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i T X B R K AT AL 3R A 1 A0S 5% an BT A =2 i

Ty wE#sH A R A B OKEFE
CUARA A AP R T AR, RS 271018)

M E cHEBATEERGEZERFRERER Hin/E, LE R AKX EE 518
(DH518) A1 4 # 958 (ZD958) A ik AT 8, K B & T & i & (N,) .V EH# A (N,,129
kg N - hm™) #EE#i A (N,,184.5 kg N « hm ™) Frit B & (N,,300 kg N - hm )4 M i A&
REFRERAENE TR ERSEFE S AP EREA . L HEELETRNH
ORI RN, R R E R E R e, TR A O AR R R
HEMFEEEZR A N AR N 16.4% ~57.2% N, 4 F 5 N, 7 35.8% ~65.1%.N, 4
EWREEES TAUERMEER BRI/ A% EN (X/8) BIK, M & &3 in;
DH518 # ff N, & # & N, N, A B WM E A T E A e 4 &2 71 8 i 32.5% .6.5%,
19.9% 9.5%%1 8.9% 5.2% , FL %/ B 7+ & ; ZD958 & Fk N, AL FE % N, N AL E ey M & g 7 %
Y fn R A B 3 A 16.9% .7.8%,30.5% 14.8% Fn 11.5% .5.7% , %/ B 7 & ; ¥ & # N,
WIEWHLFER & BB N, F N, 1K 4.8%~12.3% 122 , HEHA(N,) RN, L EEEKFER
RS R TR TN, AEEETRALERFER W& RE 78, L EHA.

A HEK R PR R R R

Effects of nitrogen application rate on grain filling characteristics and nutritional quality of
summer maize. YU Ning-ning, REN Bai-zhao, ZHAO Bin, LIU Peng, ZHANG Ji-wang® ( Shan-
dong Agricultural University/State Key Laboratory of Crop Biology, Taian 271018, Shandong,
China).

Abstract: Suitable nitrogen application rate can significantly increase grain filling rate and yield
and improve nutritional quality. Denghai 518 (DH518) and Zhengdan 958 (ZD958) were used as
experimental materials in this study. A field experiment with four treatments, no nitrogen treatment
(N,), decrement nitrogen application rate (N,, 129 kg N + hm™) , suitable nitrogen rate (N,
184.5 kg N + hm™) and excessive nitrogen rate (N,, 300 kg N - hm™) | was conducted to explore
the effects of nitrogen fertilization on grain filling parameters and nutritional qualities of summer
maize. Results showed that grain filling characteristics, grain dry weight, and yield in N, treatment
was decreased. With increasing nitrogen application rate in the suitable range, average filling rate,
grain dry weight, and yield increased. Grain yield of two hybrids in N, and N, treatments was higher
than that of N, by 16.4%-57.2% and 35.8%—65.1%, respectively. Grain protein, soluble sugar,
starch contents and the ratio of amylopectin and amylase contents were lower and crude fat content
was higher in N, treatment. Grain protein content, soluble sugar content and starch content in N, of
DHS518 were higher than that of Nj and N, by 32.5% and 6.5%, 19.9% and 9.5%, 8.9% and
5.2%, and the ratio of amylopectin and amylose contents was increased. Grain protein, soluble sugar
and starch contents in N, of ZD958 were higher than that of Nj and N, by 16.9% and 7.8%, 30.5%
and 14.8%, 11.5% and 5.7%, and the ratio of amylopectin and amylase contents was increased.
Crude fat content in N, of both hybrids decreased significantly by 4.8%—12.3% than that of N, and
N,. However, yield and nutritional quality was increased in N, treatment than that of N,. Our results
suggested that suitable nitrogen rate could enhance grain filling, grain weight, and grain nutritional
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IR DO TR B X 2 — A R
KRR TR T, HoE SR R B HE 28 A B
ST R T A R e R OK R TR L R
SRl B R AR A T L U TR P it L
NEBEASHR kP RLIE I R e 2T AR5 e & 7= Wy 1h)
FERLIZHE , AT R T, S it AU 0
CIE: v 1 ke ek = VoIl e DI RS e im0
Ji s ik, e S R AR, R R T
W, B IR A E AR PR Rz b kT R
AR FPRLA T R D, AR S AE R 5 A T
AN Rt S B AT 5 it R X B R KR
SEFRERLA BT RS0 | Y] O B 9 i S oK v 7 1
St R E 7 e B R AR

