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T /0 il 1 R R A 5 A5 A RCE A W HEO) T B
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W /49% . Kleineidam 12" Xif 4 [ - HEVR inDMPP
KB, DMPPTE F JE At it ) Py 8 25 9 i T 2R Ak 4
B, I AR R Z B, R WIDMPP jif X
T IERAE Y B IEYE . R RS M RN ECE R A . R
T, AN TRV AR 0 AR By (0 5 A 3% Tk A
PLER 22 A, s e s (% . A R0 K g Kt
ORI B AL AR, RE . KAt
S PG S E 2 R B Y Wik, 1
BF ANt FH 2 /T, A 06 B g IR U6 i e Y
Ve P AT R SR FE B AR AR SRR, e g,
LYNAS

AT AF SR F AT AR TR R, AR i i it
TEAN BB £ | BRS8N
PR AR RS . AR A BATARE I KR AR, £
B R AR R T, AR KERAS, dm
SRR B SR Y R AR R
A e A P RS ARVE T BT T 38 AN, 0 55 i 22,
PRHEC R B3 ,  1E B TRIR R B A EE T
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M EEPCR (realtime fluorescence quantitative
PCR, RT-PCR) FBUMT T AOAMAOBHE& 454
MFFZW AL, B BT T 25 2R A 3 i 55
BT pd P, Pkl FHEE T % 42
2%,

1 MRS IE

1.1 it +Ig

K EHWTA LT HF I (30°14" N, 119°42'
E) HAE B b8 T $af 2 XA
X, ZAEFHREKE T 628 mm, KHH16.4°C, H
HERTECL 847 h, L2237 d. BATMARE; XK
L Fe B g, SN RD BUA B R AR R+
(Z03) o R IX N BT — A 24 5 i bk
U T, BT AR T R T A& R BEBR AR T A4 |
EAS B At P A L 22 RS Bt 32 0 T 20 144F %
SR 48 BT AT AT, BEAL B4
10 m x 10 mbRyEREHD , 8 b 7 IS SR A A
KO ~ 20 em BHEFTEAMIRAT, HIBRIH FIER AR &
JEal2 mmNGH, JE AR EMIR G IR &
o A SR AC R, kL. BORLANRERL S £ )
WIoN40.2% . 34.0%H125.8%, FHLFE . WA . H
R . A . AR AR FpHS I 43,70
gkg'. 84.65 mgkg'. 2.96 mg kg, 47.0 mg kg,
20.76 mgkg™'. 41.34 mg kg ' H15.26.
1.2 K IGAbIE K 3 5R 1 72

A oMb B, HAMIANELE . LB
(1) XHEE; (2) HHIRE (U) 5 (3) RE
+ 3, 4-T"HIEmE e iREE (1%, HIRRAAEMN
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TR PR R T pHIWE SR+ 2.5+ K
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£ o $REEBUS MDNARE S A T-20C
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MR 1 B B, SR D R 2 Rk TR )
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VAW Tt e R AR PR R RE 4 i R 22.5% ~ 42.5% 1
40% ~ 65%HEWE L ATk (100% 78 M e & A
7 mol L"REM40% (viv) LB THEM) . 18
60°C . 80 VAT HIKI3.5 Wi, HRREER YRl Gel
Red (1:10 000) %130 min, HGel Doc'™ EQ%E
A% 255 (Bio—Rad, M) FAMAELE, I
Quantity One 4.5. 1%/ ( Bio—Rad, [ ) #17 A
B3

