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=, H UD AbSEEr- IR R, o U AR 0.36 1%, ZZEFWA AR 2.79 %, LHh NH,-N & i 8w
43.13% ~ 131.31%; # il ab BT 2367 H UND AbHE = &, o8 U ZRBEAY 1.51 6%, RERWAHR
P 4.08 1%, 4 NH, =N S 125 19.08% ~ 262.25% ., 5 FAEEE RN £ K B 25843 DCD 7 i iy 5 50k

LA A 5

TETEPRZRNLEL, 1 L AR F KRS REA I NPPT H1 DCD it il i) s R E PRI R

KR RE; BHEG K AEmEIR;

S HAME Y ARG, RIETERAE 7
B Z, 2018 4 [F UL S A 5] 3457.12
T, R 67.78% (E4E kI8 T b4 N R 3
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PE, RESE B RSELL, DA (N0, -N) &
BRI NO HE, B R AR, TR
F5T 20, A Bt AL 52V N DCD ] LA R0 fin /N
H - B, REATAGE. Ding % B
B, i DCD BENS i /b H ] oK 33 N0 S
Mo, BnNE KR, EEELS Y R, R
PR £ ¥ i DCD w] I 25 40 1] 4- 3% NH,'-N [a] NO, =N
Sefb, PEE/NGT SRS TOR R AR AV R
RAMUZ B S, b2 PE s, 852 -4
T OMRRE . R . RRTHRE S RN g L,
Mt AR R AR R B 3 7 X A
YRR, ORTE A AR FEax 3 Fp2 e
PIVE I BORAFAE 22 5 0 AR SR 6 K B 56 Xt
NPPT 1 DCD M HAGAER 1 | ARGERE - rhiads
PRZ R ARFAE A ROR I T 5T, SR R
il 755 PR 2R Bt X A [R] 2 4 R RIS K
AR, AR RIS 1 i R e
PRE MR 5 0 FH P AL AR

1 #MREFE

11 R0 H S

TR0 AV b B R 2 B D BH N FH A AR B0
g s STy NI i = A R S L1 =5 3 2 IR S 2
FZx, TR, FEmgET. FHME8CLL,
FEIRE /KA 659.60 mm, 4F H IRIEL 2527 h, 2019 4F
6 ~ 8 J1, XX FHIREKE LLIAERIBIZ 2 ~ 3 AL,
HEK e, SE8EmRZ .
1.2 AR

HERIRER, i E 255 A e2E 50 BR A F A,
TR 46%; REALII IR SUE R (DCD ) | IR
il E P AR HESE = (NPPT ), Ror#rali, 3
FH Macklin 2= BHE A Rl A 7= 80 4 58 0 35 Mg
KEMNRZENRL | T THRIET B R B AFE,
L TAWETHHE NS L, 23BHZ 0 ~ 20 em
T8, Yoz, JRRAA, KRN T R 2
mm §i, 25 HHSEARTEHERILE 1,

x1 HEERBAEMER

B EoA e EAEA EER A
e P y N ¥ - o pH
(g-kg') (g-kg') (mg + kg™) (mg - keg™) (mg + kg™) (mg * kg™)
mA 16.24 1.45 19.59 26.95 43.07 310.66 6.20
i 8.64 0.98 16.27 11.86 18.42 258.95 5.02
(R 11.12 1.10 10.95 15.85 15.52 320.49 7.99

1.3 it

R TE20194E 5 ~ 10 A #k 17, s~ 4b
B, 3RER, (1) NHERE (UV0); (2) HujfilR
£ (U); (3) WRE + REFIHIF (UN); (4) R
R+ AR (UD )5 (5) JRE + IREED IR +
AL ) CUND ). SR H 25 AR50, 45 4b 2 it
R 035¢- kg, i (P,0s5) 0.12 g« kg™, Jifi 4
(K,0) 0.15 g - kg™'o #Pl5] NPPT. DCD jii F i 43
BINIRZ R 0.25% . 2.00%, 5IREFE/RSG
PSR, BB, KB REALHES A H (8]
o8 LN e e YT AT S ) O e = R v A ]
2 ~ 3cem, FORW MHARAEN 1 bR, AR
Jit [ B A FH R KA =k s
1.4 WGESEIR S ik

