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Effects of combination ratio and application method of conventional urea and
controlled release urea on soil nitrogen supply and spring maize yield
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( College of Agriculture, Ningxia University, Yinchuan 750021, China )

Abstract: [ Objectives ] Unreasonable fertilization in maize (Zea mays L.) production in the mountainous
regions of southern Ningxia will cause imbalance between the N supply and demand. We studied the combination
ratio and application method of conventional urea and controlled release urea, in order to propose an efficient and
economically suitable nitrogen management strategy for maize production. [ Methods ] In this research, spring
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maize cultivar ‘Xianyu 698’ was used as the experimental materials, the controlled release urea (CRU) and
conventional urea (urea) were applied in different proportions and growing stages of maize, at the total N input
rate of 225 kg/hm’. The five treatments were: T1, no fertilization; T2, urea, 2/3 base applied and 1/3 top-dressed;
T3, 2/3 N (half CRU and half urea) basal applied, and 1/3 N in urea top-dressed; T4, total N basal applied in one
time (2/3 CRU + 1/3 urea); TS, total N basal applied in one time (100% CRU). The soil N contents and some
enzyme activities, and the maize plant N contents and yield were measured. [ Results ] In grain filling period of
maize, the NH,-N contents in 0—20 and 20—40 cm soil layers of T3, T4 and T5 were all significantly higher than
those of T2. In the 0-20 cm soil layer, the NO, -N content of T2 was higher than those of T3, T4 and TS5,
respectively. In the maize filling period, those of T3, T4 and T5 were higher than that of T2, respectively. In the
20—40 cm soil layer, the soil NO; -N content of T2 was higher than those of T3, T4 and T5, respectively. Those of
T3, T4 and T5 were higher than that of T2 in maize ripening period. The difference among treatments in the same
period reached a significant level (P < 0.05). In the jointing stage of maize, the soil inorganic nitrogen content of
T2 in 0-20 and 20—40 cm soil layers was higher than those of T3, T4 and TS5, respectively. In the mature stage
of maize, the soil inorganic nitrogen contents of T3, T4 and TS5 in 0-20 and 20—40 cm soil layers were higher
than those of T2, respectively. The difference among treatments in the same period reached a significant level
(P <0.05). At the jointing stage of maize, the urease activity of T2 in 0-20 cm soil layer was 45.8% and 54.7%
higher than those of T4 and T5. At the same time, the soil urease activity of T2 in 20—40 cm soil layer was
38.2% and 76.9% higher than those of T4 and T5. During the grain filling stage of maize, the urease activity of
T5 in the 20—40 cm soil layer was increased by 15.6% compared with T2. With the increase of the proportion of
controlled release urea, the later the activity of soil alkaline phosphatase reached peak. Catalase activity did not
change significantly in controlled release urea treatment. The average yield of T4 in the two-year experiment
was 6.89% higher than that of T2, and the relative economic benefit was 6.67% higher than that of T2. Principal
component analysis of soil related indicators and yields showed that nitrate nitrogen, inorganic nitrogen contributed to the yield most.

[ Conclusion ] Comprehensively, compared with conventional urea, conventional urea combined with controlled
release urea has more positive effects on the content of ammonium nitrogen, nitrate nitrogen and inorganic
nitrogen in the plough layer soil, coordinates the activities of soil urease and alkaline phosphatase, and improves
the nitrogen needed for the soil to sustain and stably supply the growth and development of maize.
Conventional urea/controlled release urea is applied in the ratio of 1 : 2 in the circumstances of equal nitrogen
fertilization, which can fully exert the advantages of the nutrient release characteristics and the crop nutrient
absorption, achieve the balance between the level of nitrogen supply in the soil and the nitrogen requirement of
crops. At the same time, this pattern could achieve the goal of high yield and high efficiency cultivation of spring
maize.

