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Effects of 3,4-dimethylpyrazole phosphate on ammonia-oxidizing
bacteria community in coastal saline-alkaline paddy soil

ZHOU Jiaqing', XU Min', WANG Feng?, LIU Hao', ZHU Shijun’, CAO Hui""

1 Key Laboratory of Agricultural Environmental Microbiology, Ministry of Agriculture and Rural Affairs, College of
Life Sciences, Nanjing Agricultural University, Nanjing, Jiangsu, China

2 Ningbo Key Laboratory of Quality and Safety Detection and Control of Characteristic Agricultural Products, Ningbo
Academy of Agricultural Sciences, Ningbo, Zhejiang, China

Abstract: Nitrification inhibitors can affect the biological transformation process of ammonium
nitrogen to nitrate nitrogen in soil by inhibiting the activity of ammonia-oxidizing bacteria (AOB).
[Objective] To investigate the effects of the nitrification inhibitor 3,4-dimethylpyrazole phosphate
(DMPP) on the community structure and assembly mechanisms of AOB in coastal saline-alkaline
paddy soil. [Methods] To study the effects of the typical nitrification inhibitor DMPP addition on
the diversity, community structure, and community assembly process of AOB in soil under two
salinity levels. Pot experiments and high-throughput sequencing were employed to determine the
diversity, community structure, and community assembly process of AOB. [Results] The addition
of DMPP increased the alpha diversity of AOB in soil, which reached a significant level in the high-
salinity soil. The addition of DMPP significantly changed the community composition of AOB,
reducing the relative abundance of taxa with high relative abundance and enriching the taxa with
low relative abundance. The decrease in relative abundance of taxa with high relative abundance
was the main reason for the inhibition of DMPP on nitrification. Principal coordinates analysis
revealed that the community structure of AOB changed significantly after the addition of DMPP,
which was more obvious in high-salinity soil. The null model analysis results showed that
stochastic processes played a dominant role in the community assembly process of AOB, and the
contribution of stochastic processes increased after the addition of DMPP. Canonical
correspondence analysis and Mantel’s test indicated that soil pH, electrical conductivity, organic
matter, total nitrogen, and alkaline-hydrolyzable nitrogen were the main physicochemical factors
influencing changes in AOB community structure. [Conclusion] DMPP exerted significant impacts
on AOB communities in coastal saline-alkaline paddy soils across varying salinity levels, with its
inhibitory effects varying substantially with soil salinity.

Keywords: 3,4-dimethylpyrazole phosphate (DMPP);
community diversity; community composition; community assembly
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Table 1 The soil physical and chemical properties of different treatments
Ab 3R AT TS LR AL AR A o Bl fi
Treatment  Potential Electrical Soil organic Available Available Total Alkaline

of hydrogen conductivity matter phosphorus potassium nitrogen hydrolyzable

(uS/em) (g/ke) (mg/kg) (mg/kg) (g/ke) nitrogen (mg/kg)

HCK 8.83+0.11a  535.67+43.10a 8.92+0.14b  66.32+7.84a  407.00+£50.09a  0.79+0.08b  110.13+1.76¢
HDMPP 8.794+0.09a  530.67+38.08a 8.57+0.21b  45.19£291bc  382.67+74.66a  0.79+0.04b  96.03+7.15¢
LCK 8.60+0.06b  287.33+25.50b  15.95+1.20a  46.75+7.24b  438.67+20.55a  1.70+0.08a  152.17+2.97b
LDMPP 8.38+0.12¢  281.33+18.77b  15.13+0.38a  34.71+2.80c  463.33+26.08a  1.54+0.16a  181.13+16.57a

b AN I N F I ER S, =3, ARG TR R AR BRI B9 25 57 1 FPE(P<0.05). T IAl.
Soil physicochemical property values in the table are meantSD, n=3. Different lowercase letters indicate significant differences

between treatments (P<0.05). The same below.

