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Abstract; The effects of mixing controlled—released urea( CRU ) (release period of resin coated urea is 90 days ) and urea(U) on maize yield,
nitrogen use efficiency and nitrogen balance were studied by 4 plot experiments (site: Shuangcheng, Binxian, Harbin and Zhaoyuan ) in two
years (from year 2011 to 2012) to clarify the effect of controlled release urea on spring maize and soil nitrogen balance. Results were as fol—
low: Spring maize yield and nitrogen absorption were increased with the increasing nitrogen fertilizer. Compared with applying urea treatment,
applying CRU could increase yield, nitrogen absorption, nitrogen use efficiency, agriculture efficiency of nitrogen and nitrogen contribution
rate. Under the same amount of nitrogen (100%, 75%, 50% ), compared with 100% U as basic fertilizer treatment, maize yield of 100% CRU
treatment increased 391, 427, 291 kg-hm™, nitrogen use efficiency increased by 5.9%,4.9% and 5.1%, agriculture efficiency of nitrogen in—
creased 2.0, 2.6, 2.6 kg-kg™, and nitrogen contribution rate increased 2.7%, 3.1% and 2.4%, respectively. The value of maize yield, nitrogen

absorption, nitrogen use efficiency and agriculture efficiency of nitrogen between the treatment four(40% urea as basic fertilizer+60% urea as
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topdressing) and treatment five(40% urea plus 60% controlled release urea as basic fertilizer ) were similar. Apparent profit and loss of nitro—

gen decreased with the increase of nitrogen nitrogen fertilizer. Nitrogen apparent loss by applying 100% controlled release urea was reduced

of 15.0 kg -hm™ than applying 100% U treatment; Nitrogen apparent loss amount was decreased of 23.9 kg -hm™ under treatment five. The

method of mixing 40% urea and 60% controlled release urea should be applied in maize production in Heilongjiang Province.

Keywords: controlled—released urea; spring maize; yield; nitrogen use efficiency; nitrogen balance
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Figure 1 Month rainfall depth during the growing season of maize in different experimental sites
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Table 1 The experimental treatments and the rates of fertilizer(kg+hm™)
AP Treatments N P,0s K0
SbF 1 At N AE 0 60 75
iSLip) WA AR (AR R ), — Mt 175 60 75
AbFE 3 W i (R IR ), — I B 175 60 75
LbF 4 40%-38 PR R AF AT HL , 609315 B AL 175 60 75
AhEE S 40% 58 IR R +60% 5 BIR R IR G — UMk Lt 175 60 75
AbFH 6 MEAF R 75% (FEREIRER) , — UL it 133 60 75
4bEE 7 WEAER R 75% (EHE R ), — At 133 60 75
AbFE 8 WA 1 50% (FERERER ), — M TE it 87 60 75
AbFH 9 WA R 50% (EHE R E ) , — Ut At 87 60 75
2 0~20 cm + EHEK HIEEARE LR
Table 2 Basic physicochemical properties of soil in 0~20 e¢m layer
(0 Year im,g DH i AL E)M/ e N availible N/ TSR N(f)];—N/ AR NI-E*—N/ B P availe:hle P/ #A K availible K/
Locations g-kg mg-kg mg- kg mg-kg mg-kg mg-kg
20114 XU %A 6.63 382 187.9 212 7.5 29.4 1732
HEARGER 8.07 29.4 151.2 17.9 6.8 19.3 162.8
20124 mHBJH 611 35.7 138.4 16.5 6.1 50.2 152.1
M/RERFES 654 33.1 122.6 15.7 52 48.2 183.0
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Figure 2 Nitrogen released curve of controlled—release urea under
different temperatures
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Ab TR I RGN FOK T a, He Ab P 438 R R 40%
KL, 60%3B 7 ) S FE 5(40% 30 R % 5 60% 3 R IR
RIREG UL ) £ K™ 5530 F- 4 58.4%F1
54.8% . 1EHAE A KT T (100% .75% . 50% % T
i), FEt R 2R L St i PR (Ah B 3 b P 2
FHEE A0 EE 6 SA0FE 7 A EG A0 8 S40FE 9 AHEL) &
KAF- 2488 77 319 427 291 kg -hm™, 3477 R 5 i Ky
3.6%.5.4% .3.9% ., PUASRE ST LIAL I 4 FAbHE 5
TR R TEA RN 2 GFERE 100%
et FAEFE 3(FERRIR &K 100%FE0 ) o e op WUk L 22
B MRS 4 IX, DIALTR 4 Rk i H 5 4070
S5rrEESALE . SRR IX,40% IR E S
60% B IR R IR G — UM SRR e A, 77 138 9 360
kg+hm™,
2.2 ERBRRENEXRRIEF AR