1 #R5FEE

1.1 e St

AGRIE T 2016—2017 4F 78 8 2 17 A0 11 Bk
17, LL FR PR 958 (ZD958) Ml ¢ & 518 ( DH518)
LA R, B 4 A AS [ it AL B A ] R i
0.129.184.5 1300 kg N - hm *( JR &, % 46% N),
WIKIEAE Ny N, N, FIN, 40 R R ANt 2L, 2D i
T AN A, BEALIX 4R 38 AT Y
TR ATt 8L L9 R 15 2 50 = 35, 430 40 R A s
BRIE it ) i 24— B, R I (Gl B R A, % 17%
P,0,) T#EHi i A 30 kg - hm™>, & i A 25.5
kg + hm 2 B (AALHT, & 60% K,0) 76 3% A 4k
T AhEER B A 30,70.5 .30 kg + hm 2 AR
HE KRBT 6 A A #1778 60 cm, /NX R
R 240 m®, AL % FE SR 75000 £ - hm ™, 10 H 1 H
sk,
1.2 WEmH S5k
L2 1 ARRIR R BOR R A F SC it W 5
(http ://www.ngssjc.com/ ) $244E 5 i K BFAA K
BRI 7= [(T,, +T,,)/2-10] ,Hrh.1 0
T N i R R RARRE (10 C<T,, <
T.<35%C).
12,2 PR R E ok 22 5 e B 22— S0
50 BRAERRIEATHRIC , FFAE)S RERG 5 d SEATEORE , RS
ARFRFEI S B, 3 511 340 BT K SR A R kR 100

W, FREEE  HEATE D FFRAR T T4E48 80 C LT
FAEA BT HAEIER R (g - C) = R
9 ECRL L/ BE S IR ORI s Rk R R Bk e B
IRIFRER A (g - C71) = (WK A R 5 - FF
REZXF B 7K i e KB B R T B ) /6 R 48 X 75 K
I R BN BRI A R
123 FFRiah BT BCBBIOFA R, THEAE 50 CHET
ZfE 5 R, SR HTEL G R0 I ML AR & =
(HEA S B =R 2R & Ex6.25) " ; RICIEI
TRBRAVEIMAE 12 h W AR O -6 R
Fb A T30 52 Y A R AT s M A o U 5 U R vk
SESCEE | EAEVER AR
12,4 R 50 BE/ANKICHE E KR 3 47, 3t
30 NMREE, 3 ANES W TR oK, TR SR
PR (FR 14.0% T B & KE) 7 h (kg - hm™ )=
B8N L e e < RERE R x TR HE () /1000 % (1 -7% 7K
#)/(1-14.0%).
1.3 b

K Excel 2003 F1 SPSS 17.0 B AF#E47 5085 58
T HT. R FHH.H & (one-way ANOVA ) Fl Duncan 2
AT 22T ML 3 (a=0.05) , H Pearson 72
X AL 7K f FUOFFRL & BT R 47 4 56 23 M. B Sig-
maPlot 10.0 K {41 [&. & 3= £ 88 0 - ¥ E = 45
E2.
2 #ER55H

2.1 il B R R R

AN it Ak 3L 2 AR AV B R K ™ 5 A 3 R [
DAL 7 e it G P G I B T AR 2
2L 2016 4F 4, DHS18 f§hFfr N, &b A 7= 8428 N,
RN 57.2% N, Kb PR =g F— B4, 5 N,
AL BRI RN 65.1% 52 it Bt A (N, ) 3 N, Ab
FRREAI1.5%.2D958 &l N, N, AbFRAY = 48 N, 43
BN 35.8% . 24.8% , N, 4bBR () 7= 848 N, AR
3.0% (K 1).
2.2 il ORI SR 5

