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Effects of planting density on canopy, physiological index and yield per-
formances of four high-yielding japonica rice varieties

KE Xi-huan, LI Xia, ZHONG Wei-gong, FAN Fang-jun
(Institute of Food Crops,Jiangsu Academy of Agricultural Sciences/ Jiangsu High Quality Rice Engineering Technology Research Center ,Nanjing 210014, China )

Abstract:  Using four high-yielding rice varieties ( Nanjing 45, Nanjing 49, Nanjing 94140, Huaidao 5) as
experimental materials,four different planting densities (2,3,4,5 seedlings per hill) were set to study the effects of
different planting densities on rice canopy, photosynthetic indexes and yield. The results showed that Nanjing 49 and Huaid-
ao 5 achieved high yield at 2 to 4 seedlings per hill,and the yield at Sseedlings per hill deceased markedly. The yields of
Nanjing 45 and Nanjing 94140 were kept stable at different planting densities. Nanjing 49 could achieve higher yield at low-
er planting seedlings due to more spikelet per panicle,larger leaf base angle  higher F',/F  and more dry matter after flower-
ing while for Huaidao 5, it was resulted from more effective panicle ,more spikelet per panicle,larger leaf area at late growth

e 8920150514 stage higher F /F, ,

ESTE . {5 A AR 24T H (31371554 31571585 s 45 and Nanjing 94140 realized the intercoordination between
FRHE IR B KW (2011BAD16B03) 5 1. 95

and more dry matter after flowering. Nanjing

spikeliet per panicle, 1000-grain weight and seed-setting rate

BAO R [ E RIS [ CX (14)5004] through the adaptive regulation of leaf base angle of canopy,
TEE A FIFAR(1989-) T WAL 7 A B--F5e 2, 158 light intensity and the maximum F /F, to keep stable
MK RS A BB F 5. (E-mail ) 826976550 @ production. It is indicated that as rice varieties capable of popu-
qq.com lation regulation, the yield influenced by planting density was
BIREE .2 7 (E-mail) jspplx @ jaas. ac.cn; 1779119573 @ closed related to the population structure and individual plant

qq.com physiological function. The density of 2-4 plants per hill for Nan-
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jing 49 and Huaidao 5 is in favor of the yield potential. Nanjing 45 and Nanjing 94140 owns great adaptions to different

planting densities.
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Table 1 Effects on yield and yield components of 4 rice varieties under different planting densities

KA %Jz%;ﬁ%ﬁ 7 e H iﬂiﬁz %im*iﬁ ZEIER T EHUNES
(Bk/70) (em) (/%) (hi/70) (%) (g) (Vhm?)

R 45 2 106.2 + 1.5a 10.2 + 1.0a 112 + 10a 81.9+3.1b 25.1+0.2b 11.74 = 0.31a

3 108.2 + 2.5a 10.3 £ 0.5a 116 + 15a 82.0 +2.0b 24.6 + 0.3b 11.45 + 0.25a

4 107.9 + 1.5a 9.7+0.8a 106 + 14a 86.0 £ 2.1a 26.8 +0.2a 11.18 + 0.92a

5 108.4 + 1.6a 10.8 + 1.2a 94 + 15h 83.9 + 2.1ab 26.1 +0.2a 11.05 = 0.80a

I RE 49 2 105.3 + 0.6a 9.7 + 0.4b 159 + 11a 87.0 £ 4.0a 25.6+0.2a 12.63 + 0.65a
3 105.4 + 4.9a 12.1+0.3a 144 + 8b 87.6 £2.1a 25.4+0.3a 11.95 + 0.16ab
4 106.3 +2.9a 11.0  0.4ab 136 + 7b 87.3+3.2a 25.5+0.4a 12.00 + 0.61ab