TEERB . KM T e R
£, e BEERE A, NH,-N 1 NO, -N
S, /N E R R S R EURE, RS,

FH 2 mol » L &AL Z R TR . 2 mol - L7 G AL
B (£ W =1:10), IEMCRH AA3 ELL S5
MG e JRZE &, NH,-N F1 NO, -N &, #EHw)
SRR e e ARV SORI - 28430 T R = v R
Mg Rem, BODFHME. ORGSR
M=, VARIO MACRO JER /MG E PR 4 A
i
L5 Sk

FRE (%)= AR TE /(ESASE +
TSA S E) % 100;

ZUFRE = TR/ FORAY

ARENWIAGEL = TR AR RPUR / TR
PRAR R

RREFBMWAAR (%) = (A E KM LA
R R - A E KM ERAR RitR) /A
7 x 100;

AR (g - g7 )=l FRAPRL ™ 1 -
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MG KPR ) /M5
IRHEHIRE (%) = CHEACE K™t - MR
FR) HAE R x 100,
R Excel 2010 SEATERAMT . SPSS 19.0 #E47
Ji 258, KM Duncan J/N g FW L LT E R
PERE: (P<0.05) , 32 Origin 9.0 1EE].
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2.1 A[EZEA 43 NH,-N. NO, -N & &3 5 1
4k,

TE FRTE AR IS E b S B IRE A, M5
3 RFERT IR AR E

M & LR, B oK AEF R, UL
UN, UD., UND Zb#E7ESE+ | #53%. #8 1+ NH,'-N
TR TR, 5 UM, 3
e T NH, =N B & i, s A i ) A AR
Uf T UN L #, B 4 F AR 8 UD Ab 3+ 58 NH,-N
B R KT, 40 81,09, 63.85
mg + kg, HE UND AbFH, 4358 NH,-N &4 %
=T U R UN Lb PR, eIl B, 38 i NH,-N
P R R, M4 UD AR PR A NH,-N SN
2639 mg - ke, W3 T UN. UND ib BH; A
UN., UD. UND Ab # %) NH, =N & & 7F 24.27 ~ 25.59
mg - kg Z ], HASALHEJC W 255, NH,-N 7%
B U AL BRSP4 LA T I R R B,
M A P NH,-N A Y 7E 948 mg - kg LU
T, AbPRE] 2S5O . 8 1 H UND Ab B A 5
NH,"-N & & 4ERF 2 K, HROE UD Ab 3. 1
11 UND AbFE (%) NH,-N F 4 78.46 mg - kg, LU
AL PEAR R 2.62 1%, KWL, UD, UND 4b# ()
NH, =N & 543514 16.80, 19.90 mg - k', o3& &
THAAN R, FERI R LA, #5402 NH,-N &
EIE 756 mg - kg LIF, H2ZERABE,

3 RS A 3 A NOy-N S #7584k 5 NH,-N &
AR — B, P S 0 A A i ) Ak 2 - 4
NO; =N 75 2 5 dub 250K T 5Pt bk 22 R0 B 0 O e 410
Hil PR ZE AL B, RIS AL #1550 DCD AT LAAT 24 4l
NH,"-N [ NO, -N %% 4k, AR 4= 3 v () NO, -N ¥
JE o B FORAE BT EIRHESE, S AR IR VR R AL
W5, TR R AY NH, N bR ) NO, =N
fbo Kuiwir, B4+ 4814 UD 4 FE ) NO, -N
SERES, 709 2437, 2850mg - kg, {H5 U &b

MW EZES, BEST UN, UNDZLBE, A
UND #b 2 NO, =N £ 5, #3044 mg - kg', I &
T UN, UDAb¥E, HY5 UALFRIC B & %57, #
AR RS, 3P £ A B NOS-N & i
T3, HAMEERARE (K1),
2.2 ARl 3ET A HER AR A R 5 R

