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Effects of one-time application of controlled-release urea combinated with solid
granular urea on grain yield and nitrogen utilization of spring maize in dryland

ZHANG Jie', XU Fang-lei', BO Qi-fei', TANG An', GAO Jia-rui', WANG Yong-liang’, LI Shi-qing"**, YUE Shan-chao"**
( 1 College of Natural Resources and Environment, Northwest A&F University, Yangling, Shaanxi 712100, China;
2 State Key Laboratory of Soil Erosion and Dryland Farming on the Loess Plateau, Yangling, Shaanxi 712100, China;
3 College of Resources and Environment, Shanxi Agricultural University, Taiyuan, Shanxi 030031, China )

Abstract: [ Objectives ] A two-year on-farm experiment was conducted to evaluate the effects of nitrogen (N)
application rate and fertilization method on spring maize yield, economic income, dry matter accumulation, N
accumulation and utilization, and soil inorganic N residues in dryland. [ Methods ] The experiment had a split-
plot design with three fertilization methods (solid granular urea one-time fertilization (OF), solid granular urea
basal and top-dress fertilization (TF), and one-time application of a mixture of controlled-release urea and solid
granular urea (MF)) as the main factors and six different N application rates of 0, 60, 120, 180, 240, 300 kg/hm’
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(expressed as NO, N60, N120, N180, N240, N300, respectively) as the sub-factors. For the assessment of biomass
and total N contents, maize samples were collected at stage of 10 expanded leaves (V10), silking stage (R1),
milking ripening stage (R3) and harvest stage (R6). [ Results ] 1) Yield did not increase when N application rate
reached 240 kg/hm’ in the three fertilization methods. Yield under MF method was 5.0% and 4.2% higher than
those under OF and TF methods, respectively. Economic income under MF method was 7.9% and 25.7% higher
than those under OF and TF methods, respectively. 2) Dry matter accumulation increased significantly with
increase of N application rate in the three fertilization methods. Dry matter accumulation at silking and harvest
stages under MF method were significantly higher (19.5% and 12.5% at 240 kg/hn?’, respectively) than those under OF method.
3) Periodical N accumulation at silking and harvest stages increased significantly with N application rate. Total N
accumulation due to application of MF method at 240 kg/hm’ rate (N240) was 32.7% and 20.9% higher than those
of OF and TF methods, respectively. 4) N content of stem, leaf and grain at harvest stage and N translocation
amount from stem and leave to grain increased significantly with N application rate. Average stem, leaf and grain
N contents, and N translocation amount were higher in MF method than those in TF and OF methods. 5) MF
method significantly increased the partial factor productivity, agronomic efficiency and apparent recovery rate of
N and decreased soil mineral N content at harvest stage and apparent N loss, compared with those of OF and TF
methods. [ Conclusions ] MF method significantly increased yield, economic income, nitrogen accumulation and
utilization, but reduced soil N,,, at harvest when N application rate was 240 kg/hm’.

Key words: spring maize; a mixture of controlled-release urea and solid granular urea; nitrogen application rate;
dry matter accumulation; nitrogen accumulation transfer
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experimental site in 2019 and 2020
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Table 1 Effects of N application rate and fertilization method on yield and economic income of spring maize

AL 5= RACH &b 3 ’#i ﬁﬁﬁ . i %ﬁ ﬁ{ﬁ%{ﬁ
Fertilization method N application rate Grain yield 100-grain weight Kernels Spikes Economic income
(t/hm?) (2 (No./ear) (x10%/hm?) (yuan/hm?)
OF NO 6.7¢ 29.1e 456 ¢ 63.8b 4978 ¢
N60 9.4d 30.6d 543 d 65.8 ab 10693 d
N120 11.0¢c 33.0c¢ 581c 67.7 ab 14035 ¢
N180 11.9b 344b 590 ¢ 71.5a 15816 b
N240 13.0a 35.7 ab 617b 70.8 a 17954 a
N300 13.5a 36.5a 631a 68.1 ab 18648 a
TF NO 6.7f 29.1d 456d 63.8b 4978 d
N60 92e 3l4c¢ 542 ¢ 68.5a 8529 ¢
N120 11.1d 334b 584 b 71.0a 11179b
N180 124¢ 348a 597b 69.8 a 14861 a
N240 13.6a 353a 639a 71.0a 16206 a
N300 13.0b 34.7a 604 b 72.7a 14707 a
MF NO 6.7d 29.1d 456 ¢ 63.8¢ 4978 ¢
N60 103 ¢ 333¢ 564 d 67.7b 12769 d
N120 11.8b 343b 588 cd 719a 15702 ¢
N180 12.8b 36.1a 617 be 70.4 ab 17566 b
N240 142a 36.7a 659 a 70.2 ab 20277 a
N300 13.0 ab 359a 630b 68.5b 17286 be
A5 5KIR Source of variations
JifiAE 753X Fertilization method (F) ok ok Hk ns Hk
ZALFIHE N application rate (N) ok ok ok ok ok
FxN ns *x ns ns **

