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do AP, ANFEZEA A N RAKERE AR R E 5,
LA ) 750t FH ROR A RANAH R o A 2 i 300 AR R B
NBPT 1 CP 7 ffw F& 14 (1 35 Y8 FH - 338 v B R 4 (1 1 [ 400
HSCRI . WL A T AR & 2 RIfE R I—3E
R I I S5 0 TR il 410 A1) 77 —N- P Al I = i
(N-(n-propyl) thiophosphoric triamide, NPPT), BH—i&
FR A £ RO

FHRBEFEIN, AR 77 5 [R)— S 7R AEA 7]
FHFREESEAT N0 N AR RS RORAAE RO 7. [
I, TR AN [ 35 i R AN A B A A 4 ) 2H 5 AE B
3 PR RS N KA N R 7, B AE4R
b1 750 A8 B B AR BOR AN AR 6, bt T
T FH It B9 T A A A0 1) ) B0 SR R R SRR A HE S R
SRR 2 B K4

1 MRERE

1.1 RIeFR

B I N R KRG, T 2014 4F 10 AR AT
LA & 2 X IR & &R (29°01'19"N,
119°27'96"E) K] 0~20 cm #f)/= 1438 . TR 115 51 B 2%
MIRRZR, i 2mm GRSl IR A
pH5.31 (ki 7K=1: 1, AHFFIA N FEH 750N
25.6+ 1.87 g/kg, lff N A R0 N R0 o 1 2 £y il
N 118.4. 7.21 A1 93.0 mg/kg.

BERIR R N46% A all, o E 254 B 20
FRA R AR 2-5-6-( =S H L) MEIE (CP)24% 7L 712 |
N- T 65 A8 BE = e (NBPT) A N- 74 3 5 AR i ik = i
(NPPT) R4 tiral, BT R=EF TAHRA R L™,
1.2 R

LS ATk A K &R Y 2 W R & KR K=
(water holding capacity, WHC) HJ 60%AL 4, REHE
THFR4E (JLrd, HWS #Eed) 25 CHFE 1 &, LA
A IR E g . TSR RE, DURE (UD A
N VR DL NS

RIGBE 3 F R (15, 25 135 °C, M4
T 2 A D2 P IS /K E (60%WHC AT 80%WHC,
SR YK A A E D A 6 R34 & (U,
U+NBPT. U+NPPT. U+CP. U+NBPT+CP. U+NBPT+CP)
KK N ACFE (CK) 5, 4L 42 ANBFE, 3057 ab 2 b
NBPT/NPPT B CP HEDHANIRES N 21 0.5%5L
0.3%.

KR (500 mL) B+, &3 T+300g, R
FHE N N 300 mg/kg. 0560 I R 2 A AE AL 4% -
LGNS R 5 3RS, N 28K Al -
K43 HiEF] 60%WHC F1 80%WHC, 47+ 15, 25 Al
35 CREFEA T BT L AHEIR . R IR, e K.
T 2016 £ 5 H 16 HFFMRHEAT, fERFRE 1. 3. 64 9.
12, 18, 24. 30 RHUFE, HE 3 K. AR PERFEN,
RPECRERS S 75 55 — 2 SR R B, 28 — 49 RHf H 1L
SEJ, FEMER LR EL, DABESRHE. e 3R NH, N,

NO;-N KJRZES N &, FHR A GEL B, BTE 4 °C
AURAR BLAEAT o
1.3 MEMBESH*®

K H R BT 75 300 5 LI S AR ER AL R s IR ER
A N KH KCI-ZRARIZ R, FH = 28— 5 btk illE
NO5-N HI NH,-N K H 2mol/L KCI 4%, 735 F B K
A3 M6 BE AN Iy R EL ey e

LB = /NS Wl 1 O

3 R B P H 1) 2 (%) =(No—N1 )/ Npx 100%
AP Ny AAIMBREG D F AL BT IR RS N K E,
mg/kg: Ny RUSINIREE G AP JRES N KifE,
mg/kg: RES N KFFEARES N AR E R
ZANERE, mgkg.

IR AL A H] 2 (%)=(Xo—X7)/Xox 100%

R X AJRERAHEE NOy-N Fr&; X, A FRIR k15
5R KA M ALK NOs N & &.
3 LML 2 (%)=NO5 -N/(NH, -N+NO;-N)x100%.
1.4 HIELE

R H 5 K FH Microsoft Excel 2003 F1SPSS 17.0 #H47
GUit oyt ALERIA R E RS XSE KT E R E
LinE TR

