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M OE NAKNEHRRHARTAREAENEESEERZ(PCU60, HEHK I N 60 d) 5% k&
(U) B4 24 (10% PCU60+90% U, PU,;20% PCU60+80% U,PU,;30% PCU60+70% U,
PU,;40% PCU60+60% U,PU,) A /NZ =& AEFAEXFAEYFHERALEEHSAEZR
By %, ot PCUGD A& W A /A HARME R 25 CHAEHBMEHT T RN £ ELH . &
HMEREMENAHT, 5IBEIRELEHML,PU, AELNZLATHEGHEEZRS. B
5.6% AEAAERT 14.6% AFXLERERE 7.2% RAMEEHRERT 2.6% R A
BEHEAENERGT.5% AR B M984.3 6 - hm™. L4 0~100 em + E#H A A5
ZH B 39.70 ~49.93 kg - hm™, 2 & PU, 4 F 5 EFHEH (K, 4 39.70 kg - hm™. £
Bk BEHM A0 d WO EEERZFAEFERANES NEZARTRRFEERY S,
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Effects of coated controlled release urea combined with conventional urea on winter wheat
growth and soil NO, -N. YI Wen-ping', SUN Zhe’, WU Liang', SHI Gui-fang’, ZHU Guo-li-
ang”, LI Ya-xing' , GU Jia-lin', XU Qiu-ming' ('Institute of Plant Nutrition and Resources, Beijing
Academy of Agriculture and Forestry Sciences, Beijing 100097, China; *Ta’ an Academy of Agricul-
ture Sciences, Tai’ an 271000, Shandong, China). -Chin. J. Appl. Ecol. ,2011,22(3) . 687-693.

Abstract; Field experiments were conducted to study the effects of different dosages coated con-
trolled release urea (PCU60, 60 d release duration) combined with conventional urea (U) used as
basal on the winter wheat grain yield, nitrogen (N) recovery rate, and soil NO, -N content, eic.
Five treatments were installed, i.e. , U (CK), 10% PCU60+90 % U (PU,), 20% PCU60+80%
U (PU,), 30% PCU60+70% U (PU,), and 40% PCU60+60% U (PU,). In the meantime, a
comparative analysis was also carried out on the PCU60 N release characteristics under field condi-
tion and in 25 °C static water. At the same N dosage, all the test indices in treatment PU, were sig-
nificantly higher, with the grain yield, N recovery rate, total N accumulation amount, total tiller
number and aboveground biomass at ripening stage, and economic benefit increased by 5.6% ,
14.6% ,7.2% , 2.6% , 7.5% , and 984.3 yuan - hm™, respectively, compared with those in
treatment U. The accumulation amount of NO; -N in 0-100 cm soil layer in all treatments ranged
in 39.70-49. 93 kg - hm™, and was the lowest (39.70 kg - hm™) in treatment PU,. The N re-
lease pattern of PCU60 under field condition better fitted the N absorption characteristics of winter
wheat.

Key words: winter wheat; coated controlled release urea; growth and development; NO, -N.
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R, T4 B AL 9 A0 A B e kL R 2.5 ~ 8
A O o 3 RO A i Il
0.15% "7, FEH T 2B M (B 5w B A6 I 85 3 K
RAFIEAE AR O e, B R R R T
FIRIFL AR AR B AR ™) Br A 7= 1) f s g DR R
Yok @R 1.5 ~ 1. 6 5, AR M FH Rt T
PSR IR A0, AR FH AR R, B — A s R A
RHR e A FFE D45 A4 B R 73 IR ZR BT DL
MRAE A FEY A B WA T IR R KR R 35 40 B
JICH R A REAHEC G FH |, A BB 500 5 7% 2k iy ik
R P A 3 T R P i ) B A R 52
Fr 2 DURZ A F B AR, 48 TR 3 38 Ak AE i 5 1)
PR BB B