A Pl 2 ATHT, 45 Ak B A 48 3 UL A Ak R A7 7E Bk
S WS IMAE AR B 0 Ak B ) 2 ULAS AL RN T
Bl PR 2R AL B, % B 00 A A ) - A A
N, LS AR VR R AR A S b % o R e 47 1
AL

FE 3P b, WS A 3 A b B
UN AZbBEpp ] -3 Mg fb 2 dn 55, FoRM I, B
+ A AR B, N 83.98%, A PRBLH M
AR AE T F R LAY AL R R 77.31%, 5 U 4b
PG HES; 2R NT70.70%, W@
EACTF U ALER, R A B A A b 3
WU ) UN Ab #8398 36 WAl Ak R 5L g 28 T R0
B Horp R - R R LA L R R B Ak,
4 29.19% F1 34.76% . W] HE 2= Bk B A i 71 NPPT
FHE T, X s AV E B A IR, 4%
HONH,-N BUE R, 48+ UN A0 B 4 3835 0L AN
b N 57.21%, & F UND ALBE, {A5 UD 4
PG E 25 MRS E, 3 Fl e U
MBI TE 53.53% ~ 76.57% Z ], 4% kb B[] 2% 5
K

UD 1 UND 4bFEREA &Il LA fb e, %
R R AL %, &+, UD A1 UND &b 2
FEULAH AL Z T T ks, B 04 ROk
Wi T[] (7% B < 20 4 0 55 . 1 300 UDD A 3+ 498 98 0
L R B Ak, 4 46.25%. KWW ] UD Al UND
Ak 3 A 358 3R LA Ak 2R 43 ) O 48.06% i 44.87% ,
HUuos¥w#EES, MERWNZ)E, UD A+
B3 MBS AL R YE 5 AE 62.91% DL, W EH KT H
b B, BEiErp UD AbBE— B AL T8RO, 78
46.25% ~ 54.95 Z [a], W FE K F UND &k ¥, 45
47 UD. UND &b 2 15 18 38 3% SAH 1k % 53 51 hy
37.63%. 40.88%, W EMLT U, UNALHL, Kyl
F1HA UND 4b 2 4 38 32 ULAH b R Ik, b 46.81%,
V) 0 S 0 2 Ak B ) 4 3 LA AL 25 S R K
(E2),
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2.3 ARIRAEEX; TR H AR

i I 3 RIET, FE SR RN b, it R R Ak
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UND Zb PTG 35 25 550 KRd b e FH IR R IR & +

P FIAL B U0 A BETG 25 5, Hid UN Ab B
A R, H 869.95 em®, UD M AR/, H
73321 em®. # U ACFRM T ALK 807.14 cm?,
2R T U0 AR, H SR A i A B G ) 2
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KA MR ARAT A A, DT B A el RSO R
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Q
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=
= 400}
300 300
200}
0 0 0
U0 U UN UD UND U0 U UN UD UND U0 U UN UD UND
bR b b
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3505 T U0 AU Ab R, Wit T A= A4 i 5] R4
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2.5 AN[AJARE BT K B s A s R 2R A s
251 IN[RVAR BN T OK 7 AR R 2R S

B UND 3 KRB K A, T 20.17 em,
R T U0 A3, {H S A it A0 ) 590 Ak G i
FES, UN LBk E K 281.67 cm, 5 UD 4bHTG
WEES, BERTHAAAI, UND LS N
240.00 em, FE T UO MU ALFE, UD 4B E K
FERLM 4.51 em, W3E T U0, UN B, H5 U,
UND ZbHC &2 (£ 2),

PR T A ORI R TR E 2R, Hi U
REEF K RK, 4 19.98 cm, LU UD b3, F#
£ 4 19.90 em, U0, UN, UND 4 P i £ 7F 18.87
em AR UD b BR#R = fefmr, A 270.00 em, 53
T U0 AL BE, (H 5 H Al AR BTG i 25 22 (P<0.05 ),
UN AbBERR s, M 26333 em, 5 U, UND 4k
I E 25, UD Ab3 A o, o 4.66 cm, H
U UND Ab3f, BERLN 4.22 em, 5 HABAHIC R
EER,