2 HER55H

2.1 TERESNEE

HHIE 1 AlAL i N BB SRR LR ES N
FRAMEAETRES . ANE IR A3 158 R R K AR
K FERIN 15 C6~9 d)y KT 25 C3 d)yFl 35 ‘C(3 d);
ANTR] 398 /K AR R A (A R BN 60%WHC(9 d, 15 C)
£TF 80%WHC(6 d, 15 C). ¥sJl NBPT/NPPT Ab3JR %= 73S
NEEDHTE 6~9 K(15C). HE1~3 K (25°C) . %
1 K (35 °C) JFinsetEtezi R, HKAREFRI N
B IR EE RN S K S NG . %0 NBPT/NPPT
AL FRIANE LIEIR RS N S REZE ST U Al U+CP &
P, AN IBEREAEKEFM T, NBPT/NPPT 7R85V
33 oA U E AR D 6~30 d.
2.2 TIEAREGHIFIZ

B 1 AT, AR 7R AL SR 1 7 ] 3 R g
R SR R N RES . ARNREACERIREGIIHIZEE 1 R
PIMEK/NEINA 43.5%(35 “C)>31.7%(15 ‘C)>22.9%(25 C),
ZJG 3~9d WIREKEKM, TIRIREGINHIREL, 72
MFHE24RAST) HFE 12K Q5CIVHIKRBST)
G TONRBE N ROR o AF 355 /K BB R BEINH 2R 5 1
REMERNEIN 45.9%(60%WHC)>19.5(80%WHC), 2
J 15 7R3 [A] Ab B TR AR 4k 22 AN K

FESNTRY, TR R (1~12d) TIE
JIR BN RN R (P<0.001) , 17 IS K ERRA
BE CGHE 1RSI (P>0.05) , FELHUNAEE B
1 RERAE)  (P>0.05) ¢ $IFIZHEG X5 (1~12.d)
AR R RN (P<0.001) , 5HEEREH
BN (P<0.001) , 5 13EE/KER BRNA L E
(P>0.05) ; =HALHRNAEE G5 1 KBRAN (P>0.05) .
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K5I ) Incubation time/d K57 N ) Incubation time/d K57 ) Incubation time/d
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T, 300 &350 2350
= 2250 & £ 300 & 2300
4:\:200 -qu 250 —QQE 250
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1 7% 4] Incubation time/d
d. 25 C, 80%WHC

3 5 7
K597 1) 1) Incubation time/d
e.35 C, 60%WHC

3 5 7
157 1) Incubation time/d
f.35°C, 80%WHC

#: WHC. CK. U. U+NBPT. U+NPPT. U+CP. U+NBPT+CP Fl U+NPPT+CP /3 M ARk SR, JRE. JREMME N- TSGR =, JREMCHE
N-PERACBE =, PRERFCHE 2-580-6-( =5 FHHRMLNE . PR N- T HERif B =i 5 2-50-6-(= 5L it ne Al PR RO N-PEmif U =i 5 2-5-6( =5 A
Lin AN

Note: WHC, CK, U, U+NBPT, U+NPPT, U+CP, U+NBPT+CP and U+NPPT+CP represent water holding capacity, the control, urea, urea added with NBPT, urea added

with NPPT, urea added with CP, urea added with NBPT+CP and urea added with NPPT+CP, the same as below.

B1 FREIHEREAEKELET LEREENSELMN
Fig.l1 Changes of soil urea-N content by different soil temperature x water content treatments
R 1 FRTREEFSKELIE T HIRARENE R T
Table 1 Changes of soil urease inhibition rate by different soil temperature X water content treatments %
R F KR posil 15 7% K EX Incubation time/d
Soil temperature/'C Water content Treatment 1 3 6 9 12 18 24
U+NBPT 49.4 54.8 58.7 49.7 41.4 8.5 -0.9
U+NPPT 40.9 63.6 60.9 52.0 452 11.4 1.1
60%WHC U+CP 14.8 -4.3 -4.3 -0.5 -0.8 -2.5 1.1
U+NBPT+CP 50.0 28.2 60.0 41.8 35.8 18.1 0.3
15 U+NPPT+CP 46.3 512 64.8 47.1 433 17.6 2.3
U+NBPT 45.8 53.7 65.9 58.7 42.6 17.1 0.4
U+NPPT 36.4 535 60.7 554 54.4 21.7 3.6
80%WHC U+CP 1.0 7.5 6.7 -0.8 0.1 0.6 43
U+NBPT+CP 12.3 41.9 62.0 50.8 43.8 20.4 6.6
U+NPPT+CP 20.6 47.7 59.2 59.3 44.4 24.1 8.8
U+NBPT 544 62.3 10.1 -0.3 -0.1 - -
U+NPPT 51.6 51.6 -0.4 -0.8 -0.3 - -
60%WHC U+CP -33.7 11.5 0.6 -0.1 -0.0 - -
U+NBPT+CP 154 57.0 9.1 2.7 -0.1 - -
25 U+NPPT+CP 279 52.0 3.3 -0.5 - - -
U+NBPT 50.5 53.4 32 0.6 -0.7 - -
U+NPPT 49.0 50.3 1.0 0.9 -0.6 - -
80%WHC U+CP -47.9 3.8 0.3 -0.0 -0.0 - -
U+NBPT+CP 26.5 59.6 12.8 1.0 -0.7 - -
U+NPPT+CP 34.8 54.6 4.3 0.6 -0.7 - -
U+NBPT 83.1 253 6.8 0.4 - - -
U+NPPT 105.6 25.0 23 -0.4 - - -
60%WHC U+CP 25.6 - -0.5 -0.9 - - -
U+NBPT+CP 77.3 223 0.6 -0.2 - - -
35 U+NPPT+CP 80.4 23.8 0.8 -0.4 - - -
U+NBPT 16.5 19.9 -1.1 0.6 - - -
U+NPPT 21.8 18.5 -1.2 0.1 - - -
80%WHC U+CP 29 -0.6 -0.1 0.4 - - -
U+NBPT+CP 12.8 13.1 -0.5 -0.1 - - -
U+NPPT+CP 9.3 14.0 -1.3 -0.2 - - -
ANOVA
T ek ek sk sekok sk ek ek
W ek ns ns ns ns ek ek
l ek ek ke ek sk ek ek
TxW Hoxx ns ns ns ns okx Hoxx
TXI ek ek B ek sk ek ek
IxwW ns ns ns ns ns ns xRk
TxWx] HoHx ns ns ns ns ns Horx