AN it Sl 2 i 2R A BE G A T AR AR AR ;2016
4E DHS18 S Ay N, N, A FRAES N, 20 R 6.,
4 d,7ZD958 Sh At N, N, ZbHEE N, 43 HIHER 3
1 d; 20174, P @ AN AL BEESN, P SEIR 4 d |, N,
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Table 1 Effects of different nitrogen application rates on grain filling of summer maize

O Hh 4b 3 nh2Zf HEROMAMOIR ARE PR A R AR KR OFPRR R K
Year Variety ~ Treatment Silking T; 100-KDW Average filling 1Y E R E FIAR A 8 T S o
stage (°C) (g) rate 100-KDW | R,
(mg-C™) (g) (mg+C™")
2016 DH518 Ny 08-05 683.6 28.8¢c 42.1 9.21c¢ 73.8
N, 08-03 733.8 31.5b 42.9 12.02b 73.4
N, 07-30 765.2 32.9a 43.0 12.38a 71.3
N, 07-30 765.2 32.7a 42.7 12.16b 71.4
7ZD958 Ny 08-06 672.3 31.0c 46.1 8.62¢ 84.4
N, 08-04 683.6 31.7b 46.4 9.29b 84.5
N, 08-03 699.7 33.7a 48.2 10.14a 88.8
N 08-03 699.7 33.5a 479 10.29a 87.5
2017 DHS518 Ny 08-06 829.4 33.7¢ 40.6 11.12b 62.5
N, 08-03 846.0 34.8b 41.1 11.98b 63.2
N, 08-02 862.4 35.9a 41.6 12.54a 64.7
N, 08-02 862.4 35.7a 41.4 12.44a 64.4
7ZD958 Ny 08-08 754.5 33.8¢ 44.8 9.36b 67.7
N, 08-05 771.7 34.9b 45.2 10.54a 67.5
N, 08-04 785.9 35.8a 45.6 10.84a 69.1
N; 08-04 785.9 35.6a 45.3 10.92a 68.3

DH518. & 518 il The variety of Denghai 518; ZD958 . FBEA 958 [ F The variety of Zhengdan 958. N ANt A AL T No nitrogen treatment; N, :
0 1

Jiti 129 kg N - hm™2 Application of 129 kg N « hm™2; N, ; jifi 184.5 kg N - hm™2 Application of 184.5 kg N « hm™%; Nj: Jifi 300 kg N - hm™2 Application
of 300 kg N + hm™2. 7 : Effective accumulated temperature during filling stage; 100-KDW : 100-kernel dry weight; 100-KDW _ : 100-kernel dry weight at
maximum water content; R, : Filling rate between maximum water content and harvest. [F]F /S [A] =B8] 2 7R [R]— 44 [F] — /i Bl AN [] A B ) 2 5 0 38
(P<0.05) Different letters in the same column meant significant difference among different treatments at 0.05 level of the same variety in the same year. |

[7] The same below.

ALBREE N, BIHER 1 d. Bl 22 WA SEIR | AN T) it 0
A P SR A SRR D, R BRI, B R
No<N, <N, =N, , P 4F & 3 — 2. [A] B, B At 0 &,
JEE NIVR BN A0 &SI I8 ANy €7
I YT R R 6. L 2016 4F 941, DHS18 i N,
A P TR I A AR BN, N 43 S 3 T 81.6

14000 '2 1 a b '2 1 ]
T
12000 | i L - RIGENS
ON.
10000 d d
H
i é‘i 8000
‘H\E 6000
2
=
4000
2000
DH518 ZD958 DHS518 ZD958
i F Variety
B 1 it U K R S
Fig.1 Effects of different nitrogen application rates on grain

yield of summer maize.