#+HUD, UNDARBE Bk K K, R
19.73 em, HRZ UL H, KN 16.10 cm, %

AR TC B R, UD P E kbR, N
268.67 cm, FLUR A UN AL B, k&b 257.33 em,
5 UND ZbHETC B 255, W& T UOFl U 4b B,
UND b PR R, h 4.44 em, HKJE UD ALFE,
HKL R 4.12 em, £SA0HRETC 2R
2.52  AS[RIAEBEX K R

TEME A | R B ERRRI K, S5 IR R
FHEG, itE PR 28+ 1048 550 T AR v oK i
F R LAY, AR 021 £, 48
TR 0.89 4. R A UD b3 FOK 7 i
B, M 17278 ¢ M7, HUORE UND A BE, Fok=
TR 15501 ¢ - #F 7, WA E T HARAEE (P<0.05),
B3 rp UD Ab B oK 7= fdie R, b 164.00 g+ BR
U. UN. UND b3 F K7 543 12045, 127.18,
115.66 ¢+ £ ™', &T U0 4bFE, # -+ UND 4bFE T
Kre e, N 17244 g Bk, KR UD AbHE,
ERER A 12519 ¢ - ¥R, BE T UM UL
B, 7E 3 AP BAMRL TR, dSmasfeaniil DCD
VE FH A8 T BT BOpRAS IR B ) 59) NPPT, L3
PRI

R2 TEVEBERFERFTEMHNERER

e AbEg K (em) P Cem) ML (em) K (g #k7)
At uo 14.97 + 0.80b 171.00 + 13.89d 3.07 +£0.22¢ 63.94 +4.78d
U 19.00 + 1.31a 195.67 + 14.05¢ 4.37 +0.55ab 69.16 +2.23d
UN 18.80 £ 2.42a 281.67 +7.23a 3.61 +0.34bc 99.63 + 8.41c
ub 18.63 £ 0.85a 277.67 +£9.29a 4.51+£0.39a 172.78 + 12.44a
UND 20.17 £ 1.07a 240.00 + 15.00b 4.35 +0.43ab 155.01 £7.21b
Frife uo 18.74 £ 1.56a 175.00 + 7.81b 3.78 + 0.58a 96.56 + 12.51¢
U 19.98 + 1.02a 238.00 +25.53a 3.93 +0.46a 120.45 + 5.82h
UN 18.87 £ 1.51a 263.33 + 14.50a 4.08 £0.72a 127.18 + 15.79h
ub 19.90 +2.12a 270.00 + 15.10a 4.66 + 0.30a 164.00 + 10.24a
UND 18.47 £ 1.78a 248.00 + 19.29a 4.22 +0.50a 115.66 +7.75bc
1 uo 14.53 £ 0.70a 142.33 + 1.53¢ 3.01 £ 0.20a 54.92 +4.50¢
U 16.10 £ 0.70a 217.00 + 14.11b 320+ 1.37a 68.75 +2.02¢
UN 12.43 £ 10.93a 257.33 +11.93a 3.76 + 0.98a 89.87 + 13.20bc
uDb 19.73 +2.48a 268.67 +9.29a 4.12+£0.72a 125.19 + 25.41b
UND 19.73 £ 1.18a 255.33 +10.79a 4.44 +0.28a 172.44 + 37.35a