R2 AELETKESEEEHIRESESESRSE

Table 2 Soil ammonium nitrogen and nitrate nitrogen contents under different treatments across rice growth

Stages

Qb 47 BEH Tillering stage Y] Heading stage M Ripening stage

Treatment  NO,™-N (mg/kg) NH,"-N (mg/kg) NO;-N (mg/kg) NH,-N (mg/kg)  NO;™-N (mg/kg) NH,'-N (mg/kg)
HCK 4.14+0.40a 113.22+4.61d 0.070+0.026a 12.36+7.66d 3.65+1.02a 0.81+0.26¢
HDMPP 0.24+0.11¢c 123.89+7.38¢c 0.085+0.010a 45.64+11.24c 0.70+0.03b 4.934+0.82b
LCK 1.34+0.20b 135.36+6.46b 0.047+0.013a 66.26+£9.71b 3.05+0.76a 0.34£0.19¢
LDMPP 0.38+0.11¢ 221.69+15.69a 0.085+0.015a 118.45+7.66a 0.43+0.04b 15.96+0.87a

http://journals.im.ac.cn/actamicrocn
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Figure 1  Analysis of soil AOB community diversity. A: Alpha diversity analysis of soil AOB communities; B:
Principal component analysis of soil AOB communities. Different lowercase letters indicate significant

differences between treatments (P<0.05).
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Figure 2 Volcano plot of OTU differences in AOB community under different treatments. The x-axis
log;o baseMean represents the average abundance of OTUs in samples. OTUs with log;o baseMean>2 are defined
as high relative abundance taxa, and OTUs with log;, baseMean<2 are defined as low relative abundance taxa.
The y-axis log, fold change indicates the degree of difference in OTUs abundance changes. log, fold change>1
indicates increased abundance, represented in yellow, while log, fold change<-1 indicates decreased abundance,

represented in blue.
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Figure 3  Phylogenetic tree of AOB amoA gene sequences (A) and stacked bar plot showing the relative
abundance of AOB phylogenetic groups (B). In the phylogenetic tree, OTUs represent sequences with relative
abundance >1%, while “Others” in the bar plot denotes OTUs with relative abundance <1%.
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Figure 4 Analysis of the soil AOB community assembly process. A: BNTI values of AOB communities in
different treatments; B: Percentage of deterministic and stochastic assembly processes of AOB communities in

different treatments.
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Figure 5

Correlation analysis between the soil AOB community and environmental factors. A: Canonical

correspondence analysis of soil AOB community structure; B: Mantel’s test, cluster analysis, and Spearman’s

correlation heatmap between soil AOB community structure and physicochemical factors. The asterisks indicate
significant correlations between the two, with *P<0.05, **P<0.01, and ***P<0.001.

P4 actamicro@im.ac.cn, & 010-64807516



JAFER 5 | eIk, 2025, 65(12)

5627

itk AOB BEVE B9 Z AR PE, R3h L HE
AOB BEVE M ZREE A — E R &,
DMPP 3@ 3 il 3 AOB (194 E AL TE M S8+
HENH, LR, NH Rt — 23 72805
AR 2 BE S HE AOB A= 4, ol HLAH X = 3 %
fik, AR PEARARXT 3 B2 S HE AOB ARSI ik,
AR RIS ZREVERY TR . AT LA BN
Fen FR G 3 B 2K B AOB AR X =F B IR AR 5 ke £
AOB $Ht /b, 3% & DMPP H I RS A AR FH o 78
B EZ N . AOB ZFEHE IR VE A7 =ik 5
IR A S 1) F P A9 2% 5 00 AT B S PR A g
AR A% B DMPP A 2% A A PRGSO
[vi] b P K 45 A B IS - S A S UG A T LA
A, DMPP 7 = £ + 3 o (i ms Ak 3 o 2R =
AR T mdh 13 BC B, HIEmh T
ETEE PR e, vl g i e R R i
T DMPP 43 FRy4FIRIMEAEH, Mimides T
DMPP AT RLEN s 5 — 5, i3k 3 ML
JE S AR, DMPP Bk 398 v i A BLIS R
M52 1 DMPP (1 45 A 2 4G & 1, DMPP
VE ARG 58 J5 6T AOB [ AR 2 B2 AR K1Y
T R Bl = 35, A R AR X o
REROAE K, B3 AOB BEVE ZAEME, MM
SRR T = A SRR R R B
25,
3.2 DMPP EmkE#HL It EFEE AOB Bf
R RS UR e sl DoAY

