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SoF AN B OSSR UAR B, i CO, Al NoO HERL M5 T I 28.4% #l 35.2%., SAHEACHILL, 20 K5 WImh s il )ie it ts 5.3
FEAIR T CHa O . 3 PR RAILE B IR E RN TEAL BRI 22 53 38 . Urea+DCD>Urea>CK>Urea+ATU, CO, HEA 25 &R = 5L
NI TTRkE R, CO2 Hl NoO B TTRRZ FIK T 98.4%. XMHFFT A IR AR HH - e v At b ATl e A 2524800, - BIelt A AL 1
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Effects of Combined Application of Nitrification Inhibitors and Urea on Greenhouse Gas

Emission and Ammonia Oxidizers in An Upland

SHEN Xiaoyi*, XIA Weiwei'", ZHANG Jie*, JIA Zhongjun?

(1 College of Applied Meteorology, Nanjing University of Information Science and Technology, Nanjing 210044, China; 2 State
Key Laboratory of Soil and Sustainable Agriculture, Institute of Soil Science, Chinese Academy of Sciences, Nanjing 210008,
China)

Abstract: The emission pattern of greenhouse gas (GHG) has been intensively investigated in different agro-ecosystems, but the
underlying microbial mechanism in soil is still poorly understood, especially under many possible measures for improving
nitrogen utilization. Thus, a 28-day laboratory microcosm experiment was conducted with an upland soil to investigate the effect
of urea and two nitrification inhibitors on nitrogen turnover process and global warming potentials (GWP) of N,0, CO, and CH,,
in which four treatments were established: CK (no fertilizer and inhibitor were applied), Urea (N 100 ng/g was applied to soil),
Urea+15% Dicyandiamide (DCD, 15% of Urea-N in quantity), Urea+5% Allylthiourea (ATU, 5% of Urea-N in quantity).
Meanwhile, the dynamics of different microbial abundances in treatments were also quantified by real-time quantitative PCR
(gPCR). The results showed that ammonia-oxidizing bacteria (AOB) predominated intensive nitrification process and N,O
emission in soil with urea application. Urea stimulated AOB growth and increased cumulative N,O by 235%, which rapidly
occurred during the first 14 days. Bactria abundance raised in response to urea and improved CO, emission by 18.5%. Urea+DCD
severely inhibited AOB and decreased N,O emission by 59.4%, but stimulated bacteria and increased CO, by 50.6%. Urea+ATU
exhibited a strong toxicity on both bacteria and fungi and led to a decrease of CO, by 28.4%, but unexpectedly didn't show any
inhibition on nitrification intensity. A slight but significant inhibition and stimulation were observed on AOB and denitrifiers by

ATU, respectively, but total emission of N,O fell by 35.2%. CH, emission was inhibited in all treatments with urea and inhibitors.
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GWPs of N,O, CO, and CH, displayed significant differences among treatments: Urea+DCD>Urea>CK>Urea+ATU. The

contributions of N,O and CO, to GWP exceeded 98.4% in soil. This study implies various mechanisms of nitrification inhibitors

on soil microbial guilds and GHG emission, and is essential for the implementation of agricultural management and the evaluation of

global climate change.

Key words: Greenhouse gas; Nitrogen turnover; Soil microorganism; Allylthiourea; Dicyandiamide
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YR, AR, W IRER A A DA K
fiX N.O Mk, fSfbmsiRFRE L, Hep, UK
Jfi (dicyandiamide, DCD)VE M A&SEfE ALl 7 & #i )™
AR K H 5T 2B DCD ] i il +
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FEER 7R DCD AR - 3Ems A/ FH DL K S A Ak
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Gb, AR HHEPORFEZE R S AL AR Y DCD
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S — PRS00 2 H A B A AL B0 50 o PR TR AR R 3
MGG TR RN % b K BE, ATU BE @ il & A1k
AT, TR AU R A XA ] AOB
T 50 - e A AR b 5 A, TR R b
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LMV B2 FEARESIAR(CO .. N,O Fl CHy)
HEOIR 22—, AT A BRI & AARHE B Y DTk R ik
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3 il 2 SAHE L 1) 55 18 IR SO B N AERUAE WAL
HiliiER > ATU A CHFRE N Nl = o DR,
WSS IR LA 1 700 ) 25 B R S A800E , ASUAT B T4
A A R RE N i A 880 25 G i & A HE
Tt PR S AR