T MR FERR 2R BE (P<0.05), T,

2.6 ASTEVAR BT R R R R K RIE A H]
R

M3 LI, B A= ALl 57 5 e oK AR
PRI AR . ARG E. RIERMAR | e
RO HERFDTIRAR, A [ e R il 70 ) 4 FH 2%

W AR, SABFR& R, BERRAAEE
S, USR] R A A B T b R R A, R
o UD A FRFFRL S A 226 ¢ - R, BEET
UN 4b#, {H5 UND LB TG i 3% 25 5% UD b B &L
TRERE, N336g- BT, BEST UN LI,
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HOR O UND Zh BRA PR B & A 322 g BE T
S AL PS5 2. A UD Ab SRR B AU i
B, N223g- #R7', B EFE T UO. U, UND AL
B, HOUOR UN BB, FPR A AR 2.08 g - KR,
b U A FR4E R 046 1%, UD Mikkm S ARG, N
399 g fk7', SUNMHERELER, BEET
UND 4b¥, #+rp UND ZbHFFR S R B m, N
223 g Bk, HUDAMEREER, BEHTH
fl b B UND Ab HRE BB AU 3.61 g - B 7,
BT ARG F AL, YO UD AbBE,
Mtk B &R EN336g- ', 5UNLHIEE
25,

PR v, R R A B AR IOk B
TR IR Z AL, UD AR E s s, N
0.71, 5 UN, UND ZbFR[EICR 2. 5 U3

FHEL, UDARBEA R FTUA AR, AL 2R
AR 5Tk R A, 09 57.30% . 36.58 g+ g7
62.86%, H:YKJE UNDALFE, & 3 & T UN b3,
TEREE T, U0 AR R WOk $iom &, M 0.66,
HRJE UN A, 45 Ab PR JE 3% 25 5% . UD b2
RERMA AR FARAROR . MR 5Tk
B, 0N 59.35% ., 22.67 g+ gt 40.97%. UN 4b
HARZRMAHR . BARARCR . AR STk R4
B, Ay 43.10% . 1029 ¢ - gL 23.31%, W3
BT UANEE, #84rh, UND BRR ZWOkTeBh
0.65, 5 UDAMIICI #5255, W3 m T AhAb 3,
UN. UD. UND ZbHARFZUA R 5T U &k
B, UND AbHE AR ACA FRBOR AL AL DTk R 2 i
Iy 5 43950 g+ gL 67.24%, 3 T U MIUN
AL

x3 AEMEBERBARAEER

- *iﬁ&ﬁﬁli %ﬂﬁ%}? éﬁ%ﬁ% pre—— HELIF % ’fziﬂlﬂzwliﬁzi B TR
(g-#") (gt (g-®™) (%) (g-g") (%)
B U0  080x0.1lc 069008  1.56%0.15¢ 0.53 £0.03c — — —
U  089+007c  1.15+00la  221=0.10b 0.44 +0.02b 18.37 +2.05b 176 £0.75d  7.49 +2.93¢
UN  131£0.03b  0.60+0.03c  2.04+0.06b 0.69 + 0.00a 13.94 = 1.78b 12.00 £2.83¢c 3551 £5.57b
UD  226+022a 094009  3.36=033a 0.71 £0.01a 57.30  10.25a 36.58+4.18a  62.86+2.76a
UND 205+026a  096+0.10b 3.22+03la 0.68 + 0.04a 51.20+9.16a 30.61 £2.42b 5870+ 1.87a
Frige U0 125+050b  0.65+0.23¢  2.13+0.71b 0.66 = 0.04a — — —
U 142£0.10b  0.95+0.11bc  2.65=0.09h 0.60 + 0.04a 15.66 = 3.01b 8.03+195h 19.71 +3.88b
UN  208+023a  1.10+0.18ab 3.46+0.3% 0.65 +0.01a 43.10 = 13.78a 1029+531b  2331+9.25b
UD  223%025a 1442029  3.99+0.50a 0.61 +0.03a 59.35 + 16.93a 22.67+344a 4097 =3.62a
UND  139+0.03b  0.78+0.08bc  2.36 +0.05b 0.64 +0.03a 8.53+1.91b 6.42+2.60b 1627 +5.44b
Wt U0 0.75£0.09  0.76+0.03b  1.62+0.13b 0.49 +0.02b — — —
U 1.03£0.04c  085+0.04b  2.02+0.07b 0.55+0.01b 12.49 +2.34b 4.65+0.68c  20.07 +2.34c
UN  1.63+0.13b  140+0.19a 325=0.18a 0.54 0.05b 50.99 + 5.24a 1175+ 4.44bc  37.98+9.38b
UD  200+023ab 1.17+0.15a  3.36+0.38a 0.63 + 0.00a 55.86 = 12.84a 23.62+£8.54b  54.97 +8.65a
UND 223+048a  1.16£0.12a  3.61£0.37a 0.65 +0.07a 63.43 £ 12.30a 39.50 £ 12.56a 67.24+6.33a
3 Wi JRE VN NPPT, DCD K44, AT LIER NH,-N