T 5 21 3 70 00 s T W BV ) 2 Bk ]
BT TR B O B A M A R B AL A
[RIVEFH P Y ie s i 2 26 0 1, (H X S 7
TSR Sl A P AE T5 4256 (0 R X DR AT A7 7E
WS A ST R A YRR AL ML B 5T g
/L Feng 2T T KRS 1 3 h R & A AL #
FEVE B ALRERLE, FRIIREHLIE SR = 5 T RE
MRS, X SAMI AR5 BFss £HiE
P R AE £ 38R 0 SRR b & 3 A
1717 Bt AL 2o A A 9 R oy A e v 1 g 2

SR AHFIE A2 K IR R A
+ 8, FEE IR T R A A K R e
PR HI G5 RERE R 7, MG SR T REAIL M o B A
AR E TP i E . 5 CK B L,
DMPP AbFH ) AOB H# ¥ B AL 1o 2 A A5 7
o AIFGT 2 B R [R]85 25 1 ik
Bifi ML Ao R TR Tl A O 7 A e e AR Y
PRI DMPP %7080 AOB EyAH N 32 BE S e A= K
(A FE— e R g T HiAth AOB 554+ B Ui
(I 7o WIS 3 W B ML 1o 72 BE % (i i3 B
e 2 A TR, A B TR RE
YIREVE I R MR e [, A BEALYE
1F AR FE T I A YR T RE S X b BLER B AR AL BT
ORI TR —E R Z v E R, I R 58
(R e PEAT — 2 10 IE SR S S5OR P, DMPP
AbFEH AOB B 74 388 M0 %) BEAILIE o 2 P 4R o
I 2 RerE, NS85/ DMPP Xt AOB
BEVE S A TP . Xun ZER P BF IR B, K
A= R TR A e A AR R B AL PE R R BB
Wi SR B R s T E P AR L T
) ZREE SRR, X — 2R T A
R N
3.3 LI AOB BB S5IMEREF < EH
K&

T8 pH, AR TS mS b
I 5 5 A R O A 22 R PR RN AL R WA S
AR LM, HHEAEPUR SR, B SR A pH &
5 £ il £ 18 AOB V% 25 44 1Y 2 2L 3R 4% A
To HHEABLTAE A 4 B T ) AR AR
Z—, BRHERSERENZ L, HEER
AR A A SRR ) RN - S A O A U T R 2 Sk
FEEO B ] 45 pH FHL SRR AT
TR R S, A S R R
i B W A S HERT . R R o et
A RV Sk A B, Rl R
Sy RN R S AR I K%, R
BAERHER YRS, SRR R R Y e A

http://journals.im.ac.cn/actamicrocn



5628

ZHOU lJiaqing et al. | Acta Microbiologica Sinica, 2025, 65(12)

FU T IR EXT AOB OS2, H RTAYHT
58 25 R AR I N ) oA — B0, A 5% % W
AOB Hf 5 Z HEME S B 25 1 498 58 B 0 35 i e
K, WA BT R — RS N, B
TR I AOB BEVE B 2 HEE 2 LT,
i R B A Sl R AR eAk, A
532 Nitrosomonas &L PiFRE H AOB FY 32
KRR X GARFFIT LSRRV, &
£+ 3irh AOB BEVE MRS RE N Nitrosomonas ,
[ R - 58 AOB Hf 5 I ZFEMEFe B T
R+, BRmIBSTE—EBE FiH AOB
BEEIA R, (HEREXT AOB BEVA 454 HoA a8
PEVERT, BT E RS 0 AOB, EHEZL
HOMI X AR AOB, MM 475 T AOB B4
F=F 5 A REERY