Key words: spring maize; controlled release urea; combination ratio; application time; yield
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Hikb T RN S, SNEINREE, Jbdh 3505142,
R 1060407 27", WK B 1660 m, J& HE 1 )5
T EWMAELILX, FRFEKE350~500 mm,
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Table 1 Physical and chemical properties of 0—40 cm layer of the experimental soil

Yy HHERE (gem’)  APUR (gkg) R (gkg) BUFA (mgke)  AMIE (mgkg)  HAMH (mgkg) Ak (gkg) .
Year Bulk density Organic matter Total N Available N Available P Available K Total salt P

2017 1.51 16.46 0.62 88.25 29.23 126.24 1.95 7.44
2018 1.49 14.59 0.69 88.25 35.23 142.24 1.95 8.74
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Xof RRDX oK b |- BRI UL Vi AL % 100%;

AEBL AR STHE R (fertilizer contribution ratio, FCR,
%) = (bt L X = i — X HR X 4 /)it &L X 77 4 < 100
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i, 2L ERE R Mini GAC /K AMSURHFERE HEAT 7K 43
W, FFEIR R R, P8R 14% KR M >
o MITIBGR Y FORFE L 20 FESEATH Bl AHXT Y
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B & H] Excel 2003, SPSS17.0. R3.5.1.
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NH,-N &k st A B R A 5 25 5%, K
W\ T2, T4, TS5 ACFE G ECT T3 AbFE; 16
T3, TAAHBERET T2 408, 5 T5 dhHERFAR
F, BRI TS PR T T4 LB, T4 Ah3E G
{5 T T3 R T2 Ab3H, R 25 it A A B0 ) 2 S O
WF; 20-40 cm +JZ, T2 F T3 ZbFRAESR M. K
w1 44 2 T T4 RN TS ARER, FEHILL T3 AbBR
T, HEFEET T2 MTS bR, FERE TS 435
FE T HAB AN, T3 A W E ST T2 M T4 A4b
P, LA )2+ NH, N & 28 (b Bl 158 1
FE TS HIRAE], T3 AbBEP)Z 43 NH,-N 5%
W, TEEMIZ)E T4 A TS 8, R TR
KB E KX NH, =N WAy 45 58, i T2 Ab34
B4 NH, -N &5 ERFRIY A BT T3,
T4 4b3,

2.1.2 £HENO,-N & & £3E/mR, FO8EL
HEMESASREFDF (P<0.05), £ 0—20cm t
2, BRI KM T T2 A FE T
T3. T4, TSAHR, 7EERAEMI . BERI . R

*2 LERESERREZERNAELE NH-N 220 (mg/ke)

Table 2 Effects of conventional urea combined with controlled release urea on NH,"-N content in different soil layers

+J2 (cm) b P PN ILNSE 1EI] T A
Soil layer Treatment Jointing stage Big bell stage Flowering stage Filling stage Mature stage
0—20 T1 6.28+0.83 b 9.64+1.25b 5.42+0.63 ¢ 8.28+0.10b 6.21+£0.28b
T2 8.87+0.27a 7.17+0.63 ¢ 6.81+042b 527+0.39¢ 7.15+£0.27 a
T3 885+0.31a 10.90+0.13 a 9.13+£0.87a 6.07+0.61 c 7.82+0.36a
T4 8.72+0.41a 8.93+0.38¢ 8.18+0.35a 8.67+0.45b 7.69+0.36a
T5 8.46+0.49a 7.52+035¢ 7.65+0.15 ab 11.99+0.69 a 7.71+0.87 a
20—40 T1 4.64+031c 6.40+0.31a 351+051¢ 495+031c¢ 5.05+0.16 be
T2 8.46+0.29a 6.93£0.66 a 3.93+£0.32 be 493+0.18¢ 4.92 +£0.28 be
T3 8.04+0.28a 7.05+033a 559+049a 7.87+£0.83b 448+021c¢
T4 6.96+0.45b 542+0.11b 4.60 = 0.92 ab 576091 c 5.39+0.53 ab
TS 6.90+0.27b 4.61+0.59¢ 4.10+0.26 be 11.01 £0.69 a 579+0.13a

# (Note) : TI—AitifIENo fertilization; T2—#H R &K 2/3 i . 1/3 iBjfi Urea, 2/3N was applied as basal and 1/3N as topdressing;
T3—1/3 RRIRE + 1/3 Wl R 2 HE0, 1/3 538 FR Z ZUEJE 2/3 N (half CRU and half urea) basal applied, and 1/3 N in urea top-dressed; T4—2/3
FERRIR K + 1/3 il JR 2 — I JLJiti Total N basal applied in one time (2/3 CRU + 1/3 urea); T5—#5Ff bR Z — R JLfiti Total N basal applied in one
time (100% CRU). £ HFEUE M F4E + #71fEZ Data in the table are mean value + standard deviation; [R5 5L G AN A/NG FREFORF— L 2R

[Rl4b B[R] 2% 55 B 3 (P<0.05) Values followed by different lowercase letters in column are significantly different among treatments in the same soil

layer (P<0.05).
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*3 LERESERKRRELENAELE NO,-N 2EHFIT (ng/ke)