AL E A B RT-PCRAMT: FICFX96TM
Real-Time System ( Bio—Rad, ZEHE ) {Y#X 1+
SRS A P AOB R A O A T RE 36 R R 47 298l g 1
PCRY" 4, HAMHEMIREE, 5195935 Hamod-
1F/amoA-2R Ml Arch-amoAR/Arch-amoAF ''*' |
B B R BB S s 4 T R . b e
M2 A - R DT AR AR Y TR JE (Y BH 1 v
P RS IR BUR KL DNA, ZNanodrop® ND-
1000 & ki v B, )it AOA amoA¥s V14K
H7.39 x 10" copies ul™", AOB amoA¥4 N1 ¥ Ky
1.91 x 10" copies pl™t DL TOA A B o) 5 21 S ik
IR (107 ~107) , BME3RESR,
PR UET R BRCR (E) ¥7E90% ~ 120% N, R
ERE (R) ¥IRTF0.99,
1.5 HuEE

KM Microsoft Excel 201054 X % 4% 3t 47
AhFE, SPSS 18.0#F 1T B FEMHKL . Jr &0
(ANOVA) FIZHEILE (LSD) . DGGERIIEZ
Quantity One {81k, IFRIE R ZHIETREL
(H) . FEEHEE (D) LIS ERE (E)
S HHEAOA amoAFAOB amodZ 4T 047,
HATBE A5 50HR -
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H=-3 (n/N) In (n/N) (2)
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368.1 mg kg™', 2 XFIRASHE, 1% DMPPAI
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W CKERME (RHEIE) , UreaRmH IR E, 1%DMPP (3, 4-FHFILMmR#EEREL ) . 1.5%DMPP. 10%DCD ( XUEUI% ) M
15%DCD 4y SR F i i JR Z I 1% DMPP ( DMPP 5 BN# 1%, FIA) . 1.5%DMPP, 10%DCDFI15%DCD, AR FHEREEFE

160 d BfAS[E) b 3 22 6] B AR HE B AE S %K |22 5 W 2%, Bip <0.05, FIE] Note: CK stands for control ( no fertilizer ) ,

Urea for

application of Urea only. 1%DMPP (3, 4-dimethylpyrazole phosphate ) , 1.5%DMPP, 10%DCD ( dicyandiamide ) and 15%DCD

stands for application of Ureain combination with 1% DMPP ( 1% of urea in quantity ) , 1.5% DMPP ( 1.5% of urea in quantity ) , 10%

DCD (10% of urea in quantity ), and 15% DCD ( 15% of urea in quantity ),

respectively.Different letters means significant differences

in N,O emission between different treatments on D160 of incubation ( p <0.05) . The same below
Bl AR N O G & (A) FIN,O RFRHLE (B) M

Fig. 1 Effects of nitrification inhibitors on N,0 emission (A) and cumulative N,O emission (B) from the soil

2.2 FEILINEIFI 3 £ IENH-NAINO,-NAI & 1
AR, R R 543 1 IENH,
TRHEES TR (F2A) , [HEE RN
SEH AW N, HAh iR RZ A FEAE10 ~ 50 d
1) R B 0RO, TS50 ~ 90 A3 A1 44 T w1k
PH A BRI IR R BE TR (p<0.05) 5 sk
90 dff PR 2R AL FENH & 5t A TS i £k 400 i 500 g 44

AbEE, U B PR 2 A A A A SR, PRI ) Ab
B E] TN RS . 2S5 AR A L FLEAA b
SESAEMRZ, H3R90 dif R ZELAFINO, & & B E
o TSI IR 4 b EE (p<0.05) o AT
W DCDFIDMPP[A]JC i 3 25 5% . 7E50 d A i I AH
A0 ) 7005 - 398 1) 2 UL Ak % B S5 (IR T IR R AL B,
{HB 5 5 IR0 A A SRS, SRR LR B Wi T, =
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— "": —
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CK Urea 1%DMPP 1.5%DMPP 10%DCD 15%DCD
AP Treatment

FE: EEIH10 d. 50 d F190 d AAEAFIKGR T E], A [E T8RRI — B 3R AN RSB 2 [ 46 5%KF 2R 8%, Mp<0.05. T
Note: 10 d, 50 d and 90 d in legend stands for D10, D50 and D90 of incubation. Different letters means significant differences between

different treatments at thesame time ( p <0.05) . The same below
B2 b imn s LI SR (A) | A (B) MRS (C) Em