7E (Note) : OF—JRZ —KIiti ] All the common urea applied as basal fertilizer; TF—3# LR 2 Uit AL 40% common urea applied as basal
fertilizer and 60% top dressed at V10 stage; MF— BLIR R IBIRAEBEIK R — WAL All common urea and controlled-release urea applied as basal
fertilizer; [RIFEHE G A F/ING FH: R AR /728 T AL BRE] 22 53 B 3% (P < 0.05) Values followed by different lowercase letters in the same
column indicate significant difference among treatments for the same fertilization method (P < 0.05); ns—2% 74 i # No significant difference;

** P <0.01.

OF . TF I MF Jiti i 77 =0iY 5 4™t ZAL B ~F-34)
PRI 109, 11.0, 11.5 t/hm®, LI MF 5 R
W, BB E 5T OF F1 TF 53X 5.0% 1 4.2%.
FE N60 Fl N240 4 ¥R, MF =& & T
OF Al TF JraX, 3 it A 0y 3 1% e Ath it 480 Ak B £
FrEZESAWE, ¥ OF . TF fl MF it ity 20 =t
it R T R SR B RG4S R e R
N7 ()it & 430 311.9 2722 235.6 kg/hm?, X
MRS 13.4, 133, 13.7 t/hm*, OF . TF #l
MF 3 it I 75 =X B it 28U 191 2 22 55 28 2 43 i)

913687, 11743, 14763 Ju/hm?, MF 75 R0 5 B 2
=T OF Al TF /738 7.9% H1 25.7%. [F— i & =
MF 75 K& 530 s ¥ i w , # OF . TF Hl MF 3 Fif
Jiti B 5 X 1 222 55 35K 25 45t 280 4 30 ek YK R 50 2 4
B, A5 B A BRI RS R I it L Bl R 2975
268.8. 225.3 kg/hm?, X} I A9 2 BF 80045 43 ) M
18473, 15464, 19157 JG/hm’,
22 FEEAEFMEEAFRANEEZRTHIRERN
20

P 2 m A, it SRR SR 5 AR B IR T R R
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Fig. 2 Dry matter accumulation curves of spring maize at different growth stages
[ (Note) : OF—JRZE—KIifi ] All the common urea applied as basal fertilizer; TF— 7 HLIR /> itE AL 40% common urea applied as basal
fertilizer and 60% top dressed at V10 stage; ME—H% R ZBIRERIREZ —JiEE All common urea and controlled-release urea applied as basal
fertilizer; ZF 57 YR Source of variations; PT—4%Hij Before seeding; ns—225% 4~ 8 % No significant difference; *—P <0.05; **—P <0.01.]
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Fig. 3 N accumulation of spring maize before and after silking
[¥E (Note) : OF—JRZE—Kifi /il All the common urea applied as basal fertilizer; TF—# ¥R Z 2RIt 40% common urea applied as basal
fertilizer and 60% top dressed at V10 stage; MF—% HLR BB IRIEREIR R — WAL All common urea and controlled-release urea applied as basal
fertilizer; A b AR[E]/ING 33 7 A [ i I 5 =0 A B 6] 22 5 i 3% (P < 0.05) Different lowercase letters above the bars indicate significant
difference among treatments under the same fertilization method (P < 0.05); ns—22 5% A1 3 No significant difference; *—P <0.05; **—P <

0.01.]
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Table 2 Effects of N application rate and fertilization method on N concentration at harvest
and N translocation of spring maize