I, 4w s it JBE s e I X & /N 22
OB N EE RIS VAR T 61 R E1; iy = &'
NIEAK & R BRAG ez MELIAEA ™ R TE B
IR BAETT S LA N B4 R BB I B A
F IR 15% ~30% ) AR AR XA, 4k R
¥ 3% AEXH N PR B 52 5500 1 5k = R 58
5T, Rt A SRR A/ N2 I R sh Y 7E R
Az 7 R PR AN 6] EL A1 ) B S AR DR 2R 5 33 PR T
BHiE, L5 AT TN TR ks IR R R
- HEAEAS R RS IR B PR 2R (B SRR AE A
AV Ty B A/ INFE A e v i A A R R 3R AR (L
WA

1 #HREFEE

1.1 AR

IRET 2008 4 10 H ZEIIARE L TR B
WFFE BE i S R A 7. A i) B s e PR 2 b ot
R R AR A BR 2 BT 2008 4F 2 A A= B
H60 d, R IR R R 8.3% , T A 2
42.2% . BEAVEY) A /N FR L 23 HIFEVEY) W E
Tk R E N 0 ~ 20 em HHEA PR
12.27 g « kg™, Bk fift & 82.40 mg - kg™, £1 BB
29.40 mg - kg™ HEALHP 111. 70 mg - kg™' ,pH 6.9.
1.2 REsit

IR FHBEAL X 4% 3, /NX T AL 4.0 mx
6.0 m,/NEFPRIEETE 1.5 m, BElE N THERD 6 17,47
#0.25 m, B0 FEAD 4 mE 3 IRER. % 6 PMALHE,
1)CK, , Nt EAE ;2) CK, , > B it AT, 60% 58 JR &
(U) i, 40% U 4515 W18 it ;3) PU, , 10% B
60 d IR R JR R (PCU60 ) +90% Us4) PU,,
20% PCU60+80% U;5)PU,,30% PCU60+70% U;

x1 BREHEEAR

Table 1  Fertilizer application scheme in different treat-
ments
Jb 3 it i e i
Treat- N application(kg - hm™) P application K application
ment B B (kg - hm™) (kg - hm™)
Basal Dressing

application  application
CK, 0 0 196.5 220.5
CK, 173.7 115.8 196.5 220.5
PU, 289.5 0 196. 5 220.5
PU, 289.5 0 196. 5 220.5
PU,4 289.5 0 196.5 220.5
PU, 289.5 0 196.5 220.5

6)PU, ,40% PCU60+60% U. HAifE AL UL 1. £
Jids R PR AR A . PRI AR RE IR BB 45 5 g, 3
A1 mm B BRLAS FR s 1 8 (R AR AT
HOIREE 10 ~20 em, il AR R, 3 21 48 BAAEF
A H 3 4%,

MR A /N T 2008 4F 10 H 12 HIEFRR LA
150 J3 % - hm™. 4% 4b P 40 &( 289.5 kg + hm™
(CK, AWEENE) , 4ii# (P,0,)196. 5 kg - hm ™, Zji#f
(K,0)220.5 kg « hm™. i 47 HE 7% Bl fE LA —
WA . BRENEAN , 4R FER 045 18 EDE K 1 IR,
B AN A /N o AR I R AR R A T L
1.3 FFa R BN E vk

TN T = R RE K AL
VEE SR LA IR R AR SR T E I 8 4 R
FHZEMRE N F S IR R AE 25 °C K th AHEAE
M R R . I B IR R AR 5 R
R — AT — s S W T N, =N, [1-
exp(—kt) J"POREATRE R, Hodr, N, R R K
R IAL Ny =100% , T 00 B B AR rp 35 0
AL 1009% B, AH S5 BR i B K BE I 2] 100%
R, AR 75 B R — gl ) 2 Oy F vl
FARN N, =100[ 1-exp (k) ]. .k R
HREH e EHE ().

T /IN DX R BORE DX Bl H 3 4l B S7 BV
F 480 BUREREE 7 0 ~20 .20 ~40 .40 ~ 60 .60 ~
80 180 ~ 100 cm, & 5 J2 , AN [A]J2 WY 5 kE i 3t
11270 A~ - HEAS A A & R FH 220 80 43 BT A
(TRAAS—2000/CFA, £ [ ) i &', 7 U 4K 71y 1)
1 ~2 dEANE A 3 A (2 15 m?) Il 44/
22 AR AR Y] IBOCAR SRAE Y I mE SR 3™ I B
PLIEEL 30 FEAE RIS T2 25 A I R B50RN T
A RIEH R R ZE A, A0 AR
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TR 2% = (it 0 X R0 — TG R X IR R o ) /i I o
100% "7 ; R RAT R LIREFHED B FA
ATTIRR , HI AN . R R = TR X
A/ A IX WA X 100%
1.4 Hdmabi

BORGE 43 B 0 B SPSS 17. 0 B4k #6417, R
LSD J5 ikih A 725 55 W & PR 5.