Table 3 Effects of conventional urea combined with controlled release urea on NO; -N content in different soil layers

12 (cm) b3 P PNl R £ TN AN
Soil layer Treatment Jointing stage Big bell stage Flowering stage Filling stage Mature stage
0—20 Tl 22.09+1.00d 20.78+1.73 b 8.52+0.73d 19.20+1.18 ¢ 36.46+0.51d
T2 70.78 £2.12 a 2492+3.13a 11.64 +0.89 ¢ 43.18+0.84 d 35.87+0.28 ¢
T3 23.94+0.65d 16.68 £0.75 ¢ 1524+1.03b 69.03+0.41b 76.87+1.19 ¢
T4 50.15+0.99 b 12.00+0.07 d 15.41+£096 b 66.14+0.42 ¢ 85.19+0.88 b
T5 33.17+1.39¢ 21.81+0.74b 20.58+1.32a 92.75+0.16 a 97.73+2.59a
20—40 Tl 27.79+0.93 ¢ 19.17+1.10¢ 13.64+£0.93 ¢ 13.80+0.78 ¢ 20.90 +0.58 d
T2 86.68 £2.56 a 83.51+042a 3737+£0.59 a 32.72+0.57 ¢ 18.17+0.54 ¢
T3 61.25+0.82¢ 52.84+2340 21.34+1.39¢ 23.19+0.13d 2220+027 ¢
T4 66.65+1.71b 35.36+0.63 ¢ 31.15+£0.94b 59.33+0.48a 2473 +026b
T5 55.17+1.44d 21.79+0.73 d 17.36 £0.43 d 36.42+1.03b 80.08 =0.98 a
7 (Note) : TI—AJiilENo fertilization; T2—%3 JR E 2/3 HLifi . 1/3 Bjifi Urea, 2/3N was applied as basal and 1/3N as topdressing;

T3—1/3 #RIRE + 1/3 ¥ JRFE I, 1/3 il K E ZBJi 2/3 N (half CRU and half urea) basal applied, and 1/3 N in urea top-dressed; T4—2/3
PERRIRE + 1/3 ¥l JR E— Ik i Total N basal applied in one time (2/3 CRU + 1/3 urea); TS—## B K E —X HLjifi Total N basal applied in one
time (100% CRU). " EUE A FI{H + #57E25 Data in the table are mean value + standard deviation; [RIZEUE G R R/NG FHEERFE—HER
[RIAbBRIE] 2% 55 . 3% (P<0. 05) Values followed by different lowercase letters in column are significantly different among treatments in the same soil
layer (P<0. 05).

T3. T4, TS BB FEET T2 48, ¥ 20—40 T4, TS5 AbHrH B Em T T2 B, ZE6kE, 1E
em )2, FOREATH . RmiolOi . 768 T2 48 TR KWW B 2 1T T2 A PRAE 4 + 21 NO, -N &

BEMT T3, T4, TS5 B, ERERW . R RS TEAH LR, EERENZE
*4 LERESEBRRZLENTELELINESEHFNE (mg/ke)

Table 4 Effects of conventional urea combined with controlled release urea on inorganic nitrogen content
in different soil layers

+J2 (cm) b P KRBT 1EI] T A

Soil layer Treatment Jointing stage Big bell stage Flowering stage Filling stage Mature stage
0—20 T1 2837+227¢ 30.43+3.03b 13.94+1.14d 27.48+0.85d 42.67+028 ¢
T2 79.65+0.67 a 33.86+1.15a 1845+ 1.15¢ 48.45+043 ¢ 44.03+0.88d

T3 32.79+1.45d 27.59 +1.86 be 2337+0.96b 74.10+£0.33b 84.69+11.50 ¢
T4 58.87+0.22b 20.93+0.80 ¢ 2359+1.75b 74.82+0.51b 92.89+0.97b

T5 41.63+1.08 ¢ 29.34+0.33b 28.23+030a 104.75+0.65 a 105.45+12.79 a
20—40 Tl 3243+230e 25.57+0.49d 17.15+0.28 ¢ 1876 £ 1.17 ¢ 2596 £0.54 ¢
T2 95.14+1.55a 90.45+2.77a 4130+1.81a 37.65+1.36¢ 23.09+£1.07d
T3 69.29+1.04 ¢ 59.89+£0.56 b 26.93+0.88 ¢ 31.07+£0.88 d 26.69+0.93 ¢
T4 73.61 +1.06b 40.78 £ 0.97 ¢ 35.75+0.70 b 65.10+0.27 a 30.13+0.03b
TS 62.07+0.48d 26.40+1.68d 21.47+1.33d 47.43+0.74b 85.88+1.09 a

