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A4 IE . SRR AR R 5 A Ve R AR LRI 45 5 L
SRWEFE AN A HGE o 0F T AR R 15 IR 4 A AL ) o
70 B i FH RE A8 A2 TEROSE, 5 IR 26 2 A 40 3 571 e
AR RO, JEARIR- S A A R 25 5 X IR
HAR AR VA AR R R AT, 30 BT W B9 25
Wo UL, S0 TEHRRS A= AL iR 45 & il i v
BESEMINRURE, AR A AP A RS 1
orhEL, BRI ) I N, X T
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s PR R ATRHE SR L AR FHRCR , o —AUR
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1 #RERFZE

L1 R R

X H AR, RAEME R LR KEZ S
FHKIEO ~ 20 em BHZE . TIHEA LT N 32.19 g/ke,
2 1.68 glkg, B E 11.15 mglkg, HAA 59.73

mglkg, W 0.79 o/kg, A XUWE 78.88 mg/kg, 4
50.50 g/kg, JERLHN 322.15 mg/kg, pHH 6.23. fLik
RE R E LR A=, FRE 46%; T BERRES i
S RUERFRTUEAFIE=, & P05 43%; Fik
BB, & K0 60%; AR5 i IR 1)
il 550 N= T IR ACHENE = (NBPT) H Macklin
YIRS A FIA T, WA 3, 4- ZH Lk
fig & (DMPP) Fl2- 54 -6— — H JLIiLiE (CP) 3
Hi Maya Reagent ZERHE AR, DL EA LA
RS h e, BT AV RS R SRR (H) hE
WL AR, S SRR 70%. HR1EY & =
K, SFICH “ZRER 65317

1.2 gt

et 9 AN BE, Al (1) ANt A
B, HUti s IE R (CK) ;5 (2) Btk & (N);
(3) WINEHEIRZE (H); (4) IR NBPT JR £
(NBPT); (5) ¥ DMPP JR & (DMPP); (6) %
mcP R & (CP); (7) % I NBPT Fl J& 48 R JR
% (NBPT+H); (8) ¥ /il DMPP F1 J& 4 fR IR &
(DMPP+H ) ; (9) %5 CP FEMHRIKRZE (CP+H ),
B 3 RE S, P BRI A AR N o R R B
f) 6%, NBPT. DMPP. CP #RhNfE/r5 0 R £ 1
0.25%. 0.5%. 0.25%. IiR% Kb A &R 0.7
g/kg, WEREHE P,0s K 0.12 g/kg, MasHE K,0 4 0.15
gkgo KRAFEKRBHIAL, BEELEITET L6
kg, BREEA 1 REK,

HARGAR 2 A& WAL 2 mm G+
FOV RSB L, R ATRRAF A AR AR i 55 5 4R
YRR IR A5, M5 IREIEENR A5,
R B AR e MR AR Z R, 5 R R G
itk G s, M HIERE EE 28 em, FHAE 26
em HYIBRLZ A, PEK 2 A 0 S KRl ) K
) 60%. Hf 23T FOoK HE], 0 iy i 5
em, BFEEFEA S KLAOKRFT, WG EFK =
BB 1 MR, BRI ERP AT 5K,
BEsK it R RAIE TR IE A RARK A AT L, 7E
FORAFNAFIBIL,

1.3 FRaREE

REET 2020 4E 5 A 12 HAEE#&M, 10 A 6 H
Wk ArBlfE K 4 A EFERE (L. Reimia
WL MR, BUA ) SRAE RS, SRAH S AT
e, BRI R IR A IS, RERAIAR
ZeWaE, 12 mm GRS . T R ORI A EOK
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PR 2, WOREE ZAERRAE &, IR FORATRL
ZENE . FEFF R R, K JE IR K AR 5
AW RIS SRAR FRFPRL . RS FF SR A Sk
TR BT
L4 e8RS ik

TR Z AR, WA LR 2 mol/L
AACE - ZFRRRE WO (LK =1:10), 7¢
160 r/min 55 F TR 1 h, U8 LIS EREWR,
DS AA3 B B 40 B A 7 5 A B A JFN A
BREGENE, WA TR 2 mol/L S L%
Wi (£ K =1:10), ¥ 160 v/min £ F IR
Lh, U8 HEEM AR, H AA3 B 3B
WE, W Z RO A & i