2 HRE5HMH

2.1 (R REIR R 5% 08 R 3R A S X A /N2
A B AR AR AU AR Y 52

Jiti P RUIE S5 A4 /N2 R 3 A R o b S . A
WA ERNEN T, 5 CK, M, AR IR R
53690 R FZ A Rt A PR R B R AR
SRR . PU, BEFW /L ;PU, PU, PU, &
. AR BER R L B R PR A R BB L
PR PR F AL 93 i 84 Jn. PU, (PU, \PU, (PU, b
B )RR R R B 22 5 W, Ho PU, 8IK, PU,
e NEFRBEARRBERE,PU, &, N
61.5 kg « hm™, b 35 /55 T4 5 4 ¢ R 28 At 45 4b
O E Y CK, Ab3TC 35 k25 5. U B 75 W] — it A
KT, Bl A AR R PR 25 RT3 N | A b
AR SRR, A RS E P ARKE &

RRAR, U2 DR P B 40 T s 384 0.

5 CK, MLk, PU, & NEFIH R B E AL
6.5% ,1fi PU, .PU, .PU, 735 {2 E 1500 3. 3% 4. 8%
8. 1% ;PU, B HIEAMATH W E = 6.5% , 1fii
PU, \PU, PU, 435l i EREAK 3. 3% 4. 8% F1 8. 1%
(% 2). B A PRFE A A5 B IR = T i 35, /UIE
I FH 228 388 T 1 - 398 SRR A R 2 T R
2.2 B RIR R 500 IR R A B X A /N A2
AN A T B 3 R 2R B S

MFE 3 AT LUE SR L B GRS R R
AN, A/ INAZ IR R B - IO 2R A Y
I, &5, PU, PU, . PU, 5 CK, [ JCHE 25,
BRERSW.PU, PU, 5 CK, MR F2ES,PU, .,
PU, It CK, ®EH N, PU, \PU, X PU, \PU, &1
s, PU, PU, (PU, [BI G225, =& 47
It PU, .CK, W3EH N, PU, 5 CK, [H)JC 23525,
e, PU, I CK, B3/, PU, PU, PU, 5 CK,
TR FEES ,PU, PU, PU, [L PU, 21N, PU, L
PU, BE 8 #EK I, PU, (PU, (PU, (CK, [A]JC .35
Ze5 HY B FH & T PU,HOGR, PU, (PU, (CK, [H]
TR EES AR EST PU,, BET PU,.

R2 TRKEBZNERAPERZRRE REARARR TBERKER

Table 2 N accumulation, recovery rate and soil dependent rate of different treatments at maturity stage

Ab B AR B R FPRLA R B HIAE AR B RICH A TIEAURAE R
Treat- Total N N accumulation in kernel N accumulation in vegetative organs N recovery Soil N
ment accumulation -y HEANE ST -yt B BAMTE S rate (% ) dependent rate

(kg - hm™) Accumulation Percentage to Accumulation Percentage to (%)

(kg - hm™?) total N (kg - hm™) total N

CK, 216. 5e 178. 7f 82.5 37. 8e 17.5 - -
CK, 323.4c¢ 264. 6d 77.0 58. 8ab 23.0 36.9c¢ 63. 1c
PU, 304. 4d 253. le 77.1 51.4d 22.9 30.4d 69. 6d
PU, 332.9b 271. 4c 76.6 61.5a 23.4 40.2b 59.8b
PU, 337.4b 279. 8b 78.0 57. 6bc 22.0 41.7b 58.3b
PU, 346.7a 292.2a 79.0 54.5¢ 21.0 45.0a 55.0a

[F) B AS 6] bl Fe /R 25 53 8.3 ( P<0. 05) Different letters in the same column indicated significant difference at 0. 05 level. FIA] The same below.