# (Note) : TI—AitifIENo fertilization; T2—#H R &K 2/3 i . 1/3 iBjfi Urea, 2/3N was applied as basal and 1/3N as topdressing;

T3—1/3 RRIRE + 1/3 Wl R 2 HE0, 1/3 538 FR Z ZUEJE 2/3 N (half CRU and half urea) basal applied, and 1/3 N in urea top-dressed; T4—2/3
FERRIR K + 1/3 il JR 2 — I JLJiti Total N basal applied in one time (2/3 CRU + 1/3 urea); T5—#5Ff bR Z — R JLfiti Total N basal applied in one
time (100% CRU).Z& AU (E - FIME + #5725 Data in the table are the mean value + standard deviation; [F3EUE G AR/ NG FRE-FR A — 12
AN AL B ] 22 5 i35 (P<0.05) Values followed by different lowercase letters in column are significantly different among treatments in the same soil
layer (P<0. 05).



44 PR, A R PR R PR PR FR O LA A 5 X - SRR (R AN AR K i R 697

T5 AbFEAESS + 2 19 NO, -N 25 B i 5 T[R4 Y e
TALH, T2 AbBRE TS ARBRAY NO, -N & i 7E 1K/
BRI PG RIS, T3, T4 AbEFE ORIy
W1 TR R RO R X AR, A R R ORAR
ZF 3 NO, -N BEF A R I

2.1.3 LA S & H % 4 vl 0L, A 2R
— BT P LA S E2E R R E (P <0.05),
HAE58 R 5 BIRZRCE T 0—20. 20—40 cm 1
BHEHIA S ®AEERER T J58A W2 YRR
o T3, T4 AFAE A 7 WX I ICHL AR il
FEFE IR, e Rr el FoRAERK LT I A
EH4r. 0—20 cm )2, 7 E R KWIW O 2 A
T2 Kb TCHLA & A TR E KT, 2544
BN T3, T4, TS MR SREBEHER, XK
WA, KMo T2 A HE T T3, T4, TS 4k
s R MW T3, T4, T5 AbFRE T T2 Ak
M, £20—40 cm )2, FRHETH . Kmwia
W AEW T2 AME T T3, T4, TS5 AbRE; HEEH
T4 AbFRAS T2 AbFT 72.91%, MUY T3, T4,
TS5 b B> 4 T2 Ab PR M 15.6% . 30.5% .
271.9% Xk — L UL PR R 5 1 R R 2% T it T
AT LD IOHLE MRS, Bk ORI R R
22 EiERESIERRER X TIREE AR
2.2.1 TIERREETEYE BB LA, FEEKRAEFM

026 « BT1 BT2 BT3 mMT4 ST5

= a
S 024 + g 0—20 cm
;
N b
\3 022 ¢
#H oo £ b
H-E[E. 0.20 b E
o vk ; ;
22 018 | & K ;
X2 b K b
= KEHIC K b
9 016 [N B ;
g : i E
s 014 [ & K £
= 0.12 | & & ;
3 ; 5 ;
“0.10 s A :
(] [} [} (] (]
5 BH BL B EH
g8 O8 &8 E g K3
on = o0 = on = o
£ =3 By ®g
h—1 = St — ~—
E §§) 5 = ks
£ o =
2 ) E
s

N 0—20 cm )2, T2, T3 &b E KL HIAY 115
IR T 355 1 5 B R (B, T2 Ab 3 Rl i 4 T4 .
TS AL BT 45.8% . 54.7%, TS5 AL + 3K
it 5 PR E FOKAE B RTIIA AR, HER A B R
B, T4 WbPRAEZAS I FRE IR B e KA, HASFI AL 28
i) 7 [7] — A 0 22 58 31 B 3 K F (P < 0.05),
20—40 cm +JZ2, T2, T3 AbFE T KL 1) 69 DR G
PEFRVRE I8 B A (8, T2 AL FRA» B4 [E A T4 .
T5 AbFRFE Y 35.3% . 76.9%, TEHENZI TS 43RG R
B P A T2 Ab 3 = 15.6%