25 bRk, FefiTikh DCD 1 ATU AEMZH i 11
HSAAE > NO HE, I FRARER G IR 22800 .
T UL R, ARG M I 13, RHEN
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Br T IR I 5N RIS AUl AL 0 1 77 (DCD - Hil ATU) L
LX) 51l A Z Ak & N,O L CO, Fil CH, HETi 1952
), )R W 7 AN () S B A W e ) sh A8 1k 1%
5, Ry R Ak e U0 B o R A Tl A WL R R 1L —
(A RS AR T

1 #R5E7EZE

1.1 g

L A TR R TR RS R
5555 (3207'N, 118B0'E). F il RS [H] R 2017 4F 3
Ho R, HEHiREE 0~20 cm iy
B2 132 500 g. K3 bR . kIR, B
BERE 2 mm i, IHREIS, ARIRARELAE, (A7
T4 CrEM. ZTIEMFARIEIEF N : pH 5.86,
7k % 2.85%, NO; N 10.21 mg/kg, NH}-N 9.37 mg/kg,
i HLA% 33.8 g/kg.
12 TEERNRFHRES

ARREEFBEE 4 M. OCK, LISHABIKE
IKARCE AR A 45 @Urea, JREFE N 100 pelg
A 8, HoAfth it 040 B R 2 5 A ]
(3Urea+DCD, DCD Mtk 15 pglg(JRE & AR
15%)7 8, @Urea+ATU, ATU H&H 5 nglg(RE &
R 5%), HARGRE: FRIBGHYT 6.0 g T 95
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Je %, FRE4E 28 Kb P i i 451/ 1 ming JimA
b WA <L X g (IR w0 A w3 €3 AN N
Rk 60%, FESMBME, JFHfREEH, T 28°C
JRHG AR 28d. WNAEEE 6 ANEKE .
1.3 CO,. N,O. CH,HIHE S

fE 0, 7, 14, 21, 28d 4 BRI LR
PRRE S, IR 4 031 (Agilent 7890)%f 3 Fii &,
& COy. N,O il CH, W EESEA TR . A AbBE 3 A4
HHE . RAUG, IR, %82 nhik
MR, PR2E DA ZERIGRIE, SEHE T 28 C 4dksk
B g% o DAR AR R HER B 2R, R AR
SRHE .

ZEA IR A0V (global warming potentials, GWP)
2 7 AH ) 5 o 9 A [ 38 5 /T 3 25 000 1 n ) A+
TRV . 7F 100 a B[] RUBE [, CH, HT N,O Hy3
R VR A ) e 4 BT ST CO, 1Y 25 435 1 298 510
i CO,. N,O. CH, 1y EP R, RN A
TR E R

GWP =GWP;, +GWPy o x298+GWP;y;, x25

@

1.4 11 NH;-N. NO;-N 4%

7E 0. 14, 28 d HEATHEIRMERAE . B MG R
1.5 g HIEMAET 20 C, HFIRE TLEW2E W

T4 T NHI-N. NO; -N 708, BabE 3 4
A 43 BIR P R b ek RN e 5 LL (B b A T
14 NO; -N 1 NHz-N il . DL +3E NO; -N (13
T Fe 7R 3 A AR
1.5 TIEEREY DNA ZEX

% JH] FastDNA® Spin Kit for Soil(MP Biomedicals)
A PR DNA, T 70 pl TEK . i
B 2236 B (Nano Drop® ND-1000 UV-Vis)
I E DNA ¥ BEFN 40 BE (OD260/OD g0 Fll OD60/OD;30)
AR KT 7 DNA FE i OD,6o/OD g0 14T T 1.8 ~ 2.0,
PIRIE DNA itk AT 1.2% RS wHGE R f vk
S3HT DNA [ 585 R
1.6 TEREWRLREHES PCR KN

