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Effects of interaction between density and nitrogen on grain yield and
nitrogen use efficiency of winter wheat
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(College of Agronomy, Shandong Agricultural University/ National Key Laboratory of Crop Biology,
Taian, Shandong 271018, China)

Abstract: In order to verify the optimum nitrogen application rate and planting density for higher grain yield and
nitrogen use efficiency, and to provide basis for the development of rational cultivation measures, two cultivars, Tain-
ongl8(T18) and Shannongl5(S15) representing large and middle ears respectively were used in this study. Under
field condition, four regimes of planting density (60, 75, 90 and 105 kg/ha) and three nitrogen rates (0, 180 and
240 kg/ha) were applied to study the interaction between nitrogen and density on grain yield and nitrogen use effi-
ciency of wheat. The results show that planting density, nitrogen rate and the interaction between them have signifi-
cant effects on grain yield and yield components of winter wheat. Compared with the nitrogen rates, planting density
is a key factor for increasing the grain yield, and for increasing the agronomic efficiency and apparent recovery effi-
ciency of applied N. In this study, taking both grain yield and nitrogen use efficiency into consideration, the appro-
priate plant density and nitrogen rate of T18 are 102 kg/ha and N 180 kg/ha respectively, while for S15 are 83 kg/ha
and N180 kg/ha. Conclusively, we can adjust nitrogen rate and planting density to take advantage of the interaction
between them in promoting the uptake and use of nitrogen for high grain yield and in improving nitrogen utilization.

Key words: wheat; density; nitrogen; yield; nitrogen use efficiency

REXMEHNRERET , RRDBERERN A TREDEE, RIS REAKE HR
Tt R IR EAAEEAOMEA . &£ IERAHREME . B, R E A EE K F

IS HH9: 2010 -12 23 BT HH: 2011 -03 06

E&WME: ERE LM ERTRTE (2009CB118602) (A 25 AT (5l ) BHIF £31 (201103030) ¥ 1

EER M WE(1985—) 58, ILEE SN, LML, FENENERFEB NI, E-mail: fighter®1@ 163. com
* IAYEE E-mail; mrhe@ sdau. edu. cn



816 HHERSERER 17 %

FH2RZ R 33% 7, IR S AE A FH 2R R A s 1 % R A
ERIR%R, MEEGY TR, WR T —RIEH
AL AR,

NEIFRER TR e N s, e Z A
PMEFGRIE RN . TEA R E R
BES R R EFRX /N E T8 A BTN 52 i Bl R
H S REIROR, MBI R M B B R
MHETFXNEF R, PIEAN, % EE ., MR
fatt BEA R R , IMAHIRFATE — 8 R ) 2 ()9
BN ALK, FI R 21 L W REA A ATk
BREAFEE" LT H AR /N TR R
M, REHFA N, AR S TR REMPAXR,
TE—EREATEEN, AR 5/ ' 2 1EAHX, (Hld
— RV, PRI BB R

1974 4F O’Sullivan #1 Gabelman 281" 3 4 T4
R AR S BN 2R R E SR
FHZHN R AE i 7 1 2 F ok BB 3R A H
RACHER , AT R M R R T /E X AR
RIERIFI R, LB os R W, FAR BRI
2 AR R FA R T 7 B A R G
AR 02

AREMSFTFEBANE A NEERKET T
BB RSN B R AR £, X T 9 &
FIEAERON A 7 B T R A R AR RCR M5 ik
WARIE . A AE B EA WA E AR, W
AEEAEFM T DERBORIF HAR WEE, B
TEAR B ™ B AR FIRF AR ) 2548 i R A
R AR B, B E & B AR B A0
S E SR SRR .