TE T KA i 22 39 36 R R B =k (R
PRy BRI ) R g 2R A R T ARSI s
AR Erw, A, EEIE. ST R
KIEATHFP, W FARKPRL, Z50F . FEFF. ARAE T
WAz, 70°CHE R EE, FMEILEE, 0.5
mm i, #FH VARIO MACRO 7T 243 B4 & A ik
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1.5 E Ik
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Koy Hit IR AL B RS AT =
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R B 2 T T LA T H bR
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AR A

FAREME B RE (%) = (i Z AL E K
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FARAIELR AR (ofg) = iR ALHL F K
R — ANl A B T R APR ) /it AU

TRERWAT= 1 (ofg) = i AL PE T A RL
PR A

HEBHE TR (%) = (ifa AL 3 E Kk R ™
B — it A B R KRR ) /iR R KRR
= x 100,
1.6 Fdnab

48 3 ] Excel 2010, SPSS 21.0 # 47 48 1143

Fr, Origin 9.0 fE, R Duncan f5e/)> i 2 W 25 75
AT 28 57 W E TG

2 GRS
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FERHIE
2.1.1 AN PR A PR ZE SR AR LRHE

FORB R ZSAMMELE REN, FoK
BB RESEARNE, UV TR 1
TR BZSRCEANFLE, HWLGREEERAR
EAAAE

2.1.2  RIFIAE PRI 45 A E AR LR

e B L0770 A Wy i o A Sl = M B Bl
BEITFREGESE (E 1), MU EESAS R,
B CP+H AL B S A 10 336.47 mg/kg, W&
T A A A B (B 1) (P<0.05), HkJE CP Ak
PRAS T, UAPH CP 76 FOR T 1 EAT 54y i i Ak i
ROR, [FIRHEHIR S CP 454 7T LI 4 i 4 28+
REARVE A T o FRUCZER N DMPP b B A9 2 45 A
SHREE (P<0.05); B2 AR BEAN, H AR
BUASREAR, F SRR 1Y S S S R 24 1
A VR R RCR . Rl BAER I P &b B
BARSEES, 1£54.61 mgkg VL b BB
JEAE TR M E AR IR AL B, CP AL PR A A i
e, BERE T HABAC T, R 2 8 B A 2 A
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2.1.3  R[AIAb BRI 4 Al AS EAR ARG AE

PR A A U B ORI I S B RS
Thi FHRRAC A R, F B TR W A AR R
HRRAR P EMSATERK, AFRHE
KA G 2R M A 3 AT S B - R R R R T B
O RS S R (B 2),

A3 N EF Y, CKARFE AR SRR T
Jin AL P, 5 AT F T R S A A A A
AR B9 55 11 5 H. NBPT. NBPT+H &b 3 2 6] )G
BEER, BERT NAME (K2),

B, NBPT AbFE eSS A & ERm, B
P H AR AP HAA AR ST E T ES T N
P, 10 BH B AR R 1 R 0 BB 8 12 HE - AN AR R
() 2 DMPP+H 4b 3 i 3% = F DMPP 4b ¥, £ 5]
AL TR P9 95 o0 A I 6 K 1 51 DMIPP (9% fi Ak 410 7 2
R (P<0.05), KBIWUEHIES In NBPT 1 4b 2 i 2
RSB, 1£9.83 mgkg UL I, Uil NBPT B9
TNRE B A= B R K RS A A A R R K
s HYRJE DMPP+H Ab 3, 2% 7 T DMPP 4b 3
(P<0.05); N CP ALBEANZAS A A m Mk, H cp
5 CP+H b [0 T B & 25 5%, HESKMLR R T EoK
FERRXT + IR R AR S S 2 A P 1 SR S A
F—5, (E2),

800 -

700 - —=—(CK —o—N ——H
= sool —v—NBPT ——DMPP —<—CP
% —» NBPT+H—e— DMPP+H—*— CP+H
£ 500
i L
f?400
g

S 300]
23
B 200
H ool
0 * *
~100 !

