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Abstract: [ Objectives ] Coating and adding inhibitors are commonly used to prepare slow-release and
controlled-release fertilizers. We tried to prepare new fertilizers with more controllable nitrogen release and
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transformation by applying these two methods at the same time and study the application effect of dual controlled
release urea with nitrogen inhibitor and resine coating on wheat. [ Methods ] The tested particle size of urea was
2.5-3.5 mm and coating material was resin, and the used inhibitors were urease inhibitor (HQ) and nitrification
inhibitor (DCD) in the preparation. According to the inhibitor used, four kinds of new resin coated urea were
prepared: uncoated (CU), HQ coating (CRU1), DCD coating (CRU2) and (HQ+DCD) combined coating
(CRU3). The microstructure of four kinds of coated urea was observed by scanning electron microscope
(SEM). The slow release characteristics of nutrient and inhibitors were determined using hydrostatic release
test. Two field experiments were carried out separately in Weifang and Tai'an of Shandong Province with the
same N, P and K application rates and the same fertilization methods. Soil samples were collected at seedling,
jointing, flowering, filling and maturity stages of winter wheat to determine the content of available N. The
yield and yield components at the mature stage of winter wheat were investigated. [ Results ] 1) In the
microscope images of 500x and 1000x, the film layers of all the four prepared slow-release urea were complete,
uniform, smooth and dense. Some micropores could be seen on the surface of the film, which worked as the
channel for urea and inhibitor to release out. The inhibitor layer tightly covered urea particle without gap, and was
completely surrounded by the resin coating layer, realizing the control of the release of urea and inhibitor at the
same time. 2) The combination of coating and inhibitor addition effectively controlled urea dissolution. When
loaded in still water, the initial N release rates of CU, CRU1, CRU2 and CRU3 were 7.59%, 1.96%, 2.12% and
0.89%, respectively; the release periods of urea of CU, CRU1, CRU2 and CRU3 were 42, 56, 56 and 56 days,
respectively; the release period of HQ in CRU1 was 28 days, that of DCD in CRU2 was 14 days, and those of HQ
and DCD in CRU3 were 42 and 14 days, respectively. As the longer N and inhibitor release period in CRU3 than
CRUI1 and CRU2, CRU3 had longer sustained release effect. 3) Compared with the large granule urea control (U),
the soil NH,'-N concentrations of the four coated urea treatments were maintained at appropriate low levels at the
seedling stage, and were significantly increased after flowering stage, which ensured the continuous supply of N
to wheat; while the soil NO,-N contents during the whole growth period of wheat were reduced significantly,
which decreased the possibility of N leaching loss. CRU1 and CRU3 treatments could maintain the soil urease
activity at a low level during the whole growth period of wheat, CRU2 and CRU3 treatments could inhibit the
transformation of soil NH,-N to NO; -N, and significantly reduce the apparent nitrification rate of soil NH,"-N.
Compared with CU, CRUI, CRU2 and CRU3 treatments significantly increased the yield of wheat by 23.38%,
23.13% and 38.79%, respectively in Weifang, and by 6.36%, 9.52% and 28.57% respectively in Tai'an.

[ Conclusions ] Double coating large granule urea with inhibitor and resin in turn could form a complete and
uniform film layer, and some clear micropores still exist on the layer surface allowing the release of urea and
inhibitor. Coated urea containing both urease and nitrification inhibitor (CUR3) has better controlling effect on
soil ammonium and nitrate concentration during the whole growth stage of winter wheat, so obtains higher yield
effect than the coated urea containing either urease or nitrification inhibitor.
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Table 1 Physical and chemical properties of tested soils
HiL - H1 3% (uS/em) HHLE (g/kg) ARA (mgkg) A (gkg)  ARBE (mg/kg) B (mg/ke)
Site P EC Organic matter Available N Total N Available P Available K
#Edi Weifang 716 172.37 14.41 62.01 1.31 22.30 147.65
Z8% Tai’an 6.50 145.04 10.10 36.50 0.82 22.50 95.89
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Fig. 1 Images of electroscopic scanning of coated urea surface
[IF (Note) : A—CRU3 B2 1A Surface of coated urea CRU3, 500x; B—CRU3 BRI 1A Surface of coated urea CRU3, 1000x.]

