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Effects of different ratios of controlled-release urea and common urea
on yield, nitrogen utilization and economic benefit of spring maize
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Abstract ; This research aimed to provide theoretical basis for the proportion of controlled-release blended fer-
tilizers suitable for the eastern Loess Plateau, through the study of the effect of different blending proportions be-
tween controlled-release urea and common urea on the yield, nitrogen (N) utilization of spring maize and the eco-
nomic benefit, and the identification of the optimal blending proportion through the establishment of the
relationships between parameters including yield, apparent efficiency of N, profit resulting from fertilization and dif-
ferent blending proportions of fertilizers. Fixed-location experiment was carried out in the eastern spring maize pro-
ducing area on the eastern Loess Plateau for three years consecutively. Six fertilizer treatments were arranged, in-
cluding no N (CK), 100% common urea ( CRU0%), 25% -controlled-release urea, and 75% common urea
(CRU25%) , 50% of controlled-release urea and 50% common urea ( CRU50% ), 75% controlled-release urea
and 25% common urea (CRU75%), and 100% controlled-release urea ( CRU100% ). The results showed that:

(1) The yield of maize and fertilization profit were significantly increased after the combined application of con-
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trolled-release urea and common urea, and both rose firstly and then decreased with increasing the proportion of
controlled-release urea. The highest yield and fertilization profit of spring maize were found in the treatment of
CRU75%. The yield and fertilization profit in CRU75% increased by 1 273 kg + hm™ (11.9%) and 1 735
yuan - hm™ (65.7%) , respectively, when compared to those in treatment CRUO%. (2) Compared with the treat-
ment of CRUO0% , the combined application of controlled-release urea and common urea significantly improved the N
utilization efficiency, agronomic efficiency, and partial productivity of maize by 24.73% ~ 43.87% , 38.22% ~
61.24%, and 7.45% ~11.93%, respectively, with the highest level found in treatment CRU75%. (3) Different
combinations of controlled-release urea and common urea significantly reduced the residual N content and apparent
loss of N in the soil layer of 0~ 100 e¢m, and the lowest values of both parameters were found in the treatment of
CRU75% , which were 119.8 kg + hm™ and 247.5 kg - hm™*, respectively. (4) On the whole, there was a signifi-
cant unary quadratic relation between the yield of spring maize, the partial productivity of N fertilizer and the fertili-
zation profits and the blending proportion of controlled-release urea. The appropriate blending proportions of con-
trolled release urea were worked out as 64.3%, 71.2% and 61.8% in terms of yield, partial productivity of nitrogen
and fertilization profit, respectively. Combined application of controlled-release urea and common urea was benefi-
cial to the growth and development of spring maize, the yield and income improvement, and N efficiency.
According to the performance of all aspects, the optimal proportion of controlled-release urea in the blended fertiliz-
er was 60% ~75% for spring maize.

Keywords: controlled-release blending fertilizer; spring maize; yield; nitrogen utilization; economic benefits
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Table 1  Effect of different treatments on spring maize yield, dry matter and nitrogen uptake
EEO) i FEAE/ (L hm™?) B/ % TPt/ (- hm™)  REBAE/ (kg - hm™)
Year Treatment Yield Rate of growth Dry matter N uptake
CK 8.07¢ 0.00 17.3¢ 157.8d
CRUO% 9.86b 22.23 20.0b 198.6¢
2016 CRU25% 10.83a 34.18 21.3ab 219.5b
CRU50% 10.99a 36.20 22.0a 232.9a
CRU75% 11.16a 38.30 22.3a 244.1a
CRU100% 10.75a 33.22 20.4b 230.5a
CK 8.71c 0.00 19.0c 190.7¢
CRUO0% 10.35b 18.88 22.4b 242.7b
2017 CRU25% 11.11a 27.55 22.8b 251.9b
CRU50% 11.41a 31.00 23.6ab 268.7a
CRU75% 11.96a 37.36 25.5a 278.5a
CRU100% 11.17a 28.25 23.6ab 267.4a
CK 9.09¢ 0.00 17.5¢ 182.2¢
CRUO0% 11.90b 30.96 21.5b 252.6b
2018 CRU25% 12.65a 39.16 22.0a 263.1a
CRUS50% 12.72a 39.93 22.8a 273.1a
CRU75% 12.83a 41.11 23.0a 278.6a
CRU100% 12.59a 38.50 22.1a 265.8a

TE : [F)FUAN ] B 37 AR TR AR 3 A ) b B 8] 22 52 8.3 (P<0.05) , Il

Note : Different letters in the same column indicate significant difference among treatments in the same year (P<0.05), the same below.