5 108.4 + 2.8a 12.0+ 0.5a 124 + 9¢ 88.6 + 4.0a 25.2 +0.5a 11.27 £ 0.73b

K 94140 2 1053+ 1.2a 11.2+2.6a 109 = 11a 80.9 £ 2.1b 24.9+0.3b 12.24 + 0.54a

3 107.1+2.7a 11.5+ 1.0a 118 + 16a 87.0 £ 1.0a 26.4+0.2a 12.25 +0.59

4 106.5 +2.3a 10.8 + 0.8a 91 + 20b 86.0 = 2.0a 26.3 +0.3a 12.32 £ 0.39a

5 109.6 + 3.1a 11.7 £ 1.4a 97 + 15b 80.4 £ 2.1b 25.8 + 0.4ab 11.59 + 0.50a

WERG 5 %5 2 104.5 + 0.9a 13.0 £ 0.6a 101 = 18a 89.0 = 2.0ab 24.6+0.2b 12.48 + 0.65a
3 1052+ 1.1a 11.0 + 0.9b 91 + 16b 82.9 + 4.1b 24.0 + 0.4b 11.95 + 0.45ab
4 107.0 + 3.5a 12.0 + 0.9ab 84 + 10b 96.9 = 1.1a 25.4 + 0.5ab 11.82 + 0.56ab

5 106.9 + 3.6a 12.0 + 1.3ab 94 + 18ab 94.5 + 3.0a 26.2+0.2a 11.04 + 0.74b
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Fig.1 Tiller number per hill of four rice varieties at different developmental stages under different planting densities
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Table 3  Effect of planting densities on relative light intensity of

four rice canopies

Table 2  Effect of planting densities on leaf base angle of four
rice varieties
S L Bt MR
B0 g man g3
FE R 45 2 44+0.5a 11.0+0.7a 11.4+2.2ab
3 53+0.8a 10.5+0.8a 12.5+0.5a
4 47+12a 11.2+04a 12.7+1.8a
5 56+09a 11.4+05a 10.0+1.2b
P B 49 2 9.3+2.1a 14.2+1.0ab 13.3+1.5ab
3 85+22ab 153+19a 145+1.7a
4 7.5+1.0ab 11.8+04c¢ 12.8+1.7ab
5 6.2+04b 13.0+1.0bec 12.6+ 1.5b
FAAE 94140 2 4.7+0.5a 9.1+0.4b 9.7+ 0.5b
3 57+0.5a 10.7+1.2a 12.0+1.8a
4 58+04a 104+13a 11.8+1.8a
5 4.2+ 0.4a 9.6+ 0.5ab 10.8 = 1.3ab
HERS 5 %5 2 5.0+0.8ab 10.0+0.8a 13.3+0.5a
3 6.2+04a 10.7+0.5a 11.3+0.5b
4 49+0.7ab 11.0+0.5a 10.4+0.8b

5

4.1+0.7b

10.6 + 1.9a

8.1+0.7¢

e T G M b
(%) (%) (%)
P 45 2 100. 00 43.56 +2.93bc  16.49 = 0.47ab
3 100.00  40.01+3.92¢c 13.64+1.13b
4 100. 00 51.82+0.95a 15.08 + 4.41b
5 100. 00 49.17 + 3.04ab  20.09 + 2.58a
A 49 2 100. 00 37.36+5.53b  14.34 + 3.08b
3 100. 00 39.51+7.10b  13.93 +3.47b
4 100. 00 51.22+3.84a  17.05 + 4.60ab
5 100. 00 47.97+5.14a  20.41%1.07a
R 94140 2 100. 00 41.36+2.03a  14.79 £ 0.49a
3 100. 00 42,51 +3.19a  13.50 = 1.61ab
4 100. 00 4170 £2.21a  11.91 % 1.33ab
5 100. 00 3711+ 1.59a  9.45+2.75b
WHERG 5 %5 2 100. 00 39.62+2.42a  12.85 + 1.89ab
3 100. 00 37.96+2.81a  13.15+0.39a
4 100. 00 41.91+2.31a  13.07 £ 2.56a
5 100. 00 41.45+1.23a  8.83+2.56b
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Table 5 Correlation analysis between different morphological , physiological and yield parameters of four rice varieties

i 0.064 0.337 -0.271 -0.062 0.415 -0.207 0.403 0.193 0.423
EER -0.251 -0.208 0.459 -0.088 -0.232 -0.270 -0.479 -0.472
BRI -0.029 -0.091 0.665 ** 0.296 0.299 0.813* 0.569 *
ToRL T i 0.236 -0.145 -0.093 -0.474 -0.074 -0.031
ZhR -0.105 -0.158 -0.154 -0.315 -0.641*
18] 3 nbt 3£ 0.252 0.353 0.746 ** 0.558*
IR R -0.171 0.536 " 0.394
FIAFRE 0.286 0.306
15 35 d BT 0.756**