4 i

75/ DMPP )5 3 AOB 461 . BEKZH AL
FIRETE 28 Fe & AF 25 28 fk . DMPP 8 i #
il AOB HEv& /D3 m F LS AR, %
MRHARXT R, E I 2% A B2 U 5 4 & 0 9 Bl
AESOLAS ], BONARTFEE AOB ZEFH (14 18 5 A i
TN, MR R R IR AT S T
AOB BEE I ZHE . = AEXT 3 BE 25 HE AOB #H
X 3= BE RS2 DMPP 41 il i A6 A a2 e iy S 22
JIK . DMPP AbHififi AOB Bt V% 2H %5 i A Bl HL
PERT ARG, B PR BRI, BEHLYE S TR AR
WA T A RV 7 AR TR AL A S T RE, 42
B S AU Z R, AT 22§ DMPP X
AOB FfV&IE T3, AR TR LIEESR
SR Z IhfETE . DMPP 7 i £k + HE b i R
R, AT TEAE O UE A S A R B T R A
&R DMPP A 4fEF# it H &, IS 330 mT G
e i FHAR D v R - 49870 5 ) DMPP 7 & .

16 Tk = A

JAZRIR: @ SCHE . Bda it . 1R S0
BITH B s BRE. BEordr . IRESCE; R,

P4 actamicro@im.ac.cn, 7 010-64807516

ARBCE G RMET X0 BRI AT
Bt AR RUERIR,; WA RBUE
G THAEH BSCHTY,

1B A 25 v RATE 7

VRS P AN AEAT AR AT e 23 52 W AS SCPI 4l
AR E AT sl AR

S5 3R

[1] HAYATSU M, KATSUYAMA C, TAGO K. Overview of
recent researches on nitrifying microorganisms in soil[J].
Soil Science and Plant Nutrition, 2021, 67(6): 619-632.

[2] AYITI OE, BABALOLA OO. Factors influencing soil
nitrification process and the effect on environment and
health[J]. Frontiers in Sustainable Food Systems, 2022, 6:
821994.

[3] WANG F, GE SF, LYU MX, LIU JQ, LI M, JIANG Y,

XU XX, XING Y, CAO H, ZHU ZL, JIANG YM. DMPP

reduces nitrogen fertilizer application rate, improves fruit

quality, and reduces environmental cost of intensive
apple production in China[J]. Science of The Total

Environment, 2022, 802: 149813.

YILDIRIM SC, WALKER RM, ROESSNER U, WILLE

U. Assessing the efficacy, acute toxicity, and binding

modes of the agricultural nitrification inhibitors

3,4-dimethyl-1H-pyrazole (DMP) and dicyandiamide

(DCD) with Nitrosomonas europaea[J]. ACS Agricultural

Science & Technology, 2023, 3(2): 222-231.

LEIJL, FAN QY, YU JY, MAY, YIN JH, LIU R. A meta-

analysis to examine whether nitrification inhibitors work

through  selectively  inhibiting ammonia-oxidizing

bacteria[J]. Frontiers in Microbiology, 2022, 13: 962146.

[6] BACHTSEVANI E, PAPAZLATANI CV, ROUSIDOU C,
LAMPRONIKOU E, MENKISSOGLU-SPIROUDI U,
NICOL GW, KARPOUZAS DG, PAPADOPOULOU ES.
Effects of the nitrification inhibitor 3,4-dimethylpyrazole
phosphate (DMPP) on the activity and diversity of the
soil microbial community under contrasting soil pH[J].
Biology and Fertility of Soils, 2021, 57(8): 1117-1135.

[7]1 DI HJ, CAMERON KC, SHEN JP, WINEFIELD CS,
O’CALLAGHAN M, BOWATTE S, HE JZ. Ammonia-
oxidizing bacteria and archaea grow under contrasting
soil nitrogen conditions[J]. FEMS Microbiology Ecology,
2010, 72(3): 386-394.