2 BRFREFIELEH (500%)
Fig. 2 Sectional view structure of coated urea
[ (Note) : HQ—HQ ¥/Z HQ coating; Resin—4##JJf/Z Resin coating; DCD—DCD )2 DCD coating;
(HQ+DCD)—(HQ+DCD) )2 (HQ+DCD) coating; Urea—HE.L> R ZE Urea.]
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Fig. 3 Cumulative N release curve of resin coated urea
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Fig. 4 N and HQ cumulative release curves of HQ and
resin coated urea (CRU1) in 25°C water
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Fig. 7 Soil NH,"-N contents at different growing stages of winter wheat
[ (Note) : it EAR[RI/NG FBER 7R AR R 1A [ b B B] 22 53 .25 (P < 0.05)

Different lowercase letters above the bars indicate significant difference among different treatments in the same period (P < 0.05).]
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RIS B AR R . NEIFEBE, CRU2.
CRU3 4bHfiE (i + 3 NO, -N 4E5 /e 5K 7, H
B R T HABAL B, 15 CU ML, CRUI1 4B+ 4
NO,-N S mERARE, W, 5 CRUL M
I, CRU2. CRU3 4b37E #3556 o H a] 4 3 v
NO, -N /3 HIFEAK T 20.03% ., 20.44%; 1EZZR
B A RN T 34.53% . 39.33%, UiHIRSILIN
#l77 DCD figxt + 3 NH, Y fit§ £ 2] 2540 il 1
H, A5 DCD 455 e A S L £ NO, -N &
i, Horh CRU3 A0 3 IR0 1 50 HQ A Ak il 57
DCD W EEA, i H3Ed NO,-N & A THAK
KA
2.3.3 RUERSRZEXT 1 NH,-N ZE U4 1L R 55 11
FH2 2 AT, AS[EIALEE A+ 98 NH,-N R4 LR
FEHEDT . 2840 i b P (R 48 AR bR B AR — 3
ENEZREANEEY, HF#ERE (U) b8
NH, IR I AR TR R R K- N AR
B, AU IR 2 AL T G £ 38 NH,-N Al b5 B I
T R R AL (P <0.05), 5 UM, #biiberh

CU. CRUI, CRU2 Fll CRU3 Ab ¥+ 3 NH,-N £
AL M R TR T 10.82%., 13.44% . 24.26%.
23.31%, ZEMPP AR E T 10.08%.
15.66% . 29.10%. 29.38%, Uil TR R P
N WERAER, MR IA R 2K A 1 NH,-N /N 22 %
WA, A2 i NH,-N B RRRR DT 8 5 k
/b NH, %8 k. 5 CU ML, Wil CRUT Ab B + b
NH,-N £ R 2ER AR, CRU2, CRU3 4ZbH
FE/INZE A T A AR I 3 AR R NHL N =L 1k
(P <0.05), Hrp/NEmBaIE, 7D % S
CRU2., CRU3 4bFR 431 i 25 B A% 12138 NH,-N UL
B 6.90% . 9.50%; TEZ LIRS0 050 ] R+
9 NH,-N WAL 13.18%. 14.08%, UiHARE{LIN
il DCD J 5 R E 5 HQ 414G, Refs k%
I /N2 A K 3 4 39 b N A R A AR FE TS B0
N #ide, Hr, CRU3 4bFE+ 3 NH,-N F£ U4 LR
TE /N2 A B WP ) 4 R AR OK S, B
HQ 5 DCD 41 & BRReih il i &, N REIH] NH, 4
1k, ff £3E NH, &2l & e, S+
NH,-N FWA LR T CRU2 407,

2.3.4 WEEBREX HEREE R E 9
Jiis, Wb a] CK A 3 498 R il 0% 1 2 Ak AR
FIAKE 5 BR/NZE G4, B A KB CRUT
CRU3 #b 3 + MR PEXR P e Ie b3, 5