222 hHEmEtERE R AR B2 R, £ E2EN
P T R TSk A Al R A — B A SRR PR T
PEEBRNEFZEREBN, BEEBRE A A
[Fi) 3 S WA BsF (R AN (], il 2 B PR 2% L 461 ) 388
ol il 0% e 2k B P B DR . 0—20 em £
2, T2 APRTEFORA B A, O T2 43
Sl T3, T4, TS AP 6.5% . 27.8%. 185.5%,
KW T3 Ab 34 T2 AR E 17.9%, 1 T4,
TS5 WbHAEA B G WIRr2L Tt fER T4, T5 Ab
PR T2 Ab B 17.1%. 17.0%, 20—40 cm 1
2, FERMVIOH, T2 AH 55 T3, T4, TS 4k
PR 11.8%. 42.1%. 39.5%, /W& T3, T4, TS 4b
PR 0% T2 AL BT H 20.3% . 51.4%. 73.3%, Vil
PR PR 2 0T LAY T e MR Wl 16 1, 7E— e AR
JE PR IR

0.26
024 |
022 |
020 A
0.18 |
0.16 |
0.14 |
0.12 | :
0.10 7\ ‘: % A =
5y EY EY EY B
g 08 ®E OXKE EE
g 23 P Fp i
E Zw 5 = £
=2 A _%
s

£ E A Growth stage

B 1 LBRESERRREREAELEREEE TR0
Fig. 1 Effects of conventional urea combined with controlled release urea on urease activity in different soil layers
[7£ (Note) : T1—ANiiAl No fertilization; T2—33f JR & 2/3 JLjiti . 1/3 1&Jifi Urea, 2/3N was applied as basal and 1/3N as topdressing;
T3—1/3 #BEIRE + 1/3 Wl R F I3, 1/3 HWE R E ZUBE 2/3 N (half CRU and half urea) basal applied, and 1/3 N in urea top-dressed;
T4—2/3 #EREIRZE + 1/3 i JR 2B — K FLJifi Total N basal applied in one time (2/3 CRU + 1/3 urea); T5 — 8K E — K HLjifi Total N basal
applied in one time (100% CRU). A [ A [F] 71k 3 7s A [ AR 75 AN [R) 4b B 1) 2% 538 5% 27K F Different letters above the bars indicate
significance among treatments at the same stage at the 5% level.]
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K3 %0, AabHid
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MR E R, BB TR, 75 0—20 cm 12,
TR KM T3, T4, TS5 ALFEA 5148 T2 kb H
3.2%. 7.6%. 1.8%, H7ELAIHAAS[R] b B jE] 25 5 58

Fig. 2 Effects of conventional urea combined with controlled release urea on alkaline phosphatase activity

WEIKF (P <0.05); 1E20—40 cm + )2, £ T3,
T4, T5 AEFR3 5048 T2 AbBEES 3.0%. 3.0%. 6.5%.

HBKESERRRR RN ERKEHHE
. RBFAMERRZF Y a7

s i, PI4E

2.3

2.3.1 FokrE i M HA R 2

A4 & Growth stage

B2 LiEfRRSERRRECHEX S E LR R EE AR

in different soil layers
[{# (Note) : TI—Afihll No fertilization; T2—3538 JR % 2/3 JLjifi . 1/3 iBJifi Urea, 2/3N was applied as basal and 1/3N as topdressing;
T3—1/3 #BEIRE + 1/3 WBIRZEHti, 1/3 @R Z Z38)ifi 2/3 N (half CRU and half urea) basal applied, and 1/3 N in urea top-dressed;
T4—2/3 #EREIRE + 1/3 W3 JR # — KLt Total N basal applied in one time (2/3 CRU + 1/3 urea); TS — ¥ B R Z — K LJifi Total N basal
applied in one time (100% CRU). ¥ AR F5: 3R/~ AR 4= B AL PR 22 535 5% 27K Different letters above the bars indicate significance
among treatments at the same stage at the 5% level.]
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Fig. 3 Effects of conventional urea combined with controlled release urea on catalase activity in different soil layers

[i# (Note) : TI—ANihE No fertilization; T2—3%53l JR & 2/3 FLjifi . 1/3 i8Jili Urea, 2/3N was applied as basal and 1/3N as topdressing;
T3—1/3 #BEIRE + 1/3 Wl R F I3, 1/3 HWE R E ZUBE 2/3 N (half CRU and half urea) basal applied, and 1/3 N in urea top-dressed;
T4—2/3 #EREIRZE + 1/3 i JR 2B — K FLJifi Total N basal applied in one time (2/3 CRU + 1/3 urea); T5 — 8K E — K HLjifi Total N basal
applied in one time (100% CRU). #: I AN R F- Rk /R A [F] A= 5 9K [l Ak BR8] 22 53K 5% 1 2 7K F Different letters above the bars indicate
significance among treatments at the same stage at the 5% level.]
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Table 5 Effects of conventional urea combined with controlled release urea on maize yield and yield components

