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Z B (NBPT) & (L3 4 7 2-8-6-( Z A FHE) Mg (CP) R AR HF Ao ERE L HEE
(NH) X H#FE BREMER N FRHUENT N, EREXN.FERATERILEE3
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HONH, 45 & 4 i e B 35 81K NH, 4% K 2 I 35.0%; 55 7~ % 24 K, NBPT A3 +3%
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Abstract: We investigated the effects of urease inhibitor N-(n-butyl) thiophosphoric triamide
(NBPT), nitrification inhibitor 2-chloro-6-( trichloromethyl ) pyridine ( CP), and their com-
bined application on NH; volatilization rate, NH; accumulation and dynamics of yellow clayey soil
in an incubation experiment. Results showed that NH, volatilization rate peaked after three days of
urea application and then leveled off. CP treatments with different application doses promoted soil
NH, volatilization and increased the peak value of NH; volatilization rate by 10.9%. NBPT treat-
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ments with different application doses delayed the peak time of soil NH, volatilization and signifi-
cantly reduced the peak value of NH; volatilization rate by 35.0%. NBPT significantly inhibited
soil NH, volatilization. On the 24th day after incubation, soil NH, volatilization amount was re-
duced by 37.2% in NBPT treatments as compared with urea treatment, while it was increased by
2.1% in CP treatments. Compared with application of CP alone, combined application of CP with
NBPT showed synergistic inhibition effect on NH; loss. NBPT+CP treatments effectively delayed
urea hydrolysis in early time, and thus reduced NH, loss by 14.2% (day 24) as compared with
urea treatment. However, NH, volatilization increased with the increases of CP dose. Further-
more, the dynamics of the cumulative amount of NH, volatilization could be quantitatively
described by Elovich equation (¢, =a+blnt). Additionally, CP treatments increased the slope b
value, which increased with the increasing dose. NBPT treatments reduced the slope b value,
which decreased with the increasing dose. NBPT+CP treatments reduced the slope b value. Soil
NH, volatilization rate was significantly positively correlated with soil pH. In conclusion, applica-
tion of NBPT or combined with CP could significantly reduce soil NH, volatilization rate and soil
N loss, and thus improve fertilizer utilization in yellow clayey soil.

Key words: urease inhibitor; nitrification inhibitor; N-( n-butyl ) thiophosphoric triamide
(NBPT) ; 2-chloro-6-( trichloromethyl) pyridine (CP).
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24% /i AT, FEIEIRFE (055 ,2002) , 1 AE 4
ZR ALK 30% ~35% (AR JK K 5,2010), &
(NH,) ¥R JE R R A 135 0 EER KRR G —
(/04 2002; Zhang et al.,2011) ,F14 NH, #
RIR N 20% ~25% , #Uiti bR R 7T 5535 50% ( Ro-
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2008) , fiF Ak il )5 U8 LA it FH B8 30 %1 i 1k 20
PR (it A = 38 b i UK B TR L NH, T -N B
BAAE A ED ORI (AT E5 4045, 2011 5 5K 46 4
2013) . R, ERpk S A Ak S dn B0 e
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(8) U+0.60% CP, #4b¥irh NBPT 5 CP F+E LAJR
RAEWASEIT, HE 3K,

QBCLL S . W E 9 N3, (1) U (2) U+
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R NH, # & R (& 2) , 2 8t bR 28 Ab HH %A
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Fig.1 Changes of soil NH, volatilization rate under different dose treatments
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Fig.2 Changes of soil NH, volatilization rate under different ratio treatments
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Fig.3 Changes of soil NH, volatilization amount under different dose treatments
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Fig.4 Changes of soil NH, volatilization amount under different ratio treatments

NBPT W] s 2% -4 NH, ¥R, 835 12 K,
AFFE CP & NH, L2 ZHELEHEN T
28.0% ~29.0% ; AN[l57  NBPT 4b# NH, #£ % 2
HIAHENT 15.0%~23.1%,

NBPT+CP 41 & A S EILA 3 b A (R 2),
NBPT+CP44 +3 NH, % & EREIAME (12 d)
T 19.0% ~ 25.4%, 1 CP 4L F A F 27.5% ~
27.9% ,NBPT ZFEA T 12.9% ~ 14.3% . i W] 51X
SN CP ALFRAR b, A U8 A b o A A R
X NH, #2380 7122888 b (A DM R HIRCR