AN 7] it A Ak P A KA PR TR R R A B Y 22
S (F4), MR AR LA TR R AL 3
— 3, B PR R AE R R R . LAAb R
4 FNALFE 5 7 Ab P K o W R o v T AR 3, H
WAL PR 2 7] 25 528 1. 25 o R TR RIS AR A ] =008 FH
ST (100% . 75% 50% BN L), R IR R AP &
DK PR R0 2 W S v T3 R R A 3L e 1009 1
T5% RN, FEREIR 2 AR WG 8 R 2 43 5]
W 10.3 kg+-hm™ 6.5 kg'hm’z(ﬂ‘fﬂ 3 54b3H 2 #H
Fb, Ab3 6 55403 7 A EL ) B A AR PR 25 AN 2

FEENE 100% B 44T 4 MR SR/ N
AbFE 4 FNAb3E 5 FEHF A (3£ 5), Horp iU
55 25 N 46.9% F 45.5% , ZE AR K A 41.3%

* 3 ARIERAEXEXK =R Z M (kg-hm™)
Table 3 Effect of different N managements on maize yield(kg+*hm™)

Kb 2011 4 2012 4F

Treatments XU Shuangcheng HEY5 Zhaoyuan 2 5L Binxian /K Harbin
AbFE 1 6 345+217e 5 321+421e 6 976+473e 6 345+544e
AbFH 2 9 064+312b¢ 8 254+467¢ 9 483+398bc 9 064+649hc
AbFE 3 9 439+253hc 8 515+503b 9 746+467bc 9 439+634bc
AbFHE 4 10 745+432a 9 204+476ab 10 379+542a 10 745+465a
AbFH 5 10 430+654ab 9 360+538a 9 925+392abh 10 430+528ab
AbFHE 6 8 495+439bed 7 458+374cd 9 615+586bc 8 495+485bcd
AbF 7 7 865+276cd 7 253+345¢cd 9 374+640¢ 7 865+432cd
AbFH 8 7 689+426d 6 987+578d 8 778+345d 7 689+489d
AbFE 9 7 394+346d 6 754+520d 8 437+456d 7 394+387d

T : [RS8 sp AN [ 7B R A BRI 22 5 .25 (P<0.05) . I

Note: Different letters in the same column mean 5% significant difference among different treatments. The same below.
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Table 4 Effect of different N managements on nitrogen absorption of maize plant(kg+hm™)