T FORBFR; T R R E,

HA RS 18, A A T R AR T 2 000Ee S RIPA R,

HF A RE S BRI AL IS I R R T
Y 2R 4 e i, BB IR A v B80T LAk
IKAE AR BT T A4S = 7, S0 KRS BEER A A
HAR A5 MW 8 3R A R DL R 1L 5§
R KRR RE R T ORI BERE T S R 4 3R
A LU RE 2 A BT BE  (HHARCRARAG R, 17 HAA 2
SYEEIE e G A SE A MR IE F R E  BEAS FTRR
JE R C A ER N — P EZERE R, Hik, PRk
FE BT IA Ay BEASURR 78 ) — A B 2 B R R A O ) B
A AR A R W, 7E 4 KRS SR
FIRE 49 W 2, A BERE ) Bk, (0 AL o BE
Wi %, fa AW A SAEEOFAZ | g gk
BT H = B AN B3 R B R 49 1] LLiE
B AR i, VRN O i R
RRLTH , 4 v AR 8, 3 i 45 5 %, AT ke 5 L v ™
W) ERE—E

HEFF KBS T2 m KRG B S e o %
VR, BAE S MY E BRI I B s ) (E AR5
BN BFPRIAE, L AnERE 5 5 A AR K R
At AR AR L R, 7= a5 5 A 3 4>
mn AP W S HURFE RS RIS B T,
FEXS AR A T3 B 3 R B 7 i A B I B T e A
49 FIFIKE 94140 TEHAE 5 HIA BB ST I, i
BIRE 45 MIZEFFAERI BT R AN S IR AR 5
RERAEY R R THER S SRS R bHEZ
A, HAAS ) S AP LA SR RARAR BT, 7= K22

SRR ARG 5 7 WA JRUE F0 0 R AR I o 1) Ak
i R AR AR R N AETE ) TEAN S
PR R 2 RNIE B A AR B 365 i O [ VE R, (4547
R A PR 2 A B U R A B B A RCR . KRR R
o AN SR e — P A B PR R B B v T 454 K
PRSP B AR 225 SR, 7 08 A SRR A 3k 1 )
A $88 0 i R K, [ s B R 4 S R R TR R
g AR PR RE 45 R RE 94140 Bl AR A
P R BN, BRI T AR, (R TR T
SESR AN TR, AR FAL B A P I 25 52
49 WU ZFRIANTR] , il 255 45 470 20 88 1 186, = o o
TNZE IR A AR (B AR SR i, B AR
RERURH A (H S PR A RN 2~ 4 BR R
B 225 MMERE 5 S 7EBI 2~ 4 PRI HE A B )
FRRRUE , T TR o B 25 S SR N34, Ak 8 [ = 0
R EEST AR S BRACERT , 5 H AR %
SEFRAR H , HLAE S8 i SRR AIG, P ARG, PT I
IR FERE 49 38 i B TR, VR S S ad e 4R
A BOEBORIE NV AR A 2 B 1 42 0, (ER B 5 AR I
JERH T RN 5 B IR S A i A
AL A BE A AT, 38 S ARG AT 4 A
IKFE SRR = BT 0 KA, ARG T 4 KR
st R 2 B R 7R BN AR A T AT AR IS IR B K A
MEURLEY , {H & B 45 FERE 94140 FNUERT 5 509 T
L T i RN SR HN AR AR IR T A T R BLRAIL, X
AT ABFFEAEE A —FC ) I AT e B T



AT WA < R BT 4 A PR A R )2 A B AR A B AR 25

B 80T B R RCR 22, T 20 e B AT KL A 5 57
AERTEL, TS 2, AT I 4 Ak
sty o7 gAY SR X8 AN [ A8 A 1 5 L 4 o 17 A5 e
2200, BEHH R ) A A A X R R A AL
5 E RS 2 AR DR R AR DT 2% /KA i ol
T