3.1 AR SO A X ORI R
e T RTR I, AR DCD BES
FhmER, KRR, SEEYR T AT,

eI A R B TE], B NH,'-N ZE SHLE P Y
LA, A NOy =N FOMREE . Aleem %5 ' BT,
AL A0 DA AE BT 25 1 T B U, BRI, Wt
U ABFERY NO, =N BB b ARy, mikR
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Transformation characteristics of urea nitrogen in different types of soil and the response of its application effect to
biochemical inhibitors

LI Xue-hong" **, LI Dong-po" *", XUE Yan', SONG Yu-chao', ZHANG Ke" *, XIAO Fu-rong"
ZHENG Ye® (1.
Huajin Chemical Industries Group Corporation, Panjin Liaoning 124021; 3.
Huludao Liaoning 125001 ;
and Research Station of Shenyang Agroecosystems, Chinese Academy of Sciences, Shenyang Liaoning 110016 )

LI Yong-huaz,
Institute of Applied Ecology, Chinese Academy of Sciences, Shenyang Liaoning 110016; 2. North
Lid.,
4. University of Chinese Academy of Sciences, Beijing 100049; 5. National Field Observation

Jinxi Natural Gas Chemical Co.

Abstract: A pot experiment was conducted to explore the effect of urease inhibitor n-propyl thiotriamine ( NPPT ),
nitrification inhibitor dicyandiamide ( DCD ) and their combinations on nitrogen form and maize yield in black soil,
brown soil and cinnamon soil. Five treatments were set up, including without urea fertilizer (UQ ), urea without
inhibitors (U ), urea+ urease inhibitor (UN ), urea+ nitrification inhibitor (UD ), and urea+ urease inhibitor+
nitrification inhibitor (UND ). The contents of urea nitrogen, ammonium nitrogen ( NH,-N ) and nitrate
nitrogen ( NO;-N ) in soil were measured at seedling stage, big trumpet stage, grouting stage and maturity stage
of corn, and the nitrification inhibition rate, nitrogen apparent use efficiency were calculated correspondingly.
The area and chlorophyll content of the three leaves of the rod were measured at the initial stage of corn filling, and the
maize yield in black

biomass and nitrogen content of the corn were measured after harvest. Compared with U treatment,
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soil could be increased by inhibitor treatment, and UD yield increased by 1.5 times as much as that in U treatment,
nitrogen apparent use efficiency increased by 2.12 times, and NH,'-N content in black soil significantly increased by
62.11% ~ 121.21%. In brown soil, the yield increased significantly under UN and UD treatment, and UD treatment
had the largest yield increase, which was 0.36 times higher than that under U treatment. Nitrogen apparent use
efficiency increased by 2.79 times, and NH,™-N content in soil increased significantly by 43.13% ~ 131.31%. Inhibitor
treatment significantly increased the yield in cinnamon soil, and UND treatment increased the yield by 1.51 times as
much as U treatment, nitrogen apparent use efficiency increased by 4.08 times, and NH,"-N content in soil increased by
19.08% ~ 262.25%. DCD had a significant effect on the nitrification inhibition of urea nitrogen in black soil and brown soil.
The high efficiency and stability urea fertilizer added with DCD should be selected in the black soil and brown soil planting
corn. The combined application of NPPT and DCD had a good synergistic effect on the conversion of urea nitrogen in the
cinnamon soil. The high efficiency and stability urea fertilizer added with the combination of NPPT and DCD should be
selected for the corn planting in the cinnamon soil.

Key words: urea; soil; corn; biochemical inhibitors; nitrogen efficiency



