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WE: NN AT 225 518 BYPLT R AR HOR SR B g B, PSRRI A R R
XHAERK KT K75 SR, 25 R AR AR IR AR R AR 7 i BOFPRE A T S e 3 A I
IO HE R R A B AR AR 7 S FPRL T DR AR R I AR 0 AN G s AR A KR R AR (AR
ZEBER T BRAR BOR T BB B ) R B B A e S R ZERE R R R 187. 50 kg/hm? K B i MH 5 FF
LT T B A% Aol bt 1 2 TR AV, , 478 ek S ARG A 8 7 O S R T A9 7 b s B AR, AE R R B AR
bR K e R R BN B S et U 300. 00 kg/hm” BF, n] 3R A5 B KA BEIR AR K & B TR AR Ko™ B, 1260t /UK
SR FRPRL AR BT R 2 B AR TR N KT GRS AT T AEAR IR S, T2 BT 518 #EIAE 11 A
1 HZEA JEFh i 187. 50 ke/hm? Sl FH 7 300. 00 ke/hm? B, W] DL FRAS 570 1 7= 2 RO B2 B9 0 5
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Effects of sowing date, sowing rate and nitrogen application rate on
growth and development, yield and grain quality of Ningmaizi 518

ZHANG Qiao-feng', ZHOU Dong-dong®, FU Bi-sheng', ZHAI Wen-ling', WU Xiao-you', WU Ji-zhong'
(1. Institute of Germplasm Resources and Biotechnology, Jiangsu Academy of Agricultural Sciences, Nanjing 210014, China; 2.Huai’ an Agricultural Tech-

nology Promotion Center, Huai’ an 223001, China)

Abstract: To clarify the optimal cultivation condition for high yield and quality of the new wheat variety Ningmaizi
518, the split plot experiment was designed to study the effects of sowing date, sowing rate and nitrogen application rate on its
growth, yield and quality. The results showed that the growth and development indices, grain yield and quality were signifi-
cantly affected by sowing date. The earlier the sowing date, the higher the population growth index and yield, and the grain
quality index increased significantly or not significantly with the delay of sowing date. The growth and development index,
grain yield increased significantly with the increase of sowing rate, and reached the highest value at the sowing rate of 187.50
kg/hm*. On the contrary, the grain quality index decreased gradually with the increase of sowing rate, and the protein content
and wet gluten content were the highest when the sowing rate was the lowest. The growth and development index, grain yield

increased with the increase of nitrogen application rate. When the nitrogen application rate was 300.00 kg/hm”, the maximum

S 8920211224 population growth and development index and yield could be
iSI=EH -12-

BE&TIH : FRE LA H (2016 YFD0100102) 5 VL3548 ARk
T SRR (PZCZ201708) s 42 S M4 F T could reach the level of mid-strong gluten wheat. Integrated
AR5 35 ( 19200385-7) analyses of grain yield and quality show that the appropriate

YEZB RN KIGR(1979-) , 2, bR A, Wi+, BIAFST R, 5 cultivation condition for Ningmaizi 518 is to sow on Novem-
H/NE PRGBS . (E-mail ) zhanggiaofeng@ jaas.ac.cn ber 1 with sowing rate of 187.50 kg/hm” and nitrogen appli-

BIESR . R4, (E-mail) wujz@ jaas.ac.cn cation rate of 300.00 kg/hmz.

obtained, and the contents of grain protein and wet gluten
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1.1 iRIe At

P/ N B i B Ol T A B 518, VLR ROl
Rz BeAp BT3RS A W HOR IR BT R, 2020 4738
VLR ARl 22 B S O o I AN TE X it
RN E P PR R SO A
PESF , BA BRI T .
1.2 iRIiEit