x2 AREALEHRIEH AER

Table 2  Effect of different treatments on nitrogen utilization indicators

b3 R ZERR NAUE/ (kg - kg™") R 3 NPFP/ (kg - kg™") TIRARMRAEZ NCRS/ %
Treatment 2016 2017 2018 2016 2017 2018 2016 2017 2018
CRU0% 7.50¢ 6.85¢ 11.74b 41.10¢ 43.14c¢ 49.60b 81.76a 84.13a 76.34a
CRU25% 11.51b 10.00b 14.85a 45.12ab 46.29b 52.71a 74.48b 78.41b 71.83b
CRU50%  12.19ab 11.25b 15.14a 45.80ab 47.54b 53.00a 73.37he 76.35h 71.44b
CRU75% 12.90a 13.55a 15.58a 46.50a 49.85a 53.44a 72.26¢ 72.81c 70.85b
CRU100%  11.19b 10.25b 14.59a 44.80b 46.54b 52.46a 75.02b 77.98b 72.18b
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Table 3  Effect of different treatments on N balance in soil—crop system during maize succession system
%%N@JJ A CK CRU0% CRU25% CRU50% CRU75% CRU100%
N input and output Ttem
P Jiti% e N application rate 0 240 240 240 240 240
%*;%0)1\6 F) B ATEHEEHUAUR Soil inorganic N before sowing 1610 161.0 161.0 161.0 161.0 161.0
N in:m in 2016 AW b= N mineralization 82.7 82.7 82.7 82.7 82.7 82.7
S AR Total input 2437 483.7 483.7 483.7 483.7 483.7
- - YEHIWL Crop uptake 157.8 198.6 219.5 232.9 244.1 230.5
%gi(ﬁf?}f ) THEHURL B HE Soil residual inorganic N 85.9 175.7 163.2 164.5 155.6 159.5
N mf ut“in 2016 FUIL Apparent N loss 0.0 109.5 101.0 86.3 84.0 93.6
HEA N surplus 85.9 285.1 264.2 250.8 239.6 253.2
= (2017 4F) i N application rate 0 240 240 240 240 240
*;m A FEHT HIETHLE S Soil inorganic N before sowing  158.0 210.9 203.4 201.9 190.0 206.3
N in;m in 2017 A4 AL N mineralization 98.7 98.7 98.7 98.7 98.7 98.7
S AR Total input 256.7 549.6 542.1 540.6 528.7 545.0
N - VEYIMIL Crop uptake 190.7 242.7 251.9 268.7 278.5 267.4
%*?Z(ﬁ%o” ) THEHURIL B HE Soil residual inorganic N 65.9 154.7 152.9 148.2 140.6 142.4
N oufutui:r:l]j2017 FWAB Apparent N loss 0.0 152.1 137.3 123.7 109.6 135.2
REA N surplus 65.9 306.8 290.2 271.9 250.2 277.6
= (2018 4F) o i N application rate 0 240 240 240 240 240
‘;m A AT LA Soil inorganic N before sowing ~ 126.3 196.3 187.5 181.3 179.4 185.7
N in;m in 2018 AWk N mineralization 106.1 106.1 106.1 106.1 106.1 106.1
S AR Total input 232.4 542.4 533.6 527.4 525.5 531.8
I - VEHIMIL Crop uptake 182.2 252.6 263.1 273.1 278.6 265.8
= Z;(ZOIS ) FIETCHLAEGE R i Soil residual inorganic N 50.2 140.8 130.1 122.7 119.8 130.8
N oufftﬁuiijZOIS FWR Apparent N loss 0.0 149.0 140.3 131.6 127.1 135.2
REA N surplus 50.2 289.8 270.4 2543 246.9 266.0
Jifi% i N application rate 0 720 720 720 720 720
3 ﬁ(z();%:f\ols ) FERT LA Soil inorganic N before sowing  161.0 161.0 161.0 161.0 161.0 161.0
N input ff:n “2016 to0 2018 AWk N mineralization 287.5 287.5 287.5 287.5 287.5 287.5
S A Total input 448.5 1168.5 1168.5 1168.5 1168.5 1168.5
- A YEBIMIR Crop uptake 530.8 693.9 734.5 774.7 801.2 763.7
3 7“(%6:2018 ) THETHL AR S B Soil residual inorganic N 50.2 140.8 130.1 122.7 119.8 130.8
N output f;miﬁuzﬂ(;lm t0 2018 ?%Xmiy[iﬁi Apparent N loss -132.5 333.8 303.9 271.1 247.5 274.0
REA N surplus -82.3 474.6 434.0 393.8 367.3 404.8

Y 64.5%(59.4% ~68.6%) ; (3) RAEBRTH 4%
b3 A TOAIL 5% B i AR S FE 3 a HLIAEAE
Z5, Hi CRU75%40 B f T840 B E AE Y
ORI, HITC LA SR B & AR R R R A%, i
BRARRNBE R, = FhHEEKREEG, S
(1) -+ 18 T L AL BR B i KN IUF AR K R CRUO% >
CRU100%> CRU25%> CRU50%> CRU75% , R %%
WA 2 i KNI T KR S CRU0% > CRU25% >
CRU100%> CRU50%> CRU75% ., 3 a ‘F-HIKFE, 5
CRUO% AL FRAH E , CRU25% . CRU100% , CRU50% I
CRU75%4b ¥ 1) 5 £ 22 WL 21 4% /v 3 T B% 40.6
kg + hm™ (8.6%) .69.8 kg « hm™ (14.7%) . 80.8
kg « hm™>(17.0%) F1 107.3 kg - hm>(22.6%) ,