1 bR

1.1 Rt

RIGT 2008 ~ 2009 1 2009 ~ 2010 % S Hj 4E
FEIARRAN RFRWRGHT . %A R K
Bttt 28 XA X, 4E 3 K PHEE 5T 8 B O 121.5
keal/em’ ,4F$7 H BB¥k 2627. 1 h, FEHSE 12C,
S = 0°C LR 4731°C, <10 IR 4213°C,
TREHIT 195 d, FHFEK & 697 mm, X% Hb
0—~20 ecm LERMAVES RN 11.92 g/kg, 2K
0.87 g/ke, TR A 112.4 me/kg, 7 5% B 32.8
mg/kg , HEHF 81 mg/kg,

RIRHH X I, EIX AZEAR 18 (TI8) MLl
15 (S15) 2 A~/NZFE S Py K % 60 kg/hm?
(D60) .75 kg/hm* ( D75) .90 kg/hm* (D90) FI 105

kg/hm’(D105)4 &R &, IRE X BEE N 0 kg/hm’
(NO) .180 kg/hm’ ( N180) F1 240 kg/hm’ ( N240) 3
MEIERE, i 24 3, AR/ K TE R
24 m* EH 3R,

JNZZTF 2008 4E 10 A 10 H F1 2009 4E 10 7 10
A#&Fh, S BHE P,0, 120 kg/hm® (G BEFRES,
& P,0,15% ), K,0 105 kg/hm’ (& L7, & K,0
60% ) BN IRE (& N 46% ) , iR I it K
(HEHEH3:7) A . 2FREE. PRIERRME IR R T
AT S RE T &5/ DR GHM, HERE TR
BIFFIAE AR5 B H-Be K, 7K & 600 m’/hm’
FEFP 5 2 K B A o B BT R
MR =,

1.2 MEMBESFRE

B =, SR AANR A, AN R IR 3
m’ 3 W, AT, BB U= AT B N

FE R @ I R 2R SR R T BR
OB M H,S0, fil H,0, HA&EMELIKE
REPNESREEANSE,

BRSHITE:

kBN ARRER = BB T E x R
WHEMRERE (%) x HE;

RN FI AR = (AR PR R - TAKX
Th=E)/MAEY ;

RIERBAR(%) = (BAXARBIE -
TRARARWICR) /MEE R x 1001

AR = AR =B/ AR

REFSFRABE = FR-E/AEKEARH
281,

A AR T o 4 R B A — B, SR P SRR 11
WEHET . RitafiERBEEERT
DPS7. 05 JREIEAL T R Se ot , A LSD i T B &
PRI 46

2 R

2.1 FESEELEXFEREMEERNZE
Ji B AP 25 B0 P B A i B R R B
W, FHFE 1 WAL, T18 H1 S15 Ay Be {7 1 A ARk 4L
Wit 25 e R 2% B PR T 0 . P AR R K K
FEBCES L PLTE D105 N240 AbFR, TR ETBEE i A
B INTHE £, (H R G B 2% 5 R 2 BLREAIK
HIia e, T18 \S15 ¥ 1L D60 N240 4h B % %5, 45843
S5 50. 5 F133. 55 R, b EE 3 Rl A & R AR
R IR B MR AR, DL D60, NO 4 BE B B, 4 35



4 1

BB, % BE AEEEN/NE B RR R BRI

817

41.74 F151.99 ¢,

RETK V- FFh AR 2% B B /N E TR
MEREMFFGT WM E R = BRI
FERE D B I e AR R T AR I 3, BLRG af Fhak 2|
BEFAEENEMNERS B Ho, KER SR
FA 18 J R B IR R R 90 kg/hm® b3 [ 5%
=, AR R AR LR 1S PR E UEE R 75
kg/hm’ AL, B EMFESET, A E
B, PR R BRI R E S Bl