Kb 2011 4§ 2012 4
Treatments B Shuangcheng R Zhaoyuan = H Binxian /K15 Harbin
AbFE 1 98.4+10.1e 87.4+9.8e 118.3+4.5f 110.0+6.6f
AbFE 2 159.1£9.1b 139.4+10.4bc 177.3£12.1be 151.3£8.9bed
Qb3 3 164.8+4.7b 153.1+7.3ab 183.9+4.1bc 166.4+15.3abe
Qb3 4 180.4+11.5a 159.6+13.3a 195.7+13.5ab 170.5+11.1ab
AbEE 5 178.0x£11.8a 156.8+11.2a 198.2+14.0a 181.1x13.3a
AbFE 6 146.5x11.2¢ 139.8+9.1be 170.9+£7.7cd 150.7+14.3cd
Qb3 7 140.7+8.4¢ 129.4+7.5¢d 166.3+7.8cde 145.4+9.8cde
Qb3 8 134.7+9.4cd 121.8+5.4d 153.6+13.5de 142.1+4.3de
Qb3 9 127.5+7.2d 116.7+11.4d 151.4+2.0e 138.9+11.2¢
x5 AABRLEERNEZF AME
Table 5 Effect of different N managements on nitrogen use efficiency
i s Jb3 AIEFIHR AMERZFRCE ANETTHRR || el 4B RS R ERCE FUE TR
Site  Treatments NUE/% ANUE/kg-kg" N FCR/% Site  Treatments NUE/% ANUE/kg-kg™ N FCR/%
T AbH 2 34.7+5.6bc 15.5+3.5bc 30.0+5.2b AR Ab¥E 2 29.7+5.2e 16.8+2.7bc 35.5+4.6b
AbFE 3 37.9+5.9b 17.7£2.1b 32.8+6.2b AbHE 3 37.5+5.8bc 18.3+£2.6b 37.5+7.1b
AbHE 4 46.9+7.5a 25.1+4.9a 40.9£6.7a AbHE 4 41.3+6.4a 22.2+3.7a 42.247.9a
AP 5 45.5£6.3a 23.3+6.2a 39.2+6.4a AbFE 5 39.7+3.8ab 23.1+3.4a 43.2+6.5a
AbHE 6 36.2+5.2be 16.2+3.5b 25.3+3.5¢ AbHE 6 39.4+4.5abe 16.1£3.6bc 28.7+4.6¢
AbEE 7 31.8+4.6d 11.4+1.1d 19.3+£2.5d QbR 7 31.6+2.8d 14.5+2.6¢ 26.6+3.5¢
LS 41.7+2.8ab 15.4+3.2be 17.5£2.9d AbFE 8 39.5+4.2ab 19.1£2.1b 23.8+2.8d
AbFE 9 33.4£3.9¢ 12.1+2.8cd 14.2+1.7e AbFE 9 33.7+4.3¢ 16.5+1.6bc 21.2+2.4d
wH 42 33.76.3d 14.3+3.2¢ 264+7.3cd |FA/REE  AbHE 2 23.6+3.4d 9.9+0.9¢ 19.5+3.2¢d
AbFE 3 37.5+5.2¢ 15.8+1.2¢ 28.4+6.1bc AbHE 3 32.2+3.5be 12.6x1.6bc 23.7+3.6bc
Qb3 4 44.2+8.6a 19.4+3.9a 32.8+4.3a AbHE 4 34.6+4.8b 17.3+2.5a 29.8+4.8a
Qb3 5 45.7+7.2a 16.9+4.8bc 29.7+3.8ab QbR S 40.6+4.1a 14.9+3.1ab 26.8+4.1ab
AbFE 6 39.5+3.2abc 19.8+3.6a 27.4+1.6bc AbFE 6 30.6+3.4¢ 14.7+1.4ab 21.5+2.9bed
AbFE T 36.1+1.9¢ 18.0+4.7ab 25.6x4.5¢d AbFE 7 26.6+3.1d 12.4£0.8be 18.9+1.8de
AbHE 8 40.6+6.9ab 20.7+5.8a 20.5+6.2d Qb3 8 36.9+3.2ab 17.5£3.0a 17.6£3.2¢
Qb3 9 38.0+3.7bc 16.8+1.2be 17.3+£2.8e Qb3 9 33.2+1.5be 17.0+£2.7a 17.2+2.4e

39.7% ; =2 BRI 5K 44.2%F1 45.7% , W IR TR I i
N 34.6%FN40.6% ; W /RGP AL PR ] 26 55
& A AN ) 2 FORN B . AR AR
AHE ZIE S 2 F (100% . 75% . 50% FHE &) , 5
Jit 7 o PR 2 Ah 3L A it K 38 PR 2% Ah B R IE R 2R
14 B 5.9% 4.9%F 5.1% . 4 R 5 44 b FIA
NE A 235 3 5 FE R 2648 AR S AARTA] , [RS8
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A 3 PR 2R A PRI AR 2 3 3 34 43 R i 2.0.2.6
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PRI WK MR FORFEAR A K, B3R
WA R TR, 45 G R e VAR TR AR 2= A S fi

F6 EXLEFH 0~80 em HIEFHEFHE (kg-hm™)

Table 6 Nitrogen balance during the growth season of maize(kg*hm™)

4 A N input

Rl N output

RSt TN RAEWE 5 =
ol e R R WRTICRE Toal N g BHTRE gagempk Nitogen
N supply mineralization mineralization mput N crop uptake mineralization N apparent loss  surplus
b3 1 0 90.5 1152 2057 103.5+13.5f 102.2+12.6¢ — ~115.2+10.6a
ghEE2 175 90.5 1152 3807  156.8+15.9¢ 148.6+14.8ab 753+7.1a  -39.9+5.7¢
4hEE3 175 90.5 1152 3807 167.1:12.7b 153.3215.1a 60.3£6.5b  —54.9:6.8d
ghEE4 175 90.5 1152 3807  176.6:153a 141.4213.9ab 627£6.7b  —52.5:6.5d
fEEs 175 90.5 115.2 3807  178.5:17.0a 150.8+15.4a 514+59¢  -63.8+7.2¢
e 133 90.5 1152 3387 152.0+13.4c 138.2+13.6bc 48.5¢42¢  —66.7+6.8¢
ghET7 133 90.5 1152 3387 145.5:15.4d 134.6:12.9¢ 58.6+57c  —56.6£5.5¢
g8 87 90.5 1152 2027 138.1:133e 127.810.9¢ 268391  -88.4+8.6h
aEY 87 90.5 1152 2927 133.6£14.9¢ 118.4=11.9d 407+43d  ~74.5+7.8b

