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Effect of slow-release fertilizer and tillage practice on grain yield and
nitrogen efficiency of summer maize (Z. mays L. )

ZHOU Bao-yuan'"" >, WANG Xin-bing' , WANG Zhi-min>, MA Wei'* , ZHAO Ming'*
(1 Institute of Crop Sciences, Chinese Academy of Agricultural Sciences/Key Laboratory of Crop Eco-physiology and Cultivation ,
Ministry of Agriculture, Beijing 100081, China;
2 College of Agronomy and Biotechnology, China Agricultural University, Beijing 100093, China)

Abstract: [ Objectives] N release dynamics of fertilizers plays an important role in increasing yield and nitrogen
efficiency of maize. Soil tillage practice has remarkable influence on nitrogen use efficiency as well. In this paper,
effects of a slow-release fertilizer with different tillage practices on grain yield and nitrogen efficiency of summer
maize were compared, to identify the optimum soil tillage for the application of the slow-release fertilizer.
[ Methods] Two factors split plot expernments were conducted in Henan from 2013 to 2014 with summer maize as
materials. The main factor was three soil tillage management, rototilling (R) , no-tillage (N) and sub-soiling (S) ;

The subplot treatments were nitrogen fertilizer; slow release fertilizer N 270 kg/hm’, conventional fertilizer N 270
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kg/hm* (40% as basal application and 60% at the beginning of male tetrad stage), and no nitrogen fertilizer
(control). [ Results] Under the same tillage, the grain yield and nitrogen use efficiency of the slow release
fertilizer treatment are higher than those of applying the conventional fertilizer, and the differences are the greatest
under the sub-soiling tillage. Among the tillage treatments, the yield of the slow release fertilizer treatment under
the sub-soiling tillage (S-SRF) is 13.4% —59.2% higher than those of other treatments, while the agronomic
nitrogen use efficiency of nitrogen ( AEN) and recovery efficiency of applied nitrogen (REN) of S-SRF are 27. 9%
—72.7% and 15.1 -55.7 percentage points higher, respectively, compared to those for other treatments. The
yield and NUE increases are mainly affected by the dry matter accumulation and nitrogen accumulation ( especially
post-silking). The post-silking dry matter accumulation of applying the slow release fertilizer is 13. 0% , 12.7%
and 18. 7% higher, respectively, compared to those for the conventional fertilizer treatments under rototilling, no-
tillage, and sub-soiling. Furthermore, the post-silking nitrogen accumulation of applying the slow release fertilizer
is 14.4% , 16. 8% and 17. 8% higher, respectively, compared to those for the conventional fertilizer treatments
under rototilling, no-tillage, and sub-soiling. The post-silking dry matter accumulation and nitrogen accumulation
of S-SRF are significantly higher than those of other treatments. [ Conclusions] The yield and nitrogen use
efficiency of maize in the two years are highest under the sub-soiling with the slow release fertilizer application.

From the results we can conclude that the combination of sub-soiling and the application of slow release fertilizer

could provide an approach for enhancing the nitrogen fertilizer use efficiency and getting high yield.

Key words: summer maize; slow-release fertilizer; soil tillage; grain yield; dry matter production;

nitrogen accumulation ; nitrogen utilization efficiency
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W S IR AT Z XL T BRI X TR
i R Bl 1 2 UUf, AR F 3 1R 14 °CL, e dpE =
10°C it 4647. 2°C . AF[F/KHE573. 4 mm, P T
7.8 HIA] AR HARE 4 2323.9 h K0+ RS

JiiiE+,0—20 em +J2A WL & i 12.55 g/kg.,
MOR 61,2 my/kg, HEACRE 16.2 mg/kg,
110.0 mg/kg. pH 8.21, 2013 4 FI 2014 4F 5 K
FERFH IR K SR BRI 1.

F1 2013, 204 FEERERFAFHER, RREREBEERR

Table 1 Monthly active accumulated temperature ( °C), rainfall (mm) and sunshine hours (h) during

the growing seasons ( June — September) of summer maize in 2013 and 2014

2013 2014
At
o BUHCC)  REMIRECmm)  FUERECD) BHR(C)  BERTREGom)  FREPECH)
Acc. temperature Rainfall Sunshine hour ~ Acc. temperature Rainfall Sunshine hour
6 802.3 13.8 163.0 795.0 37.8 144. 8
7 872.1 231.1 128. 6 871.2 134.5 205.6
8 909.5 64.5 269.0 788.3 107. 4 143.5
9 685.3 18.8 130. 4 638.0 166. 5 97.3
Total 3269.2 328.2 691.0 3092.5 446.2 591.2

