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Studies on the Duration and Rate of Grain
Filling in Rice (Oryza sativa L.)

I. Varietal Difference and Effects of Nitrogen

Dong Sam Cho®, Seung Keun Jong®, Yeon Kyu Park® and Suk Yeong Son*

ABSTRACT

Understanding grain filling characteristics represented by grain filling duration and grain filling rate is import-
ant in improving higher yielding varieties and developing better cultural methods of rice (Oryza sativa L.).
Recently developed 6 Japonica and 6 Japonica/Indica varieties were grown under 3 nitrogen levels at Experi-
mental Farm of Chungbuk National University in 1986. The range of grain filling duration of 12 varieties was
20.9-39.0 days, while grain filling rate ranged from 53.8 to 136.6 mg-panicle"- day". Although the difference
of the average grain filling duration between Japonica varieties and Japonica/Indica was less than 4 days, the
average grain filling rate of Japonica/Indica varieties was greater than Japonica more than 30%. Samgangbyeo
showed the shortest grain filling duration of 21.0-24.2 days and the greatest grain filling rate of 119.3-143.8
mg - panicle’t. day ! under 3 nitrogen levels, while Seomjinbyeo and Milyang 23 showed the quite opposite
grain filling characteristics. Nitrogen levels did not show any significant effects on grain filling characteristics.
Negative correlation was found between grain filling duration and grain filling rate, and significant positive
correlations of grain filling rate with grains/panicle, grain weight and panicle weight indicated that grain filling
rate is more important characteristics of grain filling. Pathway analysis revealed that contribution of grain filling
rate to panicle weight is rather indirect through grain weight. '
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Table 1. Heading date, plant height and panicle length of 12 rice varieties grown under 3 nitrogen levels.

Varieties Heading Culm length Panicle length

Date DAT* N; Ny N, Average N, N, N3 Average
Japonica cm cm em cm cm cm cm “em
Nongbaeg July 28 61 66.3 783 75.4 73.5 19.6 19.5 18.0 19.0
Daeseongbyeo July 24 57 60.5 62.0 61,9 61.5 18.9 19.5 17.9 18.8
Sangpungbyeo  Aug.11} 75 68.4 709 65.5 68.3 202 193 19.6 197

Daecheongbyeo Aug. 14 78 68.6 1.1
Chucheongbyeco Aug.18 82 68.5 65.5

Seomjinbyeo Aug. 18 82 679 72.4
Average 66.8 70.0

Japonica/Indica

Taebaegbyeo July 31 64 55.6 56.5

Baegyangbyeo  July 31 64 534 58.2

Yongmoonbyeo Aug. 1 65 59.7 61.6

Samgangbyeo Aug. 4 68 599 69.7
Milyang 23 Aug. 8 72 58.3 60.8
Tongil Aug.18 82 484 522

Average 559 59.8

75.5 7.7 19.3 18.5 210 19.6
64.7 66.2 189 18.0 17.6 18.2
74.0 7.4 19.9 21.1 19.6 20.2
69.5 68.8 19.5 19.3 19.0 19.3

63.8 586 199 227 213 213
524 547 209 208 221 21.3
63.6 61.6 - 197 227 233 21.9
711 669 199 220 227 21.5
66.2 618 220
557 521 185 220 224 215
62.1 593 202 220 224 21.5

244 244 - 236

*DAT = Number of days after transplanting.
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Table 2. Yield components and unhulled grain yield of 12 rice varieties grown under 3 nitrogen levels.

. . e o Percentage of Unhulled
Variety Panicles-hill"l Gmnsvpamclg 1 mg-grain 1 ripened grains grain yield
N;i N2 N3 Avg. N; Ny N3 Avg. Ny N; N3 Awg. Ny N; N3 Avg. Ny N2 N3 Awg
- no. — ~no. - -mg — -% - —kg/10a —
Nongbaeg 12 12 13 12 96100 96 97 24 24 24 24 94 85 78 86 484 539 538 536
Daeseongbyeo 12 12 10 11 99100 91 97 25 25 25 25 88 87 85 86 512 519 572 534
Sangpungbyéo 11 15 10 12 99 101 100 100 26 26 25 25 85 85 83 84 536 575 540 551
Daecheongbyeo 13 17 12 14 79 78 83 80 18 19 20 19 85 88 85 86 488 553 536 526
Chucheongbyeo 15 17 16 16 85 83 82 84 19 20 18 19 88 85 81 85 505 547 550 54
Seomjinbyeo 12 17 12 14 88 99 92 93 22 23 22 22 80 73 71 8 538 590 602 576
Average 13 15 12 13 91 93 90 92 22 23 22 22 87 84 8% 84 511 554 564 541
LSD(0.05) ’ :
Between N levels 496 1.88 8.10 80
Between varieties 4,72 0.95 3.04 81
Taebaegbyeo 12 13 10 11 111 111 116 112 26 25 26 26 92 91 93 92 498 514 572 528
Baegyangbyeo 10 10 11 11 117 112 113 114 28 28 29 28 83 82 78 81 532 568 532 544
Yongmoonbyeo 12 12 11 12 120124 134 126 28 29 30 29 88 89 84 87 577 502 593 557
Samgangbyeo 11 14 12 12 106 117 125116 23 26 28 26 92 91 86 90 509 554 629 564
Milyang 23 12 13 11 12 112124 128 121 27 29 29 28 87 87 83 86 508 556 648 571
Tongil 11 12 14 12 112 114 137121 27 29 30 29 75 74 69 73 572 588 670 61¢
Average 11 12 11 12 113117 125118 26 28 29 28 86 86 82 85 533 547 608 56!
LSD(0.05)
Between N levels 758 424 6.72 79
Between varieties 458 195 442 38