T R AP RIE A 4 A I, RIS B0 T AN R] 7 1R AR B E) 25 5 2. 35 (P<0.05)

Note: The value is average of four experiments, different letters in the same column mean 5% significant difference among different treatments.
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20174% 3 A

AL, T 609% 14 R 25 FIER 4328 4 1 -3 PR R )
R AR W 2 R R R TR 0 oh B IR R
A SRR 7E2E B Wt B A 4R Rr KX
REFTTR .

RGN R B DR RO AR o Ry
U, A GG BT 45 SR F B, Lt e R S it
W PR ZF N T AR T, L 100% 3 it 18 R R
MIAL PR R 5 B i i, H R R T RIR R
A PR R 2R 2R W A o e A PR 2 A 2 S I Y
TARRIEARAS PR R AL R R SRR E B T M
SR, S5 SRR ANl A B R T b ik,
1 T2 Bt AU i A, 18 R R FMAR S R gk
B, HEA R R U BB PR R i DD R R PR
it AE AN A BT ECRNE R AS 25 AR5 5% 1 () A
AR FRAE S At RS e 3 0 A I 25 SR
DA E AR 7 dat ik, 5% 1152 kg-hm?,
it EAE D T A R T e H i P A R AR5
33 R AR %, R it D SR P A R 1 R
R E A E TRl R . L SR AN R AR R
Bc 5 %o B KA T — IR R G AL RS, B gT A R
TS TR A N — W TR IR A BT F KX 3250 1
W AT 5 it FHAE B PR 3 R — U P i N B 4 e EUIE A
R Tr s R PR P 2 R R i
IR A A R A T, &8 R0 R R B
Jit AL S F8 B84 M g sk 2L, R AL S A T DA e A e
FIFR D B2k o AR IR AT 70 45 S 2 I, it L
i N 175 kg-hm? B}, & AR 7 6k 39.9~63.8
kg -hm?, F AU AL B 4 3K %) 52.5 kg-hm 2, — J5 1A
A B T AR 0 (14 RN R O A8, 55 — 7 Tt AT g
S Ty A e, AR A 2 A R 2T ARt IE Dy
3, BAEILHEGEE A 10 em, 38 ALt 7E 2274 , B i i [m]
BT IR R XA A Ty XA 2 3
NEAMI R BN, A5 R R FW 7 B g, R, 2
75 0] DATEIZ IR 50 U0 A JEAb 1 445 e A
LA T .

4 g

(1) FEAH R AR K |, B FOK ™ i FEAR A
RS R Bt it R AR IR i . EOK R A
PR A . RAERMAI A . AARFRCRAEAL T 4
(40% 530 PR 72 Fll 60945 FE PR Z AL NE ) FAb 3] 5 (3%
R E 40%KENELE A 60%3BIE ) 2 [ 24 5 i 2

(2)7EAH R A Z it FHAKE R (100% . 75% 50% %,
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REFHE), SLitida B R 3% FL Lt 3 R 2 FOK ™ 2
BI43 530 391,427 291 kg-hm?; B VA 2%
$EE 5.9% 4.9%FN 5.1% ; FNERFRHCEIE R 2.0.2.6
kg-kg™ H1 2.6 kg-kg™ s BIE TTHR RGN 2.7% 3.1%F
2.4%,

(3) R F ML K 13t i 5 20 ME P k%) 348 o g 34
p) TR0 Ve 7 iR e = Wi 2 =TT 2 A
55 100%3 38 JR 2 AEH AL — Uit A A HE , 10094 1
JREMEFR  409% -3 R 2 A 60% 1B IR R IR A VL
Ab 343 ) AT R R LA 2 & 15.0 kg -hm ™ 1 23.9
kg hm; At ZIE TR K B & 5k,

(4) N KT 5 R R R HRCRE AR R E T
M&Ea%IE, TERE GEBIRE 5L 40%F1
60% 1 LU TR 45 it FHAE S8 e VT8 KA 7™ 2T DA
e AME L R R
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