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Abstract: In order to develop a new type of high efficiency and stability urea suitable for rice in black soil and
loess, field pot tests were conducted to investigate effects of urea combined by biostimulant laminarin and
different biochemical inhibitors on rice in black soil and loess. In this study, blank (CK) and urea (N) were
set as controls, and laminarin (L), N-butyl thiophosphate-triamine (NBPT), 3,4-dimethyl-pyrazolate phos-
phate (DMPP), and laminarin were respectively combined with two biochemical inhibitors to urea fertilizer
to form five treatments, nitrogen transformation characteristics, rice growth index, yield and apparent utili-
zation rate of nitrogen fertilizer of different high efficiency and stability urea fertilizers in black soil and loess

were studied. The results showed that the addition of laminarin could inhibit soil nitrification to a certain ex-
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tent, total biomass of rice in black soil and loess increased by 13.88% and 1.21%, grain yield increased by
42.18% and 25.83% , apparent utilization rate of nitrogen also increased. Laminarin and NBPT had a good
synergistic effect on soil nitrification inhibition, compared with NBPT alone, total biomass in black soil and
loess decreased by 6.87% and 1.30% , grain yield decreased by 8.15% and 4.11% , apparent utilization rate of
nitrogen also decreased. Compared with DMPP alone, the addition of laminarin could promote the growth of
rice, total biomass and grain yield increased by 0.63% and 2.64% in loess, nitrogen uptake and apparent uti-
lization rate of nitrogen were also increased, however the total biomass and grain yield decreased by 10.52% ,
1.50% in black soil, and nitrogen uptake and apparent utilization rate of nitrogen were also decreased, the
combination of laminarin and DMPP had a negative effect in black soil. The addition of laminarin and DMPP
is recommended for urea fertilizer application on rice in loess areas, and will improve rice yield and apparent
utilization rate of nitrogen.
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L 12.004+0.40ab  83.774+1.51a  20.48+0.40b 27.52+1.80bc  348.6016.38a 108.4842.09a 49.164-0.65b
Bt NBPT 10.47+0.81¢ 82.67+£2.25ab  20.954+0.14ab  29.921+3.78ab  317.63+=14.62bc 99.8242.29b 43.86£2.41c
DMPP 11.53+0.61bc ~ 79.06%0.59b  21.2740.88a 30.1340.41ab  363.89+5.28a 111.24+2.26a 47.26+0.87b
NBPT+L  11.47%1.21bc  85.33£1.21a  21.37£0.39%a 30.1840.77ab  295.82£7.64d  91.68+2.50c 44.10£0.51c¢
DMPP+L  12.80%+0.60a 83.55+4.81a  21.4440.23a 31.69+0.24a  325.60%5.65b 109.58+2.22a 62.96+0.74a
CK 3.87+0.31d 56.01£1.09b 3.9540.21d 7.17£0.62c¢ 48.1040.93d  17.23£0.68e 9.1140.08¢
N 10.8040.60bc  81.9340.90a 9.3940.16¢ 24.99+2.43b  280.51420.30c 77.6244.09d 42.63+2.92b
L 11.60£0.20a 85.61+£3.08a  16.8040.89b 27.7240.79a  283.90£10.69bc 97.68+2.09c 45.45£0.54b
Ci NBPT 10.47+0.31¢ 84.44+1.90a  16.1840.13b 28.91+2.21a  295.9847.20abc 104.294-2.68b 43.01£0.51b
DMPP 11.33+0.23ab  82.75+2.84a  18.71%0.54a 29.69+2.15a  302.50+3.54ab 116.15+2.71a 43.44+1.16b
NBPT+L  11.33+0.12ab  85.00£3.99a  15.9240.66b 29.50+£0.17a  292.1546.00abc 100.0041.82¢ 45.48+1.60b
DMPP+L  11.67£0.50a 86.29+0.43a  16.3040.89b 29.8240.16a  304.42%11.11a 119.22+1.27a 51.04+£3.06a

TE 2 RO 35 2 S S {E AR HE 22 5 TR 81 A [7] 5 1 3R 8 A [ Ak L i) 22 57 W 35 (P <C0.05) .

25 AELEMAKBRIEERRBEFALENZIE

12 2 AT A1, A B PR 2RI SRt P L 9N i i A
22 W9 A Ak A ) ) Ak B KRR W 4R e B R RE R IR
FEAR A BT 4R R 8 WS N BE A R 2 KR A AR T
3 B R AT, it e RIS TR0

At A A A B ] ) NBPT . DMPP H 7l it
FH S BRAR R WA S A 5 1 22 0 T & it 1 A 2 K AR
AR W A S U B ) 038 48 b 34 TR, R BT8R
+- gy 2 05 5 A Akl 5 NBPT .DMPP Bt & A fg
193 AP ROR

