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Effects of cultivation density on yield and photosynthetic characters
of double cropping rice
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Abstract: In this study, Zhuliangyou4024 and Jinyou402, two hybrid early rice combination and Hyou159 and Jinyou207,
two late combination were employed for tested materials, the effects of different cultivation density(they were A;(13.3
cm*20 cm), A,(16.7 cm*x20 cm), A3(20 cm*20 cm), A4(13.3 cm*26 cm)) on canopy apparent photosynthesis(CAP)and
yield were studied. The results showed that the yield of early hybrid rice combination Zhuliangyou4024 and Jinyou402
was showed decreased from A,, A, A; to A4 in turn, which indicated that A, was a suitable cultivation density for early
rice of double cropping. The effective panicle number, grain number per panicle and yield of treatment A; of late
combination Hyoul59 were the highest in two years. The effective panicle number and yield of treatment A4 of late

combination Jinyou207 were the highest in two years, which indicated the suitable planting density of late rice were
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greatly affected by their tillering ability. The combination with strong tillering ability could adopt small transplanting

density. High effective leaf area index, effective leaf area index, maximum leaf area index of two early hybrid rice

combination Zhuliangyou4024 and Jinyou402 were increased with the density increased during the whole growth period.

High effective leaf area index, effective leaf area index, maximum leaf area index of Hyoul59 decreased from Aj, A4, As,

to A in turn in the first 13 d of heading stage, which indicated that increasing planting density of early hybrid rice

combination Zhuliangyou4024 could improve its leaf area index, and decreasing planting density of late combination

Hyou159 could improve its leaf area index. The results of correlation analysis showed that high effective leaf area index,

effective leaf area index, maximum leaf area index in full heading stage and mature period, effective leaf area index,

maximum leaf area index, flag leaf photosynthetic rate after 13 d of heading stage had significant or very significant

positive correlation with yield, which indicated that maintaining larger leaf area index and higher photosynthetic rate of

flag leaf after heading stage were the key measures to acquire high yield of double cropping rice.

Key words: double cropping rice; cultivation density; yield; canopy apparent photosynthesis(CAP)

20 60
20 80 “ »
[1]
[2]
[3-9]
4024
402 H 159 207

1 #MREFHZE
1.1 #

4024 402(
) H 159 207 )

1.2 Bt
2011 2012

13.3 cmx20 cm(A}) 16.7 cm*20 cm(A;)
20 cmx20 cm(Ajz) 13.3 cmx26 cm(Ay)4

3 200
4024 402 3 26
4 26 H 159 207 6
22 7 22 N) (P205)
(K,0) 180 60 120 kg/hm?

4d 10

2012
1.3.2 FE5FsHRBELE

20
5
100
14%
2011 2012

1.3.3 Zartmadss. Airtmsiigk

o & AR AR R M
2012 13d

= x  xK (0.75) LAI=

/

1.3. 4 &letet sk SPAD fhAn foboik Fag M
2012 SPAD502

10 SPAD
4d 1 SPAD



451

40 5
2012 13 d 31d
3 Li-6200 4024
Al Ay Ay Aj
14 BERHITITE 402 35d
MS Excel 2003  DPS Al Az As Ag 39d
A Ay Ay Ay
2 ZFERENR 402 39d 4024 4
21 BIEEEHWERSEDSHEM 402 39d
4024 4
1 4024
402
402
600 600
500 | 500 |
“; 400 | 400 |
=~ 300 | = 300 |
200 | —*— A 200 L —x— A
—— A —_—A
100 — A 100 4 — A
f —— Ay ——A
0 1 1 1 1 1 1 | 0 1 1 1 1 1 1 1 1 1 1 1 )
7 11 15 19 23 27 31 35 39 43 47 51 55 7 11 15 19 23 27 31 35 39 43 47 51 55
/d i
1 BAIBEERFL 4024(A)FNE L 402(B) IS EEFN TS
Fig.1 Tillering dynamics of Zhuliangyou 4024(A) and Jinyou402(B) under different treatments
2 H 159 A Ay Ay, A
207 2 207 4 A Ay
Ay Ay 38 d
H 159 207 26 30d Ay Ay A A
207 54d H 159 4
H 159 4 50d 207
400 ~
350
$300 e
: :
50 =
200 —a—A,
——A,
150 L A
100 1 1 1 1 1 L L L 1 1 ) 100 1 L L L 1 1 1 L L L )
10 14 18 22 26 30 34 38 42 46 50 54 10 14 18 22 26 30 34 38 42 46 50 54