FPRLFTIR R A WL A 2/3 ~3/4 Sk A Tl
JE MR EEE A, KRS HE S e 7= X =
Y TTRRR IS F] 60% LA L, = K AT AL T AR 3R 4
AHLYY B R 909% 1 o AT e ) i R
W EMRAR F/F R, B 457 OO 3 0 32
i KRR A B S I RE M RO RE ) 2 LA
WARE R, TERMRE YRR L, s P A B IR
UEAB R T i R, B R IR EE M O RE , 156 BT
FORINREM e 5 RE T, B A AU RA Bk
AR AR R G R 3R AR AT B 2 T o DL K™ R 1Y
HE AR PR Y 2 AR R T TR A R A
WFTEHE B8 4 A ™ fl Bl i) A 7 oy S0 60 4 S A
F o JEHXT T RIBE 49 FIHERT 5 5 WEFEEIX 2 BREY
AR R, TR RTIIARAT G 0 e R S R
R EISEARE T B R, 50 DR AGE 1 0 BE SRR R A
B2 TP R AP B E B R A 4
RS B o B, AN DT R 28 B e 5 7
FEY R IA -, SEAR A T L e T T I A

S E Lk

[

—_

I 7SN S C S REERE D R i T RS R e S A W
H T, 2006,4(3) :4-10.

[2] CHEN S,WANG D Y,XU C M, et al., Responses of super rice
(Oryza sativa L.) to different planting methods for grain yield and
nitrogen-use efficiency in the single cropping season [ J ]. PLoS
ONE,2014,9(8) :e104950.

(3] A 5 B YRS RIS A AT ST [ 7). b E KA
FL2#,2011,25(4) :343-348.

(4] TRPEME, ZEVEm. R MR 50K B R B [ )]k
AL K242, 2007,38(5) :739-743.

[5] BONDJA,WALKER T W,OTTIS B Vet al.Rice seeding and ni-
trogen rate effects on yield and yield components of two rice culti-
vars [ J].Agron J,2008,100:393-397.

[6] MISYURA M,GUEVARA D,SUBEDI S, et al.Nitrogen limitation
and high density responses in rice suggest a role for ethylene under
high density stress[ J ].BMC Genomics,2014,15.681.

(7] VBN, EMERT T 0, 5 S TR 4 2 B K R AR 2
PEREIR [ 1] bR, 2011,26(3) :134-138.

(8] BILE, ABVLAT, 5 1A, JUHE AR 3R 28 182 AR S8 A T AL 335

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[23]

[24]

[25]

[27]

U7 P B WMSOR T R [ ] AR 927412, 2006, 32(6)
885-893.

YANG Z Y,LI N,MA ], et al. High-yielding traits of heavy panicle
varieties under triangle plant inggeometry;a new plant spatial con-
figuration for hybrid rice in China [ J]. Field Crops Research,
2014,168:135-147.

WOE S, ZEE,H T, F MBS P 6 SO R A
SR BB R AR AR [ ] TL IR R 2 4, 2010, 26 (1)
22-27.

TRARAE, T T3, 8k, 45 i 280 ek 1R A7 40 32 X o 8 7 7K A
rpRL 22 PR Y S [ ] b R KRR, 2008,22(5) ¢
507-512.

FAGERIA N K.Yield physiology of rice[ J].Journal of Plant Nutri-
tion.2007,30.6,843-879.

NAKANO H, MORITA S, KITAGAWA H, et al. Grain yield
response to planting density in forage rice with a large number of
spikelets [ J].Crop Sci,2012,52:345-350.

FUKUSHIMA A ,SHIRATSUCHI H, YAMAGUCHI H, et al.Effects
of nitrogen application and planting density on morphological
traits, dry matter production and yield of large grain type rice
variety bekoaoba and strategies for super high-yielding rice in the
Tohoku region of Japan[ J].Plant Prod Sci,2011,14(1) :56-63.
ey WG, 4 A, S RREHT A R R RE 45 AU E AR
BRI LI AR ,2009(5) £ 123-125.

fhefesh b A%, E S OKFEH A ERE 49 MU E 5 N
(IR R, 2012,40(11) :103-104.

fheesh by AR, E E S ORFEH A RIRE 51 AR E S kR
BRI ATH A FIE,2014,42(11) :91-92.

JURETL.“ WERE 5 57 S AR R SR PR BORFR (D], 1
AV R ,2013(2) 126-28.

& & OE MO SR KRR RE 45 LA AR
PR EA I EE I [ )] PTAEAR AL, 2011,20(7) :88-93.
& OE AR, AR RS E T R W IR
B A BRI ] Aedb e 24k ,2013,28(5) :175-186.