[8] NAIR D, ABALOS D, PHILIPPOT L, BRU D, MATEO-

MARIN N, PETERSEN SO. Soil and temperature effects

on nitrification and denitrification modified N,O

mitigation by 3,4-dimethylpyrazole phosphate[J]. Soil

Biology and Biochemistry, 2021, 157: 108224.

BEDT, GBS, SRENFD, B, RO, 2. RS K

#  pH S BN DMPP ALl &R sz (], B

HEAS2EHR, 2012, 23(10): 2663-2669.

XUE'Y, WU ZJ, ZHANG LL, GONG P, DONG XX, NIE

—
N
—

—
W
—_

[9

—



JAFER 5 | eIk, 2025, 65(12)

5629

[10]

[12]

(14]

[15]

[17]

YX. Inhibitory effect of DMPP on soil nitrification as
affected by soil moisture content, pH and organic
matter[J]. Chinese Journal of Applied Ecology, 2012,
23(10): 2663-2669 (in Chinese).

GUAN TK, LEI JL, FAN QY, LIU R. Soil factors key to
3, 4-dimethylpyrazole phosphate (DMPP) efficacy: EC
and SOC dominate over biotic influences[J].
Microorganisms, 2024, 12(9): 1787.

NP, RZ T, BRORIL, RATD5, RS 4 ZDHEAER
i A B T30 1 R L5 7 REAR TS ot e 0],
2741, 2023, 60(5): 1231-1247.

SUN B, ZHU AN, YAO RJ, SHEN RF, ZHANG JB.
Research progress on barrier remediation technology and
productivity enhancement model for fluvo-aquic soil, red
soil, and saline-alkali soil[J]. Acta Pedologica Sinica,
2023, 60(5): 1231-1247 (in Chinese).

g+ H . IR AR T IMI. 3 B bt A E AR AR
#t, 2000.

BAO SD. Soil and Agricultural Chemistry Analysis[M].
3rd edition. Beijing: China Agriculture Press, 2000 (in
Chinese).

MENG SS, PENG T, WANG H, HUANG TW, GU ID,
HU Z. Evaluation of PCR primers for detecting the
distribution of nitrifiers in mangrove sediments[J].
Applied Microbiology and Biotechnology, 2022, 106(17):
5811-5822.

IBARRA-SANCHEZ CL, ROMERO-SALAS EA. 16S
rRNA microbiome analysis using QIIME[M]//Plant
Microbiome Engineering. New York, NY: Springer US,
2024: 309-322.

EDGAR RC, HAAS BJ, CLEMENTE JC, QUINCE C,
KNIGHT R. UCHIME improves sensitivity and speed of
chimera detection[J]. Bioinformatics, 2011, 27(16):
2194-2200.

YIN C, FAN XP, CHEN H, JIANG YS, YE MJ, YAN
GC, PENG HY, WAKELIN SA, LIANG YC.
3,4-dimethylpyrazole phosphate is an effective and
specific inhibitor of soil ammonia-oxidizing bacteria[J].
Biology and Fertility of Soils, 2021, 57(6): 753-766.
ESSA MH, MU’AZU ND, LUKMAN S, BUKHARI A.
Integrated electrokinetics-adsorption remediation of
saline-sodic soils: effects of voltage gradient and
contaminant  concentration on  soil  electrical
conductivity[J]. The Scientific World Journal, 2013,
2013(1): 618495.

FEUR, X2, XA EE, AR, S8, I, 1 RORE,
T, SRS, IREKOT . BT IRV 2R
TFRARGIMI]. £3EZER, 2022, 59(6): 1704-1717.

YAN SX, LIU M, LIU CX, ZHAO ML, QIU W, GU JY,
FENG GL, GAO J, CAI LX, XU QF. Soil microbial
diversity is higher in pure stands of moso bamboo than in
pure stands of Chinese fir[J]. Acta Pedologica Sinica,
2022, 59(6): 1704-1717 (in Chinese).