NI80 3% N 240 kg/hm® I, & 8 i 06 B B 3% %
o LEIRBNER TR R KRR AT, PR
WERE) TR EERABE

Tr 2o R, hh AR i AR A Y R B R
ma/NZE B e (F =50. 13 3140. 14 F12100.76) 5 1
B bR A0 BEZ 6], AL A0 BE Z 18], DA K dh L R
HE RIS B 22 18], 7 76 S22 B AR Z8ORE (F = 903. 69
23.71.F05. 67) ,4H & B0 A &AL Z (8] (K 52 AR A A
BE(F=1.64),

£1 FRLENNEFRE IR EROHN
Table 1 Effects of different treatments on grain yield and its components of wheat
. - TER & ¥ g TERLEL THRE TR 8
Cultivar Density N rate Spike Kemnel No. 1000-kernel wt. Grain yield
(kg/hm®) ( x10*/hm*) (No. /spike) (g) (kg/hm®)
R 18 D60 0 386.36 £5.42 1 49.37 +2.26 abe 41.74+1.11 a 7829. 16 £30. 60 k
T18 180 398.69 £6.11 h 50.27+1.21 a 41.17+1.04 ab  8239.56 £33.52 i
240 421.35+6.42 g 50.50 +0.60 a 39.40+1.02 cde 8344.97 +32.05 h
D75 0 407.03 £3.74 h 48.93 +0. 78 abed 40.77 £1.04 abc  8108.07 £36.00 j
180 444.03 +4.08 £ 49.07 = 1. 08 abcd 39.84 £0.98 bed 8654.01 +30.00 e
240 461.03 £3.74 d 49.80 +1. 66 ab 38.58 £0.90 def  8746.60 +44.07 d
D90 0 450.03 +£4.08 ef 47.77 = 1. 88 cde 40.30 +£0.89 abc  8526.92 £32.11 {
180 483.53 £5.75 ¢ 48.20 +1.20 bede 39.68 +0.71 bede 9242.95 +£37.04 a
240 505.53 £5.74 b 48.43 +1.03 bede 38.12 £0.99 ef 9293.35+26.01 a
D105 0 454.53 +4.77 de 47.10+1.17 e 39.58 £0.90 bede 8448.88 +21.87 g
180 491.34 +6.78 ¢ 47.40 £1. 62 de 39.31+0.59 cde 9115.57 +26.01 b
240 515.19+8.74 a 48.07 1. 08 cde 37.18£0.75 9184.94 £32.09 ab
gz 15 D60 0 488.03 £3.74 1 32.47 £1.36 ab 50.99 +1.00 a 7869. 52 £47.59 1
S15 180 501.03 +4.08 j 33.10+0.84 ab 50.89 £0.92 ab  8268.33 £22.47 g
240 512.04 £4.74 1 33.55+1.33 a 50.10+0.81 ab  8387.39 +34.55 {
D75 0 557.03+9.59 h 31.73£1. 12 be 49.23+1.08 b 8523.58 +28.31 de
180 586.53 +£8.67 g 31.90 +0. 83 abe 49.22+0.80 b 9190.30 £36.9 ab
240 610.53 £9.10 f 32.35+1.02 ab 47.43+1.03 ¢ 9243.09 £26.96 a
D90 0 623.37+£7.87 ¢ 29.50 1. 04 def 46.33 +0.88 cd  8425.07 £31.50
180 657.69 £6.47 ¢ 30.40 £0.71 cde 45.36 £0.97 de  9063.06 +£47.50 ¢
240 688.04 £7.56 a 30.63 +£0.35 cd 44.27 £0.59 ef 9126.55 £37.00 b
D105 0 640.37 £8.93 d 28.13+1.28 f 44.36 £0.97 ef 7962.49 £22.55 h
180 671.54 £5.72 b 28.83 +1.48 ef 44.05 +0.85 ef 8480. 14 £20.61 e
240 692.87 £8.78 a 28.90 +0. 83 ef 43.13+0.90 8574.31 £33.00 d