R T 2019-2020 4F7EE L T A5 2 25 5 s i
FEHb 7 R X A HF4E (118°51'E,33°35'N) i fT, X5
O ETEEVEY R KRS, IR AU IR T+, SR
AR WA X, B 11 H 1 H(A) 11 A
10 H(A,) .11 A 20 H(A,)3 MR, UG RN
RIX, 15 112. 50 kg/hm’ (B,) ,150. 00 kg/hm*(B,)
187. 50 kg/hm*(B,) 3 N/KF-, DAL & b 7 2
X, % 4 & ] & 150.00 kg/hm* ( C,) . 225.00
kg/hm’ (C,) .300. 00 kg/hm’( C,) 3 DK HA
IRV T e BESEAE  CH-BEAE - P05 AE - Z2FHAE =5 -
1:2: 2 WRIEEZE =, B0 T4 R | B
i R 212 7 i e Y v R L =
ey Vil R S G W i T

WL (P,0) B (K,0) H&¥ R 135.00

sowing date; sowing rate; nitrogen application rate; Ningmaizi 518; yield; quality

ke/hm® , Haz Z G A FEAE « S AE=5 : 5; A PR
TEREFP AT — ML 6 000. 00 kg/hm®, &/ X
AU 11,25 m?, BN X R 10 17,174 4. 50 m,
1THE 0.25 m,2 IREK , Pl 7 X N T 254
1.3 MNEABRFE
1.3.1 A SAE T B o,
FEACHH AN 20 23 S A /N X R B TR T m
(R ZEBE DB, /DX AR BER = 17K | m P25 BERx
4.5%x10,
1.3.2 MHHFHRERE T E @RI 2 (LAD) %
o TRA BT I T AR A A3 B 10
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PRt AR EEAS B A R B AL | h® T T i
FRAHA BT P AL LAL-2000 #8956 )2 43
BEASC3 300 o o T AR, 15 T AR R A
1.3.3 ZegmlE T RAUIIEEE 10 #R/NAZ
A AEEL RRREREL TR i, 7R /N ORHURE B IX .,
1 mx1 m PY5JAE B HCEA AR 0 DXk, okl 7=
RN,
1.3.4 s megmE AN B W X
DA7200 43 A A 2 A 2 1 0T 7% & T T AR O i
FTEE
1.4 HIELE

BB FH Microsoft Excel 2016 . SPSS 19.0 {4
TG

2 R 5550

2.1 FARLGEITERE 518 B ZEHNTHEMN
M 1 A, A RAEF B SRR T
SIS ZRBEHIA R T W EEF, 3 IE AL
T, B A B AR 1 2 BRI S i
S AEBTIA RS X T AN AR A B
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Table 1 Tiller number of Ningmaizi 518 under different treatments

g A FHACEEEH(x10%,1 hm?)
(10, 1 hm®) ety 3 5i SRR A
A, 245.40a 686.40a 1296.00a 663.60a 503.55a
A, 229.35b 403.80b 1 114.20a 642.60a 471.60b
Ay 199.50¢ 199.50¢ 903.60b  501.30b 443.10¢
B, 180.45¢ 344.40¢ 996.90¢  554.10c¢ 444.00¢
B, 225.75b 422.55b 1098.90b  603.45b 468.90b
B, 268.05a 522.75a 1218.00a 649.80a 505.35a
C, 224.85ab 429.00b 1 080.60b 587.25a 466.65b
C, 219.15b 419.40b 1 101.30b  598.95a 471.15b
Cs 230.25a 441.45a 1 131.90a 621.00a 480.45a

AREWI LA L H A B 1L A 10 B A, 311 A 20 H;B, .3
Ffi it 112. 50 kg/hm?; B, - #&Fi i 150. 00 kg/hm?; B, : & Fh i 187. 50
kg/hm?;C, ; Zi & HH: 150. 00 kg/hm? ; C, : 25 & H & 225. 00 kg/hm? ;
Cy : SEAUHEE 300. 00 kg/hm? . [ 40 BB ] 51 508 I A Rl /N 5
BEFRIRAL BRI 22 5 .35 (P<0.05 )
22 AEREXTER SIS HETYRENI T