e T RHEREE: We REEEUKE: LG T<W. REMEKELTIE: T<L RERIEFIEAE IxW: HHFRS/KELIE: T<WxL: BE. SKE
AMHIFI AR ns: REE. *, ©F, #5R1FIRAE 0.05. 0.01 A10.001 KV EEFREE. TH.

Note: T: Soil temperature; W: Soil water content; I: Inhibitor; TxW: Temperature - water interaction; TxI: Temperature - inhibitor interaction; IXW: Inhibitor - water
interaction; TxWxI: Temperature- water- inhibitor interaction; ns: no significant. *, **, *** represent significant difference at 0.05, 0.01 and 0.001 levels, respectively.
The same as below.
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REFREE 3 K, AN[A 35 /K & Ab B IR ) 2 4548 BRI . % 24 K5 °C)d‘z§€ 12 R(25 CHI
KNRILN 60%WHC(35.0%)>80%WHC(32.7%); AJF+ 35°C), i N &f&iﬂ oNH, N SRS N, TR
IR AL R E RN ILN 25 °C(45.6%)>15 ‘C(39.8%) i CP A4b#E 4% NH, N & &8 & 5T U Al U+NBPT/NPPT

>35 "C(16.1%): AN[F #7520 & AL BB R /N R I N AbFE,  HTPA4ERFEGE NH,-N & & 30 d.
U-+NBPT(44.9%)>U+NPPT(43.7%)>U+NPPT 2.4 HENO,-NDE

+CP(40.5%) >U+NBPT+CP(37.0%)>U+CP(3.0%). IR 3 AT, N A BN F I NOY N
2.3 BN -NZE BEAER ETHER . B 12~30 K15 O)FF 6~30 K

Hi B 2 WL i N ACPREEANIE IR 1 NH, -N & (25 °C. 35°C), U A AN NBPT/NPPT Ab3 -4
ARSI A BERES . 5 3~24 R(15C). 5 3~9 NO;-N F&EKIEE I, IR RI v 355 A
%(25 C)EL 3~6 K(35°C), U M U+CP AbPE+ I ErKERIIE NN . S0 CP AL 13 NO5-N & &1
NH,-N & &2 R0, 1N NBPT/NPPT AbHiH K22 BALT U 1 U+NBPT/NPPT 4bFH, H. ] A4k Fr %
15 o it N ARER 73550 155 24 R(15 C)BE 6 R(25 T.35°C)  NOy-N Z&j#id 30 d. U 1 U+NBPT/NPPT AL#(35 1C)
JERESHE A, ETHERRIVEER IR EK  LHENO-N S84 T4 18 F124 Kk BIEAE 5 I F Rk .

AL PE Treatment
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35771 6] Incubation time/d 15771 1) Incubation time/d 15771 1) Incubation time/d
d. 25 C, 80%WHC e. 35 C, 60%WHC f.35 °C, 80%WHC

B2 TR LR EASKELAET L% NH, N &L
Fig2 Changes of NH, -N contents in soil by different soil temperature x water content treatments

AbHfi Treatment
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—'&o 70 —‘_?4070
= g 60 % E ?:?60
& % 50 & g =50
@ F 40 18 £ 40
== i 2 p "
= 5 30d 2 @v”
% £ 20 % 4@ 2 20 % 7
o /
z 10 z 10 =l q
O"' 0 "" 0 o 0 = 2 — T
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_?4025 125 ";0250
g i E
= ?’0 ?2 =
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=2 EE
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8 £ 20 =3
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% 2 55 Tz
g == o N = N :
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1597 1) 1) Incubation time/d % 3% 18] Incubation time/d 1571 (] Incubation time/d
d. 25 °C, 80%WHC e. 35 C, 60%WHC f.35C, 80%WHC

