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BRSNS . [ 7] LIRS DA6 sl A, B 3 it AUKF (N 150,225 300 kg - hm ™) Fl 3 -k 4
JE(2.000 x 10 2. 667 x 107 4. 000 x 107 7+ hm ™) , HFFE i S0 bt FIKR A6 285 1 XM DA6 77 dst R RUR R AR 1 3%
i [ 235 3R ]t ek IR ARG % 2 3% Jk 25 SR E AR DA6 77 i [ A R 2K (P < 0..05) o BEAR D46 i ™ ik B it 40 ik
(<225 kg« hm ™) FAAHRE ( <2.667 x 10° 7+ hm ™) (1954 I 107 186 00, 75 it 0k 225 kg« hm ™ FIAR A 2 1 N
2.667 x 10° 5 + hm ", /KA ik e (7 580 kg hm ™) FLELZ5 o FHABAL L (P <0.05) . $2m AL &L, &
NEAC=E R AR (NAE) A BIA ISR (NPE) (i 27 71 (NPFP) MR R4 A28 (NUEG) B g E i (P <0.05)
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Effect of planting density and nitrogen application on yield and
nitrogen uptake and utilization of japonica rice cultivar D46

LAN Yan', HUANG Peng', JIANG Guchihong', LEI Xiaobo', XU Guangli', DING Chunbang”, LI Tian'
(1 College of Agriculture, Sichuan Agricultural University, Wenjiang 611130, China;
2 College of Life Sciences, Sichuan Agricultural University, Yaan 625014, China)

Abstract ; [ Objective] To explore the optimum nitrogen (N) application rate and planting density and N
use efficiency of rice production in Chengdu plain, and provide a basis for establishment of rational culti-
vation management. [ Method ] Field experiments were carried out to investigate the interactive effect of N
application rates (N 150 225 300 kg - hm ™*) and planting densities (2. 000 x 10° 2. 667 x 10’ 4. 000 x
10° seedlings + hm™*) on rice yield and N uptake and utilization efficiency of japonica rice cultivar D46
in Chengdu plain. [ Result] Both N application rate and planting density showed significant effects on the
rice yield (P < 0.05). The rice yield increased with the increase of N application rate ( < 225
kg + hm™?) and planting density ( <2.667 x 10° seedlings + hm ). The highest rice yield (7 580
kg - hm ~*) was found with the N application rate of 225 kg + hm ~* and planting density of 2. 667 x 10
seedlings + hm ™, which was significantly higher than that of other treatments (P <0.05). Increasing N
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application amount could significantly decrease N agronomic efficiency (NAE) , N physiological efficien-
cy (NPE), N partial factor productivity (NPFP) and N use efficiency for grain output (NUEG) (P <
0.05), while harvest index ( NHI) and nitrogen apparent utilization rate ( NAUR) had no obvious

change. NAE, NPE and NPFP decreased with the increase of planting density, especially for NAE and
NPE, while the planting density had little effect on NUEG, NHI and NAUR. [ Conclusion] The combina-
tion of N 225 kg « hm ™ and 2. 667 x 10° seedlings « hm ~* is the best for high yield and high N use effi-

ciency of japonica rice D46 in Chengdu plain.

Key words:rice; nitrogen application rate; planting density; yield; nitrogen use efficiency
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1 #R57FE
L1 #R

PR it Al D46, BEAS , 122 b Fh bk B3 o, 7
O, AR, AR E WY 140 d 72 A
1.2 {55igit

T 2013 AE7E Y1 AOlk K7 AR AR X 5
RGHEAT . B 0 ~20 em 2 + 35k 10 i
b AL 25.09 g - ke, RH L3 g ke &2
70.38 g - kg™, 281 14.23 ¢ - kg™ BRFBA 150. 20
mg « kg ™', H AL B 58. 64 mg - kg™, HALHN 108. 52
mg + kg™ ,pH 6.79,

R HIW PR R 22 DR B e it , R % o X, 1K
2.000 x 10° (25 em x20 e¢m) 2. 667 x10° (25 c¢m x 15
em) F14.000 x 10° 5T + hm 7% (25 e¢m x 10 e¢m)3 4~7K
-, 23 5ie oy DI.D2 D37t %0 (N) 7Ol X, % EAR
(150 kg - hm > N1) . H1%(225 kg + hm >, N2) I