SR 9E O E F PCR 1E CFX96 Optical Real-Time
Detection System(Bio-Rad) & & PCR ¥ I #4723 5
XF 6 R SR HE T i, BIYRE i PCR 4514 I
% 1. PCR Y"1 W& Z - 10 pl 9 SYBR® Premix
EX Taq™(Takara), . Fi##514 (20 umol/L)4%
1.0 ul, ANA 1.0 ul F B 20 155 DNA Btz , finAK
DRORZE K 2 20 pl AR 2R o B R0 3R FHC T 7K
R DNA R ™48 (X B AR 38 )5
i — it 2.0% IR WEEE RS A VKA PCR P4 1)
RS

#1 KHALATEE PCR S|4 & N &4
Table 1  Primers and conditions used in study

FIAREER EIR /B

PCR 4/ S
ik

4B 16S rRNAFE  515F/907R

B 16S RNAZE 771F/934R

14 18S rRNAJEH  FR1/FF390

2N amoA FE[A amoA-1F/amoA-2R

T amoA FE[H Arch-amoAF/Arch-amoAR
FAEAE nirK 3£ nirkK1F/nirk5R

95 CHiAsHE 3 min;
95 CHiAsHE: 3 min;
95 ‘CHHEE 3 min;
95 CTRAEPE 3 min;
95 CTRAEPE 3 min;
95 CTRAEPE 3 min;

95 C7sME 30s, 55 Cilsk 30s, 72 ‘CIEAf 30s, 40 MEEF [20]
95 C7sME 30s, 55 Cilsk 30s, 72 ‘CIEAf 30s, 40 MEHF [21]
95 ‘C7AstE 30s, 50 CiRsk 30s, 72 CIEfM 60s, 40 AMEFF [22]
95 C7AEM: 20s, 56 CiB+ 30s, 72 ‘CIE{fi 30's, 40 MEHF [23]
95 ‘C7AeMk 20's, 55 ‘CiBk 30s, 72 CHEAH 45s,, 40 MEFF [24]
95 C7eft 10s, 58 CiB+ 30s, 72 ‘CIE{fi 30s, 40 MEHF [25]

1.7 HELE

K HI SPSS 16.0 414110 #T s RSN E T 25
3 BT ASE 56 (1] — Ah BN [ g 20 LA B AN [ Ak B ] — isf %)
eI 2Z R B3 SR Pearson XRG4 1 45
T DA AR SR R 2 B 5 i 2= AR CO, N0 CHy
L tHEc DA 4 NO, -N S iR e B SR
H Origin 8 /£ .

2 H#R

2.1 N,O. CO, M CH, BETURGRBENN
N2O . CO Fll CH, 75 Ak B ] (1 HE R S FEA—H,

BRI SRR R EA G, (R R SR A HE ik
FEAL PR ) A7 22 5 (] 1) X NLO HERCIMT &, BAite
PREZFFE T NLO HHERL, 28 d 5555800 4 i) EAHERL
B, 15 1622.0 ng/g, 43 %10 Urea+ATU ., Urea+
DCD #il CK Ab¥Ef% 1.5 £%. 2.5 f5H01 3.4 5. Urea &b
PEETHEJE 0 NL,O JHER & & F Urea+ATU 4bHE, J5
WiJE I 2 S, Urea+DCD AbFRAY N,O JEHEM &
15 50 25T Urea fil Urea+ATU AbFE; Fi 3 J& 04 HE KL
5 CKAMTC 225, HES 4 JiAL CK W4 m .
9% 28 d, CK b3 CO, 2R 1 391.3 pglg.