233 AAEREERAHAREEINA R KGF
ML HH  2016—2018 4EH T KREFEEKR PR
NE A FRIAN P2 SR B R IR R (R 4) w15 R
PRE 5830 PR R Be it 2 35 42 5 T oKk AIE &
S FH 5, B A 2600 28 XL 37 B8 4 A1 250 28 U0 40 2K

3 alb fERZR T, CRUT5% Ab B - 15 U0 25 00
FIHE 5 ik 37.6% , CRUS0% . CRU100% . CRU25%
Fl CRUO% 4k (1) °F- 35 20 2= 0 R FH 2% 43 51 oy
33.9% 32.4% 28.3%F1 22.7% . 5 CRUO% At B AH
I, CRU75% . CRU50% . CRU100% #1 CRU25% 4b ¥
R NE A 2853082 % T 65.64% ,49.34% |
42.73%H124.67%, 3 a FY¥RE 5 CRUO%ALHLA
I, CRU75% . CRU100% . CRU50% #1 CRU25% 4b 3
1) 2R 28 L 5% B3 SR 40 Sl B AR T 20.58% ,14.35%
13.37% F1 9.32% , CRU75% . CRU50% . CRU100% FlI
CRU25% Ab Hf 11 20 A8 22 W0 4853 2% R 43 S B AR T
18.18% .15.74% .10.98% 1 5.54% |
2.4 ARERALENEEKRZFHAFEZME
K1 %M ,3 a ik CK AbHRE TR =44 K
12 650 JC - hm ;i &5 B & $E 5, W CRU0% 4b 3
B 15 681 JG - hm >34 il & CRU75%ALFRAY17 5757C
« hm ™ I A BT REAG, TR PR 2 5 38558 PR % B it
A2 P11 2R MES it A e 25 B S 5 T3 PR AL HE 3 a
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PIRE T 957 ~1 735 JC » hm™?,3 a SEHHCR N
36.2% ~65.6% , CRU75%KbFH i ZHE W 25 0 25 55
T HA AN,

2.5 FEKERERENIE R E LG

XN [RAF A7y 14 428 8 IR 25 TC it Lb A9 5 o oK 7™
2 EUIE LA 23 e IE A 2 =2 [ 7 OC R A 740
GRI(FRS) ,HAE 3 TG bR ¥ R PR Bt L 1]
PIREBEN—IT IWOC R, RIE—IJc KBy
LU R AR e B EOK B IR 2 el
B it L A9 73 A 7E 63.4% ~65.3% 22 [8], LA E B 2 WA
FHR M FEFRI 3 A 7E 64.3% ~78.0% 2 [6] , LAt HE i
25 NFEFRIT > A TE 60.6% ~63.1% 2 [d]

DL AR PR ZBC H HL 9], 5 K ™ i 1) O R
FERI g y=—2863x7+3682x+10719( R*=0.958) , 54
JE LA 23R (1) T R AL A y = —26.994° +38. 465+
21.85(R*=0.937) , St LWk 25 19 7 R BT Ry y =
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Table 4 Effect of different treatments on N apparent utilization rate, residual rate and loss rate in maize succession system

Kb 3R NAUR NARR NALR
Treatment 2016 2017 2018 2016 2017 2018 2016 2017 2018
CRU0% 17.0d 21.7d 29.3¢ 37.4a 37.0a 37.8a 45.6a 41.4a 32.9a
CRU25% 25.7¢ 25.5¢ 33.7b 32.2b 36.2ab 33.3b 42.1a 38.3ab 33.0a
CRU50% 31.3b 32.5b 37.9a 32.7b 34.3b 30.2¢ 36.0bc 33.3bc 31.9ab
CRU75% 36.0a 36.6a 40.2a 29.0c 31.1c 29.0c 35.0¢ 32.3¢ 30.8b
CRU100% 30.3b 32.0b 34.8b 30.7¢ 31.8¢ 33.6b 39.0b 36.2b 31.6ab
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Fig. 1

Effect of different treatments on output and fertilization profit of spring maize
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Table 5 Optimal ratio of controlled release urea and common urea based on grain yield, NAUR, and fertilization profit

0y i SE Sl FohE RERK  AERWMAHEE  RERE it AR PLE ZAL
Year Model type Yield R? NAUR R? Fertilization profit R?
2016 —JLIK 63.4 0.967 " 71.2 0.965 " 60.6 0.961"
2017 Univariate quadratic 65.3 0.884 " 64.3 0.900 * 63.1 0.868 *
2018 equation 64.0 0.947"* 78.0 0.916" 61.5 0.938"
-4 Average 64.3 0.958 71.8 0.937 " 61.8 0.948 *

.o« Fom BEEZER(P<0.05),

Note: * means significant difference ( P<0.05).
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