B3 AR LR EAEKFLAET HE NOS-N S
Fig.3 Changes of NO5™-N contents in soil by different soil temperature x water content treatments
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2.5 LTIERWEMLE

M 2 AR, A[E] AL B 435 R WAL R AN B T A
SR R G S, DL CK B AR . 5 6~30 K,
i N AR 3R A AL R 2URIGn, H B IR R
80%WHC &+ 60%WHC. ¥ CP Ab#E 333 W Ag AL 2%
T U A1 U+NBPT/NPPT 40,

J7 225y R B, IR AN B K 4y o K 5 A 1]
TR MR YN B E BN R (RIEE/KES 1 R
BN (P<0.05) , P ERNKEE B 1 KRB
(P<0.01) 5 FHIHI R ZH A 5%k 55 77 1T 1) - 38 3R LR 4,28 20 7

Wi (P<0.001) , 5 T35 A8 BN i 25 Blh I 25
(P<0.05), 538 /KERLEBNALE CF 12 KRN
(P>0.05) ; =HZHMNALRE (P>0.05) . HFE5 30
Ko ATE S KB AL B R A AL R R ANRI N
60%WHC (22.1%) < 80%WHC (28.0%) ; AN+ 3%
FEALFRIME K/NEILN 25 C (30.2%) >35 °C (28.7%)
>15°C (16.4%) 5 AFEHHGFIL G AL IBE R NRI N
CK (50.4%) >U (29.2%) >U+NPPT (29.0%) >U+NBPT
(28.4%) >U+NPPT+CP (13.2%) >U+NBPT+CP (13.2%)
>U+CP (12.3%) .

*2 AEHREEMSKELE T LIRRUHURTN

Table 2 Changes of soil apparent nitrification rate by different soil temperature and water content treatments %
A TS KE b 1577 R4 Incubation time/d

Soil temperature/C Water content Treatment 1 3 6 9 12 18 24 30
CK 30.8 24.9 33.7 35.7 384 35.5 26.1 21.7
19) 26.5 18.7 18.8 18.0 16.6 16.6 13.6 10.8

U+NBPT 30.8 23.0 273 25.2 30.0 16.6 8.1 9.6

60%WHC U+NPPT 30.4 23.7 28.0 24.5 30.8 15.8 6.4 6.8

U+CP 30.0 18.0 15.1 12.6 14.0 9.9 6.8 5.8

U+NBPT+CP 29.5 23.6 26.5 20.6 28.2 16.9 7.8 7.3

15 U+NPPT+CP 26.7 24.4 30.6 323 31.6 174 8.4 7.5
CK 39.8 375 48.6 62.5 59.5 62.3 442 49.5
U 29.7 29.4 29.8 31.2 29.2 27.6 243 23.9
U+NBPT 28.4 28.8 31.8 344 43.4 27.0 14.6 14.6
80%WHC U+NPPT 35.5 29.9 41.7 32.6 34.7 30.5 19.4 21.6
U+CP 24.6 239 29.1 23.5 26.1 243 20.1 22.7
U+NBPT+CP 32.6 29.0 40.8 419 38.4 27.2 12.0 14.5
U+NPPT+CP 31.1 31.1 458 39.7 443 279 12.6 13.2
CK 27.0 24.1 30.1 39.6 41.8 58.5 71.2 81.2
U 5.5 54 4.8 6.1 8.6 20.1 26.6 33.9
U+NBPT 8.4 6.3 4.4 5.6 8.0 19.3 26.0 33.8

60%WHC U+NPPT 19.5 124 7.4 9.5 14.3 20.4 322 33.1

U+CP 6.2 3.6 3.0 2.7 3.0 3.6 2.6 34

U+NBPT+CP 8.4 6.5 33 2.8 32 54 5.0 6.0

25 U+NPPT+CP 9.2 72 38 38 42 5.0 6.3 7.8
CK 26.9 25.7 30.8 38.9 45.8 58.3 61.1 66.4
U 10.4 73 10.0 18.9 29.0 41.5 47.5 48.5
U+NBPT 10.9 8.0 7.5 9.3 12.9 28.1 32.8 41.6
80%WHC U+NPPT 19.5 10.2 9.8 9.5 14.6 333 39.0 42.9

U+CP 9.0 4.8 39 5.6 58 6.1 8.3 9.3

U+NBPT+CP 9.5 7.3 6.3 5.8 6.1 7.3 5.0 6.1

U+NPPT+CP 8.3 6.5 43 4.6 5.0 7.3 7.0 8.8
CK 20.5 14.0 129 24.1 37.8 38.0 37.6 36.6
18] 25.2 11.7 18.7 26.0 32.1 413 352 27.2
U+NBPT 235 8.4 17.9 254 29.0 325 34.7 36.4