PO PR R L T 3 CO, A, CO,7E 28 d
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3200F
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Fig.1 Dynamics of greenhouse gas emission (CO,, N,O, CH,) and global warming potentials in different treatments

A CO,. NoO Hil CH, 3RS #mT k1, AbF[E]
PR SRS IR E SOV AAER R 22 5 (K 1D). EA T
T, ABREIZES R E SOV KB Urea+DCD>
Urea>CK>Urea+ATU ; H— A% 25 Al 2 3400 1) 5T
k& CO,>N,0>CH,., Urea F Urea+DCD At3 CO,.
N,O Fll CH, 1 = 255 T & 5400 e CK AR B 43 3113 in
T 588.4 i1 1 136.4 pg/g(LA CO, M H11), BalgE s>k
37.7% F172.8%, WiFHHUEIRZE K& RZE S5 DCD Al
B NS W 35 1 52 M - R = SRR ) 25 A IR E K
Mo 1M Urea+ATU AbBE 25 AR ZE RN 5 CK Ab P
Tl A0k, % Urea AbPERFAK . CO, HERKT Urea 1
Urea+ATU Ab 39 254 i = 20W 5Tk 5 51 76.7%
F178.4%, N,O HER I BTHk53I1 R 22.5% F1 20.8%.
£ Urea+DCD AbEiH, CO, HEHU 25 A TR S 4000 A9 5T
BRIk 92.1%, 1M NoO f°h 7.3%, 5 CK ALRHAY

FHARL . CHo HERIOW 25 A 1R 2 300 1 STk 7E CK b 3L
B, 210 1.6%), FEHAL B 5Tl 0.7% ~ 0.8%.
22 TELNAFHNEE

PL—ZE I (8] N 148 NO; -N & 2 (35 i %R +
SEfAbaR R . MR 2 I, SXTREARLE, Uit R W
FHE T HIEAR LR, DCD WRREEME T +
HERITEALTE R, T ATU XAk BE 55 00 AN 8 2

Urea ZbFHZe 4T 28 d 55557, IRZE K AE /1 NH,-N
ZEARAE 2 550 T NO;-N, 13 NO;-N # &
H4hn 122.51 pglg, WFE ST CK 4b#H(22.06 pg/g); H:
t, Hi 14 dPIREILEER R 8.14 ngl/(g d), f5 14 d
SR AL AL K 0.61 pg/(g d)(&] 2C). CK AbFEK)
AL R MR T Urea AbFE, 43050k 1.38 ug/(g d)Fl
0.22 pg/(gd), FMIEAME AN Z LIET LK
NH;-N 1E AR fE ot 1 5 r A4k . Urea+DCD
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Fig. 2 Changes of soil nitrate and ammonia contents and nitrogen turnover rates in different treatments during 28 -day incubation

138 NO,-N 72 3T NLO R SR H0R A ) 35 TEAH
J(r=0.86, P<0.001). [%:7 Urea+DCD 4b¥EA), HiAtisb
FHAT 14 d B9 14E NO;-N Fil N,O SRS 25 TG
14 d. 1fif Urea+DCD AbHEESRTEIS 14 d NOs-N (Y77 A3
M 14 d TCRFZESR:, HN,O RBHRN T E .
23 TEAR. SEMERFENTL

PGE R PCR X 140 16S rRNA FE[H |
B 16S rRNA JE K FIECH 18S rRNA FE A k17 E f,
Al CO, HEMUM I Y 32 2 e M 28 B X IR 2 K
R AR B R o r P 3 AT, ] — b B A [
T - AR A o o R AN — 3, ) — 28 B
FEAN R A 3L ] ) A8 Ak R A AN R AR BRI, E
KA R A — B N S RS ER
FJF ; HTH(r=0.751, P<0.001) , éﬁr@*i(r—o 691, P<0.01)
FIH T (r=0.491, P<0.05) £ 5 CO, il i 2 b 14 1o 2
IEAHEGER 2).