1.2 K5eigit

IR R R T, DABHE T =00 £ IX, 5k iE
BHER) | Sk B (N) FIAAF TR (S) 3 Ay =X
NERERA RN, AR (CK) | F RLEIE N 270
kg /hm* 43 Y FH ( CCF, 60% 3 Jiti , 40% 4k 45 #136
iti) , ZERENE N 270 kg/hm® — M3 (SRF)3 A4~k
B GBI P 22 b 0 A S S R AN LA TG
Fofr, — R A Mb [) Bsf 5% S 39G Fofr J Jth  EA o 5 3 e Ak
PR ER B HEAT 10—15 om JEHE, J5 5 bk
AL FEARTR] (57 FH A 0 P 36 T HILAEA 746 B L it A AE A
b A TR A BHR R v AR B B A 0 I AT
HHN - 2BFYC 7 57 2 557 TR ARG 2 36 Pl AL aE 17 IR
P L 3D B it BB — Ak VR, TR A R B S 25—30
em, JENEEEEE 2 10 em, 356 F 28 BENE i1 1) /5 440>
HOAIEA R AR A, N, P,05 ., K,0 & 435
H30% . 5% . 5% ,ZNERER AT 43 F A HOR 45
JARE, BIE T RSR R T IR R, A E D)
FRELAN PR LR A3 5 8 MU I A 2 ol 530 52 5 A
R R A BECH] 5 22 BN Ak PR A 57 45 & B IR
AL ERE | BT G AR, 2908 P,0; 45 kg/hm
1 K,0 45 kg/hm® , H P A U4 BE T I . BHAE
AT R R AN S AL A AL

TEFHASE 958 LA RL, T 6 H ha) ki,
HI%5 B )7 60000 plant/hm® ,60 cm 247 #EF Y , M iE
25 emy /NXTEFLH 96 m® (4.8 m x20 m) , FF /MK
Fifs 8 47, 3 WE R . Hoh A8 3 it [ 5 £ K = ™=
H o 7E T AR B AR S SOk , 2013 42 9 28

H,2014 459 A 26 H,

1.3 MEmMBEAE

L300 bR AR TRk 2205 i
B, FH )3 AR & 5 Ak AR, SR TR 98 REGE T
MAL0.75) MRS %L (LAD) =% b Humi AL E
FORSNL iR AV wb: TR A

1L3.2 TR T IR 2Z AN, B
DR 3 Bk FA TRl B (8 L i FPhL
FiERh) 23IF, T 105°C %7 30 min, 80°CHET R IEH
JE I E T R TR0 (N) BYIZE

133 MHRAR & MANEF HRCE R KT -
2300 YL G e A 2 R AR A [R) T AU R % &
HHE IR,

Hitk A 2 4 (kg/hm’, nitrogen accumulation
amount in plant, NAA) = fH#R S A E (% ) x BT
AN

AHEAR 2250 R (keg/kg , agronomic use efficiency,
AEN) = (Jifi & X F oK = i - R IRIX K™ 5 /i
Rt

AL F WA A ZF (%, recovery efficiency of
applied N,REN) = (Jiti & X £ oK Hb b #0 A 5 - %
HRIX E R b U ) /A x 100,

1304 iy B/ X R 17 Fn A7
Ui % TR IS, I AR Y A FE AR DUBE AR T 4
PR RBE A RE G | AL R HORE AT 20 BH (R 2
/INT0. 1 kg) , KT 5 BikE, PR, I 5 /K 6, #58
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Fig.1 Grain yields of summer maize under different tillage practices and fertilization in 2013( A) and 2014(B)
[ (Note) : CK— A& Without nitrogen; CCF—3 #i7i /it N 270 kg/hm? Conventional compound fertilizer; SRFE—2ZFEE N 270 kg/hm?
Slow release fertilizer. £ | A [A] PR /R 225335 5% 5 /K Different letters above the bars mean significant at the 5% level. ]

TE 2014 A2 E0 45 A0 B K = AR T A
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TAREEE T 9. 2% F143. 0% 5 WASBRVE T 4> 3148
=T 12.8% F140. 7% o ARIFHE AL, & IR
PABHVE T SRF Ab B 7™ 5 d /55 , 43500 Eb S B B 496 0
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e
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FHURMRS S ERIF M
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Table 2 Dry matter accumulation of summer maize before and after the silking under different tillage practices
and fertilization in 2013
FEAE T 9 F R 248 Dry matter accumulation in plant(kg/hm?) FNA S 2
e TR/ AT
BEET 3% AL " R
AET = ate of post-silkin
Soil tillage Fertilization e 2 SEFM P . &
Pre-silking Post-silking Whole growth period ~ and total biomass
HE(R) X7 HR CK 6056.5 ¢ 7075.5 d 13132.0 e 0.54 d
Rotary tillage AR CCF 8174.3 b 9468.6 ¢ 17642.9 d 0.54 d
ZRENE SRF 8372.1 ab 10703.6 b 19075.7 be 0.56 be
A (N) X HR CK 6152.2 ¢ 7128.2 d 13280.4 ¢ 0.54 d
No-tillage HHEAE CCF 8010.7 b 9826.4 ¢ 17837.1d 0.55 cd
Z PRI SRF 8345.7 ab 11076.9 b 19422.6 b 0.57 ab
SEATRIN(S) X} HE CK 6113.5 ¢ 7089.9 d 13203.4 ¢ 0.54 d
Sub-soil tillage H AL CCF 8260.4 ab 10113.8 be 18374.2 cd 0.55 cd
ZREIE SRF 8618.4 a 12009.9 a 20628.3 a 0.58 a

