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Abstract: Nitrification inhibitors ( NIs) dicyandiamide ( DCD) and 3, 4-dimethylpyrazole phosphate ( DMPP) showed significant
effects in the inhibition of nitrification and the improvement of the utilization efficiency of nitrogen fertilizer in agricultural soils.
However, the effects of different NIs on ammonia-oxidizing bacteria ( AOB) and archaea ( AOA) is still unclear. To verify the
inhibitory effect of DCD and DMPP on AOB and AOA, a pot experiment was performed, including Urea, Urea + DCD, and Urea +
DMPP treatments. The dynamics of NH, -N and NO, -N and nitrification potential among different treatments were measured. In
addition, real-time PCR and high-throughput sequencing approaches were applied to investigate the changes in the AOB and AOA
population abundance and composition. The results revealed that the concentrations of NH, -N in Urea + DCD and Urea + DMPP
treatments were 213% and 675% higher than that in the CK treatment, respectively. However, the concentrations of NO; -N and the
nitrification potentials were 13.3% and 37. 2% , and 20. 4% and 82.4% lower than that in CK treatment, respectively; Furthermore,
the copy numbers of the bacterial and archaeal amoA gene were 51. 2% and 56.5% , and 6. 0% and 27. 0% lower than that in the CK
treatment, respectively. However, the diversity indexes of AOB and AOA communities, including evenness and richness, exhibited no
significant differences after addition of DCD and DMPP. The nork-environmental-samples, unclassified-Nitrosomonadaceae,
unclassified-Bacteria, and Nitrosospira, were the predominant genera of the AOB community. The no rank-Crenarchaeota, no rank-
environmental-samples and Nitrososphaera were the predominant groups in the AOA community. Summarily, application of DCD and
DMPP significantly delayed the transformation of NH, -N, decreased the formation of NO; -N, inhibited the abundance and changed
the composition of AOB and AOA communities. DMPP had a stronger inhibitory effect on nitrification, and on AOB and AOA than
DCD. Therefore, compared with DCD, DMPP had a better application prospect regarding the improvement of the nitrogen utilization
efficiency in vegetable soil.

Key words: dicyandiamide (DCD) ; 3,4-dimethylpyrazole phosphate ( DMPP) ; vegetable planting soil; ammonia-oxidizing bacteria;

ammonia-oxidizing archaea
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Fig. 1 Dynamics of NH, -N and NO; -N concentrations in vegetable soil with different nitrification inhibitors

SFIREM ETh | R E A 86,7 mg-kg . 1R
40 0 360 A 0 NO N B Tk 29 7E 15 5

T R, WA T CK AR B, 35kl i 1
R E T d, FHHB T 2R Hp, DCDL%E

fINO, -N 5 ik £E i 5 — E%%ftﬂt% o
uF‘ﬁcmuﬁwﬁﬁﬁﬁﬁ %mﬁ_\*mfm
DM'PPALIENO —Na‘%ﬁ’ﬁ]{[‘%filj_
3 1 7 ﬁ@fﬂmi 84. 4 mg-Kg } s o W] 70
,imi%¢mﬁﬁwmﬁlﬁ7umﬁM)m

"'mg kg™

\ ,B@Fﬁt F DMPE.f It DCD! xﬂfDﬂ%lJNo -Nfﬁi .

ﬁﬁﬁ%ﬁﬂ%
2.2/ R AR5 Jwﬂxffé;.%%iﬁm{:ﬁﬁ N n

R R SR AR A 0 A T MRS fL R
55T CK kb3, Forp DCD 4b3H1 DMPP 4b 28
A3 I HE X RS A 20. 4% F182.4% ([ 2). Tl
it o A o o 7R 0 AR T R R Ak B
eI IS A Bk 2 A2 T 22 5. CK AbBRAR LR B
B AL, JE B i TR m R
T 70 Ach P A A MR SR AN I I B B R 2%
DCD A PRAH AL AEEAERII (3 ~7 d) LA,
Wigg e K, 21 d ik F & OK{H [3.74
mg- (kg+h) ', ANIF, TR, FHXIFHZE
W, 2% 2.36 mg- (kg-h) ~'. DMPP kb3 A4
HERFAEBAR MRS ROKOT, AR S AR M, F
PHEFEETE 0.59 mg- (kg-h) ~'. ZEFFLHT, 6
DCD Fl DMPP A LLAG &5 B i g% 5 - 3w Ak 3%, H
DMPP £33 5 1 72 rh i A 3535 81K
2.3 [l Ak A o 00 Ak B B 3 4 R AL I A
(amoA ) K = FE 152 1)

FEANSCG R IR R], it 0 0 i) 7] Ak BRI AOB

FE DR = A AT X (T 3) , Hirf DCD Ab 2

5.0

45
4.0
35
3.0 F
25 L

20

T4k /me-(kg-h) !

LS -
1.0+
0.3

_‘; T |l4 21 28 35
AR BT [)/d
B2 AEREEMEFILETHRELHEE BN
Fig. 2 Dynamics of nitrification potential in vegetable soil

with different nitrification inhibitors

H1 DMPP 4bFAY AOB (amoA ) %5 R ¥ U1 5053 5] o xF
WESF 2 [ A% 51.2% 1 56.5% . CK Ab B AOB
(amoA ) 5 [R5 U1 U A9) 01 i B[] 25 £k 322 8 B
14 d ZJ5 e mF 5 R, DCD Ab BT DMPP Ab 3
AOB (amoA ) 55 [FI#5 UL B AR 1 #7052 P22 1% b T [
B ZEFLFRY, AT 7R AT LA S B ) S
Hi 4 AOB (amoA ) FeH )&, DMPP 4t 3 [t DCD 4b
FEXS AOB A4 I ZOR b — a5, (B 3 B 52 e £ 3%
FEAITH K.