1 AEFE2LAETIENH, EEZHHNFESH
Table 1 Kinetic parameters of soil NH; volatilization un-
der different dose treatments

fba Elovich J7 ¢ q,=a+blnt TE (%)

a b R? SE 3d  6d 12d
CK 11 1.67 095** 0.45 294 4.09 525
U 1.07 1034 0.97** 2.02 1243 19.60 26.77
U+0.25% NBPT 493 730 0.99** 0.98 12.94 18.00 23.06
U+0.50% NBPT 398 557 0.99** 0.77 10.10 13.97 17.83
U+1.00% NBPT 480 4.09 0.98** 0.04 9.30 12.13 14.97
U+0.15% CP 524 923 099** 1.06 15.38 21.78 28.17
U+0.30% CP 590 929 0.99** 1.24 16.11 22.55 28.99
U+0.60% CP 2.17 1040 0.99** 1.19  13.59 20.80 28.01

n=8; % * FRWBEHE, SE MARHEIRZEE

Fx2 AEELLAETLIENH, EENHHFESH

2.3 -3 pH {Hsh 7k

M2 3 FN3 4 a1, IR R Ab 3 41 pH (&
AL A AR R I — 3, Bl BRI R R STt
E N, e TAaE . CK AR pH EAN IR
R PRI T BRI BN, TR KW (£ 3), CP 4
PEHS N -3 NH, T 5 (JRIESE, 2015) , B 3R )
5B 4 pH {4 ; NBPT 4034 A 4% 2% + 4 pH {8
(14 0 WA ] | L AR Ab R 3 5 Bt R 3R AL B — 3, B
FRiI A pH {H 1 3 FEAR, B 6 K, AW &
NBPTAEFE 5 AN 7] 71 42t CP &b P 5 & B AL + 2% pH
{8, V3K 7.8%.,

NBPT+CP 4 & 5% 2% fift 5 37 i 9] + 4 pH {H
Tt B3 3R IR IR R [ (3R 4) , pH A #X CP Ab 3R
(%5 6 K) PRIk 8.6% ; 8 NBPT 43 (45 24 K) JF
MRk 21.4% . Ui 504N NBPT 5 CP 2L AR L,
TEH)E H A58 W5 27 20 5 3R 90 Hh %k 58 pH (E 1Y P
PSR o AHSCPE 2 BT 2R B, U6 1 44 rf NH,
ik R pH HAME B FEML(HE 6 K
P = 0.740" 5 Foies = 0.855" ) | Bl + 38 pH i
i, NH, 5RO

Table 2 Kinetic parameters of soil NH, volatilization under different ratio treatments

e Elovich /7 ¢, = a+blnt TMAE (%)

a b R? SE 3d 6d 12d
U 2.92 9.46 0.99%* 0.95 13.31 19.87 26.43
U+0.25% NBPT 1.80 4.48 0.99%* 0.40 6.71 9.82 12.92
U+0.50% NBPT 0.76 5.46 0.99%* 0.71 6.76 10.54 14.33
U+0.15% CP 1.09 10.79 1.00" * 0.78 12.94 20.42 27.90
U+0.30% CP 1.07 10.65 0.99* * 1.06 12.77 20.16 27.54
U+0.25% NBPT+0.15% CP 2.66 6.59 0.98"* 0.97 9.90 14.46 19.03
U+0.25% NBPT+0.30% CP 5.60 7.99 0.99%* 1.05 14.37 19.91 25.44
U+0.50% NBPT+0.15% CP 7.33 6.45 0.96* * 1.59 14.42 18.89 23.37
U+0.50% NBPT+0.30% CP 3.90 7.97 0.99%* 0.73 12.66 18.18 23.70

n=8; # * FIRMILFAMNI, SE NPRERE
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3 AEFELET I pH EIIETL

Table 3 Changes of soil pH under different dose treat-
ments
b pH

1d 6d 12d 18d 24 d
CK 5.24 b 452 f 4.08 f 385¢ 4.03 d
U 6.49 a 5.50 d 4.40 d 392 ¢ 393 e