Table 3. Grain filling duration and grain filling rate of 12 rice varieties grown under 3 nitrogen levels.

e Filling duration Filling rate
Varieties N, N, N3 Average N, N; Nj Average
— days — - mg-panicle‘l-day" -

Nongbaeg 25.3 25.6 25.5 255 98.6 97.4 89.5 95.2
Daeseongbyeo 27.3 24.6 254 258 89.3 102.2 994 970
Sangpungbyeo 28.1 28.0 266 27.6 92.6 91.1 96.1 93.3
Daecheongbyeo 27.0 28.2 259 27.0 " 71.0 65.5 76.8 711
Chucheongbyeo 29.6 30.9 29.7 30.1 75.9 63.2 60.7 66.6
Seomjinbyeo 39.0 38.8 330 36.9 53.8 59.0 65.1 59.3

Average 29.4 294 217 28.8 80.2 79.7 81.3 80.4
LSD(0.05)
. Between N 3.56 4,13

Between varieties 5.19 13.05
Taebaegbyeo 26.7 25.6 27.9 26.7 105.4 99.0 92.3 98.9
Baegyangbyeo 26.2 26.4 29.5 274 105.9 113.7 99.9 106.5
Yongmoonbyeo 246 23.3 25.3 244 113.3 129.1 119.1 120.5
Samgangbyeo 21.0 20.9 24.2 220 1193 136.6 123.6 126.5
Milyang 23 373 35.6 35.7 36.2 71.3 80.6 85.5° 79.1
Tongil 259 26.5 213 26.6 107.4 108.6 109.8 108.6

Average 217.0 26.4 28.3 27.2 103.8 111.3 105.0 106.7
LSD{0.05) .

Between N 6.13 17.80

Between varieties 3.86 14.46
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Table 4. Analysis of variance for grain filling
duration and grain filling rate for two
groups of rice varieties grown under 3
nitrogen levels.

Mean squares

Source of variation df. Filling Filling
duration rate
Japonica
Replication 1 8.70 37.27
N level (N) 2 33.76 15.47 -
Ermrora 2 4.11 5.53
Variety, (V) S 136.76** 1780.92**
NxV 10 15.87 150.20
Error b 15 17.77 112.45
JaponicafIndica
Replication 1 9.61 153.72
N level (N) 2 1.80 218.86
Errora 2 12.16 102.86
Variety (V) 5 111.60** 1673.48**
NxV 10 1.37 186.32
Error b 15 9.89 138.04

*#* Significant at the 0.01 probability level. -
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Fig. 2. Relationship between grain filling duration
and grain filling rate of 12 rice varieties
grown under 3 nitrogen levels.
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Table 5. Correlation coefficients among grain filling parameters and yield components of 12 rice varieties.

Filing  Filing  Heading Panides Grains  Gmin  *°' Panice  UPruned
rate I rate II date hil} anicle weight ripened weight grain
pet perp grains yield
Filling duration =~ -0.7669** 0.6895** 04754** 02733 01367 01402 03432% 02271 01629
Fmingntcl L1 *h £ 2 ] ok L 1 ] 8
(g panicte™ day°}) 0.8075%% 0.5345** .0.5082%% 0.6846% 06895%* 02275  0.J758%* 0.0935
Filling rate 11
(sm2day ) 02662 00659 0A982%% 0.3923* 0.1834  04955%% 01033

*,** Significant at the 0.05 and 0.01 probability levels, respectively.
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Table 6. Direct and indirect effects of grain filling
rate, panicles‘hill'l and gmins-panicle‘I
and grain weight on panicle weight.

Direct effect of grain filling rate 0.1773
Indirect effect via panicles-hill"! 0.0102
Indirect effect via grains~panicle‘l 0.1323
Indirect effect via grain weight 0.4560
Direct effect of panicle-hill'! -0.0201
Indirect effect of grain filling rate -0.0901
Indirect effect of grains-panicle’l -0.0861
Indirect effect of grain weight -0.3884
Direct effect of grains-panicle‘l 0.1933
Indirect effect of grain filling rate 0.0089
Indirect effect of panicles-hill” 0.0089
Indirect effect of grain weight 0.6046
Direct effect of grain weight 0.6613
Indirect effect of grain filling rate 0.1233
Indirect effect of panicles'hill'l 0.0118
Indirect effect of gxains'panic:le‘l 0.1767
Residual 0.1688
R? 0.9715
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