No: AHitiZ4b 2 No nitrogen treatment; N ; jifi 129 kg N + hm ™ Appli-
cation of 129 kg N - hm_z; N,: jiti 184.5 kg N - hm™2 Application of
184.5 kg N + hm™; Nj: Jifi 300 kg N - hm™2 Application of 300 kg N -
hm™2. DH518: % 518 ffiff' The variety of Denghai 518; ZD958; %5
I 958 i The variety of Zhengdan 958. /N [A]F-H]: 7R [F] — i FpAS [
Qb E] 25 55 .35 ( P<0.05) Different letters meant significant difference
at 0.05 level among different treatments in the same variety. [ [ The
same below.

31.7 °C, P4 I H R4 BN 2.19% 1 0.2% , WFF
RIS B K o BRI AR SR 43 B8 n 4.79% il
5.3% , AR T B E BN 14.2% F1 4.4% ; D958 i Fil
N, AbFRAESIAA RS Ny N, 2053 27.4 Fn
16.1 °C ,FIRER HR ST HIEE N 9.5% F13.9% , ¥Rt
TR K S B0 AR B 1 T R 4y I 3G 5. 29% il
5.1% , R T i 1N 8.7% M1 6.3%(F 1).
2.3 it KRR K )

WACAJE s A il 0 s o4 ATt 280t Ak B A A AR B 7K o
LN, N, Ab B IE) TG S 2 e AR A — S (B
2) . LA20164F ], WAk i DHS 18 5 BN, (N &b 2

402016 012017 mN,
a EN‘
a N,
£a 2240 40 aa lI’2|:|NZ
30t bp o bb :
§ n - T T
g i
2{151‘ E 30
g 20}
4s 20+
B
10 10
0 1 J 0 1 J
DH518 ZD958 DH518 ZD958
i R Variety

2 [ it A B R kR B K
Fig.2 Grain moisture of summer maize at harvest in different

nitrogen application rates.
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Fig.3 Grain soluble sugar, crude protein and crude fat contents of summer maize in different nitrogen application rates.

R & K 8 N, THR 6.5% F1 10.3% , ZD958 i
Flt Ny N, A B A FF L 3 K R 48 N, FHE 4.2% Al
4.9%.
2.4 AN E ERTER & i I S R

HI 8 2 W] R A it 2R o ATt A e B DE 1
RARR 5 E B0 L N, B VE % et I 2 il Rt ) 385
MM, BAAREHEI A N,>N, >N, >N,.DH518 /i
Pl N, PR S TER & N, N, 433350 8.9% Fil
5.2% ,N, N, Ab 3] JC W 2 1 22 5 5 ZD958 S N,
ALBR ) B TE R S NN, 2 B 11.5%
5.7% , it A AL B S TER S R A N, A0 FR R
1.8% A, AN it S 5l 3 it 20 ot B2 B AR H 114 52
HEVE Ry W RN, AR S B T, S
H R, Hp Rt 2 S AR, P AP N, Ab
32/ HAE N, 435 F B 20.1%F1 24.0%.
2.5 AU B K AR s

H Pl 3 AT A it 2R B o AP it 2t B R KA
T PRI O BRI s RS G P AT M
Wit 5 e R0 3 G, PR A S #— 3 DHS 18
*2 MEBMEIEKIFEEHSENEE

Table 2 Effects of different nitrogen application rates on
grain starch content of summer maize

il b3 BYER XHEENY O HERER  CHEERY
Variety Treat-  Total starch ~ Amylopectin ~ Amylose BB
ment (%) (%) (%) Amylopectin/
amylose

DH518 Ny 62.4c 41.4c 21.0a 1.97

N, 64.6h 44.4h 20.2ab 2.20

N, 68.0a 48.4a 19.5¢ 2.48

N; 67.2a 47.1a 20.1ab 2.35
7D958 Ny 63.5d 40.6¢ 22.9a .71

N, 67.0c 44.6h 22.4ab 1.99

N, 70.8a 49.5a 21.2b 2.33

N; 69.5b 47.8a 21.7b 2.20

PP N, Ah 3L AT S PERE S B NG ON, A I
19.9% 1 9.5% ; 1 £ it 4 7T ¥4 14 Wl 2 2 P PR AR,
N, AbFEE N, A% 4.0%.2D958 (i N, ZbBH ) a] i
PEBE S 23 N, N, 20535 /0 30.5% F1 14.8% ;N, N,
A PR G ) 25 R 2
2.6 il X FORKLE S R