FA (300 kg - hm ™, N3) 3 47K, X B R TC A
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Bi 1B K R, R T, 4 H 2 HEEFRD, R FBLS
A7 HEEHE, WS A 07 B O o

I ENEAIRE [w(N) =46.4% | AE R FLAEFI
BENEHEA , B LEoh 7: 3 B E i MRS [ w0 (P,05)
12.0% ], i 4 120 kg - hm ™ 231 A L E—
YRR s FIE R A [0 (K,0) 60% |, it FH &
180 kg + hm 7 VE Ry FEABABEAC A, B R HE M 101,
S Al FH ()45 P it — e K K A 7 A [
1.3 WEmMHBESR%
13,1 eyl AT R/ X IR 30 BRiH A
A ROEEL ARV IR 5 #RIEAT R, A B
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A B 48 A A SPSS 19.0 (SPSS Institute Inc. |,
Chicago, USA) #4741t #r, 45 R 100 3 IKE B 1Y)
SR, B e/ i 3 25850 (LSD) AT 2 E T

2 ZHR5OMH
2.1 MERE RIS R R R E R
M

1 nl UL, 39 S0 8 5 i 4R e R A D46 Ff
KL, NT N2 F1 N3 AR RPRL™ 55350 6 720

7 330 F1 6 990 kg - hm >, 5 %G AN NO (5 860
kg - hm ™) A e, 43 9 3% 7 14.61% . 25.01% #i
19.27% , 25538 2K (P <0.05) . N2 il N3 4b
PH] kP RL 7 1 25 S AN i 35 (P > 0. 05) , 3xX R Wit &
T 225 kg -+ hm 77 A, 4k S8 i RUIE R xR
SN S o FEAS 10 Bk 4 25 BE Y Bl N, A D46
HEAL ™ 0 Bt R A7 2 15 I g 38 him, D2 Ak 3 ) FF kL
(6870 kg - hm ™) [t D1 (6 640 kg - hm ™) 3/ 1
3.41% , 25 A B3 (P >0.05) ;5 2538 4 % 2 1
2. 667 x 10° 7+ hm > I}, RS ARG %, ki
PN N Ko ABEFE 45 o, KA D46 ¥ kL™
DL D2N2 Ab 3 5 (7 580 kg - hm ), B D46
DUt & i 225 kg hm 72 FIAR 6 % 2. 667 x 10°
7 hm AN E R . 2R A R (R 2)
FRH il R Rk A B R D M T A TR] A B A R AR
DA6 i 7™ 15t 14 52 M 12038 31 4 2 Bl I 3 /K-
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Tab.1 Effects of N application amount and planting density on grain yield and its components of japonica rice cultivar D46

e AHREE/ (x10° 45 - hm ™) BRI SR %

D1 D2 D3 S| D1 D2 D3 St D1 D2 D3 S|
NO 21.02  21.84 23.80 22.22¢ 120.10 139.77 120.72 126.86a 89.68 83.16 82.11 84.98a
N1 26.22  30.48 30.84 29.18b 130.90 130.06 115.84 125.60a 79.64 82.00 76.63 79.42a
N2 30.54 31.76  31.24 31.18ab 150.93 143.57 131.97 142.16a 81.75 85.20 83.92 83.62a
N3 30.62 34.32  33.32  32.75a 136.70 115.31 121.62 124.54a 84.04 87.76 80.44 84.08a
Sy 27.10b  29.60a 29.80a 135.00a 137.80a 122.84b 83.78a 84.53a 80.78b
e TH T/ g P/ (kg - hm™?)

D1 D2 D3 Sy D1 D2 D3 1y

NO 25.55 26.71 26.20 26.15a 5 560 6 000 6 030 5 860c¢
N1 24.84 23.78 25.20 24.60b 6 630 6 750 6 780 6 720b
N2 23.09 23.78 22.80 23.22¢ 7 240 7 580 7 170 7 330a
N3 22.56 22.84 22.70 22.70c 7 140 7 150 6 690 6 990ab
1Y 24.0la 24.30a 24.00a 6 640a 6 870a 6 670a