T N G 2 el
-
B2 AEAEEARAEEHAELRERSE

RS R BT CP BT R A AL AR
GRS TR RN AN PR 2 v N S N 1 .20 SO T RN 1
Py 8 2R LR P R 2R L B i P R 3% 0 v 2
TSR F R, RS E A RR AR08 Lk R 1 I
T ALAE FH 2k, NBPT+H 43 v NBPT 4b 3 i 2% %
G2 il A & &, DMPP+H., CP+H &b B3 51 1t

DMPP . CP AbFHfF A+ S A & E A E .,
2.2 N[RIAbIENT K P TR A A i 0 5
NI DMPP ., CP JR 2% T K B 4 HoAT fs Ak il
SR, AR R 5 5 R 56.58% ., 66.85% (1] 3 ).
CP AL FREHALAN T 5, o 66.85%, 5 CP+H 4b3
T EES, WESTHALE (P<0.05); NBPT
b BRI B0 R AR AR, o -34.69% (B 3). AHLE
T 5E PR 2L, N A R A R VA A o
SO, AR R A B RS ALVE . SRR Tin NBPT
ANHA A HI R, SR NBPT+H &b B L NBPT
VUL T = (SR A 1 B SR TGS N i
i ) 400 ) 4 S AR AE FH R . DMPP+H 4b
P L DMPP 4b 3 5 2 REAR T A Ak 2, B Ao
J& A 2 55 DMPP 45 4 23 [ Ik DMPP (1) fif§ £k 417 il %4
H, CP+H 4B 5 CP kb BEAE AL 4 ] R0 B % 2 7
(P<0.05),

80

HHo
FHe
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400

20+

AEHE (%)

d

o

RS
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P

B3 AESEEREHELHEIMEZE

R R FZRAC B 2 5 L (P<0.05 ),

23 OR[FARHEXT R E . ML SRR
S TR ) 5 ]

CK F Rt 22, bt sgREE . i
FRUHAD S 20 T AL 3, 5 A e A B AT A S
BOmEKRH S, 2B R MRS R, s
(1) (P<0.05),

N HIBR 5 NBPT. DMPP., CP 8 75
NBPT. DMPP. CP AbH T Kk &5 20 51 42 & 6.30% .
7.97%. 025% ( 3¢ 1) (P<0.05), [A] &5 i A
fiz 5 NBPT. DMPP. CP &b 3 [, Bt %3 /il NBPT .,
DMPP ., CP 4b B T K 254 50 5 A% 4.28% . 3.00% .
8.50%, HASALHRIYICE %25 (P<0.05),
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W LB, U INE FE R B A=A I il 77 PR R AL B
ORI R SRR S B B S T RME R B, Ul
A A T A AR A R0 ) s T D R R R OK
MR ML RS (P<0.05) (1), IRINEHRS
NBPT. DMPP, CP JRZ L EAfR NI NBPT, DMPP,
CP JRZ FORM- G 3 & 50 il e =5 3.22% . 20.17% .
35.59% ( P<0.05), NBPT+H. DMPP+H. CP+H kb
Ff Y NBPT, DMPP, CP &b % K i J i i A2 435

FEAIK 12.30% . 18.34% . 5.46% ( P<0.05 ),

ZRINEHINR 5 NBPT. DMPP, CP JR X [t 8
ST NBPT., DMPP, CP JR 2 E Kbk & M 4 R 7
A PTG, EOR S K AR A R R AR
B nRe R EER A REEDERK. TRES
BCAEDIRE, RIS AR b B s o s A R a8 A A 0 )
i, ZEEA S S ECEOKRRZER  TrAR
FEAR

R TELKEBEIERKES. T, HEZSE. HER

y Gt P (em) Z2H (mm) haREE A (em’)
CK 243.33 + 13.50d 17.28 + 1.57¢ 25.88 +2.88e 35249 +9.12d
N 260.33 +3.79¢ 22.03 + 0.35h 35.81 £2.53d 518.95 +31.34¢
H 266.33 + 4.04bc 24.04 + 1.57ab 62.36 +2.36a 638.65 +26.39a
NBPT 259.00 + 6.08¢ 23.35 +2.02ab 58.94 + 3.69ab 588.53 + 14.17b
DMPP 263.33 + 8.50bc 23.65 +2.94ab 46.37 +2.36¢ 661.64 +22.50a
CP 270.00 = 7.00¢ 2539+ 1.42a 45.82 +4.45¢ 581.12 +12.83b
NBPT+H 275.33 +5.03ab 22.35 + 0.34ab 60.84 + 1.32ab 516.14 + 18.47¢
DMPP+H 284.33 +2.89a 22.94 +2.09ab 55.72 +5.75h 540.29 + 17.95¢
CP+H 270.67 + 5.03bc 23.23 + 1.19ab 62.13 + 3.82ab 549.41 +31.31bc