1 (Note) : CK—ANJiti Z AL Without nitrogen; CCF—4 B jiti it N 270 kg/hm2 Conventional compound fertilizer; SRF—ZZ Bt N 270 kg/hlrn2
Slow release fertilizer. 7] 41§54 Jg A 7] 7513 s b B[R] 22 53K 5% 5 /K Values followed by different letters in a column are significant among the

treatments at the 5% level.

2.3 FAEMEAXTEREXNE XXM ERIEH
( LAT) B9 250

Bl 2A Won, M BE T, 2RI 4 #
(SRF) Ab BRAH BLUMEAE AL BE ( CCF ) 4h 2 i) 48 -
THIFRFR B (LAD) ¥4 10 255 T CK, ZEVRBERHE (R) 4%
£, CCF 1 SRF 4b#H 43l b CK $215 T 68. 2% Fl
74.5% ; B ERE(N) 44 F, CCF Fl SRF 435 It
CK 2/ T 57.9% F163. 6% ; Z54H RIA (S) 514 F
CCF 1 SRF 435 1 CK #2755 T 50.3% Hl1 62.5% .
1fii SRF 4b¥EFN CCF AbFE 2 [E] FFAE A Y LAI %A

7 r

A
5 6 a a a2
g -3 = T
5 0T
g b
E ) c be
® 3T
Jm
2 27
=
= 1}
0 1 1
Tiewt T ERE B
Rototilling No-tillage Sub-soiling

e
A 2B) , #5 Ab B LAL 34 8 2 FE %, R,
N FIS =FBEI =0T, CK Ab3 Y LAL BRI 43 51 0
70.4% ,71.7% F1 69. 9% ; CCF AbFHAY LAI F&0E 43
T 66. 1% ,63. 7% F1 61. 2% ; SRF AbE [ LAI [
B3R 57. 3% ,54. 8% F150. 0% , g F{K T CK Fi
CCF Ab3, 3 FpBEAE 7 2 LA, S R BE (S) T
B ALF(CK, CCF 1 SRF) (% LAT N B0 B2 fe /)N, i
FALTIRE(R) Mk B4 (N) P& LR (P <
0.05), Jiob, &Absr, LA RIS BEE T & B

B O CK
B 0O CCF
i B SRF

a

i b b
- d d c

"I 1 ’-LI 1 |‘|

i St E B
Rototilling No-tillage Sub-soiling

E2 2013 FRRLGERE EKRF AL AABEH TR

Fig.2 Leaf area index (LAI) of summer maize at the silking and maturity

under different tillage practices and fertilization in 2013
[ (Note) ; CK—AJii I Without nitrogen; CCF—# #LHEAE N 270 kg/hm? Conventional compound fertilizer; SRE—ZZ AL N 270 kg/hm?
Slow release fertilizer. #: AN [F] FHf 3 7R 22 73k 5% 5.3 7K F Different letters above the bars mean significant at the 5% level. ]
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AbFEAY LAL N R B fe /D, LB A 331G 8. 8% —
30.3% (P <0.05) ,
2.4 AEAMEARTERENEEXER. E
RERESHEMZIT

73 SRR, MR BEE T, CCF fil SRF
WM E EARR AR R R AR R &
FENAETMAREZR RN D ES T CK X,
1fii SRF Fl CCF Zb ¥ (AL AT A R A R WA i
25t (B, SRF MM G RERE R R ES
T CCF, 3 Fp 8 77 =X N 35 05 2 0 o 14.4% |
16. 8% F1 17. 8% ., AL H LU H RIS BRIE T 2%
BB G A X R e, 8% & T A

ROFR B4Rk 17. 1% —401. 7% , A I, SRF &b #
ETMERARXHRERE T CCF,3 FffETr
XTI 35 4 8.8% (R) | 8.3% (N) F19. 1%
(S), HARW G TR BIL AL B B A R R R i i
i, B R T Ad AL P, 3 R 8. 2% ~ 162.2%
[l AR BEVE D7 30T, SR Ab B 48 15 11 st R
FRESEFHLARHNBRENMEEE®T
CCF Al CK Ab i AN[RIBF 7 2 b, 260 DR P B
PRSP AL S R AR R R AR I U (E
Py TRt B AR O A A B, DL
VNS 22 MRS RN iS5 e feota sy
IR