B TR IR S HT I, #5403 AOA (amoA)
FE DR DR AL TR, eI B0 T W A 2
5. BAREFRI Y DCD AL ER AT DMPP AR RS AOA
(amoA ) F& [R ¥ U1 8 Lt X B2 [ A 6% F1 27% .
TESZI R IR, DCD ALFE ) AOA (amoA ) FE R ¥
DS CK B 2 22 5, 21 d 522 52
s DMPP 2L AOA (amoA ) K& PRIHE I ¥ b T 4%
A, SR T X MR DCD AbFE. 25 3R0] ) #isk
T HEFERTH . ) DCD AFEXT AOA (amoA ) FE K



5146 7 S - 40 %
5.0 107 3.6 107
45%107 32x007 -
4 i | _ )
o 4.0x10 T 28X107 |
B 35007 [ 3
8 7 E 24x107
B o30x107 = i
g L = 2.0X107 |
= 2.5%107 =
% B e 163107
I 20x107 =
S 1SXI07 I § Rl
g - s
< LOX107 Z 80x10° |
0.5%106 | 40x10° |
‘.} :] 1 1 1 1 L
37 14 21 28 35 i 7 21 28 35
Ak BER f)/d Ak ER )/d

E3 AEMHEMHEHLETEELHAE(AOB) MEARNEHE (AOA) amod ERFETHIFR

Fig. 3 Abundance of bacterial and archaeal amoA gene with application of different nitrification inhibitors
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Table 3 The a diversity index of the AOB ammonia oxidizing bacteria community in different nitrification inhibitors treatments

b Sobs A(%E Chz\tf}l Sl‘lannon” Simpson‘, Shannnnev‘ein Simpsonev'ein

EREM ER iR ZREMAREL Z RS By BEAe R By R
3-CK 54.33 £0.510a 57.29 £0.370a 55.47 £0.520a 2.36 +0.013a  0.14 £0.003a  0.59 =0. 002a 0. 13 0. 002a
3-DMPP 53.33 £1.020a 55.61 +1.140a 55.48 £1.360a 2.17 £0.022b  0.17 £0.001b  0.55 +£0. 004b 0.11 £0.001a
3-DCD 56.67 £1.680a 59.65 £2.750a 60.50 £3.170a 2.28 +£0.026ab 0. 16 £0.005ab 0.56 £0.009ab 0. 11 =0. 006a
21-CK 53.67 +1.680a 62.06 £4.970a 58.75+3.660a 2.32+0.042a 0.15+0.006a  0.58 0. 006a 0.13 +£0. 002a
21-DMPP 53.00 £1.530a 54.48 +1.630a 54.08 £1.500a 2.21 £0.048a  0.17 £0.010a  0.56 +0.010a 0.11 +£0. 005a
21-DCD 55.33 £0.840a 57.69 £0.490a 58.20 +£0.120a 2.18 +0.030a  0.18 £0.007a 0. 54 £0.007a 0.10 0. 004a

1)3-CK . 3-DMPP #13-DCD 435I &4

JHAYALER ; 21-CK | 21-DMPP H121-DCD 4> BIFCFSE 21 d it pR Z (T BRAL TR | JRZ 5R% 464513 DMPP 18 &
553 f21 d s BCR AR S E LT TR B VI9ME + ARER (n =3) 3 RREVING FRER R AR b 2 ) 24 53 4

DCD 1RA it F i b 28
#(P<0.05), T

3 d Bt R R XS REAL B | PR K SRS ALAM A DMPP IR At A9 AL BE | PR R 54k im DCD IRt
Jiti FH A A B | PR 2R S A 5

R4 FEHLMEIFIAIE AOA BEE o SRR

Table 4 The « diversity index of the AOA ammonia oxidizing archaea community in different nitrification inhibitors treatments

gb g Sobs A(%E Chz\tf}l Sl‘lannon” Simpson‘, Shannnnev‘ein Simpsonev'ein
FEREM ER iR ZREMEAREL Z RS By e R B R A

3-CK 55.00 £0.67a  59.04 +£0.94a  60.73 £1.90a  2.42 +0.09a 0. 15 +0.02a 0.60 +0. 02a 0.13 +0.0la
3-DMPP 55.67 £0.38ab 65.19 £1.44ab 62.58 £1.88a  2.66 +0.04a 0.11 +0.0la 0.66 £0.01a 0.17 £0.01a
3-DCD 62.33 £0.77b  74.86 £3.56b  69.28 +1.44a 2.64 +£0.02a 0.12 £0.0la 0.64 +£0. 00a 0.14 £0.01a
21-CK 58.00 £1.00ab 63.93 £1.91a  65.40 +3. 14a 2.61 +£0.02a 0. 11 £0. 00a 0.64 +£0. 00a 0.16 0. 00a
21-DMPP 52.67+£1.7la  69.49 +3.48a  68.08 £4.98a  2.58 +0.02a 0. 11 0. 00a 0. 65 +0. 00a 0.17 £0.0la
21-DCD 61.67 £0.69b  65.94+1.21a 64.70+1.22a  2.63 +0.03a 0. 11 0. 00a 0.64 +0.01a 0.15 +0.0la
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Table 5 Percent of community abundance of AOB at the genus level in different nitrification inhibitors treatments/%

& 3-CK 3-DMPP 3-DCD 21-CK 21-DMPP 21-DCD
norank-3-proteobactreria 4.54 5.48 5.97 6.13 6. 06 6.91
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