R 2 I NH-N R UE (%)
Table 2 Apparent nitrification rate of NH,"-N in soil

Hs Ak Hi Y] I THEW T e
Site Treatment Seedling stage Jointing stage Flowering stage Grain-filling stage Maturity stage
Hd; Weifang CK 59.44+0.80a 57.38+£2.61b 7473 £1.61 a 78.37+2.18a 81.58+£0.04a
U 50.66 +4.73 b 66.03+2.50 a 71.59 £4.57 ab 77.34+3.05a 81.56 +1.61 a
Cu 45.18+0.37¢ 59.89 £ 3.42 ab 67.75+1.51 be 70.98 +0.64 b 76.94+4.17 a
CRU1 4385+1.73 cd 57.89+4.86 b 63.79 £ 4.47 cd 68.43 £3.21 be 78.21 £2.60 a
CRU2 38.37+3.46d 54.89 +£4.42 be 5990+3.55d 67.45+0.34 bc 71.63+2.72b
CRU3 38.85+3.93d 49.84+529 ¢ 58.56+2.32d 64.85+2.07 ¢ 69.63+1.56b
Z&% Tai’an CK 42.09+2.85b 56.07+1.76 a 69.20+3.20 a 74.04 +0.85 ab 82.02+5.82a
U 47.52+2.17a 57.75+£1.66 a 70.34+0.80 a 77.58+4.24a 83.54+1.80a
Cu 42.73+1.80b 51.66+3.80 b 67.67+1.55a 71.67 +0.53 be 79.50+0.79 a
CRU1 40.08 £2.78 b 49.85+2.33 b 66.58 £2.65a 68.39 +2.00 cd 77.74+0.82 a
CRU2 33.69+1.37¢ 47.05+1.98¢ 56.82+2.06b 64.88 +1.04 de 69.02+3.75b
CRU3 3556 +3.49 ¢ 45.65+2.42 ¢ 53.00+£0.22 ¢ 61.48+4.56¢ 68.31+4.85b

H (Note) : [RIFVEE G A R 7 RE R R AR AL B E] 22 5735 5% B35 7K Values followed by different small letters mean significant

difference among fertilizer treatments at 0.05 level.
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Fig. 9 Changes of soil urease activity in Weifang and Tai'an
[ (Note) = FE_EA[E/ING TR RN A [ 2k 2R A] 25 5 2. 3%

Different lowercase letters above the bars indicate significant difference among treatments in the same period (P < 0.05).]

Aab BT AT - 8 R R O A AR SR TE — D EAROK A, B

HQ il 56 845 5l FHRCR AT

24 FRERSHFIFIVERREXNE~EHNF
HIZ 3 AT, 3 s R 2 2 1l T () 4 /N 22 77

ARAE RS — B, U WIS ] B 18] 20 3R 55 0ohd 5)

CU ML, fE/NEHW, #Yik% s CRUL, CRU3
Qb3 A SRS 14 M FRAIG 15.28% . 23.63%; (R4
TR S IR 12.13% ., 17.61%; 1EHEW, 5
CU MIt, 7E#ED5RE 5 CRUL, CRU3 AbHH4) 5[
i 12.53% . 0.60%, 72 %l 55 o5 43 5l B AIK

60.68% . 44.56%, VitHAIREFITH] 5] HQ X + 1 Ik ity
YA —EWIHER, S HQ 454 ik vl it K
HQ VEMIFE] . 5 CRUL. CRU3 M, CRU2 %}
T IEMREERS M R . AIRIRZE R LB, CRU3

XA IR R4 /N2 P= e S A TRl . 5 CK A
W, #iEAb B Re i m /N i . 5 CU ML,
CRU1., CRU2., CRU3 7 ¥ &5 i % 5 43 51 3 =
23.38%. 23.13%. 38.79%, TEZZZARI o0 k=

®3 NEFEREMRER
Table 3 Yield and yield components of wheat

i b3 FEHL (x 10¥hm?) PR THIE () P (kg/hm?)
Site Treatment Spike number Kernel number per spike 1000-kernel weight Yield
Hd; Weifang CK 476.00 + 6.00 d 40.27+436¢ 4827+0.57a 7859.78 + 817.07 ¢
U 555.33 £18.15 bc 39.35+0.68 ¢ 4747+1.01a 8816.83 +382.00 be
Cu 515.33 £30.75 cd 41.40+2.36 be 46.27+0.40a 8373.56 £258.12 ¢
CRU1 576.00 = 22.27 ab 43.60 + 2.20 abc 4833+ 1.36a 10332.01 +£997.41 ab
CRU2 556.00 = 49.15 be 45.85+2.02 ab 4723+261a 10310.69 + 1959.12 ab
CRU3 624.00 +20.00 a 47.00+2.17a 46.63+£0.67 a 11622.33 +£603.23 a
ZR% Tai'an CK 29248 +54.27 ¢ 30.80+2.00 ¢ 40.43+0.81a 3066.67 +=305.51 d
U 355.26 +90.33 be 31.87+1.18 be 39.40+3.47a 3666.67 +205.15 cd
Cu 404.01 +33.35 abc 32.80+2.12b 37.03+2.67a 4200.00 + 800.00 be
CRU1 468.22 +28.14 ab 30.00 £3.00 ¢ 37.63+3.51a 4466.67 +305.51 be
CRU2 454.64 +10.80 ab 31.13 £3.90 be 39.00+1.00 a 4600.00 +400.00 b
CRU3 479.84+17.50 a 34.00+0.75a 3897+ 1.54a 5400.00 = 200.00 a