T RSB S/ING PR FRZR A B 22 5 B35 (P<0.05), A,

2.4 AN[EALPHEX; FOR AW B kPR R 225
EY G|

HIZR 2 I, Tl RUAh B OK AR i kPR
T CK AR, Ui U 4t RE S e 2]
BERIROR, R0 CK ERAETFRECS N A3
HIERFEZES, UIIERS AN R TR

AEGE R E R (£ 2), MELEERE, B
JE AR K A AT ) S 2 B v T K AR i RO
Rire i, SFHEE 0.79 F10.78 £5 . H AL ok A4
Yy SRR = Y, W R R A s X
KA I i BB P AR

7% 0 8 A5 B2 5 NBPT. DMPP Lt B4t 7% Jin

x2 AEMEBEREREDE. HHTE. BFFRY

b ¥ AW (o 4 R (of 41) 2R
CK 200.38 + 3.12f 91.76 + 2.54f 0.46 + 0.01ab
N 255.53 £3.78e 115.30 + 1.56e 0.45 £ 0.01ab
H 504.15 £ 16.11a 230.58 + 16.96a 0.46 + 0.02ab
NBPT 469.18 = 10.13b 208.91 + 18.14bc 0.44 £ 0.03b
DMPP 431.18 £9.56¢d 209.45 + 14.66bc 0.49 +0.02a
cp 44431 £ 11.42¢ 191.10 £2.22¢d 0.43 £ 0.01be
NBPT+H 43391 +10.07cd 197.54 + 15.83¢ 0.45 +0.03ab
DMPP+H 419.94 = 7.16d 173.00 + 3.76d 0.41 +0.01c
CP+H 494.75 +7.48a 224.98 + 8.49ab 0.45 £ 0.01ab
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NBPT. DMPP &b B K™ 5 S A7 e 47 e
REAIR, 258 5Enr i 45 SRR A R (1 VS I Re g 12
PEEACVERT, 2 S AS A B S b, A LB
A, WEAANG TN, Bk, Fik
R IERR G I AR R R e, pEin S
P AR, CP+H ZRBE LY CP ALFR 5 T
FORAY SRR TR, T RE SR SRR Y AN N AE
gt CPAE AR, $em R b s A o i, i

177 7 2 8 P R
25 LA ERH BRI . SRR
RFRAYSZ IR

CK Ab 3 FORAFRME A i IR 2 o 2 IG
T AR, R ENL AN REAS W25 P M AT AR A
WARE R, MHEERE, BIEHER &
AR BB 0% 0 35 2 2 R Ui . AR R
Rk, ZNERIFR . 22808 k™01, TERFA
Tk, PR 0.69, 0.68, 2.74, 3.81, 0.78,
1.59 15, JBEAFIR S 2B AR il 50 1 EA 4t e N Rk
FIH 28 S A R A AR FHACR (£3). H AL

WA= 71, RICTTERR R, R AR i as
REAS A R HE FORAT A W, FE T4 e
ROR SR . T) Bt AR b A A o i 50 2ol it T, g
LT P9 95 O 50 A XoF 5 KA Ak A 2 e I 55 T
(%£3)

7% I A B2 5 NBPT L B ph NBPT JR & £ K
FERL Ui ARSI MR DTk 2 o 25 1%
fiK, HAbFEAR T B E 25 (P<0.05), VNG HE R
5 DMPP Lt Bl DMPP JR R T K bR A . A
WORFE . B 2ERCR . AR R A = 0 B 3 R
fiK, HAbdstr o & 25, AHH TR, B
i 55 DMPP i & 78 il 25 B ik DMPP 114 i 16 30 il 2%
e, RO R G E AR R R ek /D, T A AR
JEF 2%, BNEHER S CP EL s cP JR R
BERE T ERER AR AR, ZEAHE A
e . RIEMWA 7. IERFAR TR, B
ERRART H MR 5, HpfEtr R ExR. B
MR 5 CP Rt & dm T DL & )R R ALk pE, A
SR T PR A RO R X G W i, R v R