AN it 20 AR ARt 0 e B R R R L A B i
REAVR 5 305 B3 T P R 1 5 o o Tt 2 34 o
MBI, P A a3 — 2 DHS18 & Fb N, 40 2 19 #
BEEF R NN, 33400 32.5% M 6.5% ; i i
FMUE A& B FRAK, N, APREE N, F#IC 2.3% ;ZD958
T U\ 2 R eI S Bl ol P I | B )
16.9%F1 7.8% ; iz 5t Jiti A4 N, Kb BHLEE F & 2
% 3.0% (K 3).
2.7 iR I T KL I AR

AN it 2 B AR AV it 2R e B R KA R AL R I B
B Bt 2 it 20 A 04 3G 0, AR R B R R AR N, N,
Ab PRI TC 35 R 25 5, W S R 3 — B DHS 18
N, AL AHLG 5 & A N, N, FRAIK 12.3% M18.1% ;
ZD958 A N, b FH ARG D7 & 3 N N, FEAIG
6.5%14.8% (18 3).

it

il 50T 35 5 W) B T O ) e 0 e T
PR TEICH R 50 1 - 32 P R T A A v R
AR 60T H i T KRR R I e R O
AR TEIR B B ORI B A R, D S 1 ] |
SR 22 1 30 A 5 £ I [] 2 2 R ) A AR
U0 AR TR WY, IR AE TR KR HE K
HA R P 3 S T A PR TS PO T S T AR IR
REER I, e 2 PR T AR R, AN

3 it
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T 3 i RIS WG K N kR A B
(1 5tk A AT RE T E o IR R (B BT i
A RES R AT PR A 2 R A& P& A 5% I
RS , T RAR PN I SRR B R A, i A U
18 AFTHEYL S, e R A A R ]
WA AF N il 28 RT3 moFPRL R 1 B e, (H IR
TVER I B A A I A it 2 T R
FERL R TE R Y 5, D0 SR B A ELEE S Y
FLA], 3052/ B, 3 SRE T 4 it R T i
For 5 XL KPR 5 7K i 55 MRDRE AL i oA
KRR, FPRLD) T I 32 i, 5 K R i i R
7o 2R PN | S VE A RO IR D7 5 AR B LA R
R 7K R A LA R RO IE(EL, JERD  SCHERE R
G RPRLI K R K B AR 5 I A O RERL S K
T PR OB SZ S TR IR kR i
5 A B AR R R A R B AR DG P AR B e 3R
WA PR KR 5 R | M i e R T
K, SR SR R R F IR (K 3) X 5 HTAMT
FELAE A — B At R 8 it A B 3w 22 3] ) s
[E1E (TN St 8 U RSy 2T A €N fEOF E A
KR I, X AT RE T EORFRL AR BT I 9 i
PRl 2 — R TE E Y R P Bt 20 9 38, R R 5 7K
AR, PR O 1 L RV PR S R, S E A
i LS B MR R i ek
Aot ROR L A AT TS

BN B B AT LR AR 2 R T R
FIRFRLER R 5 7K B BISCR I Y S 58 | R IRi3k

R3 MFHRSIKESHFRRARMEXRY

Table 3  Correlation coefficients between grain moisture
and grain quality
FRRigkiE  REM AR AR
Grain Total starch Soluble
moisture content sugar
content
BIER & -0.995 " *
Total starch content
ATV -0.982* 0.988 *
Total soluble sugar content
MU & 0.998" " -0.993" -0.970"

Crude fat content

* P<0.05; * * P<0.01.
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