x3 FARLEBZNEETEEFTRBHEZEL

Table 3 Total tillers of winter wheat at different growing stages under different treatments ( x10* - hm™)

4k 53 ATt RS P AL Ll Weg

Treatment Before winter Reviving stage Booting stage Flowering stage Filling stage Ripening stage
stage
CK, 581. 5¢ 921. Oc 912. 0c 509. 0d 480. Oc 467. 5d
CK, 803. 5a 1454. 0b 1359.5b 632. 0ab 612. 5a 584.0b
PU, 800. Oa 1443.5b 1352. 0b 583.5¢ 558.0b 545.0c
PU, 789. 5b 1466. 5b 1407. 5a 622.5b 596. 0a 582.0b
PU,4 814. 5a 1501. Oa 1428. 0a 630. 5ab 603. 5a 588. 5b
PU, 809. 5a 1520. 5a 1438. 0a 643. 5a 611.5a 599. 0a
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AN, Mo LA e R k. 5 CK,
FHLG, PU, b b 38 8 2E W 5 7E = -4 e 8 e, B
TC i 2525 5, VE S - OHR ) 25 FRAIG; PU, b 13
AR R, E R E LR RER Y-
P B E L AR T B 2 R PU, M
A AR B RO I R R AR
Widse s R 2 22 5% ORI B S5 4R 5 PU, M
TR A B R 0 R, e R
T E 2SS W B .

PU,>PU,>PU,>CK,>PU, >CK,. PU, 4bHA:/\ AR %L
599 U7, Gk e T LA AL 3 5 40 MR R R R A B A
o B i 7 L B S TG s A B R R PR R A
TR E L 5 T CK, 2R3 Hodh L PU, Ab B H5 7,
J54.1 g. A UL PU, \PU, PU, AbF4E/N R AR
R IG INORAIE T = s 3G, Hodr U, A3 AY
A INFZ PR (8748, 1 kg - hm™) & T CK, Ab#.
2.5 BERERIRRARE HRHE

SRR A K 25 °C ¥ H R [E]HE A i 1) O
PGB 25108 0.995 F10.977 (1), SEK %=
KU LR T 1) RS e IR = W I 52 A0 05 1 2y

100 ¢
3 4 AL L, PU, 43R R ~ -5

59910 « hm™ , Hb_I- ¥ 24 E M1 M 17746 ke + hm™, § "

ST T A A AL T PU, AT 23

545%10* - hm >, Ho F 3552 9tk 15838 kg « hm?, KT ol

ST SADAS HEALAL L. o WL SRR AL £ 45 £,

1 AN BRI JHFE 2 00550 , AR TA K

S JA A 23 BE R0 DR 3 ek B AR B AT 4 7 % 50 100 150 200 250

B i &/ IN AL BN T RV BSOS B v 7 A A
fiiti 2z —.
2.4 AUJBEPRORE IR 3R 5 T E PR R E G R I & /N A
Fe i L AR R T S

HIZR 5 ATLUAR A A B 2 /NA - b R BN

x4 FRALEBEZNEEAFEFTHRBM EREEYE

X # Days

B 1 R R R AR BPUA RA— 28 I % Uy A i
2
Fig. 1
nitrogen release rate from controlled release coated urea.
S: KH Field; W #/K State water.

The first-order kinetic equation curves of accumulated

Table 4 Aboveground biomass of winter wheat at different growing stages under different treatments (kg - hm™)

Sb 3 = i i £ P A I LierR
Treat- Trefoil stage Before winter Reviving stage Booting stage Flowering stage Filling stage Ripening stage
ment stage

CK, 510b 630d 750¢ 2940d 5104c 7859¢ I1111e
CK, 570ab 795¢ 945b 3390¢ 7369ab 13040a 16509¢
PU, 615a 885bc 945b 3450c 7172b 11345b 15838d
PU, 610ab 900be 1170a 3765b 7222ab 12885a 16798bc
PU, 630a 930b 1155a 3900ab 7565a 12911a 17262ab
PU, 660a 1080a 1125a 3955a 7539a 12860a 17746a

x5 FRLEMNZNEFER AN ETFHIRM

Table 5 Effects of different treatments on yield and yield components of winter wheat