Fig. 2 Effects of nitrification inhibitors on NH;=N (A ) , NO;-N (B ) and apparent nitrification rate ( C) in the soil

90 d if 5 JRFAL B Z [B] Y 2 HE AW A/, ISR AR E AT, XPAFALBER - HEAOA amod,

Je SO Ak 40 a1 790 FH PR I ek 55 o AOB amoAZFEVEFEBGHEAT /b A B0, #53%10 dA
23 WUMFEFNIIESSECAENETREES FIEAOAFIAOB A 257 JE T R 25 i A8 N [A) Ab B 1] 2
IR 220G IR B (KE3ARKIB) , 28 IR & Fay 44 il

HIEPCR-DGGE/MT A X DGGER IS rh A 45 2% FUG X AOAFN A OBRE VK 45+ 1 19 52 o) AS f 3,
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CK Urea

10d

CK Urea

90d

A

K3 AREEFRETE (10 d. 50 dFI90 d) Ty LA E T (A) AR (B) BIDGGER
Fig. 3 DGGE fingerprinting of AOA (A ) and AOB (B ) genesin the soil atdifferent times ( D10, D50 and D90) of incubation

{HAS ] 42h B [B] Shannon 48 BOFN 3 & & $5 KU 2 B 2=
(R, RFELHEFEAOAR 2D EUR S,
1.5%DMPPRE S AR, $53750d0F, Il LA KA 1k
T FNA NI AOART — & m (E3A) , T
& IYA it A % A A A o) 590 Ab B AE Sl 3 ~ 121X [H] 52
JERE R RS, FRH R DMPPAL R L6, 7. 8.
9; DMPPAIDCDALFH ) Shannon#s B 3 & & 455k
HE/NTF (p<0.05) XIEFMIRELIE, JRE L
}i3%50 d BAOBIIDGGE &3 5 HAth kb BH 2 5 B

19%:DMPP 1.5%DMPP10%DCD 15%DCD

1%DMPP 1.5%DMPP10%DCD 15%DCD  CK

CK Urea  1%DMPP1.5%DMPP10%DCD 15%DCD

g

W, HAW2E10M I it s (E3B) , Hrh
DMPP L3 + 38 (1) 557 4548 5 X BEAHL, DCDALHE
()45 457 40 B2 Ji IR R AT B Z /], A DCDARHE
XTAOA amoAW) Z T ECA HI S /EH, DMPPII
SFAOA amoA. AOB amoAZHENE £ & FE 45 5014
HMHAIEH (p<0.05) o EHFE90 i DMPPALH
THEAOBIT AT 55 e BE X 55 (KI3B) , 24
PEFE BOR = 5 B 48 Bt Ab F AH X EAROKOE 36T
B RAOBAAE THMHPIRAS s TDCDALFRO0 diFFAOA
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Table 1 Effects of nitrification inhibitors on the biodiversity indices of AOA amoA4, AOB amoA in the soil
AN HAOA AALMHAOB
P 1] Aib 2
Time Treatment ARG FE R B AR TARIGEL PR R B AR
Shannon index Richness index Evenness index Shannon index  Richness index Evenness index