# (Note) : [FIFVEAEEAF/ING FHER R Rl —Hb S A BRE] 22 5755 5% .3 7KF Values followed by different small letters mean significant

difference among treatments in the same experimental site (P < 0.05).
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6.36%. 9.52%. 28.57 %, A[a)Hs X [A] % X 5 5]
WA R IR R B Res /N2 P2, Horp Ll CRU3 #47=
. WP ROk A, A AL A TR 25
SARE (P>0.05), AR SE" 2L
R ZE, 5 CUML, MYii%E 5 CRUL,
CRU2. CRU3 BB MG M T 11.77% . 7.89%.
21.09%; 2800w P RRECr 3G T 15.87% .
12.51% ., 18.74%, H W Hb B & B0 A A1 W] 19 A2 1k
oo AT AR S A= A 550 25 5 B PR 2l i 42
HEOYEE, MO T /NEREE, MmN e, H
o CRU3 Ab A 19 b [1] 119 /N 22 FRESCR AR 4503 /&
A A B, 158 BRG4GB e A Rl
FAERL, FFRMNE &

3 hie

3.1 BAREEHHIFINER R ZNMMNER R T 7
SHPHIF B R RUEHE RN

PR Bas R (B 1, K 2), RAAZESMW
BB AR R B REIRZE, R, [R5
B R R S), A R EE ST A
B ENERIE, THFIEREREMAE,
HREREHE®, WHREEBZEN % eaEZ
L AR AT A R ) R R A A A . BeAt,
BN SRR B R PN 1 i %297 ST R
W, BERTDITHAN SRR 72, XOnT DB Ll A 4
B8

AN, HRA IR Z R, 1 ST AR Al K b
HEAT R0 R i 26 AN BEARAE O IF 9, AP 3%
Sy SRR R, AN I E 4 FPRES
TR AR B IR R AE 25°C #K 400 R B3R B0
B, KI5 CU ML, Hagy 3 FhEA B SmER
JE AR B IR Z A R M RAE S Bl L, Hop
REVWE B RBEILT 72.00%~88.31%, o H
REAG 64.38%~74.30%, B 42 RIELK R T
56 K, UGB A I 55 10 00 R S 45 4 il 5 A A B
PREPREFZ NGB . XTREEH T 3 f iy
OV 700 25 45 780 PR 22 AT SR 4 20 o 500 5 0k 3 A Uk PR
FRMCIE AN EIFNR)Z, SRJ5 R M 7R 2
PR 2P FH AR A i A RSE T A 5 40 ) ) 0 2 Y
Al SR TR R KRR, TRk TR RRAL
A, IMIE K T AR BB . KLl CRU3 &
B, R4S HQ M DCD 454 B R 2 %) IR & A i
RS FH B

CRU! HJRZEF HQ 7E/K h 4 REZE IS B (1] 4),
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5, I —OH ML TR MR RL, MIKER
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R AR IE, 25 R0 HQ M AL 75 H A R
HERTIRE, XEARRER -8 WK
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A1 (1 5), DCD ¥ s R B & FIRE, Xl
RS2 Pl A B G 42 ) DCD B Y HL B IR M, R
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PREJA LG, 1686 B A A T
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NH,'-N 1 NOy-N ¥ n g VEW H Mo A, Bl
FRZ KSR, KRB NHL =N RS K 1 W Wi
FIH, S A3 NH, N &8T5 5 NH, /9
FERARO, AL NOy -N &) & AR EA
MR K, AR BRI B TS e B AW
R, RECPERREHIRZERBUAER, s
FOK ML PR B T AN A A ) BE A I R 2R
P L3 Ak, S R e A S 0 3 ot AR AR - B iR
ity 110 5 P R 2% PR 2K A, DA IR D S HE R R
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DR MESE A HR, AR RN, e
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