60%WHC U+NPPT 24.5 7.9 17.8 24.6 31.5 32.1 34.0 353
U+CP 154 6.9 4.1 7.1 10.7 13.8 11.6 154

U+NBPT+CP 24.7 10.5 8.9 16.8 16.7 23.1 22.2 22.8
15 U+NPPT+CP 21.2 8.1 11.0 16.5 15.0 22.1 22.0 22.7
CK 26.2 19.5 23.0 21.6 51.9 55.5 49.4 47.1
19) 16.4 6.2 10.9 16.4 333 423 32.8 30.9

U+NBPT 22.9 9.8 10.3 9.7 24.7 374 313 343

80%WHC U+NPPT 18.8 6.7 8.7 10.9 19.5 34.7 36.5 34.1

U+CP 13.0 4.8 4.6 52 14.8 14.2 10.6 17.5

U+NBPT+CP 22.4 6.4 58 5.0 12.5 21.2 21.6 22.3

U+NPPT+CP 18.9 5.6 8.0 6.4 9.2 24.0 17.5 19.3

ANOVA

T koksk kdkck dskk dskk dskk sdskk EE 3 EE

W ns Hk dskk * dkk dskk koksk kkck

l ks kKK deskok sdkok deskok sdkok kg kkk

wa ns Hkkk sdeskok sdesksk sdeskok Kk dk Kk

T><I * * dskk dskk dskk sdskk koksk Hkkck

IxW ns ns ns ns * ns ns ns

TxWxI ns ns ns ns ns ns ns ns
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2.6 TIEFHALHDEIZE

HHE 3 AT, AN 55 Ak B R A A e o e B
B R ek BT R B s . RIS KR AR B (E 4
T 55 18 K (60%WHC: 43.3%)Fll 12 K (80%WHC: 48.7%)
IRBNEEAE ;. R A IE /0 T 58 24 R(15 C:
34.4%; 25 °C: 52.9%)F1 12 K35 ‘C: 56.9%)ik FI| A ;
FIHIFR A AL BRSSE 790 T 56 12 R(U+NBPT: 32.1%).
% 9 R(U+NPPT: 23.9%)M1% 24 K(U+CP: 67.9%;
U+NBPT+CP: 57.1%; U+NPPT+CP: 53.9%)ik I AH .
AN 7 398 5 K B A B R 5 B 1) A A A 1) SR AR A 34 22
ANK s A [ g R D4 1) 7] Ak 3 5% 75 1A A e 4 22
FAK, JEIZEFRIEEIE K.

J7 2243 M 2R W, b R R G 4% 77 U 1) 1 3 s 1 410 1)
RN T (P<0.001) , 388 /K& S8 3% 5tk

BE (6. 18, 30 KBR4M) (P<0.05) , HHEZH
MR R RS (58 24 RERAN)  (P<0.05) 5 415
ARSIt 1 i ol T A 1 < VAT A
(P<0.001) , 53R EAR T RN EE (P<0.001) ,
S KELEAMNREE (5 6. 18~30 RERSM
(P<0.01) ; =FHZLHMNMWEE (18, 30 KERIM
(P<0.001) .

REFRE 30 K, [R5 /K E AL B A AL 1) 2 25
K/NRIN 60%WHC (31.3%) >80%WHC (27.2%) ;
AN [R] - 38 U A 3R Ak 0 1) 2 38 (K /NR I 25 C
(51.8%) >15C (30.9%) >35°C (5.1%) ; A[RFNHI7
G Ab BRS AL AR ZE I (E R NR BN U+CP (60.8%) >
U+NBPT+CP (47.9%) >U+NPPT+CP (40.4%) >U+NPPT
(0.3%) >U+NBPT (-3.1%) .