LI X,CAO K,WANG C,et al.Variation of photosynthetic tolerance
of rice cultivars( Oryza sativa L.)to chilling temperature in the light
[J].African Journal of Biotechnology,2010,9(9) :1325-1337.
BRoste R RILEA 1R, %5 RE G SE AR 24 38K b 1 s %
AR BARTFE[ 1] AR 741 ,2002,28(6) :847-851.
FEFEWT, 8 R, NG SR, A5, R AL BB Al I K i - i AR
KO BEFEL T ] P A EE 4, 2011,27(3) :65-68.

WA, 2 7, AR, A R BT RO R R RE 49 S JZ 0
PRI [ )] AR 2 ,2014,29(8) 1 725-732.

& & OER OBLEAFIERE TR 44 Joh A AR
PERCH 5= B & ()] R Al = 4z, 2011, 26 (2)
193-199.

Z AT R Hy 0, % 5 ik 55 £ oK Cy pepe KFEIEE
P i R e B [ ] A 2R B 22 4R, 2012, 48
(6) :549-556.

VS TR B b AE KR ) R R B e B HA A 2



26 TP Ak 2 IR 2016 4E 5 32 B 1
BT 1] P ER R ,1993,26(6) < 1-11. [38] PENG S B,KHUSH G S, VIRK P, et al., Progress in ideotype
(28] X #p, Tk, TH 8, 55 KR 40 B8 & AR DL 0F 5% fF e breeding to increase rice yield potential[ J].Field Crops Research,
[J]. 25 ), 2011,27(3) :1-5. 2008, 108 :32-38.
[29] BETHE M1 i, 2005 %, 55 2 38 KR Rl 2l g i o) ol o (1) 5 (39] BRflgl, ZBieAs , tttt 7, 45 08 HOBR1E 7 2CR it 20K 7 %o ik
WERFFE [ T] . RS, 2010, 16(3) £ 19-20. IR FEFEOR T o S ™= B A 2 [ )] 24 38 K #2006, 21 (S1) -
[30] & kiR, ZE 7, SRR S =R K R G e 70-73.
T[T ] . KRR ,2010,24(4) 1 417-424. [40] JAVIHI B Bk, BB, 45 BUIE R0 47 2 BE XS /K A ik SR
[31] 5 vk, PHBSE 0038 i AR A XK g H e A AR BT BEY JIETRFH 28 0 5% i [ T ] 490 8 37 5 1B B 2 42, 2010, 16 (2)
EWLER [T AT ,2008(2) : 140-142. 274-281.
[32] 28 85, XK R, SR AR SRR SR R 26250 [41] BRZEW.ERREN =R SRR EREAR 1] L
HASE A IE AR SC R [T ] ME Y 2% ik, 2002, 28 (2) : % ,2008,20(2) :20-22.
145-153. [42] JAHR 22T, W2, % IR T X 2 24 Sl
[33] BRSrzm PIREASOKREINE SHAR [ M]. B ER TR PTG U IE R LR IGHAR [ T]. VLI FL 2 2014, 42
A A, 2001 ,297-300. (8): 66-69.
[34] VPRIE 5K F50E, THess, 5. ARRESR I K R e J2 25 40 O [(43] SALH0 Bhral, R, A5 R AH 25 B 5 7 Rk 1 B0t K R e
Gt R R R [T ]. TLIRARO A4, 2014,30( 1) « 67-72. R A B Z B [ 7] 58 M B2 2012,40(4) 185-87.
[35] skPbR, TR T b B K RE R A I 0F [ 1] vh B KRR RL 2, [44] B SRR, 22 308 B B B AL A X LT K RE ARG 5
2001,15(1) :51-56. SR LT KRG R0 [T 7P 4Ol K2R,
[36] HTHL,RSCH, X 45,5 AR TN % XK A KR E R 2009,31(1) ;41-48.
FEA R [ ] BRI AR B, 2009(4) (21-23. [45] AP, THERR Kk 58, A5 M AU R RAR IR 25 BE XA RS 18 7=kt
(37] B MG, 18 B8, PSR, %5, KR/ EE S 25 Rt ok /NAY KGR B PR 2R A S i [T ). v [ AR 4% 58 4, 2010, 26 (10)

B KR NI R E MR J]. TTHRAL 242 ,2014,30(5) ;
950-958.

115-121.

(FAEGSE . A E)