1)NO N1 N2 N3 £ F3#& R EH # % 0,150,225 300 kg - hm
hm 5 B & B ATF 486 LA K — AR B T8 A7 £F RLFE(P>0.05,18D %),

4.000 x10° % -

F2 MBREMFIMBEINIER D6 =R EHHE RN

M7 = 547"

Tab.2 Variance analysis of effects of N application amount
and planting density on grain yield and its compo-

nents of japonica rice cultivar D46

AeFE ARACRRERR 450K TRTE R
N 967.03" 120.96™ 30.28" 221.76™ 78.31"
D 3.99" 96.027 26.147  1.46  3.02"
N x D 18.07" 47.77™ 13.627 8.66™ 2.88"

1) N:GERE, D BRIGF L « Fowx 2R KT F AR L H
(P<0.05)fa4% 2% (P <0.01) K F,
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T LA it Ui 225 kg - hm ™ g AT AR 5 )
R JE AT ROREA s 22 0 LU A R W, it 200 ) 4
RIBORNZE SEAGE R AR IB B B KF- (P >0.05) , 3
WIRERS D46 1Y 45 BERL R0 45 552 3 X6 2 HE mig 1o, A
TR Tt R0 6 TR J R R e Gk B i 3 OKCF (P <
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FERH R 85 T X TR B St 1Y) 52 A {2 35 A it R
IKAF A B DL S P ) ) B AE X RE RS D46 7
) 1R 2R D5 T 340 3K 1) 4 3 ORI ik 2 K

2.2 MRERFEEEXREREF AR Im
2.2.1 REAFHAMEAE DI RERRZHFHE [
AT RS KR A R R EEAR 2R
Wi, WITMZEARHERERIAN D2 >
D1 > D3, 3% 3% B} 5 B 19 3% 46 %5 B (2. 667 x 10°
7 hm ) AR FOKFERMR R ZE R (£ 3),
FREI 22 R B AR e B A1, it KT R A % DA
K9 2 TR ) HAE SRR D46 45 B A K BRI
S R B S 2 KT H R A B X A AR B Bk

FERE R R R 22 R 8K, DA 240
WK (F =38.65) , filifd i) 2 s (F =21.49) J¢
BT RBEWI(F =12.67) k2 (£ 4) . ULHHA)H
W BT 6 R R A R A AR, DR 3 it SRR TT
REfE R AR R &,

FifE D46 & A: F BB A R R LG 5 il 5 it
RO N, X8 N3 > N2 > N1 > NO, HAE
it L T (<225 kg« hm ™) B4k 5 i 2 2
K (P <0.05) , #FE D46 4l B3 T AR B
BUE A AT A S LI DIN3 A HEK(F£3),
Jitl 2B R A 4 LA K A 2 R] ) ELAE X R AR 46 AN
EER=NNEE S i A I ENEZ e fus T % 4
BEKF-(F4),

®3 HABRMBEEEIER D6 FALEMBRAR(N) REENHMI

Tab.3 Effects of N application amount and planting density on N accumulation of japonica rice cultivar D46 at different

growth stages kg + hm ™

e AR ETE V| P59 BA 2 A A

D1 D2 D3 ST D1 D2 D3 Sy
NO 47.21 37.15 33.22 39.19¢ 60. 50 59.77 52.61 57.63d
N1 88.15 91.71 90. 86 90.24b 89.21 104. 49 81.65 91.78¢
N2 127.13 125.41 123.75 125.43a 129.08 128.31 119.00 125.46b
N3 143.20 117.57 124.84 128.54a 140. 19 134. 66 141. 30 138.72a
Sy 101.42a 92.96b 93.17b 104.75a 106.81a 98. 64a
e ) 2 B JENiTY

DI m D3 Sy DI m D3 a
NO 76.45 87.92 74.86 79.74c 184. 15 184. 84 160. 69 176.56¢
N1 117.22 131.03 122.59 123.61b 294.57 327.23 295.10 305.63b
N2 156.56 155.59 143.15 151.77a 412.77 409. 31 385.89 402. 66a
N3 167. 08 170. 38 156.55 164.67a 450.47 422.61 422.69 431.92a
S 129.33ab 136.23a 124.29b 335.49a 336.00a 316.09a

1)NO N1, N2 N3 £ 74 5,24 %4 0.150.225.300 kg - hm ™, D1.D2.D3 £ 7 #.46% & 5 5 4 2.000 x 10° 2. 667 x 10°