i pREFEREFE 28 d WERI T AR AR, A
T 16S rRNA ZER F: i1 0 d I 9.25%10° copies/g 1
Jn#) 1.22x10"° copies/g, H#1Eiks 31.6%, {H5 14 d #H
F TG 35754k, . Urea+DCD Ab 34 v 41 14 = 8 AR B 4 37
AFE) A, JUHE 14 d SRR 5 14 d B
o, $53% 28 d 4174 16S rRNA JE PR 42 B 1 i 58.2%,
M 9.96x10° copies/g 341l % 1.58 x 10'° copies/g; 5 0
d FAREE, 3900 70.4%., Urea+ATU 4b B (% 40 14 754k,
G UL E AR SE A, B55% 28 d BFEE 0 d
W/ T 4.0110° copies/y, MR A 56.7%.

Ty A RN TR AE S R Ah B e A Ak ka4 o — 1, Bl
RE SR ) R e, (AR 2 . iR 28 d
J&, P 16S rRNA LRI ETH 18S rRNA JE [ F i
fE CK AbH ik, 4lf 0 d At 55310
copies/g Fl1 4.04x10° copies/g 34 /i1 % 2.21x10° copies/g
F1 1.29%10 copies/g; T &7 Urea fil Urea+ATU 4b B
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Fig. 3 Abundance changes of soil bacterial and archaeal 16S rRNA gene and fungal 18S rRNA gene in different treatments

®2 TEMEVHBEREEESEESME CO,. CHy N,0 2itHIME R NO:-N S E2MHE XS
Table 2  Correlation between greenhouse gas (CO,, N,O and CH,) cumulative emission, NO;-N contents and gene abundances
of different microbial guilds.

YT W AOB AOCA SR AL AN
CO; 0.691™ 0.491" 0.751" 0.168 0.709™ 0.735™
CH, 0.139 0.695™ 0.888™" 0.037 0.585" 0.823™
N,O 0.324 -0.025 0.884™" 0.011 0.178
NO;-N -0.183 -0.258 -0.111 0.982" -0.501" 0.104

E: Pearson WUR WHFHMEMLE, n=27; *, ** **}lRRAMA P<0.05, P<0.01 #1 P<0.001 3K,

24 TEEUNMRBEUBEYEENTL

Wt 2¢ it E e PCR X+ A (L 41 amoA 3t
. JEAE T amoA FLH DL AEAL nirk R
TR, TPl N.O HEBUM Gy T e ek Wy it
X PR ZE A AAM I R e 7 o B 4RI, 3 AR
T8 S 4 6 AN Ti) Ak 8 v o o7 AL AT B I 2 5 L
I, 3 NO,-N & 481k 5 AOB £ (r=0.982,
P<0.001)#l 2 & IEAHOC, 5 AOA =F 3% fAH ¢
(r=-0.501, P<0.05)( 2). N,O i#Afk AOB F
B 5% B #5 A 5 (r=0.884, P<0.001), 5 AOA Flf ity
PRI B = B 0 I AR S (3 2).

Ui bR Z P T AOB HIA K, 4HEH amoA FE[H
3 B R 6 I S5 0, R O d i 2.66<107 copies/g
$Em3 28 d I 2.32x10° copies/g, HEhN T 7.69 5 ; H
BT 14 d 2B KA, 14 d B amoA R 2
T 23k5] 28 d WTH 89.4%, Salibi FRpy2stbis N
—F(, Urea+ATU A3 [FAEAGIN 2K 5 AOB 2k
£, 2 amoA FEK FFELE 14 d F 28 d 43418 [RI A
ZIPRZAL PR 83.2% 1 90.1%, Shlfkid AR5
B A (B 2)8 M AHAT . Urea+DCD Ab 3 v 24 T4
amoA E:PH FREAR G S, 28 d AL 0 d B
T 136 f5. CK AbH AOB FEMFFEE. 50 dif
AHLG, 35FE 28 d )5, FERNALRER BRI XSS A CK ORI
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Fig. 4 Abundance changes of soil bacterial and archaeal amoA gene and denitrifying nirK gene in different treatments and relative
ratios of different microbial guilds
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