FRRIW R . B AR . AACFI R KRR, %
=3 FAELEBEREH#RAIEZFRRKE R ZERERIERR
AT S AR I S o P RIEF RN oV S &S R A =11 6% 2%y
Qb RIMRFEEL
(g ¥k) (o t) (%) (g/e) (gfe) (%)
CK 1.19 £ 0.05f 2.01 +£0.05e 0.59 £ 0.01bed
N 1.60 + 0.08e 2.67 £ 0.06d 0.60 = 0.04bcd 15.65+1.41d 5.61 +£0.37d 27.45 +0.37d 21.57 £ 1.15¢
H 3.30 +0.29a 5.00 £ 0.29a 0.66 +0.02a 71.03 £ 6.96a 33.05 +£4.04a 54.90 +4.04a 60.23 + 1.26a
NBPT 2.95 +0.26b 4.66 +0.27h 0.63 +0.02ab 63.01 + 6.44b 27.89 + 4.32ab 49.74 + 4.32ab 57.28 £ 0.93h
DMPP 2.75 £ 0.22bc 4.13 £0.22¢ 0.67 £0.02a 50.27 £ 5.16¢ 28.02 £ 3.49ab 49.87 +3.49ab 53.51 £ 1.04cd
CcP 2.47 £ 0.06cd 4.08 £0.13¢ 0.61 £0.01bc 49.27 +3.19¢ 23.65 £ 0.53bc 45.50 £ 0.53bc 54.88 + 1.14¢
NBPT+H 2.59+0.21c 4.59 +0.14b 0.56 + 0.03cde 61.43 +3.26b 25.18 £3.77b 47.03+3.77b 53.80 + 1.06cd
DMPP+H 2.25+0.17d 4.02 £0.14¢ 0.56 + 0.03de 47.70 + 3.38¢ 19.34 + 0.90c 41.19 £ 0.90c 52.27 £ 0.81d
CP+H 2.64 +0.11bc 4.85 £ 0.03ab 0.54 £ 0.02e 67.54 £0.71ab 31.72 £2.02a 53.57 £2.02a 59.49 £ 0.61a
3 e L[FVE SR+ rh PR BRI ES R AL, I
JTE - \ - N N -
WS N TR T Y S ol R R R (10 T (1 1 =1 o
3.1 BB S AR MRS G IRE AL EHEN S R,

RIS

ERWTTE A I, AR BN I REAS 4 i e
LA S &, Sl TR SRR Z AR A4 51
FL TEBUBIR 2, IR B R S A,
7 5 12 1T LA AT 280000 ) - S b R Al T 4 2, L

it R 0 K AR R 5 NBPT JR = F Bt s
NBPT JR %, &2 NBPT RS AL Ml SR, T
REJE I HEIR 5 NBPT # T il bR RS A & A
ek, BEAR T RSARAE DR B S M B 25 1, W
HEEA e R B AL E A ROR .
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JNEAERR S DMPP JR K LIRS iIn DMPP JR K,
EREAL DMPP FORHALIIHIRCR, Al e 2 AR AS &
A HUR USRS T, TR A N AERS
A BHUR O, LR A HUR 3 DMPP [
ff RSN, YRR R s 5 —Jr T, SRR
(S T2 8 - oK Ra e AT R AR B 7, i
L HELE R Y, S B 21 DMPP Bl - 2 [
WS AR R . B ISR S CP R &
LB RSN CP R K, WER I FORAEF TR £
A G, FNRETIA SR, X
JEFEIRR 5 CP 2545 J5 i PR 2 A8 A ) 2 8 A AL )
YEHIBREE, CP AT A S A8 A m S A A,
PR TFA i 2 4 IR A A S A E AL E
I e
3.2 JEAHIR S N[ A AR B0 0 2 A o FOR AR K FE
By =i B R R A5