4.000 x10° = -

x4 HREMPAZEITERE DI6 FAREENRAERE

ERMHTES

Tab.4 Variance analysis of effects of N application amount
and planting density on N accumulation of japonica

rice cultivar D46 at different growth stages

s g R wEm
eSS L

N 1072.58™ 1105.03™ 445.58™ 1291.55™

D 38.65™ 12.67" 21.49* 42.76 ™

NxD 9.63™ 11.73™ 2.23 5.36™

DNGERE, D REFHE,; «fow R AT FARR
(P<0.05) fo 48 2 % (P <0.01) KF,
2.2.2 AAFMAEA DI AR R ETRES AR
TEARFAEE T, AN FEA TR A & R 5

244

hm 25 B2 SR FHEE LR AR NG FHATEFRRLE(P>0.05,18D %),

PoRmg A 225 (1) o 45, ANt 2UAE BE R (NO)
HifE D6 19 25 5 R R T A S Ak B
(P <0.05) s T 25 A A f) 28028 73 P AE 45 it 20 A B ]
st A FERNEEI], BEE R B, AR
B eSS bty IITEE- SV A N 8 R
ENE- i iy SHINERCGE- W UYRER-—: b MY 8
1, 8 5 DA R AR R 4 it R = [ DG AR AT ARk
KRR B R R 7B, AR AL B T 505K 17 7
AL .

NIRRT BERT D46 25 RIS 28 7E
AR T IIRGR T BRI R A 5 (18] 1) o FE3RTY
TR R LT, 2 DU AL B 25 R R
R, AR B, e U U i M o il R , 2508 A
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Fig.1 Effects of N application amount and planting density
on N distribution in organs of japonica rice cultivar

D46 at different growth stages
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FAZMBE R TEMZED R, S8 E A E 0
Tic ek A 2 2 0 G 2 AR A (P > 0.05) o 2k
g oz, ZEMANT A R B B A RS AR, 1
ZEREANNT B R R AR T R FEAH R A T
ANt AL B ZE B A R S TRy B KT
FAULHE (P <0.05) ; 55 5 BF (4. 000 x 10°%¢ + hm™2)
p 58 0 0 2028 43 T 2 349 I At 2o g T 4
T, TR A B A AR R o AT, A % B X
KFER A E AR RN A T,

2.2.3 R ERAYEA DI KB EREHE
A OFRE DA6 ShAEIE = AU T B A R s s
iR S TR (R 5) . AL, AR
MRS S ERBENA R LB R R R 2
USG5 R AR ke e B AR &R T 225
kg« hm i}, 0 FIZEH P AR BB AR AR
{14 DT k238 % Tl G 2R B AN ()R ) AT
FERRAED (R B (D2 . D3) I, AR ARAE R LT,
D2 kb B i R ZE A FR Js e 4 Gl Lk D1 D3 5
4.3% 20.6% f15.0% 22. 1% , Tl 45 2 18 fin &2 43 3
15 8.4% \17. 5% ;M i A R iz 5 F A R Uik R
D2 bR T DI AN D3 ZbBE, DA EZESREN], AR
JIE LA B RN it P et ok @ 4 AR TR RS D46 R R AT
KiFEE, A A A NS B SRR % EREA
RERSHR = 2 i AN i AU R i it Ml is 32, (2 ok ik
TR N, 2% WH 38 B A RN R R 37 4 R 4R
T A AR T IR R R R s i 2
FAFEIZ R X AT R S KRR I B AR AR W
W SCRE VIAH G o Tl AR I 25 0 R R A B R A =
(B D) BRI T AR B R . AU R
JEUA R Wi Z B AR I ZER I R R s &
B2 GTHRAR DA K i AU A 260 28 1 n i Y A A
EX7 TSN