AN AL BT T2 42 9% 518 N [R) A= IREA T
YIRS 25 S 3 (R 2) o, BEREIIHEIR A [W)
BT IR B TR, DL A AR B R, A AR
BRI fe/ N TEIR) 380N WG A T R AR E, TP B
BTG AN HE N R IMR YRR - TF AR>S T A
191 G > B A 48T S SRR - B A 10

REMR AN R AE T A2 B 518 REA T4 B
(R SE IR AN [, B A A | A 31 o i J24)
i HE 0 0 0, B AR R K B A BN, LA
M BALEES B, B, Zb B T I i 22 S ik B E K
-, B, B AR 25 AN 2 R R AT
S BE A A R T T

it 260 B 1, S [ AR B 0 T o 4
e UL C AR PR f ok, C AL F I S/ Rt 1
PRI & 7T DU s AN 6 AR IR A T i 6

AN 5] A2 JHR T B A X6 5 9 0 o e e 447k I
FACE I AE A TC W S, TR R

HAEXTEA B AT SRR R S
IR R (Op RS IR VTR R 7/I0i o= A IR T
AN TRIAR I PR 3R AR T 229 518 AT T4 B A5
WS, %ok AL SRR T B S R /N

®2 ARLBTTER SIS HENTYRE
Table 2 Dry matter weight of Ningmaizi 518 under different treat-

ments
- T (kg/hm®)
A4 AT THEW] A
A, 333.41a 3 615.24a 12 102.90a 19 348.09a
A, 167.05b 2 132.80b 11 619.72b 18 347.52b
Ay 63.18¢ 1 743.82¢ 11 383.94¢ 17 862.41c¢
B, 158.65¢ 2 094.87¢ 11 494.46¢c 18 179.41b
B, 177.20b 2 354.73b 11 680.24b 18 425.88b
B; 227.79a 3 042.26a 11 931.85a 18 952.73a
C, 173.98¢ 2 146.61¢ 11 501.53¢ 18 231.59¢
C, 186.21b 2 467.47h 11 685.60b 18 491.15b
Cs 203.45a 2 877.77a 11 919.43a 18 835.28a

A, Ay Ay By B, By C, .G, Gy ILFR 1T, [HIZSARBH Y W] 5 B 5
ANTF NG FREFR R AR PR 28 5 W2 (P<0.05 ),
2.3 FELETER 518 HERIELHA N
e 3 AT 63 b R0 OIS H XA ] A=
HHARHA LAT 20 [R], BERE IR REAR LAT .35
TRE UL A IR R ARG, BERE R,
TR LAT S350, AR A= B AR LAT $7E B,
RO IR B e e (i, AU FH X B A B AR LAT 5%
M /N X C AR oAb ) 25 5 3 T4 39
TEAEHAREAA LAT Fifiit 220 i) 15 i S 25 58
*3 AEAETTER S8 BHEMHERIEN

Table 3 Leaf area index of Ningmaizi 518 under different treat-

ments
- T AR £
b

2] /Gl T £
A, 0.52a 4.50a 8.10a
A, 0.27b 3.56b 7.76b
Ay 0.08¢ 3.23¢ 7.48¢
B, 0.23¢ 3.07¢ 7.60c
B, 0.28b 3.60b 7.74b
B, 0.36a 4.62a 7.99a
C, 0.28b 3.35¢ 7.59¢
G, 0.29ab 3.77b 7.78b
Cs 0.30a 4.16a 7.96a

2 A3 By By By Gy Cy G LR 1 TE, [RIZEALBRAY IR 5 Kbl fe

A N 3
RIRI/ING 5 e AR 6 22 52 5 ( P<0. 05 )
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AN [t PR 26 () 1) E AR X REAAS LAT 195 i) B A
B R [ AN S A [R] B 095 1% ) BAEXT 3
AEBWIRRER LAL 5200 3k b 25 5500 i 2 /K7, 1
A PRI ZR 9 BAE AR T BIREIAR LAT 0532 i A 4% 5
FEOKN-, BT IR AR A TR SZ AR R e
R IS IR K, 763X — B 0938 it 260 22 2% A [
P A EAE, ATA R8I A LAL 3 S REAOL A 1E
o
24 AEXBMNTEESISFERMBEZNE
i

