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Abstract; Ammonia(NH;) volatilization is one of the main pathways of nitrogen (N ) fertilizer loss in rice production. This study was con—

ducted to investigate the interaction effects of hiochemical inhibitor combinations and fertilization models (one—off and three—time fertiliza—
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tions ) on ammonia( NH;) volatilization during the rice growing season in yellow clayey field using two—factor randomized block design. The

results showed that NH; volatilization loss mainly occurred within one week after fertilization during the rice growing season, and peaked
within 1-3 days. Both biochemical inhibitor combinations and fertilization models had significant effects on the loss of NH; volatilization.
The three—time urea fertilization treatment significantly reduced the net NH; volatilization loss rate by 24.6% than that of one—off urea fertil—
ization treatment during the rice growing season. The addition of nitrification inhibitor CP significantly increased the peak value of NH i —N
concentration in surface water and NH; volatilization rate, and thus enhanced NH; volatilization loss under different fertilization modes.
Combined with (or without ) CP, the addition of urease inhibitor NBPT/NPPT significantly inhibited urea hydrolysis, and reduced the peak
value of NH; volatilization rate, and thus mitigated NH; volatilization loss. The addition of new urease inhibitor NPPT alone (or combined
with CP) had a similar trend of dynamic change of NHj; volatilization to that of NBPT. Correlation analysis showed that NH; volatilization
rate from paddy fields had a significant positive correlation with NH; =N concentration and pH in surface water rather than air temperature,
soil temperature, and soil relative moisture. In conclusion, biochemical inhibitors combined with appropriate management can more effec—
tively reduce NHj volatilization loss during the rice growing season from yellow clayey fields.

Keywords : urease inhibitor; nitrification inhibitor; N—(n—butyl )thiophosphoric triamide (NBPT ); N—(n-propyl ) thiophosphoric triamide

(NPPT); 2-chloro—6—(trichloromethyl )pyridine( CP); yellow clayey field; ammonia volatilization
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2.1 FBEAKE . TEMTERTEE

A 1A A1 1B AT, BZEfE AR KR AT+
AR T RS, RATH SRR, iR AR R
JERUIN; BEASAE T BB AR A R4 51 26.2 C
F125.6 °C, ZRALIEEE 535720 15.0 CF1 13.0 °C, /KFFAE
KRR 285, Fr IRl T, 5 9% T, T ss B g
([ 1B),
22 NH; #EEZHEE
2.2.1 NH, % %

I 2 AT AR 2 JRI A NH; $5 K H0R T4 3

x1 @EEAAR
Table 1 N application methods

A3 Jiti N ft/kg+hm™ Eil B B T2 N )% T E 52X
CK — — —

U 180 — — WA
U+NBPT 180 0.5 — M
U+NPPT 180 0.5 — W PEEL

U+CP 180 0.3 — U PEEL
U+NBPT+CP 180 NBPT+CP 0.5+0.3 — YRR
U+NPPT+CP 180 NPPT+CP 0.5+0.3 — YRR

Us 180 — FLAT: 43 BEAD R AT =5:3:2
Us+NBPT 180 0.5 R BE A AR =5:3:2
Us+NPPT 180 0.5 R BE A AR =5:3:2

Us+CP 180 0.3 FEAC: 43 HE A R AT =5:3:2
Us+NBPT+CP 180 NBPT+CP 0.5+0.3 ST 43 BEAD R AT =5:3:2
Us+NPPT+CP 180 NPPT+CP 0.5+0.3 FENE:4y BEALARAL =5:3:2

TE A3 UC AL CHERE 43 BENE EAL ) IHE 23510 2015 42 6 4 21 H.7 H 8 H.8 J] 10 H.
Note: The time of split fertilization(base, tillering and earing fertilizer) were 21 June, 8 July,and 10 August in 2015, respectively.
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Figure 1 Dynamics of air temperature, soil temperature and soil relative moisture during the experimental period of rice season
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Figure 2 Dynamics of NH; volatilization rate during rice growing season from yellow clayey field under different treatments
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d IR 5 2T R [, 2 J5 45 A0 P NH, $5 % R 22
SAK, RS 3 d WER/NEIL R U+CP>
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PEREAEAS ;4 BEAE FREAL bt FF 5 NH, 4 & 1 8 5
VAR, 22 Je R AR TR
2.22 NH, 5% Wb

2% 2 AT, B AN KA A B 0 — R PR it I A N H
R iRy 18.3~55.7 kg N-hm™, 7 N Attita F &
) 10.2%~31.0%; 53Ut E R 15.6~41.2 kg N+hm™,
i N Rt PR Y 8.7%~22.9% . FEPHH 2 NH, #7 &30
R EZHHY, 5 EIER R 68.8%~86.9%(— Kk
JHE ) F 51.7%~61.8% (43Ut e ) s BEALHH NH; 4% %
kAN