R,

AR G NBPT St 1 L ¥l 22 08 9 i
PEoE T KR A bR B A R AR R A R S EUIE R
R R 0.22%,11.10%,0.26 %0 , FFRE I A & AR
A 7= 93 e 4R 2% 30 3R T B AR, 43 0 B AR 1. 4400,
4.11%,4.93% & H8 b Z 18] 4 7 ik 35 2% 5 (P <<0.05)
FHEE DMPP Bt FH L 1 7 22 8 0 S 2 & T K A
A AR B WA B R R AR R A AR
B AR T ) B A RO 4 AR R 0.53%6,3.59 %,
19.96 % ,0.60% ,2.64%,3.10%

M et 2 P S H £ A 2R W
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P ) T A AR e 3 1 W, B IR R AR R
AH b NBPTELM it H R8I 7 22 0 00 S i B A1
TR BRI, S AR U R AR i
VT 22 B (R0 0 9 A 1 B B 3 2% 5 Mt DMPP

P, 2 b T A 22 B 00 S O 3R B A R
RHOR B DMPP 5 i 22 0 1 & A F] T Ak 6
R SR 1 WA B SN AP A 4 v T 7 B o
SR

F2 AELE2MIBEAERIERALHALEER

+ 4 o FHBEIR LI R E A FICMmAE 1) IR/
33 Ait/g Hi/g Ain/g FIER/ % (gegH (geg™H
CK 1.2840.09f 0.66£0.05d 0.194£0.02f - - -
N 2.39740.04e 0.9040.08c 0.3640.03e 26.54+1.03e 18.1740.53d 4.1740.53d
L 3.15+0.02a 1.3540.04a 0.45+0.03bc 44,43+0.46a 25.83+0.50a 11.8440.50a
B4 NBPT 2.6740.12cd 1.1540.01b 0.394£0.02de 33.194£2.88¢ 23.77£0.55b 9.78£0.55b
DMPP 3.01£0.05b 1.36£0.05a 0.47£0.02b 41,20£1.28b 26.4940.54a 12.50%0.54a
NBPT+L 2.5740.03d 1.1140.04b 0.4240.02cd 30.64+0.60d 21.83+0.60c 7.84+0.60c¢
DMPP+L 2.71£0.03c 1.2840.04a 0.61£0.01a 34.03£0.80c 26.09£0.53a 12.1040.53a
CK 0.33£0.03d 0.16£0.01d 0.08£0.02d - — —
N 2.03+0.14c 0.84+0.04c 0.37£0.02¢ 40.41+3.36¢ 18.4840.97d 14.3840.97d
L 2.45£0.08b 1.1040.05b 0.41£0.04bc 50.57£1.94b 23.26£0.50¢ 19.1540.50¢
#t NBPT 2.3940.09b 1.2040.08b 0.3940.02bc 49.1342.08b 24.8340.64b 20.7340.64b
DMPP 2.68+0.16a 1.3940.09a 0.404£0.04bc 56.05+3.74a 27.66+0.64a 23.55+0.64a
NBPT+L 2.40£0.06b 1.1840.07b 0.447£0.01b 49.26£1.49b 23.81£0.43bc 19.7140.43bc
DMPP+L 2.70£0.18a 1.4440.13a 0.4940.03a 56.38+4.33a 28.3940.30a 24.2840.30a
3 W oo NPT LR P64 A 8 -8

3. BHEEESEANMHAESEREARARLIEH

R EER R0

A WF5E " B M L B DR 2 L 2 R I
M RER S AT E RS A SRR T EL
W I itk J 8 A= B 43 g i SR W L B A R R AR T HL
BREM . BB S A AR AR A VR I L — 2
Al E A MR A B R Y S R R A
Jiti FH » =35 g 30 ik SV A A B VR B R o MR E B
B oy T A S A I BE R R R R A —Em
ZRMERE, 2w L EAE R W 20 a i
THSA SR, e R AR o W 20 Sk TR i
Xof 8 UL Ak 48 K 3 BE 0 Ak 40 ) 5 kS B AR i Y
ROR AT RE A LB 4, B B T A R K
Tl 2B W 05 L YA 22 R 0 T R AT BILAK RE 2 — 2B i
HETAE W A B R R N R Y 5 —
AT VY 22 A0 A R AR 2R A K i AR R A B & S 80K
FEAR 2R 43 b 11 38 2202 A S0 A2 P 2E R B L 2
5 AL R 5 80 s A AR R e SR
TP B 3 BB o A, Yl 22 W 1 VR n A 1 o 1
S A AE TR B 19 1 8508 K SRR, B Ak
BT — 5 R AL R

A L PR 26 PR it FH o 2R A R £ o, NBPT (1938
B T OKRE A T I A A L RR AR LAY 1k

T AL < 3 s ol B R 64 Jit PAL T RE S AH L PR - B
T HABE N pH, 4 e Ko I 5 2 T2 A5 R 0 R
SRR AR IR 1 R 8 o S A R
B2 NBPT (945 i B 5 Gy 04 A A 410 61 ROR
DMPP (#SINAE 2 Bl 4 58 b 2 3% B H B0 (4 g £k 41
il B S AR L B - BB A v DMPP S i i 4 490
HOREZE JE i TR A B NA LR S A
BLTT & 85 1 42 185 23 B I DMPP 1 300 il 55 2R L 53
DMPP 7t 8 & i fil (R RCR 55 T 16 8 iR