10d CK 2.18 +£0.00a 0.82 £+ 0.00a 0.99 £ 0.00a 2.70 £ 0.04a 1.44 + 0.05ab 0.99 + 0.00a
Urea 1.97 £0.07be  0.66 £ 0.05bhc 0.99 + 0.00a 2.71 £ 0.03a 1.44 £ 0.05ab 0.99 + 0.00a
1%DMPP 1.88 £ 0.09¢ 0.60 + 0.06¢ 0.99 +0.00a 2.77+0.07a 1.54 £0.10a 0.99 £ 0.00a
1.5%DMPP 1.66 £ 0.09d 0.47 £ 0.05d 0.99+0.01a 2.72 £ 0.09a 1.45+0.13ab 0.99 £ 0.00a
10%DCD 2.08+0.13ab ~ 0.74 £ 0.10ab 0.99+0.01a 2.72 +0.04a 1.45 + 0.05ab 0.99£0.01a
15%DCD 2.05+0.01ab 0.72+0.01ab 0.99+0.01a 2.64 £0.22a 1.31 £ 0.09b 0.97 £ 0.03a
50d CK 2.52+0.16b 1.35+£0.01a 0.96 + 0.06b 2.43+£0.01d 1.13+£0.01e 0.98 +0.00a
Urea 2.87+0.01a 1.36 £0.01a 0.99+£0.01a 2.62 +0.00c 1.36 £ 0.00c 0.97 +0.00a
1%DMPP 2.41 £0.30b 1.35+£0.01a 0.91£0.11b 2.43 +0.00d 1.15 +0.00d 0.98 £ 0.00a
1.5%DMPP 2.34+0.11b 1.24 £0.01b 0.91 £ 0.04b 2.44 + 0.00d 1.16 £ 0.01d 0.98 +0.00a
10%DCD 2.41+0.11b 1.35+0.01a 0.91 + 0.04b 2.65+0.01b 1.42 £0.01b 0.98 +0.00a
15%DCD 2.28+0.21b 1.36 £ 0.02a 0.87 +0.08b 2.67 £ 0.00a 1.44+0.01a 0.98 £ 0.00a
90 d CK 2.37 +0.05a 1.12+0.02b 0.96£0.01a 2.27 £0.02¢ 1.04 +0.02d 0.99 £ 0.02b
Urea 2.40 £ 0.02a 1.17+0.01a 0.97+0.01a 2.68+0.01a 1.54+0.01a 0.97 £ 0.00c
1%DMPP 2.27£0.01b 1.05 £ 0.00¢ 0.94 + 0.00b 2.07 +£0.01d 0.85 £ 0.00e 1.00 + 0.00a
1.5%DMPP 2.30+£0.01b 1.06 £ 0.01c 0.96 + 0.00a 1.94+0.01e 0.75 + 0.00f 1.00 + 0.00a
10%DCD 2.38+0.02a 1.17 £ 0.00a 0.96 +0.01a 2.61+0.01b 1.42 £ 0.00c¢ 0.96 £ 0.00c
15%DCD 2.39+0.02a 1.18+0.01a 0.96+0.01a 2.60+0.01b 1.47 +£0.02b 0.96 +0.02¢

W RPEIE M + AR, =3, FFIARFR:RRE—FE #2583 (p<0.05) Note :

Different letters in the same column mean significant difference between treatments at the same time ( p <0.05 )

FIAOB

0 5%

FEIEE50 AN, AOA amod. AOB

Means = SD, n=3.

B+ EAOB amoA¥% U1 BURAR IR B 43 51 M 95.51%

amoAZFEMEM B EIR B 5K KA H I &%
S, RUEFREHIDCDAL B A AOBRE L 45/ 155 T
WA .
24 WHEAHMFFHIIEESEUARNETEEEN

=AU

WmEA4RT R, BEFR10 A, JR 2 R0 655 kb
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Effects of Nitrification Inhibitors on Soil N,O Emission and Community

Structure and Abundance of Ammonia Oxidation Microorganism in Soil under
Extensively Managed Phyllostachys edulis Stands

MAO Xinwei

CHENG Min XU Qiufang’

CHEN Junhui

ZHAO Tianxin YU Xiao LI Yongchun

( Zhejiang Provincial Key Laboratory of Carbon cycling in Forest Ecosystems and Carbon sequestration, School of Environmental

Abstract

and Resources, Zhejiang Agriculture and Forestry University, Lin’an, Zhejiang 311300, China )