ARIEAEA T, il N AR A NH; S5 L

PR R T CK AR, ALl S 4LA At R
A3 T NH SV & 401 % 1300 i i 2 (P<0.001 ),
P A H AW AN 3% (P>0.05) (5 2) o Us ZbFH NH; &,
P I 0 R I S A U AR PHFAAIG 11.5 kg N-hm™
M 24.6%, —RVEMEM T, &0t N 4bFREE CK b3
NH; W3 & i 18.3~55.7 kg N-hm2, 5 U
b BB AH ., U+NBPT . U+NPPT . U+NBPT+CP #1 U+
NPPT+CP 4bHfl NH; # % 545 2% 2K 43 B FEAIK 46.9% |
60.9% .20.2%F1 35.0%, 1fii U+CP ZbFEHEHIN 18.9% , 43
W, 450 N Zb %S CK Zb3 NH, 3% & ik i
N 15.6~41.2 kg N-hm, 5 U; ZbFEAH G, Us+NBPT,
Us+NPPT Us+NBPT+CP 1 Us+NPPT+CP b ¥ NH; #5
RGN R A BIREAR 55.9% .53.0% 19.1%F1 32.5%,
ifii Us+CP Ab 33411 16.6% . Ui BA bR 2 Jic jti NBPT/
NPPT g4 %A 5% IR 2 /K fife , BEAIR NH; 388 B4k, 1
ARSI CP A NHG g A/ R, 238 hn NH; 442 % 43
I N 23 KUK
2.3 HE@EK NH;-N iREZHFETH

P& 3 AT, it N AR FRAS H H K NHi-N ¥

R2 ARNETEREBESEEEEH NH ERIRAESRRAER

Table 2 NHj; volatilization loss and net loss ratio at various fertilization stages during rice growing season from yellow

clayey paddy field under different treatments

A ALK B kg N-hm™

e I SAEE e BAUR B N R
CK 5.240.4i 2.7+0.2de 1.7£0.1e 9.5:0.7i
U 41.5+3.0ab 10.2£0.7h 4.7:0.3¢ 56.414.1h 26.0+1.9h
U+NBPT 29.2:2.1de 3.5:03de 1.720.1e 34.422.50 13.8+1.0f
U+NPPT 24.2:1.Tefs 2.240.2¢ 1.420.1e 27.8£2.0sh 10.240.7gh
U+CP 449324 11.5£0.8b 8.8+0.6a 65.2+4.7a 31.0£2.2a
U+NBPT+CP 35.842.6hc 6.7+0.5¢ 4.5:0.3cd 46.9+3.4cd 20.8+1.50d
U+NPPT+CP 32.5+2.3cd 4.120.3d 3.420.2d 40.042.9def 16.9+1.2def
U, 25.91.9¢fs 11.720.8b 7.320.5b 44.8+3 2cde 19.6:1.4cde
Us+NBPT 13.8+1.0h 6.720.5¢ 4.5:0.3cd 25.1:1.8h 8.7+0.6h
Us+NPPT 13.5£1.0h 7.8+0.6¢ 4.8+0.3¢ 26.1:1.9¢h 9.2+0.7h
UstCP 27.2+2.0def 13.8£1.0a 9.740.7a 50.73.7be 22.9:1.7he
Us+NBPT+CP 2172160 10.020.7b 6.5:0.5b 38.122.8¢f 15.9<1.1ef
U+NPPT+CP 20.6:1.5¢ 7.820.6¢ 5.040.4¢ 33.422.4(sh 13.3:1.0f
7 253 (ANOVA)
" . . . - .
] sksksk sksksk sksksk sk sksksk
FxI ns ns ns ns ns

T F oA T AR 45 s P AL il 7RI 2 5 o R BUECA I (AR HERR (n=3) , SRR 7 B ORTE 0.05 /K- b 225 B35 (LSD

K)o *4% FIRTE 0.001 KT 23 5 ns FORMNA R . Tl

Note: F; Fertilizer models ; I : Inhibitors combinations ; FxI ; Fertilizer models x Inhibitors combinations. Data in the table are Mean+SE(n=3). Values fol—

lowed by a different letter are significantly different at P<0.05(LSD ). *** indicates significant effect at the 0.001 probability levels; ns indicates the effect

is not in significant. The same as below.
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R TR ARG 6 d 4 BIRE A IEE Y
57.9%~69.1% (— R M HE ) F 29.9%~60.7% (43 UK jite
BB 55 1 Wit AE i , FHTRIZK NHG-N 3R T R LR, 1M
Je PR Uit B S T AL, 1T R -5 K R I ORI A L T
KR BE R S NH; 48 R VR A 5¢ . AREALECT
FoM A 1 d i N ACPERS I RZK NHi-N 3
Fim T CKAFE, Uy ZbFR%E 1 d HIZK NHi-N ¥ i
AU AFREAR 22.5%, — RPNt A, &t N b FHAs
CK ZbFRIEHN 10.2~23.4 mg- L', 5 U ZbFRAH I, U+
NBPT .U +NPPT .U +NBPT+CP F1 U+NPPT+CP 4b B
NH; =N ¥ BE 45 BIREA 48.1% .50.4% 23.4%F1 24.0% ,
1M U+CP ZbEE8 0 4.4% . 43 Uit F P, £50it N Ab PR A
CK b PRI 5.9~19.2 mg-L7', 5 Uy Kb FEAH F, Us+
NBPT ,U;+NPPT . U;+NBPT+CP F U;+NPPT+CP 4b B
NH;-N ¥ 43 HIFAK 58.5% .53.5% .20.5%F1 13.1%,
MM Us+CP AZb 3380 12.0% . ibd B bR £ I jiti NBPT/
NPPT G4 RUAE LR R R K fife, #EIR HITHIZK NHi-N 0
{BL H AT ), BEAEG HH 1T 7K NHG =N B2 1 SR 5 i
CP WP ACH NH (T &4k, $2 i FHTE 7K NHi-N
HeBE IRl N R K 452 KB
2.4 HMEIK pH ZhETE