R3 TETBEEMESKELE T HIRELANFI RN

Table 3 Changes of soil nitrification inhibition rate by different soil temperature x water content treatments %
+ 35 AT R Ty s B 92 RH Incubation time/d
Soil temperature/ 'C Water content Treatment 1 3 6 9 12 18 24 30
U+NBPT 2.5 6.4 26.2 11.2 26.2 222 25.1 8.1
U+NPPT 0.8 3.1 28.4 27.2 26.7 30.4 259 17.4
60%WHC U+CP 3.5 8.9 29.6 28.9 29.4 38.2 50.3 453
U+NBPT+CP 0.4 3.5 203 28.1 25.0 31.6 41.0 375
15 U+NPPT+CP 5.1 2.1 14.8 21.6 28.4 27.4 38.9 353
U+NBPT 20.8 13.7 9.8 3.7 21.5 15.6 149 13.5
U+NPPT 26.1 10.1 11.5 11.0 6.5 8.4 133 11.7
80%WHC U+CP 379 274 375 22.7 333 24.0 47.7 49.8
U+NBPT+CP 252 28.5 24.9 8.5 27.5 26.5 43.8 47.1
U+NPPT+CP 322 30.5 17.9 0.7 19.0 20.8 429 432
U+NBPT -1.6 342 21.2 9.1 8.6 7.0 4.5 49
U+NPPT -30.1 15.6 -15.1 -24.6 -30.0 3.9 -21.7 8.8
60%WHC U+CP -7.4 38.2 42.4 57.5 66.2 83.1 90.9 90.8
U+NBPT+CP 0.7 36.8 43.6 61.2 69.5 77.4 84.6 844
25 U+NPPT+CP 15.0 38.7 37.5 46.5 56.3 78.2 80.2 80.3
U+NBPT 14.8 242 34.8 50.3 532 22.1 22.8 0.8
U+NPPT -10.0 15.0 8.5 48.2 45.7 6.7 10.9 1.3
80%WHC U+CP 9.4 35.7 62.4 71.3 80.9 85.6 83.5 81.4
U+NBPT+CP 20.6 25.5 439 68.9 77.3 80.8 89.1 86.1
U+NPPT+CP 30.8 324 60.1 74.4 80.3 79.9 83.8 79.4
U+NBPT -0.9 26.0 13.3 24.1 33.6 24.6 -13.5 -20.2
U+NPPT -18.1 31.7 15.2 31.0 31.7 29.1 10.0 -13.3
60%WHC U+CP 53 27.7 82.6 83.4 78.4 81.4 68.3 65.8
U+NBPT+CP -17.0 7.0 59.9 52.9 68.6 56.6 345 16.9
35 U+NPPT+CP 2.4 36.4 51.7 58.4 71.5 58.2 20.7 7.9
U+NBPT -18.7 -249 22.6 53.0 49.8 40.8 9.3 -25.6
U+NPPT -41.2 -7.2 343 50.7 61.8 18.3 -14.6 -24.0
80%WHC U+CP -52.1 -28.8 59.9 52.3 56.3 79.8 66.4 31.8
U+NBPT+CP -14.2 3.7 51.5 72.5 54.3 65.7 49.8 153
U+NPPT+CP -4.0 -1.5 335 61.7 63.3 58.7 57.2 -3.9
77 % ANOVA
T sk sk sk sk skeksk sk skoksk skeksk sk skoksk
W ek ek ns ek sk ns * ns
I skoksk skksk skeksk sk skoksk skeksk sk skokk
T><W ek sk sk ek ek ES ns *
T)(I sk sk skksk skksk sk skoksk skksk sk sk
le ek sk ns ek sk ns ns ns

TxWxI
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3 it i
3.1 HIHIFILAE 3T PR R KR RS20

FHOCHIF FE B, ORI 400 1) 700 R0 s A 400 81 5500 43 T 6T -
B RERS N KRR R — R I AR 2HIEA,
LBl A FAAS R A R R AT A R, 1 PR A it
FH B RE A RUAE 52 IR 3 K AR S KR P24 NH, [k — 2D A
A, A FEAE F 39 A7 R AR e A B T AR K 1o
AR EH R, NBPT 53U (DCD) Wi B
SN NH,-N [ NOy-N 54k, 1E28 NOy-N Bl = 1§
%40 d PAE. RPN SR, AR E NBPT 5
FH LI e R £ (DMPP) e Jti 141 4E 2% JR 2 /K it , [T %2
NH, N {R¥Ep/E L3, WintEENEN &, 28
2 ULOggE 95 2 30, NBPT+DMPP 20476 B0 - 3 IR B s
P, ZRIRFEMAN 4~7d; 51N DMPP X ik AE H #1
HIRCRAHF, P REOR R L3RR NH, N F &t
80d. 5 FikHFs 4 R —5, A7 S5MEH N
NBPT/NPPT 1 CP AbFEAHLL, 7% e F 135 rp 3 2 i i
I N R RSSO ARERS&E T,
BEA EREIRE 6~30d, MAEMRFF L3 NH, -N
SE30d L E.

3.2 HIEEREHIEIFIERA MR

IR EL pH EAUC LI R F A SRR, $em
N ZFHRPY, mF i S TR s i— R R Ak,
PR B S N i R Y, R A APt kB, +
BWEKEMIE, 35 CHIERMmEEEERT 25 C. 54X
WP R, LIREF R (15~35C) KnklRE
MK, B4R KM (B 1)

MBI FUE B, 3P R T i BRI NBPT A2,
Bremner 24 78 /SR L3780 NBPT T 10, 20, 30 A1
40 CHF: 14 d R, BEEEFERIN N NBPT i 200 &
NP 50%. ZEWHSIRE ORI, B PR BT R 1
(20~30 'C), NBPT [EfRidi i HI2A CEEH: 7.6~
6.5d) . AW, fERAIREERE (15~35C) W,
HYe H A IE RN NBPT/NPPT %o 4 3% fR 25 /K Al 41 25
R, (EAE FH AR B ORI I . Watson 25120
WHFC 4 Fhbdge, 3 FhLIRIRAE (5. 15 f1 25 °C) AIAE
NBPT 0 N IR Z K NH; HEBUR B, NH; HEos b %08
15 ‘C(61%)/NT 5 “C(83%)Ek 25 ‘C(74%). &yt
FANN, RN IR F KRS AT RE L NBPT #40
NBPTO I E,  HA 0550 B fde 2t v gk . A0 7t
SERRW, MEE LR E TR, REKMBEREMN,
BN PR [T B A, FOR TG40 1) 850 PR o 8 0 5 A 3 R
RIKRI A K /ANRBA 15 ‘C(6~9 d)>253 d)fl 35 C
(3d); HEFRHE 3 RIREGHIHI R EK/NRI N 25 C
(45.6%)>15 “C(39.8%)>35 “C(16.1%).