H 3R 4 A RIS RN, T A2 5 518 /7 i
225 0 3, B2 P REBON TR T 5, {H A H ]
HAEY JC W, BERE AR | REE TR BT LA
K= NI 0L A A B i , A A R AR, AN TR %
B R B i 2 s L R AR R A b B
R IA9 274.80 kg/hm® , BERE PP &G0, 7= AR
BB B I, HR [R5 R A 34 m) 22 55 0 2 3 i
L) B AL PR & =189 148.65 kg/hm® , SR 1 T
Jo Sk P G 34 o T 328 9 DA, B, A B TR B
B FET B, A BALBE

Bt LR BN, T AZ R 518 e B N
A PHFEBC T C, L C, AR B RO HORN T o
ARG HESARE, ARRZH CAH
PR, M9 006.60 kg/hm® Bt £, M 1
hm*4.804 5x 10° f#, & BI% & B 76 A [R) IR 77 K S
T, BRI EOR TR i e AR | 18 R e U =
BLHE R R R REE, DT = 7
F4 TRLBTTESSISWERRAKRES

Table 4 Yield and its components of Ningmaizi 518 under different

treatments
HEER (k;liz) (XIO%?(hnf) R Tﬁigj?im
A 9 274.80a 503.55a 36.69a 53.54a
A, 8 843.40b 471.60b 36.78a 51.88b
Aj 8 267.55¢ 443.10c 37.23a 51.12¢
B, 8 433.75¢ 444.00c 37.66a 52.49a
B, 8 803.35b 468.90b 36.99a 52.34a
Bs 9 148.65a 505.35a 36.05a 51.71b
C, 8 537.25¢ 466.65b 36.79a 52.04a
C, 8 841.90b 471.15b 36.72a 52.17a
Cy 9 006.60a 480.45a 37.19a 52.32a

Ap A, Ay By By By Gy Gy CoIFR 1, (RIS A PR [R]85 B8l I
ANE)/NG TR R b B A 22 5 .3 (P<0.05 ) .

2.5 FEMNHRKEREEFHERNEXES T
FROGAE I AT A B, REAOR ™ 5 5 HUARE R AR
EARBIAHSCPES IR B T 1 1 25 /K BERL R S e
A T RERIA] AR G dRe /N DR RS 34T 3] AT 2
ARV SO IR BER T AR SR B R R R AT G
PSR 2 UG OB S T A T B R
AT o i A S 2R B R I O O (3R
5)0 LREHIRBL, S EAARIER I 3 N AEE
SRS AL LAL T 4639 1) BB 324 35 40
EY =8
K5 FERABREERSHEERZFERHBXESHT
Table 5 Correlation analysis of yield and its components with pop-

ulation growth and development index

i AL R TRER MR
A LAT 0.85 ™ -0.37 0.80™  0.88*
WA LA1 0.92* -0.50"  0.36 0.92*
TR LAT 0.90 ** -0.35 0.56™  0.94™
LT R i 0.87* -0.36 0.64™  0.87*
R TH R RRE -0.82™ 033  -0.68" -0.81"
T T R R 0.77* -0.37 0.58*  0.86™
BT YRR 0.84™ -0.34 0.81™  0.87*
W T YRR R 0.88™ -0.36 0.67"  0.88*
M TR RE  0.91™ -0.39"  0.62*  0.94*
BT R 0.88™ -0.40"  0.63™  0.94™
FEAHEL 0.91 ™ -0.67** 0.15 0.81*
A 2R BERY 0.88 -0.42" 075  0.89*
LG BN 0.95 -0.50™  0.64™ 095"
FAEI 2R 0.89 ** -0.50™ 0.54"  0.92™
AL BEAL 1.00* -0.61™ 0.43* 0.93*