Qb AL TR Tk E SR 7= Increased rate( % )
Treatment Number of Number of Mass per Average yield I CK, B4/ g I CK, He7=ht
ears grains per ear 1000 grains (kg - hm™) Increased yield Increased yield

(x10* - hm™) (g) 0 CK, to CK,

CK, 467.5d 30.9e 49.8d 6716.7d 0 -

CK, 584.0b 35.9be 52.5¢ 8285.2b 23.4 0

PU, 545.0c 34. 6d 54.1a 7385.2¢ 10.0 -10.9

PU, 582.0b 35. 0cd 53.5ab 8396. 3ab 25.0 1.3

PU, 588.5b 36. 5ab 52. 8be 8618. Sab 28.3 4.0

PU, 599. 0a 37.2a 53. 0be 8748. 1a 30.2 5.6
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Table 6 Economic benefits of winter wheat under different treatments

Ab B PR FeE FUL AT AIE A FEY N SEIDIE N E PN
Treat- Yield Yield value N application (kg + hm™) Cost of Labor input Net income
ment (kg-bm®)  Guan-bm®)  ppEigx @iRREE Netler  (uanchm?)  (uan - hm?)
Urea Controlled-release ~ (yuan + hm™)
urea

CK, 6051.9 10288. 2 0 0 0 0 10288. 2
CK, 8285.2 14084. 8 629. 4 0 1258.7 300 12226. 1
PU, 7385.2 12554.8 566. 4 68.7 1359. 4 0 11195.5
PU, 8396.3 14273.7 503.5 137.3 1460. 0 0 12813.7
PU, 8618.5 14651.5 440. 6 205.9 1560. 7 0 13090. 8
PU, 8748. 1 14871. 8 377.6 274.6 1661. 4 0 13210. 4

TNIRFEMHELL 2008 4F 10 AT M I8, & /NE 0 L 2009 4F 7 F TG 4% 1530, 3% 58 BR 3 2000 JC - 1,60 d B HICHH 14 fu B8 PR 3%
3500 7T - 7! JIBARSY B S #EA 300 T - hm™2 ,2&/NFE 1700 T - t™! Data in the table were calculated basing on average market price with conventional

urea 2000 yuan - t~! | release duration of 60 days controlled-release urea 3500 yuan - t', labor input 300 yuan - hm™2 , winter wheat 1700 yuan - t~'.

3.3% ,28 d N 60.4% ,48.6 d H 80. 0% ; H [A] 31 4%
I BB R B IR R TR - s i R 1. 6% ,
28 d M 16. 1% ,243.2 d 7 80. 0% . W fsfs e IR
RAEHE 243 d AR BRUAH T 80% , B IE K
FALER 2 ME 1K) 48. 6 d. Ho 3&Fh-=1111 (30 d)
RE BB 17. 4% ; =M W-HRH7 (50 d) , B &R
FRWH 23.2% s FETT-RE M (70 d) , AE ZH
21, 7% IR (29 d) , AR RRUE
6. 6% ;KT MW-HEWI (26 d) , A K BRFEL 4.9% ;
PACHI-HER I (14 d) , AR BB 2.3% ; HEHK
- (25 d) AR RIREH 3. 7%
2.6 AN[EIAbBRA/NZ A TR AR

M6 LA H, 5 CK, #H, PU, . PU, , PU,
1 PU, ENE LA 430 42 55 100. 7.,201. 3,302. 0 F11
402.7 76 - hm7?; F LA PU, & 2> 1030.7 JG -
hm™,PU, . PU, 1 PU, 43 5|34 )i 587.5.864.6 A
984.2 JG - hm™. Hrf PU, ¥t AIEMX T CK,, PU,
TR AR e, HL B A BRSO PR R R 3, /IR
A ARG N, L0808 AR . =R}
(AR — i L3 AR e 2.5 ~ 8 £ Bl F
A SR AL R R IR 2R, B AN A A LG IR R
1000 ~ 1500 TG, 4&/IN37 4 i ol il FH £ B4 kIR
FNA K, SR AR BAR D i R IR R S
38 PR 2 e A it G BB W A /N X AR R,
MAE/D T RS e AR R P i 5
Bl 18 Al 1 B e 3
2.7 AU RIR 2R 5858 IR ER B A XA [F] 4
2 IS A A S R

MR T FIE 2 T LLE RS )2 45 it I Ak 2
A A BB M S EA L CK, B, e CK, &

FIRAG7E 0 ~100 em )2, S PRRS SR SRR T
CK, W2 m , H B A B R R 22 6 i 35 A v
k. 7F 40 ~80 em + )2, CK, . PU, . PU, PU, PU,
MRS R A — BRI, 70 5 26.95,24.62,
23.80.22.43 F122.54 kg » hm™ 433 5 0 ~ 100 ¢m
T 2SR B EER 54.0% 57.3% .55.8% .
54.7% 1 56. 8% .