F & 4 BTN s N AR K pH (H3E AR e Tt
JE kRS T 1~3 d IVEGARE(E, H pH EIR
T 75 pH AHAZ R 4350 R 6.5~8.3(— R PRt i ) Fl 5.6~
8.1 (ARt NE ) o FENEHE S pH fH 3 d 1Y K/
J¥ 23/ Us>U+CP>U+NPPT>U+NBPT>U+NBPT+CP>

U+NPPT+CP ( — ¥k P Jita it ) ; U3+ CP>U;+NBPT+CP >
U;> U; + NPPT>U;+NBPT > U3+ NPPT+CP (43 ¥R Jifi A ) o
Ul AR HH PR 2K ik B4 pH (B, %50 NBPT/
NPPT A L3 13 400 il PR 25 /K f e 55 pH 9T+ . A
FITFREAR NH, #E R K
25 NH; R FERSHZMEFHMEXES T

F1 ¢ 3 AT, At AT AL B NH, 44 2% 5 5% 15 [ 34
T 7K pH B (r _=0.529~0.687% ;1 45 =0.413~0.646% )
J NH;=N ¥ BE (1 pe=0.599%~0.908%% ;7 .5, =0.613%~
0.823%# ) Iy 5t I 25 1EAH 5, 117 5 (r— o =—0.034~
0.168;7 ;5=—0.243~0.060) . +- 3 (r 4 =0.302~0.458;
r 45%=—0.107~0.080) J + HEAH X E (r _yepe= 0.073~
0.257;r 45=0.209~0.428 ) [ FH A i 2% IS5 3 d
P, FH 7K pH (&% NHi-N ¥ B s i, #5 B NH,
P AR 2 3 AR TR S NH, 35 %
RIFRRI — 2. 7ERGHE AR 2 J& P, H A
/K pH {EFfi#E NH; -N & &8 T B R . 08 BH F T K
NH:-N ¥ B pH B 52 i A% H NH, #5851k 0 3=
HHEK,

3 1tig

3.1 HERBMEXXIFEH NH; #E4 B0

KT AE H NH, 4% & £ 2 R E 458 A —
XBSEALEPIRETE R I, R AL J5 NH, #5% Fp 2L |
M, FEEAERALE 1R LI ; ZAE R BE NH,; #£
R FZEE, 29 HHERAR N (1) 50%. 1M 45 i 44>

&3 NH, R ERSEZIMEFHEXRH

Table 3 Correlation coefficients between NH; volatilization rate and influencing factors

Jb3 7K pH {H FHTEZK NHi-N ¥k e R AR X
CK 0.091 0.417 -0.262 0.156 0.325
U 0.651* 0.718%* 0.128 0.384 0.227
U+NBPT 0.687* 0.884#* -0.033 0.339 0.257
U+NPPT 0.627* 0.599* 0.168 0.458 0.073
U+CP 0.673* 0.908%** -0.034 0.325 0.251
U+NBPT+CP 0.611* 0.793%#* 0.068 0.384 0.119
U+NPPT+CP 0.529 0.818%** 0.017 0.302 0.190
Us; 0.486 0.684* -0.139 -0.059 0.238
Us+NBPT 0.603* 0.8237%#* -0.098 -0.015 0.223
Us+NPPT 0.429 0.815%* 0.060 0.080 0.428
Us+CP 0.520 0.613* -0.144 -0.083 0.209
Us+NBPT+CP 0.646* 0.790%* -0.243 -0.107 0.272
Us+NPPT+CP 0.413 0.813%* -0.240 -0.077 0.333

T % Al 2RIERTE 0.05 F1 0.01 KB

Note: * and ** indicate significant correlation at the 0.05 and 0.01 levels, respectively.
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Figure 3 Dynamics of NH;—-N concentration in surface water during rice growing season from yellow clayey field under different treatments
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Figure 4 Dynamics of pH in surface water during rice growing season from yellow clayey field under different treatments
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K (27.1%~37.0% ), Sun ZEMIBIF5T 52 PR, A [] b 34
SN FRICHR &= NH; #5 & 2FE H15.1~56.8 kg N-hm?2,
b7 YA 8.4%~23.7% , AWFFT 45 FL 2B , B H
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