#(Note) : [F]—fFh 9 H— I E G A F 8RR EFRIE 5% BFE/KTF Values followed by different letters in the same column within a

cultivar mean significant at 5% level.
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Table 2 Effect of different treatments on nitrogen utilization efficiency of wheat

i B A E ARRE REFGD AR RALIL AR
Cultivar Density N rate NAA FI %% FIFH FI A= AP
(kg/hm”) (kg/hm”) NUE NAE NRE NPFP
(kg/kg) (ke/kg) (%) (ke/kg)
gk 18 D60 0 240.69 +2.771 32.53+0.53 b
T18 180 204,54 +2. 11 f  27.97+0.88 de 2.28+0.02f 29.92+0.77 e 45.78+0.82 ¢
240 305.66£2.41 e 27.30£0.56e¢ 2.1520.10g 27.07+0.73 g 34.77 +0.86 f
D75 0 246.09+3.23 h  32.95+0.53 b
180 305.24+3.39e 28.35+0.40cd 3.03+0.05d 32.86+0.52c¢ 48.08+0.19b
240 313.70+£3.52d  27.88+0.49de 2.66+0.02¢ 28.17+0.49f 36.44£0.61 ¢
D90 0 250.40 +4. 11 h  34.05+0.53 a
180 318.24 +2.04 ¢d 29.04+0.57 ¢  3.98+0.05a 37.69+0.60a 51.35+0.13 a
240 325.78 £3.94 ab 28.53£0.40 cd 3.19+0.01 ¢ 31.41+0.74d 38.72+0.92d
D105 0 255.73+3.57 g 33.04+0.21b
180 320.73+3.28 he 28.42+0.17c¢d  3.7020.02b  36.11+0.85b 50.64 +0.74 a
240 328.98+4.39a 27.92+0.60de 3.06+0.06d 30.52+0.33 ¢ 38.27+0.91d
g 15 D60 0 259.54£2.521 30.32£0.32 ¢
s15 180 314.46 +3.11f  26.29+0.80fg 2.22+0.01d 30.51£0.28d 45.94+0.95 ¢
240 324.22+6.05¢ 25.87+0.65g 2.16+0.10d 26.95+0.76 ¢ 34.95+0.50 ¢
D75 0 262.04+£2.691 32.53+0.88 a
180 331.42+5.67d 27.73+0.24de 3.70+0.02a 38.54+0.72a 51.06+0.34a
240 344.00 +4.76 be  26.87 £0.65f  3.00+0.05b 34.15+0.34 ¢ 38.51+0.53 d
D90 0 267.16 £+5.07h  31.54£0.16 b
180 334.90+3.87d  27.06 +0.61 ef 3.54+0.03a 37.08+0.87b 50.35+0.37 a
240 347.32+4.68 ab 26.28 £0.50fg 2.92+0.07b 33.40+0.25c¢ 38.03+0.88 d
D105 0 279.32+2.86 g 28.51+0.22d
180 340.94+4.12 ¢  24.87+0.18h  2.88+0.09b 33.68+0.20¢c 47.11+0.70 b
240 352.26 +3.51a 24.34+0.74h  2.55+0.03¢ 30.39+0.83d 35.73+0.75¢

¥ (Note) ; NAA— N accumulation amount; NUE— N utilization efficiency; NAE—N agronomic efficiency; NRE—N recovery efficiency ; NPFP—
N partial factor productivity. [7]— FhFhH BY[E]—AEIRIG A FRFERZRIE 5% BE/KTF Values followed by different letters in the same column

within a cultivar mean significant at 5% level.
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Table 3 Correlation between grain yield, dry matter accumulation and parameters related to nitrogen use efficiency