éAé;;lfﬁlH?‘é%ﬂt; = TR E A (P<0.01) , " FR BEM K (P<
T B I AE R R B br 57 %
YIARSG, XA T e /N A2 7 i i R Pl %
ZBREEMIEM . JFAEIIRER LAL B, 7
1, e I AL W IR i e i T B K, N2 B G R
SR, KB E R I ARLE B A HE TRFRLIE I, 42
TN
FASCAE 3 A B, 319 BB 2R BE LS 7 1 1Y
FAC FR B, 51 R /N AR PR AR K i
RF SRR eI A A A T 2 e A G BE R 22 /D
(RS0 AT 2R R 2 A PR 2 | P i
2.6 AFEEITTEE 518 AR RERIF T
FE I B A A it 2R X T A2 Y 518 A [
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T8 101 3R S S O A R L AL A B
HEEST A, AL [0 A, ABEFT A, kb B jE] 2
SN B AU E (L A5 AN B 3

475 ol £ 184 o, R F SR R T A R A
A, B AR FR A8 BT % e B (KT B, B, A0 H, B,
AbPRAIE A WA = T B, ByARHE, B AGHRRY
DR, B & T B ACH {H B AbFE 5 B, AL BR
TS WG AR, B R A
SR (B S S 1 0, At Ul C A B A 35 %)
e H o
F 6 AREAEITTER 518 FFHL BT R NE

Table 6 Effects of different treatments on grain quality of Ningmai-

zi 518
o EETAR WEGAR DU
(%) (%) (ml)
A, 12.68c 26.81b 29.05a
A, 12.98b 26.95b 31.73a
Ay 13.35a 28.00a 32.04a
B, 13.14a 28.00a 31.13ab
B, 13.10a 26.95b 31.66a
B, 12.78b 26.81b 30.04b
G, 12.57¢ 26.27c 29.63¢
C, 12.95b 27.14b 30.77b
Cs 13.50a 28.34a 32.43a

Ay Ay Ay By B, B3y .C, .G, Gy ILFR 1 T8, [HIZSARIHE MY W) 5 B f5
ARVING FHER R A PRIE] 22 5 B3 (P<0.05 ),

FE SRR R 0 EAEXS T A2 BE 518 FPRLA LAY
SRR IE B W25 K 3 30 -5 2 B AR O H
B e R T A5 4% 2 1) 52 R A S 3, XL VE (B B2
e 3825 5 A i 5 it S0 i B A X 4 1 B A
TR 7377 2 et ) 52 M R I8 35, P T {1 ) s i i 55 — A
FOEAEXTHR 0T o S ) 2 R T A Y
EAL ST E PO RNR S ED T £ AL

3 17 8

3.1 B EMEMEBREXTEH 518 BHE KN
AR

A B RS A ] TR ™ A A
TSI/ IN AT LU /1N 22 A S5OSOk J50RT T4 ot
TP R R AR R I, T A B 518 FLE AT

DAARATEE 15 1) 0 AT 35 2R B4R R 496 )5 2 bl e
), B 2 ORI AR T 2t A ) S A 1 4
FEFp X AR R /N R 5w Y g A R —
RSN SR S TR A AR 8, B
AR B A, 35 B AR L ORI 2T 15
Jite 2R X AR AR R/ NG ) B 3, 24 4 U R 300. 00
kg/hm? B, B A B IR R BE 8 e . 28 il 2
B, TR SIS IS EBE N 11 A 1 HAL #Fh
4 187. 50 kg/hm? , 7] isf 14 it UIE BE SR A9 45 2 Ao
RZEBERL,
3.2 BYEBMENERENTER SIS THWHRA
ZEFMERIEHA I

ARAIEFE 47 S0 RN G A X 4 B R Y R ) 5 ke
AR B IT Al SR — B, AT SR IR AT e AR A K
Tz EE A, S T R T T, A
[ 7% $00 T B8 M e, {75 P4 T R A 5 i 3
K HEIN T RERT P i, 3t IR R R AR 2 T
ML B, 2 TR T i, fE AR I AT
A B, CHAMRHAT Y ik,

