NO;-N)OJ/t (1)
A Ry FRIHEZ, me/(kg-d); ¢ N IE BRI ],
d; (NO;-N)o FI(NO3-N), 4341124 0. P NO5-N & &,
mg/kge T-HIHE AL R AR I AT A
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podeM, 273 1 )

dt vV, 273+Tm
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L; m WIEFEMPT L8, keo

SN,0=3[(F,, +F,)/2]x(D,, -D,)/1000 (3)
e YN,0 %R N,O BRI, mg/ke; n FoR
% n YCRKE; (D, —D,) FPEAHISERAE Z [ K
#, do

3) A W A A 7R %S S A A O R R

I:@XIOO (4)
b T RIRIEIR, %; A X BRZH AP A i Ak

Rl NL,O HEBUE R B MU InA: i £k 30 il 77 b 3t
A fiE AL R NLO HERUE &, mg/(kg-d) X N,O-N
ng/kgo
1.5 #HEFZITHW

K JH SPSS 25.0. Excel 2010, Origin 2018 %4
AT BIR G S22, Hoh SR A B2 )RR
(1) 26 5 Gk 25 P L ok F B R 2R 22 43 1 (One-way
ANOVA)FI Tukey K% ; 3E2AY | oAbl 5700 vk 2
DL K =35 1 28 EAR P R HERS AL AT N,O RAHE
TR PSR TSR 28 07 22531 (Two-way ANOVA);
R HIAH DGR 7 B 43 B 2 2 T 75 R 6T 1 S8l 4k
RS NLO JHER £ &

2 HBREHSH

21 TEHEEBYIEHCERNZIN

WAl 1 B, AS R ] B 1 CK A 3 4 i bk
K (12.63 ~ 16.74 mg/(kg-d))XI W i 55 T 7K A8 1.(0.69 ~
0.76 mg/(kg-d))FI & 1E(7.05 ~ 8.16 mg/(kg-d)), 1y HH
PRI RS ILVE RS, 72 0~ 14d N, BEFE 5
0 F LTRSS S 12 R = o S O 7 N i o gl 5
b XTI A A P JC BEE M EI RO . 5 CK M
I, SA-100 AYAHXHERH T 75 iR Ab 30X /K A 1 i ik
PRSI AN 2, 5 AL SA-500 Ab B GE I &40
il 7K A LA L VE I (P<0.05), WAl 1D, 7826 7 KA,
TR T 2 P e v i AT ) 3808 ) 55% o BIE A fi
RPERIA T 5K AE £ 2 0], TR R HAE 0~ 7 d
BRI BV P B 432, SA-100 i1 SA-500 A4l 1k
THR B 30% . 60%, A W E I R
(P<0.05).
22 TEHEEXTIE N0 H M

M CK KE, HERZM T 40 N,O HEHGHE &
WA (595 ng/(kg-d))m T (185 ng/(kg-d))Fl/KHE
+(77 pg/(kg-d)). NLO BFHEIL 5 (4.09 mg/kg) =
T ¥ 18(0.92 mg/kg) FI/K 5 £.(0.38 mg/kg) (& 2). A
[ T &R 3 F 3 N,O HEBUE AR
THRBREH L LM NO HEBUEESMNEF T 1 ~
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Fig. 1 Effects of different doses of SA treatments on soil nitrification rates and nitrification inhibition rates
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Fig. 2 Effects of different doses of SA treatments on soil N,O emissions
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Table 2  Effects of different soil types and nitrification inhibitor concentrations on soil nitrification and N,O emissions
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Fig. 3 Correlations between soil properties with N,O emission and nitrification rate
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