FHOCHIF FE B, T 5 A 5 M i 40 1) 750 R B 3K
I (A A0 R B LR R e T P 1 7] e i 2 ) (2
Ik, EREAgEE, 5 R 2T, Menéndez 251
WFFEIN g, — 5 ¥ Bl PN A e 00 o 750 2 ARG A o 2 SR B

4o Azam PO FEIAK, HEEFHEINE DMPP 7F 3
e 5ly, A RAM R AR R . A, i T RE R N
AWpiEYE, ik DMPP 78 3 b BEECY . TR
FT DMPP Xtk HEREROIMHICH, A Ferh, 72 RIRIR
JEJEREl (15~35°C) W, myeHIEREIN CP Al BAfR
RIS RO, R 2R i N . B
PR AR KRB, 15 CHHLENL N IR iE
DMPP ] NH,-N & & (60 d) b 25 CH 56 %, NOy-N
L EAIK 18 . Chaves ZP3F 7t &% L, DMPP 7E8) i 3% +
W (2~14 C) A R B  FRAAE A /E FH B RLA 95 d
7E 5~15 CHl 40%~60% 5 /K &, DMPP 1E %63 -+ i
A3 E I ) 42 AP, AP L, R
30 R bR AL FE R A AL R I (E KN R I 25 C
(30.2%) >35 °C (28.7%) >15 C (16.4%) ; kil
PIER/AINEI N 25 C (51.8%) >15C (30.9%) >35C
(5.1%) o RRWGEEPIFTRD, BEFREEZH 10 T
F| 30 'C, mkersEd DCD FRE/ERRT R 90d TFEN
30d. AW, ASFELIEEELMG R, CP fEEJEH
b e IR A 30 d, FLARYE A S A itk —
ST E -

3.3 HIEEKEFHHNHIFIERRAOEND

JRZ KR FEIKIAEAE . Cantarella 2B BF 58 K IN,
PNt 2 SEUGIE G NBPT ORGSR
R, SBREZEALEG, HESKESEERER
Z TR EA RN AT, LIRS KE X5 FE 1)
TIRARBEIN RN AR E (5 1 KBRS , WRERZH
TIRFE KRS (R, FOH AR R, 2 RIS KE
SO N S A S 46 . Faria P79 &K 3, NBPT (30
il SR o B R) AR A T PR, 5 Ky S RN
Ko AwFgi, ERBEKEER (60% WHC~80%
WHC) W, B TIEE/KERIC, el LIEFRIREK
R T8, A eI IR, TR B4 ) 20087 38
5 o AN [A] A K B A B IR 2K R 1R OK N R BN
60%WHC (9d, 15°C) >80%WHC (6d, 15C) ; 5
R, IREGHNHRIERNERIN 60%WHC (45.9%)
>80%WHC (19.5%) .

g TR SR BV, IR R S
FrKE B IEAH MY, HB N & S A N i R R CRE RS
PRSI, HARWETEAE RARTT, 859756 30 R BB /KEa
LR ML KB E KDL N 60%WHC (22.1%)
<80%WHC (28.0%) . AHIHWFFLFEH, M4 B 4
PEMIASTE, 3385 7K ST A A 400 ) 5000 ) 20k SR P 52 i A7
fE 270, Barth SN, ERAR S KRBT
N, DMPP 5 5 4 H 3R, 157 HEI N, ARl
WU REL, BE LIRS /KEFEIL, DMPP REffEa T 212,
A B G 5 . A T, 7RIS & /K EVEH (60%
WHC~80% WHC) I, Ffids T8 /KEMEIK, MiiEH
K59, WAL RN 5E . B IREE 30 KA AL AAE
K/NRIHN 60%WHC (31.3%) >80%WHC (27.2%) ,
AIREE I TRARE/KEFZMT, B R R &/ FH 2
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LT A o8 T T T P A AR T e S I e R
Ky it FH CP ] SRS A SRE s 7K 2 B it i A 7 B
W5 CP lA, AIAREMH] N,O HEl. s =gl
FRI, LIRS KE 12%F 24%I5F, R4 H0HI1E FH 4 51
FFL 90 F1 60 d, BT =& K2 K DCD MR .

R REY, AFE LS KELZMET, CPEFHIEH
A R AR 30 d, EARYE R A A A
— AT -

4 % i

1) 3 K E AN 35 B AR AR LA 7R e
I R KR A ROR B2, DR R AR T
Ko ANFE LIRS /KEFMET, NBPT/NPPT fE3#E
A3 e TR N 6~30d, CP A3 %A A i Al
it 30d.