FE B AN b A L NBPT Sl il £
B AR B 1 OKORE A O e S R L R
I T LA AR B BT B i A ] AR L 2
TR e A Ay TR TR AR D
T A it BE 5 A S8 ) S A T R AT 5 A
FL DMPP it Fi g 20 0 e 2+ A e i 3k
U A S ROCR . e 2R v T 2R B S IR T
DMPP B A i 2R 7T RE 2 1 5 20 Bl ) A8 I REA 2%
R R SR A LB S R Rl R R e
HtErh e R Tai e T EEY . BA R
MK B PR AR PET il B 5 K R Y R R R O
SFIHE R WL DMPP () i A 410 1 B8R 5 1 A AL
B g K R RC R, R LR 2 S
DMPP &5 & R H e M b ge Jr . mizd £ A B A



%33
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BILJTR 7 B A, LA 0 55 1 DR K BRI 1 K Rk 1A 3R
PRBSCER A5E /D L M 22 W I VS I X - S o T
AR 7E 8+ b DMPP 547 224 4 e JH i
G T 3 o A= 7 S QAR U (e i e o
DMPP 547 Z 0 e & it 2 BUAH SO R .
32 BHEBEEECNBHFEEERERARLES

Xtk FEE M FIEIR R BIEF AR R0

AH LB it FH PR 28 AL, 1Al 22 W B A= Ak 41 i) 741
NBPT .DMPP B 242 i 17 oK F 7~ 2 19 I8 B, 32
 AE R AR, 5emiras g5 R -2, M
NBPT Hupltjite i, 2 = R A o i iy 220 00 0 in 2 3¢
BB IOKRER R ARG ERAERWMCR . 50H
WF5E 25 B AF L AR KRS A6 5 A K 35 5 AS R R B 1Y)
REA, P RE 2 0 2 2 08 1 IR 42 & T - S A W T
PR A A P i A BB I NBPT 7 5 v
Bt i A e, 2 WALl 6.5~7.6 K, B Ak WA i 5
f PR 23 3 — 2B AR 3E NBPT B R A%, Rt g4 &2
WERYB N4 55T NBPT AE B[], 3 B 2 2 400k it
R38O TR AT . A WIS SR BH L M e NB-
PT Sy B, A v ifg e 22 05 10 0 I B 35 B AR T A
HEFI A% A e 3 P JF JE B 3 s, v e B+ A
B A W G AR TR 4 NBPT 4 B i 8 R 5 1+ 4
pHEHAHXLLR, FEAER LD BFEZHY
NBPT it 4 it F I A X &0 AE FI 3833 7 A W 3 R o
A p M L DMPP SOl F L W 22 0 0 B AR E
TKREAERKEARR LT SR 7= & AR WA XA
JIES ) FH 2803 34 A e ARG, 3 W] 35 TG 45 it FH e A1 1 7K
FEFRAER IR BZRA MBS, —HREG S
1 A R IR G AT 2 PR NS A HLT
i B4R L4 7 B DMPP A &V T ) 4 4007
S W A A BN e YIRS
PR G I R R R R . O 2
W5 DMPP Bt & % 301 8 i Ak 2 AT P 5] 3 20 AF
MLl FE A AR R BAL RoK R 2
22 WV N I 7= A 1 57 00 AR T TE 0N £ i 7K R 7
FORNER &3, A ST &3, A1 L DMPP 5 i
FH R 22 05 0 I 3 R AR T K RS i g R
SPAD A . /&2 F =& ME G AL T KA TN -
S A R B TR A 2R B 0 R I R e i
SEA M E N R @ R 58 R R R A
B 3A A5 O G il L R e 3k i DA R R A m Y
7 S FOK R i 2 28 AR
4 45

(1) AH L B I IR 3R L 17 22 008 1) A0S o 8 7
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A T ¥ A KRS RO b A 4 i B v 13,8804,
1219 KPR =020 W B v 42.18 %6, 25.83 %% , A Rk
At B BE R BOR B3 A BT & .

(2) 7 22 W5 0 S I e 41 ] - 36 A AR ] O T 5
NBPT Z [ R T PR 2R B AR+ i
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6.87 %0 ,1.30 % , ¥F KL it 43 I BEAIK 8.15 %6 ,4.11 % . A
R SR Sk B R NE R 30t 2 A T R AR 8 K R A
S R LK O A
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0.63% .2.64% ; fE B+ b, HBIA S FEAKRE = B
AR A7 1t KRR ™ 1 43 SRR 10,5206,
1.50 %6 , FE 7K R Bl o 4 28 - 1O g B0OKE g ol 2 0
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o R R PR AR B, B AT S AR

() g5 22 W5 B L 55 A6 AR i 700 BC & 7 2 4 S 3%
TR ERM TR EREH T 2 M L5 pH A
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b 6 T A AR 2 A+ 8 T VR W R U 2 M A
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