RT1T AEATEREHSEREE
Table 7 Accumulation amount of nitrate N at different soil
depths (kg - hm™)

Ab 3 IR Soil depth (em)
Treat-
ment 0~20 20~40 40~60 60~80 80~100 0 ~100
CK, 4. 4f 4.1d 6.9e 4. le 2.3cd 21.7e
CK, 9.2a 9.9a 14.8a 12.1b 3.9a 49.9a
PU, 7.3d 8.5b 12. 0c 12. 6a 2.5¢ 43.0b
PU, 8.2b 7.5¢ 14.3b 9.6d 3.2b 42. 6b
PU,4 7. 1le 8.2b 10. 6d 11.8b 3.4b 41. 0c
PU, 7.5¢ 7.6¢c  11.7¢  10.9c 2.0d 39.7d
WAESR
NO,™-N content (mg * kg™)
00 1 2 3 4 5 6
. " . . ok
= (K,
20 —= PU,
- PU,
— PU,
40 —e—PU,

+ BB Soil depth (cm)
D
(=)

[~
(=}
T

100 -

2 BHEHEO ~100 em 2 LIRS A
Fig.2 Distribution of NO; -N in 0—100 c¢m soil layers under

different treatments.
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WO R, Cabrera ™ A, TIN5 1Y 2 B B2
IR SR o B R 5 — R 8l g 2 5 R A AR
U M6 R BRI 3K

A R TR DR R IR 4 IR i 5 L A2 R K o B
i), H7E 38 75 /K i 1 R R5 K i 40% B, 37 4)
B Z 8 B B 5 g 2220 ARG v &N A A
AEB Y, RERBE W AL B 195. 2 mm, HACHT LR
A1 HE DK — R, K FITE K B REAS T L &
INFE XS IKAT TSR BRI, 3K A S A R R A
JE B PR R R A R IR L S A1, 4 2008 -
2009 FFARL TG FOR, /N A KW B3R
8.5 C il e g = i 25 °C, H [A] HE AL I
SEM AL IR B IR R R 01 R 5 25 CHiKIE
I E SR L AT BT R, U TR
M A X 06 B 4 B DR 28 35 B 1) R B R -4
MREARIE T, AR B IR 3R 97 40 BRI R 1 2 T B
X5 Cabrera'™ fUHF5E 45 5 —3%.

AR i LR B R IR o0V R &
VPR SE I ZE A 0 T 10% ~40% FH i i A [
FEREPR R (CRETIU 60 d) 5838 JR 2 e & H i 7E 4
INFZ TN AR 25 R B AR R R 2R
SN, AL B PR 25 A0 B TN L8 B A 2% Y 4
i AH A X 40% LA b (A4 R B IR 3% 538 38 R
B FEXT A& /INAE 77 ik R0 28 B A0 2 1452 R EA T AR 5.
LREVE T 50% BAREBRA RS 50% ¥ # R
RHCA FEH T A/ NFE R, 25 SRR I | 535 > 15
TR AR Fb, & /22 7= i N, 2R AR R
566.4 JC + hm . ARIS P, AL B IR R AE SR
40% W51, 20530 43 i EE 55 984. 3 I + hm ™. )
FINIZERFSE T 70% 50% 30% YRR A Z 4y B S
30% 50% ,70% & 3 A 3= Be A 5L il X 2 /N2 1) 5%
i, £5 R, 5 100% %30 JR R A L, & /N E 7=
BN R AT A B Az Y. R, DA E T
WFIREERAT | & /INA7 20 3R S R it b 491 30 AR X A
FE BTSSR 40% LU AR A E N A
TR AT IR
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