2.2.4 STREAAXEGH R N ENGE R
1% BERE 10 355 A i D46 /R A 7 AR FH A%
(E2) . ARFEEAKT T, J RS8O AU
AAGECR RN A 25 7™ 7 349 bt 255 it 280 et 184 g B AR
T N e 2R A 3R] S 0 3 UL A F 32 0k I
TN HFRA R (225 kg - hm ) Rk, BT
FE (>225 kg - hm ™) 2 HE T K RT R VR X AR )
W RARBREB R K (R, MARBEA AR
R FMGIAR BN EAC AR A 7= ) AR AR . ANl FR
RN, RBGRE OB Y s AR RWA R h
D1 >D3 >D2; AEMAL=4% D3 > DI >D2;N 4
7RI FH 22 R0 A= PR P 5 B AR A7 %% B8 38 n i B 1K
A4 25 D2 > D1 > D3,
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Tab.5 Effects of N application amount and planting density on N translocation characteristics in organs of japonica rice cul-

tivar D46 from heading to maturity stage

b Riis it/ (kg - hm ?) RELB%/ % ATTkF/ % A ER IR/
it ES s EX It W (kg - hm ?)
DINO 16.9240.47f 6.78+0.13fg  60.09+3.02hc 36.66+1.29b 22.18+1.53 ¢ 12.70£0.61 be  39.65 +2.46 ¢
DINI  26.15+3.17d  8.72£0.81 de 56.36 £5.71 cde 29.00£2.26 cd 22.42£3.70 ¢ 11.56+1.47 be  62.89 +3.32 c
DIN2  45.66+1.19a 11.70+0.45c 59.88+1.33 he 30.000.05 cd 29.18+0.49a 11.87£0.09 bc 84.84+1.90 a
DIN3  46.25+3.34a 15.27+1.06b 57.87+3.41 bed 33.60%1.48 he 27.78+3.25ab 14.85+1.78 b 88.42%6.08 a
D2NO  21.73£0.16 e 2.98+0.14h  67.41%1.58a 19.03+1.05f 24.73+0.63 abc 4.600.34d  52.86+1.40 d
DNl 34.30£3.59c¢  9.24£0.63de  61.18+0.28 he 26.91£1.04 de 26.13 +1.12 abc 10.97 £0.01 be  70.08 £5.75 be
D2N2  44.56+1.10ab 18.53+1.52a 63.85+0.01ab 43.27+2.85a 28.69+1.95abh 17.57+2.52a 90.37 £6.65 a
D2N3  40.25+2.11h  9.68+0.87 cd 52.10+3.26 def 22.11%1.16ef 23.63+1.49bc 9.76+1.05¢ 85.651.15a
D3NO 13.35£1.02f  7.38+1.14 ef 55.05+2.33 cde 46.86+4.80a 17.9342.35d 13.39+2.92bc 42.98+3.27 e
D3Nl 22.23+3.08¢  5.46+0.69g 50.40£3.61 ef 21.85+1.29¢f 18.10+2.05d 6.70£0.66 d  68.63 £0.96 he
D3N2  41.12+1.82b 10.75+0.44 cd 58.88+0.24 he 29.98£0.25 cd 28.73x1.41 ab 12.05+0.81 be 76.03 +2.83 b
D3N3 40.12+0.90b  11.37+1.78 ¢ 48.81+1.34f 24.99+3.96 de 25.63+0.57 abe 14.16+2.34h  66.73 +1.63 c
D 30.70 27.60 " 34,55 4.4 34,47 25.04 92,45
N 314,91 180.23 ** 15.93 36.45 " 23.53" 17.23 ™ 182.99 **
DxN 7,57 47.53* 3.69° 55.19 " 4,67 21,46 859.00
1)NO. N1 N2 N3 & 73 8F 5% %4 0.150.225.300 kg - hm 2, D1, D2 D3 % 7 £ 45 5 & 2 %) # 2. 000 x 10° 2. 667 x 10°

4.000 x10° 5% « hm* | Fl — 7] 4486 LAA — AR DB FHH A7 EZHFRBFE(P>0.05,L8D %) ;D hie &N A&
FHE DN AR TS RIGEE LG I, RIFEBAFE 7 ox " R KT F {5 0.05.0.01 #4 2FKF,

NAEEAI /(g - ke') FRIA AR (ke - kg')

NZRIF I /%
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Fig.2 Effects of N application amount and planting density on N absorption and utilization of japonica rice cultivar D46
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Tab.6 Correlation of yield and yield components of

Japonica rice cultivar D46

PR AR R 590K TRIE R
AHRg  1.000
FRERIEL  -0.007  1.000
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Tab.7 Correlation between yield components and N accumulation, translocation, distribution and use efficiency of japonica

rice cultivar D46
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