mH GY DMA HI NAA NUE NAE NRE NPFP
Item T18 S15 T18 S15 T18 S15 T18 S15 T18 S15 T18 S15 T18 S15 T18 S15
GY 1 1

DMA 0.97°" 0.68" 1 1
HI -0.81"" -0.17 -0.93"" -0.84"" 1 1

NAA 0.82"" 0.68° 0.79"" 0.79""-0.66" -0.55 1 1

NUE -0.51 -0.28 -0.49 -0.60" 0.41 0.58" -091°" -0.90"" 1 1

NAE 0.85"" 0.82'" 0.70'" 0.51 -0.40 -0.08 0.64" 0.29 0.88"" 0.61" 1 1

NRE 0.61° 0.77"" 0.41 0.4 -0.09 -0.04 0.33 0.21 0.90°" 0.63" 0.93°" 0.97"" 1 1

NPFP 0.20 0.20 -0.02 -0.05 0.31 0.18 -0.11 -0.35 0.74"" 0.50 0.66° 0.66° 0.88°" 0.75"" 1 1

HE(Note) ; GY— 7= & Grain yield; DMA—T ¥l & Dry matter accumulation; HI—Z 3% 2% Harvest index; NAA—&FH E& N accu-
mulation amount; NUE—% & 37 73 #| %4 Z N utilization efficiency; NAE—& B4 % F FIZ N agronomic efficiency; NRE—%& E W% Ui F1] F 3

N recovery efficiency; NPFP—R& B4 7 J1 N partial factor productivity.
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Yons = 3541.301 + 2.63982N + 101.6377D +
0. 02488ND - 0. 00802N” -0. 52179D° ,R* =0. 9607 * * ;

Y, = - 1652.924 + 3.67277N + 247.581D +
0. 00844ND - 0. 00713N* 1. 49239D* ,R* =0.9748 " ,
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*+—P<0.05; = *—P<0.01.
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4, T SIS %8 83 ke/h” A SIS
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PRI, & S ER A TR, &
SR RE 7 B SRR AR, XUBELED E , T
iz 9 B35 Fh 85 3 M 105 x 10°/hm® 18 F 240 x
10*/hm? B, 2R BTV, 36 i B H 0 i U 2 AR Rt
e PR 12 SIBFE M 105 x 10°/hm’ 3
Z 150 x 10*/hm” B}, ;=B EF, 3% A0 9% BE P i gR 2
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A, TR AR R S AL R 15 i3 B3 R AE 83 kg/hm’
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Table 4 Effect equation of different nitrogen rates and seeding densities, and maximum yield

s WAL N rate W (D) PR (DMRTE BBt (kg/h’) BB, ke/hn’)
Cultivar (kg/hm?) Effect equation of seeding density Max. yield( The corresponding density)
e 18 T18 0 Y =3541. 301 +101. 6377D - 0. 52179D’ 8490. 27(97.39)
180 Y =3756. 62 +106. 1161D - 0. 52179D" 9169. 74(101. 68)
240 Y =3712. 906 +107. 6089D - 0. 52179D" 9279.80(103. 12)
e 15 S15 0 Y =-1652. 924 +247. 581D -1. 49239D° 8615.23(82.95)
180 Y =-1222. 84 +249. 1002D -1. 49239D" 9171.71(83.46)
240 Y =-1182. 15 +249. 6066D —1. 49239D" 9254.71(83.63)

REFRINF AR S FR-EEWMYE X
#, SR BB AR, BA TR SR TR,
FFEIRMER R, EARM RIS R EE
PR T BT R RN, NEA RN R m LR
S N 150 ~ 225 kg/hm*t 227, g e 22020 0) o e
A RMIT N180 kg/hm” I FEH RN GRS R
TR, mREFRMESE; KRS HH, ER
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HARRFEARER, RS T, iR, 54
B BB E M A R 3 i (AR AN
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kg/hm’, L% 15 ZE3&E N 83 kg/hm’® FALET, i
N180 kg/hm® Zb3REE T 54 N 240 kg/hm® Zb3AH
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NN 180 kg/hm® Fy4b B e & B, i 0B i N180
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JBR, A BB IR UE /AN B P k. ABFFL SRR, A
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BT, A R R I A% BT 1 38 RO R AR T 7
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