R3 WBELFEVEEERENSHEERRZNESHE

Table 3 Nitrogen accumulation and distribution of summer maize before and after the silking

under different tillage practices and fertilization in 2013

TR Z FH 8 Nitrogen accumulation in plant( kg/hm*)

. . VAV SN L
(N M b B e
AEHT WS S F W Rate of post-silking
Soil tillage Fertilization g )
Pre-silking Post-silking Whole growth period ~ and total biomass
B X} B CK 72.7 ¢ 23.1¢g 95.8 e 0.24
Rotary tillage HHUEAE CCF 126.8 b 78.5 e 205.2 ¢ 0.38d
RN SRF 133.5 a 89.8 ¢ 223.3 b 0.40 ¢
Gk X} CK 71.1¢ 23.2 h 94.4 e 0.25f
No-tillage LR CCF 126.4 b 84.7d 211.2 ¢ 0.40 ¢
ZEREIE SRF 129.8 ab 99.0 b 228.7 b 0.43 b
A TR X} CK 75.1¢ 30.8 f 105.9 d 0.29 e
Sub-soil tillage # ML CCF 128.5 ab 98.4 b 226.9 b 0.43 b
ZEREIE SRF 131.6 a 115.9 a 247.5 a 0.47 a

1 (Note) : CK—AJiti & Without nitrogen; CCF—# #iE/E N 270 kg/hm* Conventional compound fertilizer; SRF—ZE B¢t N 270 kg/hm?
Slow release fertilizer. [F]%1 54 J5 A ] F-hk 2 m Ab B A 22 535 5% 53 /KSF Values followed by different letters in a column are significant among the

treatments at the 5% level.

DL RS RUIH], ST A H R AE AL FAH L
Jiti JHZERENE RER 12 $ i TR R R AR

AR R R A H ), HAE A5 TRARBRE T 3 i
Ko

2.5 AEMEAXNTEREMNEERERFAYK
ESab Al

M4 LA HREBHETT 0N, ZRIEAL
R RAEAR 7R A8 e SN S A 38 2 25
TR ANEAL BE . 55 5 Bt AL AL BELAR EL , R EME
(R) T RACAL B RUICAR 7 03 1. 7% , A
HEZAM IR 4R = 18. 2% 5 Sk Bl T (N) ZEREAE
AL PR FNEA 223K $E 5 25. 0% , SNE A I R

P& 15. 0% 5 S RAAHEYE (S) M EBIEAL 3 ) ZUIE
AR R 38. 5% , AL AR 5 15.5%
ANFBEE T A, 2ty DRI 1 RN 2 R K
R R RAE AN FH 22 140 1 V3 e AN G b B AL 3
FALIR ST AN E T BRI AL 3 4 2 R AR
e, SR e B ELRE A F R 1% SRF b BEAH HE,
NEARZERCR AT AR = T 54.7% 1 27.9% , W R FM
FIFR S B4R T 31 7% 1 15. 1%

DL S5, 50 A L, R IE RE S
EPE R FORENE R AR, BABRE I 20 A [R] it A
AR SRR P AR R M K, A5 TR AP T 22
TR M Ak 1 R TES ) D S5 i e
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x4 013 FRE/EEERARFAUE
Table 4 Nitrogen utilization efficiency of summer maize

under different tillage practices and fertilization in 2013

AL AR

HrE T =0 it e Ak 3 V&S ES FIHI
Soil tillage Fertilization AEN REN
(kg/kg) (%)
ke X g CK
Rotary wHAEAE CCF 7.7 e 36.8 d
tillage ZE RN SRF 8.6 d 43.5 ¢
ek X HE CK
No-tillage ¥R CCF 8.3 d 43.3 ¢
SRR SRF 10.4 b 49.8 b
XN XfHE CK
Sub-soil H LR CCF 9.6 ¢ 49.6 b
tillage ZERAE SRF 13.3 a 57.3 a

1 (Note) : CK—RJifi &L Without nitrogen; CCF— #iE N
270 kg/hm® Conventional compound fertilizer; SRF—%2% ¢ Al N 270
kg/hm? Slow release fertilizer. AEN—Nitrogen agronomic efficiency;
REN—Recovery efficiency of nitrogen. [F]%1) 503 I5 A~ 5] £ 36 75 b 21
6] 2% 535 5% 1. 27K Values followed by different letters in a column

are significant among the treatments at the 5% level.
3 it

G/ FERENT I L AN RE T A2 15 X 37 0 14
oK, B E AR AR AR R | 25 d i A
FUFRCRY 0 AW g h, 5 % ML 1, it
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