[Objective] Combined application of nitrification inhibitors and ammonium-containing

fertilizers is considered an effective means for improving N utilization efficiency and reducing pollution

risk. To determine effects of the use of two nitrification inhibitors: dicyandiamide (DCD) and 3,

4-dimethylpyrazole phosphate ( DMPP ) , separately, on N,0O emission, nitrogen transformation rate,

and community structure and abundance of ammonia-oxidizing bacteria ( AOB ) and ammonia-oxidizing
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archaea ( AOA ) in soils applied with ammonium-containing fertilizers. [Method] An in-lab incubation
test was conducted of soil samples collected from an extensively managed Phyllostachys edulis plantation.
The soil samples were subjected to six treatments, separately, that is (1) CK (no fertilizer) ; (2)
Urea (Urea) ; (3) Urea + 1% DMPP (1% of Urea in quantity) : (4) Urea + 1.5% DMPP; (5)
Urea + 10% DCD; (6) Urea + 15% DCD. Dynamics of N,O emissionand soil parameters at the time of N,0
emissionturning point (10 d, 50 d and 90 d ) were determined. [Result] Resulis show that both of the two
nitrification inhibitors greatly reduced N,0 emission during the 160 days of incubation. The reduction rate in
Treatments Urea + DMPP (both 1% and 1.5% ) , Treatment Urea +10% DCD, and Treatment Urea +15%
DCD was 54%, 28%, and 41%, respectively. Significant differences were found in cumulative emission of
N,O (p<0.05) between the treatments, but not between the two Urea + DMPP treatments. The treatments
in which urea was combined with nitrification inhibitors were similar to Treatment CK in N,O emission rate
during the first 40 days of incubation, and then the formers began to rise gradually with the incubation
going on and exceeded CK. Significantly lower N,0O cumulative emission was observed in Treatment Urea
+15% DCD than in Treatment Urea +10% DCD. Soil NH;-N levels due to urea application increased rapidly
to a maximum and then decreased gradually, with Treatment Ureabeing lower than all the urea + inhibitor
treatments on D50 and D90 of incubation; NO;—N concentrations exhibited an opposite trend. The DGGE
profiles of soil ammonia oxidizing archaea ( AOA ) and ammonia oxidizing bacteria ( AOB ) revealed that DCD
and DMPP significantly inhibited AOB in abundance. The effect began to be obvious on D10 of incubation
and remained to be significant on D50 and D90 in Treatments Urea + MPP, but faded on D90 in Treatments
Urea + DCD. Treatment Urea was obviously much higher than all the urea + inhibitor treatments in abundance
of AOB amoA except for Treatment Urea +10% DCD on D 90 of incubation. In contrast, little effect of the
use of inhibitors was detected on AOA community, with AOA amoA copy number actually increasing in all
treatments. In summary, the dynamics of N,0 emission, soil NH,~N content, and abundance of AOB amoA
and AOA amoA did vary synchronously, indicating that N,O emission was controlled by different factors
in different time periods for the two bacterial groups. The effect of nitrification inhibitors suppressing AOB
led to low N,Oemission during the first 40 days of incubation. Although the soil was sufficient in ammonium
content and abundant in AOA, the slightly acidic condition ( pH about 6.0 ) may have limited nitrification
activity of the group. During the period of D50-D90 of incubation, Changes in AOA triggered by decrease
in soil pH with time may be responsible for the increase inN,0 emission because the AOB amoA abundance
was still low. [Conclusion] In conclusion, nitrification was mainly controlled via inhibition of AOB activity
and application of DMPP at a 1% rate appears to be sufficient to reduce nitrification. It is also suggested that
adjusting soil pH to nearly neutral may prolong the effect of the inhibitor DMPP.

Keywords N,0; 3, 4-dimethylpyrazole ( DMPP ) ; Dicyandiamide ( DCD ) ; Phyllostachys edulis

plantation; Ammonia-oxidizing bacteria (AOB) ; Ammonia-oxidizing archaea (AOA)
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