Ay yusi A (thm?) AAXTHECR (%) WCARBEEL (x 10¢ ears/hm?) TERLEL THIE ()
Year Treatment Yield Relative yield increase Harvest ears kernel number per ear 1000-grain weight
2017 Tl 8.83d 597a 537¢ 279.54 ¢
T2 I1.11¢ 25.8 594 a 641b 289.98 ¢
T3 12.09 a 36.9 594 a 653 a 309.90 a
T4 12.06 a 36.6 595a 652 a 306.01 a
T5 11.72b 32.7 593a 643 b 301.71b
2018 T1 13.25b 597 a 627b 370.25¢
T2 13.85b 4.5 6.04 a 642 a 382.68b
T3 1453 a 9.7 6.02a 638b 394.03 a
T4 14.62 a 10.3 6.08 a 641 a 385.61b
T5 13.93b 5.1 6.07 a 634 b 369.12 ¢
¥I{H Mean Tl 11.04 ¢ 595a 582d 324.90d
T2 12.48b 13.0 599a 641.5b 33633 ¢
T3 13.31a 20.6 598a 645.5a 35197a
T4 13.34a 20.8 6.02a 646.5 a 345.81b
T5 12.83b 16.2 6.00 a 638.5¢ 33542 ¢
A5 5ERIR Source of varieties
4bEE Treatment (T) * * NS * *
AEAY Year (Y) * * NS * *
TxY * * NS * *

# (Note) : TI—ARjiifI! No fertilization; T2— %38 JR & 2/3 )i . 1/3 iBJifi Urea, 2/3N was applied as basal and 1/3N as topdressing;
T3—1/3 BREIRE + 1/3 Wil JR B, 1/3 38R Z ZBJit 2/3 N (half CRU and half urea) basal applied, and 1/3 N in urea top-dressed; T4—2/3
PEREIRZE + 1/3 38 R E — Rt Total N basal applied in one time (2/3 CRU + 1/3 urea); T5S—5 B /R 2 — K HLJifi Total N basal applied in one
time (100% CRU). [F5E{E 5 AN F/INE FhEFmAb P a] 22 7 3k i 3K F- (P<0.05) Values followed by different lowercase letters in a column are
significantly different among treatments (P<0. 05); NS—A it % No significance; *—P<0.05.

I T3, T4 ALBRAY TR . FRIEEE 5 A b EE
T8 K, AR R TORLE T3 AL 343500 ¢
T2. TS5 AFERAEI(E R H 4.7% . 4.9%, HALBR[E 2
SR K (P <0.05), F£IAWERE SHEBIK
FACHE Y ER R K R TR RAF . PR ™
it T3, T4 Ab3 R Em T HAMAAI, 2017 4F T3,
T4 AbPEEE T2 AL BEAT B3 7= 8.8% . 8.6%, 2018 4F
T3. T4 Ab3AE T2 Ab35: 34T 4.9% . 5.6%, Ui
3 PR R 5 P R PR R O T B A5 1 ok ok EE i R
i, REEEHB . HARG A 22 ik B KR
(P <0.05),

232 AEMAFR T3, T4 AHA R 2EF]H
HOR R FWA A R A A N STERR & T T2 A
TS A (35 6)o AIW] U0 Ab #1403 A 2= R R

(AEN) 22 535 3| i /K- (P < 0.05), Pi4FE AEN [
Biff, T3. T4. TS5 P08 Y AL geii=t T2 4b
FEIRES 74.9% . 84.9%. 20.2%; A[a] k) 008 b BE
REFMAMHZF (ANUE) 1Y 52 0 [5] 4 35 5] 12 3 K
-, T3, T4. TS5 ALIR5HIHCY ML Geisi =X T2 b B
AT 49.3% ., 59.1%. 21.9%; PI4E Y AL 5T fk R
(FCR) M F XK IR B R, T3, T4, TS Ab
AN B Y M A X T2 b B4R 38.5% .
65.6%. 12.4%, AT UL, #EBEIRE 53538 IR R 1A A
e et N A R R A SR bR TR R i, ¥
BE PR R 5 53 R 20 T A 5 Hh AR A Ak 2R )
W, SEIAE SRR