JtHE 7 3K FHACHI b2

BRI A& i (g/ke)
N concentration at harvest

REFHEBE (kg/hm?)
N translocation amount

Fertilization method N application rate

2% Stem - Leaf ¥ki Grain 2% Stem - Leaf
OF NO 23cd 6.2d 8.7¢c 8.4d 202 ¢
N60 22d 83c¢c 9.0¢c 144c¢ 22.7¢
N120 2.3cd 8.6 bc 10.5b 17.2b 26.5 bc
N180 25¢ 9.3b 11.6a 18.4 ab 303b
N240 2.8b 9.2b 11.8a 19.8 ab 37.8a
N300 33a 104 a 11.8a 203 a 37.6a
TF NO 23b 6.2¢e 8.7e 84e 202 e
N60 240 8.3d 10.2d 15.6d 253d
N120 3.1a 92¢ 109¢ 19.6 cd 32.1¢
N180 3.0a 10.5b 11.3b 21.0 be 383b
N240 34a 11.2a 11.8a 264 a 42.8a
N300 33a 11.0 ab 11.6 ab 24.7 ab 37.0b
MF NO 23¢ 6.2d 8.7d 84e 20.2d
N60 25¢ 8.0c 10.6 ¢ 17.9d 30.0c
N120 3.0b 9.1c¢c 10.6 ¢ 220c¢ 353¢
N180 33b 11.3 ab 12.1b 25.7b 42.6b
N240 32b 124a 14.1a 37.6a 51.1a
N300 3.8a 11.0b 12.8b 26.4b 48.3 ab
AR S IE Source of variations
JMiAE J5 2 Fertilization method (F) ok ok ok ok sk
ZJEHI 2 N application rate (N) *k % *k ok *k
FxN ok ok ok ok *

7 (Note) : OF—JRZE —KIiti [ All the common urea applied as basal fertilizer; TF—3# #LR 2 73 Uit L 40% common urea applied as basal
fertilizer and 60% top dressed at V10 stage; MF— i FLR R IB IR BEIR R — WAL All common urea and controlled-release urea applied as basal
fertilizer; RIFNEHE G A R/NG FhEF R HHIRENE J5 2R AL B R 25 57 .3 (P < 0.05) Values followed by different lowercase letters in the same
column indicate significant difference among treatments for the same fertilization method (P < 0.05); ns—2%-F A i ¥ No significant difference;

*—P <0.05; **—P <0.01.

J7 A AT DR B i U A g A R BRI 1R
Fo AWM PR KRG MARZBERE
MF i e 75 X T ¥ B 8w, 8 OF Jtilit Jr X il 42
BT 5.0%. 7.9% F132.7%, % TF it )5 4054
BT 4.2%. 25.7% #120.9%, X5 Guo %9 fR
RBREBRIRR AT D & 78 . &8s
AR BRRE LR —

T AR EER W R mIE, HEH
SRV C, T SRR 3G N s

PRI RP R T EH T, A VE Y ™ 25 5 Jemft e,
Shi SEIHIGK £ A POF 5T B, Bl A il R i
T ot R A RS NS R AR e, YA ik
) 210 kg/hm? B, T BRI TR, AT
Hh it I X 9 s BBV R S R i AT 4G
B2, MR A A AN, e 22 ik
B, MR N 240 kg/hm? B T4 5 2FHER K,
T NZ 25 S R R AT REJE R SEREAE 1 . BRI DL L
SRR . BR T AE it 2 A, 35 B AR I X
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Table 3 Effects of N application rate and fertilization method on nitrogen use efficiency of spring maize

=11 (kg/kg)
Aartial factor productivity

FINCEE (%)
Apparent recovery rate of N

AL T 3 AL AL 2 TR (kg/kg)
Fertilization method N application rate Agronomic efficiency

OF NO
N60 453 a
N120 36.3b
N180 294c¢
N240 26.6 cd
N300 22.7d

TF NO
N60 51.6a
N120 36.8b
N180 34.5bc
N240 289¢
N300 21.3d

MF NO
N60 61.6a
N120 432b
N180 344c¢
N240 315¢
N300 21.2d

AR 5E K JR Source of variations

JifiAE 772X Fertilization method (F) ok
ZALFIHE N application rate (N) ok
FxN Hok

156.1a 493 a
91.7b 509a
66.3 ¢ 473 a
543d 43.7 ab
449¢ 38.0b

162.5a 70.7 a
92.3b 59.1b
71.5¢ 53.8b
56.6d 509b
434¢ 36.1c¢

172.5a 87.0a
98.6 b 63.1c
713 ¢ 62.5¢
59.3d 67.8b
434¢ 39.6d

*% *
*% *x
% ok

7E (Note) : OF—JRZ —KIiti ] All the common urea applied as basal fertilizer; TF—3# LR 2 Uit AL 40% common urea applied as basal
fertilizer and 60% top dressed at V10 stage; MF— HLIR RIBIRAEBEIK R — WAL All common urea and controlled-release urea applied as basal
fertilizer; [R1Z %3 5 A [Rl/NG 1 22 7R A1 Rt AE 77 20AS [ Ab 2] 22 57 1. 3% (P < 0.05) Values followed by different lowercase letters in the same
column indicate significant difference among treatments for the same fertilization method (P < 0.05); ns—2%- 74 i # No significant difference;

*—P <0.05; **—P <0.01.