/d

/d

2 F4bIE H 1 159(A)FA& 1 207(B)RI D EEFNTS
Fig.2 Tillering dynamics of Hyou159(A) and Jinyou207(B) under different treatments



452 ( ) http://www.hunau.net/qks 2014 10
1 4024 H 159
402 Ay Al A3 Ay
207 402
2.2 FIBEBEXNNEREE RS E RSN
1 4024 2
F1 BREVNEENFEREMBER
Table 1 Yields and their components of double cropping rice under different treatments
/( m?) / 1% /g /(thm?)
2011 4024 Ay 319abA 102 87.8 28.4 7.71aA
A, 324aA 102 87.8 28.3 7.88aA
As 310bAB 105 87.2 28.5 7.33bB
Ay 298cB 101 86.5 28.4 6.87cC
402 Ay 293bAB 110 88.2 26.7 7.22abAB
A, 306aA 112 87.8 26.6 7.46aA
As 283bcB 112 87.2 26.8 7.00bcB
Ay 278cB 113 87.3 26.6 6.83cB
H 159 A, 287bB 106¢cC 86.1ab 27.2 6.80cC
A, 290bB 111bB 87.9a 27.3 7.18bB
A; 315aA 113aA 87.1ab 27.3 7.64aA
Ay 308aA 111bB 85.7b 27.2 7.48aAB
207 A 265bA 124dD 86.2aA 249 6.58bB
A, 273abA 126¢C 87.6aA 25.0 7.10aA
As 255¢B 130bB 83.2bB 25.0 6.50bB
Ay 273aA 138aA 87.8aA 25.0 7.23aA
2012 4024 Ay 321abA 105 88.1aA 28.3 7.83bA
A, 327aA 106 88.0aA 28.4 8.05aA
As 317bA 107 83.3cC 28.4 7.38¢cB
Ay 301cB 107 85.0bB 28.4 7.01dC
402 A, 300bB 110 88.0 26.6 7.34bB
A, 316aA 111 87.9 26.6 7.61aA
A; 292bBC 112 87.4 26.7 7.08cC
Ay 283cC 111 87.7 26.7 6.95dC
H 159 A 297¢C 113 85.9ac 27.4 6.89cC
A, 306bA 113 86.4abc 27.4 7.38bB
As 322aA 116 86.8a 27.5 7.78aA
Ay 320aA 113 86.7ab 27.4 7.59aAB
207 Ay 267bB 133 87.8a 25.1 6.85bB
A, 279aA 138 86.9b 25.2 7.32aA
As 259¢C 136 87.3ab 25.1 6.67cB
Ay 286aA 137 87.1ab 252 7.49aA
1% 5%
1 2011 H 159 2
207 Ay 2
2012 H 2 2011 4024
159 402
H 159 A; 2012 2
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Table 2 Average of yields and their components of double cropping rice under different treatments

/I m?) / /% /g J(t-hm™?)
2011 4024 318a 102b 87.3 28.4aA 7.45
402 290b 112a 87.6 26.7bB 7.13
H 159 300aA 110bB 86.7 27.2aA 7.27a
207 267bB 130aA 86.2 25.0bB 6.85b
2012 4024 317a 106bB 86.1 28.4aA 7.57a
402 297b 111aA 87.8 26.7bB 7.24b
H 159 311aA 114b 86.4 27.4aA 7.41a
207 272bB 136a 87.3 25.1bB 7.08b
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Table 3 High effective leaf area index, effective leaf area index and maximum leaf area index of double cropping rice under different treatments

13d 13d 13d
4024 A, 220aA 6.17a 5.29 4.90aA 537 4.63 4.39aA 447 4.16 4.26aA
A, 2.13aA  6.06a 5.65 4.05aA  5.32 4.49 3.92aA 424 353 3.80aA

A;  1.73bB  5.51b 4.18 2.35bB  5.00 3.98 2.33bB 4.02 337 2.24bB
A, 2.00aAB 5.80ab  5.17 3.73aAB 5.18 4.82 3.49aAB 4.15 425 3.19aAB