KB A Ny, T RS N
S A [ Bsf 300 R 28 1 1 W o A X T R
I RRNN O S e S AR L7/ )5 = T IS E S IUPS
R B ah R — B, IO & AR S
T, R R A E A A TR S T R,
e H R AT T4 5 s AL B CH T 2, PR g
o RAEXTT W 518 BT 0 & A5 i 76 454>
A B AR BRI RGP T
(RS R AEFF AR T2 5 T AL

INFERER G I RS R B R N A )
sk AT IR = RN LAT $4 77 1 25 00 BT
S EIA MR~ B WAESS LA A R
TR IR FH , P AR T 45 S5 1T 0, 16426 A
R A R T & T A2 9T 518 BEAAR R AE S
WG LA, S5 42 32F 2602 A W R, AR A5 48 v
H
33 B BMENERENTERSIS FERN
B, 2= B9 22 1

IINFE T AN AZ P s AR R R [ A7 )
IRES RS R M52 ma 20 5% 0] 46 R At 2
TR E/INZZ SR P R, BTN A B2
FE RN T AV 518 PR AN AS R ST
WEFE Hh S5 FF N 58 AR R], 4347 i R m R 2 4 1
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HEIR RS SRAN R 25 AR B | AR IS
egaRt LS Es AN TR AN S 2 A il (- N
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(], BT AAS (R4 ST 7= S g 1 PR 28 s it A []
M7 AR SIS FERNTEIZE 11 A 1 H A B, iy
AR | TR BT ey, R A0 Ll 49 0 4 B )
22 AR R E s

TAZBE 518 AN[FHEFP i AL B R P Y 25 S
AT AEESCRN T BT 2 1) 52 M, JHG b RO ok 7= i Y
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., AR TR XN PR I A e 5 2
ARFFAEN KBS MR AT 25 SR — 3, 15 HoAh
NP2 B gE 45 AN ], g8 HLR A AT BE 5 K [ A
FETE I A0 R B 25 AN TR A G, DR b ) B
R AN [1) it o 98 A AR ) S P 9% 10 6 o
A Be RIS T T

T AR T & B 518 P A M 4518 S
Rk R AT (AR I 451 — B0 AN R X R R
TRLTT B S AN S 5 B it RN AT LA i /N 22
FEE ARG SRR LG, i F
T/NEE W B AR 3R R CH: )RR I e 3 1 m AR
AT/ INAZ A B g i v RS AR R, AR ik
L, B ATENE R iz 25 40 3 v i) EIE it &2
150.00~375. 00 kg/hm’, B T 1% 22 1) &I i H i 7
AN [A] 12 BT e HT ) /IN22 RS ] | BRI S SR AN
JUMATR] , AHIF 5% v 72 22 9% 518 78 &I &N 300. 00
kg/hm? BF KPR 6 B e, 2 B2 o2 — A Tl A
PEIFH /N B i A

P TPAEI I BEIR LAL 5377 IR 25 e
O T2 BT 518 i FERETE AT 6 R Bk 25 1Y
PHPERLNE , 7E33X A~ s 1 348 AT o 7K B i (2 s A
AREEIC T B, DT84 A 7
34 EH EBMEFMEREXTER S18 R MR

sp=A1)

I A AT AN RN S AL FR X 5 2 E 518 S AR A
(RS2 R, E SRR AN = 1 77 42 BE 518 FPRLIY ER
LTS T, XS A R AR Y g 4G
SR, X 2 2Ry, A% R R R R
T AT o G B R, T BE RS A R R AE K R F
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FEEERRIR], RGN, BRI TS S T
REHIMSCRTFE , DI B AR T 28 P 0 5 o R 1 797
T,

ARBIFFT HRAEAS [ it R KT AR A R AR 22
S B A e G, AR T A R T A
FYCTE(ESS R0, X 550 A B se gl 5> —
B, (HR ARV ST i 260 o L U0 0 A 1Y) 5% T 45 18
AR [E], 24 it 2 5 300,00 kg/hm? i, 7 4 %
518 fFFRLE BT A .

4 Z5
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B P R it AU 300. 00 kg/hm? B 77 A
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