U+0.25% NBPT 575b 534 e 424 3.8l c 3.87f
U+0.50% NBPT 549 b 538e 423 e 3.83 ¢ 391 e

U+1.00% NBPT 5.62 b 5.65¢ 447 ¢ 3.88 ¢ 392e
U+0.15% CP 6.46 a 5.86 b 5.65b 5.53b 5.62 ¢
U+0.30% CP 6.37 a 5.92 ab 572 a 5.66 a 5.68 b
U+0.60% CP 6.41 a 5.97 a 5.74 a 5.67 a 5.90 a

R4 AEELLAET T pH EHIETH
Table 4 Changes of soil pH under different ratio treat-
ments

Jb pH

1d 6d 12d 18d 24.d
U 649a 627a 6.05cd 545bh 4.84c
U+0.25% NBPT 575¢ 590ab 6.09¢ 557b 5.05¢
U+0.50% NBPT 549e 575ab 6.03cd 547b 491c¢
U+0.15% CP 646a 632a 620ab 6.16a 6.13a
U+0.30% CP 6.37b 630a 623a 622a 62la

U+0.25% NBPT+0.15% CP 555de 5.89ab 622a 6.18a 6.15a
U+0.25% NBPT+0.30% CP 556d 5.83ab 6.11bc 6.11a 6.10a
U+0.50% NBPT+0.15% CP 523g 56lb 599d 586ab 5.74b
U+0.50% NBPT+0.30% CP 532f 574ab 6.12bc 6.15a 6.19a

3 1 it

AGE A, PR 2t T e 4 3 K,
NH, 4 & I 1 50 Rk A, b5 # T, 5
TR EAE(2011) R4 R —3, EERH TIRE
ALHELLG , RN pH & BT, SR 5 Ul
R, KA =4 NH,* bR T 56 20 g VE Y i | w1 45
AN iR 22 Ak R NO, ™, HEAT U IR o 4 58 pH 1Y
FHRLNH, B AR R (B E =55 ,2006) .

IS (2009 ) W9 & BR, S8 B DR 2 R in i
A1 77 DCD BE# 1 i £k S B, {1 pH A F 2%
15,100 NH, ¥ & 8K, B A5 (2009) W58 & 3R,
DCD #b P &5 % B8 + 88 vh NH, $4 % i 43 51384 in
523.0% (HEER 1) (575.8% (L H 3R 1) . A
WFFEh , ANREIFIR CP AbFRES N NH, 4% & i I {
FER NH, 48 & FFLL i), inil £ 56k NH, 8 & #
2%, CP AbFE 44 NH, 4 BFE (5 24 R) Bt
PREACFEIEIN 2.1% , 5 RS R —30, ik
FiE A %) NBPT BESESE PR 2 /K i, B AR 1- 4% NH,"-N
W, I g 2> £ 38 NH, 4% & & ( Rawluk et al.,

2001 ; Thompson et al. 2004 ; ¥ 5 4245 2007 ; Saggar
et al.,2013 ;5K 3045 2013) . AWFFEH, A )5 2
NBPT b F i AR NH, # & ol SRE{H | A 2800 2%
NH, ¥ & F5 S i [a], 9l 2> 4 3 v NH, # & $ 2%
NBPTAh i + 3 NH, #& RBUE (5 24 KX) it
FRZ AL PR E AR 37.2% , 5 FIRDFIE4s e —2 .

FHOCHIF G 22 BH W40 i 70) B4 it FH T DA 2%
Tt SR 5 P | A 2% R K A, P ]
NH,"-N B VR, BRI TR PR 158 R Y NH, " -N
i, FLBERFEAR NO, ™ i B S i AR5 2R VB A 1 7T
PE(BRARAESE,2005) 3 0224 (2013) AF 58 & BE,
Ui NBPT 5 DMPP 414 7] LA 2 98/ 5 H NH,
RS . ABFFEH NBPT+CP 44 1l LA &G AR
TREAR) B Y NH, # %& 308 i NH, # &
2 10 NH, #5k 2B (5 24 K) B IR R &b
PHREAS 14.2% , 5 LiABFTRES R —3L,
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