233 BRSFHE £ TR, GHWETAKRM
MR LT, BIREEMFERNES AL,
2017 4E T2, T3. T4. T5 ZbF AT B W45 ) N
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Table 6 Effects of conventional urea combined with controlled release urea on nitrogen use efficiency

A} Year b3 Treatment AEN (kg/kg) ANUE (%) FCR (%)
2017 T2 8.96 ¢ 1537d 17.76 d
T3 1431a 36.84 b 22.41b

T4 1532a 4224 a 27.01a

T5 10.96 b 29.20 ¢ 19.95 ¢

2018 T2 2.67b 3536 b 433¢
T3 6.03a 3891a 8.18b

T4 6.18a 38.48a 9.56a

T5 3.02b 32.64 ¢ 4.88 ¢

 (Note) : TI—ANJEAE No fertilization; T2—5# bR EK 2/3 FLjii . 1/3 BJifi Urea, 2/3N was applied as basal and 1/3N as topdressing;
T3—1/3 ERRE + 1/3 EaE bR E AL, 1/3 218 JR Z Al 2/3 N (half CRU and half urea) basal applied, and 1/3 N in urea top-dressed; T4—2/3
BERIRE + 1/3 38 JR Z— K AL Total N basal applied in one time (2/3 CRU + 1/3 urea); TS—¥# B fR Z — R I&iti Total N basal applied in one
time (100% CRU). AEN—Z I A& 22| >R Nitrogen agronomy efficiency; ANUE—%( Z # M| ¥ Nitrogen apparent use efficiency; FCR—Z%&Il!
Tk Nitrogen fertilizer contribution rate. [FlFEUE G A Fl/NG F-HE R [F]— 4R A [R) A #i 8] 2% 5 i 2 (P< 0.05) Values followed by different
lowercase letters in a column are significantly different among treatments in the same year (P< 0. 05).

R7 BBRESERRRLHEX EREXEF R0

Table 7 Effects of conventional urea combined with controlled release urea on the relative economic benefits of maize

e e St RAEHA BALSE A X & TR
Vear Treatment Total income N fertilizer cost ~ Fertilization labor input Relative economic benefit
(x 10* yuan/hm?) (yuan/hm?) (yuan/hm?) (x 10* yuan/hm?)

2017 T1 141d 1.41

T2 1.78 ¢ 1027.2 450 1.63

T3 193 a 1292.4 450 1.76

T4 193 a 1557.7 0 1.77

T5 1.88b 1822.9 0 1.69
2018 T1 2.12¢ 2.12

T2 2220 1027.2 450 2.07

T3 232a 1292.4 450 2.15

T4 234a 1557.7 0 2.18

T5 223b 1822.9 0 2.05

¥ (Note) : TI—AJfilE No fertilization; T2—53# JR# 2/3 i . 1/3 iBjifi Urea, 2/3N was applied as basal and 1/3N as topdressing;
T3—1/3 TEBSRE + 1/3 Pl R Z L0, 1/3 38 fRZ Z B 2/3 N (half CRU and half urea) basal applied, and 1/3 N in urea top-dressed; T4—2/3
PRIRE + 1/3 Wil R E R Total N basal applied in one time (2/3 CRU + 1/3 urea); T5—BR Z— YA Total N basal applied in one
time (100% CRU). JRZE Urea—2100 yuan/t; #BEJRZE CRU—3500 yuan/t; L KAFK Grain of maize—1700 yuan/t (2017). 1600
JG yuan/t (2018); A T Labor cost—450 yuan/hm?; [FIFEUE G AN F/ING FhE R [Rl—4F 3 AS R AL # 0] 22 573 5 2 (P<0.05) Values followed
by different lowercase letters in a column are significantly different among treatments in the same year (P<0. 05).