402 A, 2.18aA  6.06a 5.16ab  4.12 5.34aA 490 3.86 420 4.10 3.79a
A, 1.96aAB 5.85a 5.56a 3.34 5.24aAB 443 3.23 4.03  4.07 3.14ab
A;  1.40cC  521b 3.82b 2.96 432bC  3.75 2.70 355 322 2.62b
A, 1.65bBC 5.54ab  4.43ab  3.26 4.58bBC 4.01 293 3.68 3.65 2.85ab
H 159 A 412 5.26a 3.42b 2.77 4.90 3.28b 2.71 399 3.03bB  2.70
A, 391 5.29a 3.87ab 293 4.94 3.49b 2.76 3.99 3.17bAB 2.76
A;  3.62 S5.4la 4.58a 3.11 5.13 441a 3.04 4.69 3.93aA 299
A, 3.89 5.32a 3.92ab  3.05 5.00 3.63ab 294 434 333bAB 2.81
207 A, 4.70aA  4.77b 4.05 2.75 4.18 3.81 2.69 334 329 2.64
A, 3.79abAB4.92ab  4.15 2.76 4.20 3.93 2.71 338 3.37 2.70
A;  299bB  4.65b 3.76 2.73 4.03 3.44 2.64 320 321 2.63

A, 3.52bAB 5.37a 422 2.81 4.24 3.94 2.74 348 3.45 2.74
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Table 4 Average of high effective leaf area index, effective leaf area index and maximum leaf area index of double cropping rice

under different treatments

13d 13d 13d
4024 2.02 5.89 5.07 3.76 5.22 4.48 3.53 4.22 3.83 3.37
402 1.80 5.67 4.74 3.42 4.87 4.27 3.18 3.86 3.76 3.10
H 159 3.89 5.32a 3.95 2.97 5.00a 3.70 2.86 4.25a 3.36 2.82
207 3.75 4.93b 4.05 2.76 4.16b 3.78 2.69 3.35b 3.33 2.68
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Table 5 Photosynthetic rate in flag leaves of double cropping

rice under different treatments

/(umol'm™s™")

13d
4024 A, 26.8bB 23.1ab  17.3aA
A,  27.7aA 24.3a 14.6bAB
A;  27.8aA 232ab  17.1aA
A;  28.2aA 21.7b 14.5bAB
402 A, 27.6abA 23.1b 18.2aA
A,  26.0cB 25.1a 14.90B
A;  26.6bcAB 23.2ab  16.6abAB
Ay 28.1aA 22.9b 14.6bB
H 159 A, 24.4bB 22.7 20.1a
A,  24.4bB 229 19.7ab
A;  24.5bB 253 19.7a
A;  28.2aA 23.0 18.6b
207 A, 28.6ab 20.0b 17.2
A, 28.7ab 22.4ab  17.1
A;  27.8b 23.8a 16.4
Ay 299a 23.3a 17.8

®6 MEMWIUMASERRLERTE

Table 6 Average photosynthetic rate in flag leaves of

double cropping rice under different treatments

/(umol-m*-s™")

13d
4024 27.6aA 23.1 15.9
402 27.1bB 23.6 16.1
H 159 254 23.5 19.5a
207 28.7 224 17.1b

2.6
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Table 7 Correlation analysis of the physiological characteristics and yield of double cropping rice after heading stage under

different treatments

13d

SPAD

13d

SPAD

SPAD

0.912%*
0.904**
0.786%**
0.087
—0.427
0.499*
0.545*
0.607**
0.215
0.518*
0.562%*
0.598%*
0.564**
—0.040
0.107

—0.772%*
—0.855%*
—0.715%*
—0.203
0.446*
—0.409
—0.435
—0.455*
—0.331
—0.298
—0.484*
—0.541*
—0.551*
0.479%*
0.142

0.368
0.467*
0.645%*
—0.088
0.089
0.419
0.533*
0.519%
-0.174
0.134
0.421
0.406
0.411
—0.284
-0.177

0.817%*
0.855%*
0.738%**
0.176
—0.412
0.407
0.438
0.451%*
0.286
0.259
0.449*
0.509%*
0.514*
-0.177
—0.037

0.763**
0.719%*
0.696**
0.148
0.144
0.416
0.496*
0.592%*
0.226
0.558*
0.572%*
0.567**
0.521%*
0.119
0.053

*ookk 0.05 0.01
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Table 8 Stepwise regression of leaf area index and yields as well as their components at full heading stage

4024 Y=-5.274 235 11+1.066 057 387 5X +0.361 558 957 1Xy; B(X1)=0.995 5%* B(X;;)=0.998 7%  0.998 3**
402 Y=0.428 126 391+0.001 952 151 545 9X;o+ 0.251 405 629 67Xy, B(X10)=0.999 7** B(X;;)=0.999 9*  0.999 8**

H 159 Y=-0.118 903 703 7+2.539 259 259 3X, B(X9)=0.993 9** 0.987 8*

207 Y=-12.522 105 26+7.321 981 424X, B(X7)=0.984 5** 0.969 2*
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