W e TP B, AWF5Er, MF ey =X
L OF J7 20 i 2530 1 ik 22 A FNSCHR A ) T4 o SR AR
i, XA RRSE R R IR 3R S8 R m RE PR RAIE T
JE N FE R BT, T B ., X5
T HAFRH] Zheng SECIFE AR L ARl M IX G T 38 R
FORNPE R PR Z B 1t 08 3 1 & A oK M
T B ZE R 2

Jit S A A D7 2 AR R B K /Y T ) B 2R
L, W5 25 25 B A S AW . A
H, MF Jita I J7 S Ae nk 22 0 8 2538 i 1 T4 i R AR

HLOZERRM A, AT R R R B R

I, e ZE R R R . X —HE5eai R
TEWEELAE R R R MR RACB IR T AR
Frtn B AR R 8 ARR S BB T
W22 J5 1 R BRI 22 Fip O IR A B A, A0S
TOMEF it AR 7 SR 2SR, U A 22 S 4R
R, AT AN T &R kR P RS BT T, Al
ARMIRFRL RS B E RN, VR B el
XA FRRAESIR RABIR R IR R T LU S AR AR
RS AR R AR — 2 R AR
Ml FeRB RAMRA T R R B 2. B AT
FW, TORE TR E R R it R 93



6 4] KA, 5 WHURRBIRIERIR R — Ut X AR TR 8 SRR 977

#=4 TIEBEMERARXT 2019—2020 £ HERTEAISI (kg/hm®)
Table 4 Effects of N application rate and fertilization method on soil nitrogen balance during 2019-2020

& At N input

Zf I N output

MENET = RUIE AL 5 o 20194 EERT ) 20204F Akl PIARRAR UK
Fertilization ~ N application P TAHLA RETE AR THLEsE  Apparent N loss in
method rate N e.lpplication rate N,,, before sowing zi&pparf:nt N N removed by grain N, at harvest two years
in two years 12019 mineralization and straw 2000
OF NO 0 54.7 122.8 144.4 33.1e
N60 120 75.0 122.8 203.6 48.0d 66.2 d
N120 240 78.8 122.8 266.6 545d 120.5d
N180 360 88.8 122.8 314.5 66.1¢ 191.0 ¢
N240 480 92.5 122.8 354.2 789b 26230
N300 600 108.0 122.8 372.5 1269 a 3313a
TF NO 0 54.7 122.8 144.4 33.1d
N60 120 75.0 122.8 229.3 50.1 cd 384e
N120 240 78.8 122.8 286.3 614c 93.9d
N180 360 88.8 122.8 338.2 73.7 bc 159.8 ¢
N240 480 92.5 122.8 388.7 90.2 b 21640
N300 600 108.0 122.8 361.0 1475a 3224 a
MF NO 0 54.7 122.8 144.4 33.1d
N60 120 75.0 122.8 248.8 41.7cd 27.3d
N120 240 78.8 122.8 295.8 50.8¢ 95.0 ¢
N180 360 88.8 122.8 369.5 659b 136.3 be
N240 480 92.5 122.8 469.8 68.0b 157.5b
N300 600 108.0 122.8 381.8 129.6 a 3194 a
A5 KIR Source of variations
JitiAE 753X Fertilization method (F) *k *k
AL N application rate (N) ok ok
FxN ns ns

1 (Note) : OF—JRZE —KJiti /] All the common urea applied as basal fertilizer; TF—& LR 2243 UCitiI 40% common urea applied as basal
fertilizer and 60% top dressed at V10 stage; MF— BLIR R IB IR BEIKR R — AL All common urea and controlled-release urea applied as basal
fertilizer; [RIFNEHE G A Fl/ING AR 7R A0 R AR 5 =CAL BHL R 24 57 8 3 (P < 0.05) Values followed by different lowercase letters in the same
column indicate significant difference among treatments for the same fertilization method (P < 0.05); ns—7% 545 i # No significant difference;

*—P <0.05; *—P <0.01.

LSRR /N B AR A BN ARFTERI, 25
A MR ETEE R /NT 240 kg/hm? I i A
ARG, AR AR SRR NN 2R R R
Femmi PR, drRiEEOFA TS REA
ROVF R R, A TER B, LA
T AT 2 25 S T A~ 03 L i 2™ 3 R
MR B E AR (R 3. K 4), XEHAMES,. &
PEZALECOFFELR —E Ik, FORME it S A

PRI B 72 A ) Bs g R il /N TG ML 2 3 B At 2
4 555

THLIR FAB IR R R — YL A L LR 3R
— Yt AE 3 U AL S 3 B TR oK R &
Teakas . AR BIE AR A, i T el
IR ME MK . R EMIRRXBIRERIRR
— YL TT A, B R R R . ST AR AR
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