25.8%. 36.9%. 36.6%. 32.7%, 2018 4E T3, T4 kb
PR ARG BRI R 9.7% . 10.3%, T2, T5 kb3
AIREXHE I RN 4.5% . 5.1%, 258 LA AE 2 TRk
5, FREAALFRI) ) 25 Sk B K (P < 0.05),
DL T3, T4 AbSMACREAN . T4 b3 EIRIE I T C kL
A, HH =R, WD TR 55 8h 41 1)

BN, MR e fE . BiBIFEN A i 225 kg/hm?
W, HERESHERIREL L - 2 il — kAL, »f
AR ak IHE0 EOK 7 B2 B Ak 5 1 B 1
24 EARFESEXEARESR. LEEEEN
EWS T

S T EAAFDEAR . TR P 3
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S3HT, R =R EARRL, Hoimk Rk F) 89.06%,
55— R TR SR A 1 e bR RS ARG
LA, 55 32 a0 v ok dse v i) 2 398 I g 7 1
TESE— . 55 R v A R ol R A T Y R B
PR, fE—e R P SRR (K 8).
FIE UL, RS S B K= R R e K, 4%
H194 T1. T2, T3. T4. T5 &I 51 R-5.38 .
~-1.99. —1.24, 538, 1.47, HLL T4 A BEEAL,

3 i1

3.1 LZBERZSEBRREES TIE NH,-N,
NO;-N. iR EMEM

A 2 23 A A A A /A R R 2R T X K A
B m AN, HEIRRESERIREBIRG,
Sl A A BN AU A A R AR
K, ARTFRRERG ARG, % %20
I B R RS R R R R A N AR K
M A, M R 3 s R PR R Wt m] LA R AIK + e
MARNETE, WMEAZAHEER, M-, X
5ARMR G RIEA -5, AR, AL
A 225 kg/hm?if, HiEIRE SEBEIRELL 1 2 1YL
B — W PE L sl R R R 5 EBIRE 1/3 ¢
1/3 it A8 TR I I 1/3 (1434 38 JR 2% 0 Al
TEKBY R, F B HAE TR IR IR ts 4 2L
PRI F5 00 o U A L 3 D Pl A 4 12 T T K A 75 0K
-5+ AR R R B ISR A, TR R K
FEeE

MRS AR LA R X
JRESEBERE MR AT LLE W, T2 5 TS5 4b#

3 PR AN F AR IE A, T2 A BETE &
KA BT A TR 2 19 AR KPR AL T 85 s K
Vo, HEEKREFTPRIELZM EHEHER . T
ML B W 5 5 T ] st 309 %) LAt it b ¥, TS Ab R
TE E KA BRI AR AKCEAIXTBAR, w5
PRSI AR, X 5ZEMEENE [
FERIR RN EMMEIEA -8 HETIA S
— TS ERISCE —E X R, RS 50
MARAH —EMXR, EFAERSIBEANEL
T, FET KR, SAbPEn LA S RES
B3, BRSEBILSRE S BREE N REMHE S, £
BN A& 7S B R A bA —E e
F, XWRTEESHREHINE. HEIKE (T2)
AE PR PR FAS B it AR AT IR S A
AT o T T3, T4 AbBRAE TR A 7 40 P Xk 4 e
SR EEHEL, R R N ERAEKER
Jr s IR R TRy B 38 PR 25 5 42 il bR 25 i it o
AR F LA AWMER, 5 T \HEWHFIT LR
AHIE
32 EBERZSERRERE N TIERE AR
IR Z AT R, —Fh A e ALY
fity, REAEIEA ML o h KB K, R PR 2R K
fi# 4 i NH,, CO, 7K, NH,-N ) 2M¥ FEA X
FVRZ L9 NATTH FH SRR P R AR 4 AR
AR . REUA SFIFR R, BRARBIR
JRE, BIR 40% L) FHEBIRZ GV WAR AR . &4
B I R M, R SRR S R S
H5RER, BT PEAEASE, SRR
WFE L REEAAFF . AR TR, HERES

*8 EMOFHEE

Table 8 The eigenvalue of principal components

TjiH Item PCl1 PC2 PC3
FEAFE{H Eigenvalue 1.74 1.36 1.17
Tifik % Contribution rate (%) 43.08 26.51 19.47
LT 5K Cumulative contribution (%) 43.08 69.59 89.06
FehE Yield 0.34 0.49 -0.09
+HERS A A Soil NO,-N 0.55 0.02 0.13
+ S A Soil NH,-N 0.22 -0.23 -0.72
T IETEHLA Soil inorganic N 0.55 -0.07 -0.10
1R Soil urease —0.06 0.54 -0.53
+ HEREMEBEAREE Soil alkaline phosphatase -0.11 -0.59 -0.34
+ 3 AL Soil catalase 0.47 ~0.25 0.23
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TR EAAENF R RV, Esi%A 180
kg/hm? 7KF-F, WFBERR IR R AT 3 42 v ToK ™ &
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