FENG MM, LIN YX, HE ZY, HU HW, JIN SS, LIU J,
WAN S, CHENG YH, HE JZ. Higher stochasticity in
comammox Nitrospira community assembly in upland
soils than the adjacent paddy soils at a regional scale[J].
Science of The Total Environment, 2024, 921: 171227.

[20]

(21]

[22]

(23]

[24]

[25]

[26]

[27]

LIU YJ, JOHNSON NC, MAO L, SHI GX, JIANG SJ,
MA XJ, DU GZ, AN LZ, FENG HY. Phylogenetic
structure of arbuscular mycorrhizal community shifts in
response to increasing soil fertility[J]. Soil Biology and
Biochemistry, 2015, 89: 196-205.

LIU XP, SALLES JF. Bridging ecological assembly
process and community stability upon bacterial
invasions[J]. The ISME Journal, 2024, 18(1): wrae066.
X, #ooke, R, PMIETE, EE, X6, ]
T A I SR PR MR R SR R
FEBHLHI[T]. 3R, 2022, 59(4): 1125-1135.

LIU H, DONG YH, SHEN MC, SUN FF, WANG X, LIU
JP, LI JG. Characteristics of rhizosphere microbial
communities in a disease suppressive soil of tomato
bacterial wilt and its disease-suppressive transmission
mechanism[J]. Acta Pedologica Sinica, 2022, 59(4):
1125-1135 (in Chinese).

GRAHAM EB, KNELMAN JE. Implications of soil
microbial ~ community assembly for  ecosystem
restoration: patterns, process, and potential[J]. Microbial
Ecology, 2023, 85(3): 809-819.

XUN WB, LI W, XIONG W, REN Y, LIU YP, MIAO YZ,
XU ZH, ZHANG N, SHEN QR, ZHANG RF. Diversity-
triggered deterministic bacterial assembly constrains
community functions[J]. Nature Communications, 2019,
10: 3833.

GERKE J. The central role of soil organic matter in soil
fertility and carbon storage[J]. Soil Systems, 2022,
6(2): 33.

HUANG LH, LIANG ZW, SUAREZ DL, WANG ZC,
WANG MM, YANG HY, LIU M. Impact of cultivation
year, nitrogen fertilization rate and irrigation water
quality on soil salinity and soil nitrogen in saline-sodic
paddy fields in Northeast China[J]. The Journal of
Agricultural Science, 2016, 154(4): 632-646.

ZHU H, YANG JS, LI YL, LIU XY, JIN HF, LI JF, YAO
RJ. Effects of soil salinity on nitrification and ammonia-
oxidizing microorganisms in coastal reclaimed farmland
soil[J]. Journal of Soil Science and Plant Nutrition, 2022,
22(2): 2743-2754.

[28] BERNHARD AE, TUCKER J, GIBLIN AE, STAHL DA.

Functionally distinct communities of ammonia-oxidizing
bacteria along an estuarine salinity gradient[J].
Environmental Microbiology, 2007, 9(6): 1439-1447.

[29] JANG D, HWANG Y, SHIN H, LEE W. Effects of

[30]

salinity on the characteristics of biomass and membrane
fouling in membrane bioreactors[J]. Bioresource
Technology, 2013, 141: 50-56.

WANG Z, LUO G, LI J, CHEN SY, L1Y, LI WT, LI AM.
Response of performance and ammonia oxidizing
bacteria community to high salinity stress in membrane
bioreactor ~ with  elevated ammonia  loading[J].
Bioresource Technology, 2016, 216: 714-721.

[31] LIU NN, HU HE, MA WH, DENG Y, WANG QG, LUO

A, MENG JH, FENG XJ, WANG ZH. Relative
importance of deterministic and stochastic processes on
soil microbial community assembly in temperate
grasslands[J]. Microorganisms, 2021, 9(9): 1929.

http://journals.im.ac.cn/actamicrocn