2) ARIGTEH N, BEE LRI, JRE K
IR, A RAE R TR FRAG, AL AE P3G o, R R A
AN BTG s B TS K EREAC, IR B KA
T, BRERREL, WAERBEE, IREA
T A 1) 28507 3 B

3) AFE R E S KESAME T, NBPT/NPPT 8¢
Bl CP Ab3E AT LA &l L3R By v, JEZZ R 2K
fift; CP BRfiCjii NBPT/NPPT Kb n] LA 2| NH, -N
] NOy-N ¥4k, fRFEF L3 im NH, -N & &K 17
1E, WA RE N &,

(& £ x #
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Inhibition effect of inhibitors on nitrogen transformation affected by
interaction of soil temperature and water content

Zhou Xuan'?, Wu Lianghuan®**, Dai Feng?
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Sciences, Zhejiang University, Hangzhou 310058, China; 2. Zhejiang Provincial Key Laboratory of Agricultural Resources and

Environment, College of Environmental and Resource Sciences, Zhejiang University, Hangzhou 310058, China; 3. Zhejiang Aofutuo
Chemical Limited Company, Shangyu 312300, China)

Abstract: Agricultural intensification has led to high inputs of nitrogen fertilizers into cultivated land. Addition of urease and
nitrification inhibitor to fertilizers can increase N uptake and reduce N losses, but field studies have shown that their efficiency
varies greatly on the environmental conditions. Soil temperature and water content are key factors controlling urea hydrolysis
in soils and are also key parameters for the variation in inhibition effect of urease and nitrification inhibitors. The objective of
this study was to compare the inhibition effects of biochemical inhibitor combinations on soil nitrogen transformation, and to
determine the effects of different soil temperature and water content on the inhibition of urea hydrolysis. We investigated the
inhibition effect of combined biochemical inhibitors (N-(n-butyl) thiophosphoric triamide, NBPT/N-(n-propyl) thiophosphoric
triamide, NPPT + 2-chloro-6(trichloromethyl) pyridine, CP) on urea-nitrogen transformation as affected by soil water content
(60% and 80% water holding capacity, WHC) and soil temperature (15, 25 and 35 °C) interaction in yellow clayey soil using
an 30-day aerobic incubation test. Results showed that soil temperature and water content had significant effects on the
inhibition effects of inhibitor combinations in yellow clayey soil (P < 0.05), especially soil temperature. With the increase of
soil temperature, urea hydrolysis increased by the effective time of the combinations reduced, and the inhibition effect of
urease and nitrification weakened accompanied by increase in nitrification. With the decrease of soil water content, urea
hydrolysis tended to slow by the effective time of the combinations prolonged, and the inhibition effect of urease and
nitrification increased accompanied by nitrification weakened. The urease inhibition rate (Day 1) and nitrification inhibition
rate (Day 30) under different soil water content treatments ranked as 60%WHC> 80%WHC, and apparent nitrification rate
(Day 30) ranked as 60%WHC< 80%WHC. The urease inhibition rate (Day 3) and nitrification inhibition rate (Day 30) under
different soil temperature treatments ranked as 25 ‘C>15 ‘C>35 °C, and apparent nitrification rate (Day 30) ranked as 25°C>
35 °C>15 C. The urease inhibition rate (Day 3) under different biochemical inhibitor combinations ranked as U+NBPT>
U+NPPT>U+NPPT+CP>U+NBPT+CP>U+CP, and nitrification inhibition rate (Day 30) ranked as U+CP>U+NBPT+CP>
U+NPPT+CP>U+NPPT>U+NBPT, and apparent nitrification rate (Day 30) ranked as CK>U>U+NPPT>U+NBPT>
U+NPPT+CP>U+NBPT+CP>U+CP. NBPT/NPPT or combined with CP treatments can effectively inhibit soil urease activity,
and slow urea hydrolysis. CP or combined with NBPT/NPPT treatments can effectively inhibit the transformation of NH,"-N
to NO5™-N, and keep high NH,"-N content in soil for longer time under different soil temperature and water content conditions.
Application of a new urease inhibitor NPPT alone or with CP had the similar inhibition effect of soil urea hydrolysis with that
of NBPT. The optimum condition of soil temperature and water content by the application of biochemical inhibitor
combinations in yellow clayey soil were 25°C and 60%WHC, respectively. In conclusion, urea application combined with both
urease inhibitor and nitrification inhibitor should be adopted in yellow clayey soil according to different soil temperature and
water content conditions.

Keywords: soils; soil water content; nitrogen; urease inhibitor; nitrification inhibitor; N-(n-butyl) thiophosphoric triamide
(NBPT); N-(n-propyl) thiophosphoric triamide (NPPT); 2-chloro-6(trichloromethyl)pyridine (CP); soil temperature