B RN AE AR B R AL B, CP AR BE T KRR
A, HLUCOE DMPP AR B, BRI R NBPT 4k
B, R TIRESETEMA G, 16
FH ] Z Akl AR R Rl i 2 L iR e
KWL - bR, WFo8 K IS A2
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Effect of high efficiency and stability urea added with humic acid and biochemical inhibitors in black soil

XTAO Fu-rong" >, LI Dong-po" >, XUE Yan', SONG Yu-chao', ZHANG Ke' *, LI Yong-hua’, ZHENG Ye', ZHANG
Jin-ming*, CUI Yong-kun® (1. Institute of Applied Ecology, Chinese Academy of Sciences, Shenyang Liaoning 110016
2. University of Chinese Academy of Sciences, Beijing 100049; 3. North Huajin Chemical Industries Group Corporation,
Panjin Liaoning 124021; 4. Jinxi Natural Gas Chemical Co. Ltd., Huludao Liaoning 125001; 5. National Field
Research Station of Shenyang Agroecosystems, Chinese Academy of Sciences, Shenyang Liaoning 110107 )

Abstract: The application and regulation effects of adding biochemical inhibitors and biostimulant humic acid to the high
efficiency and stability urea on fertilizer nitrogen transformation in black soil were studied to provide a theoretical basis for the
study of the special formulation of high efficiency and stability urea combined with biostimulant humic acid and biochemical
inhibitor in the black soil. A pot experiment was conducted with 9 treatments, blank ( CK ) and urea (N ) were set up as
controls, and humic acid (H ), N-butyl thiophosphate-triamine ( NBPT ), 3, 4-dimethyl-pyrazolate phosphate ( DMPP )
and 2-chloro-6-trimethyl-pyridine ( CP ) and their combinations were added to urea fertilizer, respectively. The effects
of urea fertilizers with different biochemical inhibitors and humic acid on soil available nitrogen contents, biological index
and yield of maize were determined, and the nitrification inhibition rate, grain nitrogen uptake, total nitrogen uptake,
urea fertilizer use efficiency were calculated. The results showed that compared with urea alone treatment, the combined
application of humic acid and biochemical inhibitors NBPT, DMPP and CP significantly increased maize yield, nitrogen
uptake, nitrogen use efficiency, and had significant effects on soil available nitrogen contents ( P<0.05 ). Compared with
the application of biochemical inhibitor NBPT alone, urea with humic acid and NBPT addition significantly increased the
nitrification inhibition rate of black soil in maize seeding stage, plant height and chlorophyll content by 14.03%, 6.31%
and 3.22%, but the maize yield, nitrogen uptake, nitrogen use efficiency, stems thickness and leaf area all decreased.

Compared with the application of biochemical inhibitor DMPP alone, urea with humic acid and DMPP addition increased
plant height and chlorophyll content by 7.97% and 20.17%, and significantly decreased the nitrification inhibition rate of
black soil in maize seeding stage, maize yield, economic coefficient, grain nitrogen uptake, leaf area, total nitrogen
uptake, urea fertilizer apparent utilization rate and stems thickness decreased ( P<0.05 ). Compared with the application of
biochemical inhibitor CP alone, urea with humic acid and CP addition significantly increased the maize yield, chlorophyll
content, total nitrogen uptake, nitrogen use efficiency ( P<0.05), and the plant height, grain nitrogen uptake were also
increased, but the stem thickness and leaf area were decreased ( P<0.05 ). In conclusion, in black soil, urea with humic
acid and CP addition could increase the maize yield, nitrogen uptake, plant height, chlorophyll content and urea fertilizer
use efficiency. Urea with humic acid and NBPT, DMPP addition could decrease maize yield, nitrogen uptake, nitrogen
use efficiency, which is not conducive to the increase of yield and the improvement of urea fertilizer use efficiency. In black
soil maize planting area, it is suggested to combine humic acid and CP to make the new high-efficiency and stability urea
to increase the maize yield and improve urea fertilizer apparent utilization rate, and avoid using humic acid with NBPT and
DMPP.

Key words: biostimulant; humic acid; urease inhibitor; nitrification inhibitor; nitrogen use efficiency



