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Filling Percentage of Rice Spikelets as Affected by Availability of Non-Structural Carbohydrates at the
Initial Phase of Grain Filling: Tadashi TSUKAGUCHI, Takeshi HORIE and Masao OHNISHI (Faculty of
Agriculture, Kyoto University Kitashirakawa, Sakyo-ku, Kyoto 606, Japan)

Abstract : The observed reaccumulation of non-structural carbohydrates (NSC) in culm and leaf sheath in the
later half of the grain filling period, in spite of the existence of imperfectly filled rice spikelets, indicate that grain
filling is determined not only by total availability of carbohydrates during the grain filling period but also by the
sink ability for accumulating carbohydrates. The objectives of this study were to clarify which plant factors
determine the sink ability of rice grain and their cultivar difference. Periodic measurements were made of crop
dry weight and the amount of NSC during grain filling period of Milyang 23 and Nipponbare grown under
various conditions. Filling percentage, defined as the ratio of rough brown rice yield to the product of spikelet
density and weight of a fully ripened grain, was positively correlated with RGR in grain weight over the initial
10 days after full heading. This period corresponded to the reported period in which endosperm cell number is
determined. A highly positive correlation was also obtained between the amount of NSC available per grain in
the initial 10 days of grain filling and the RGR of grain, indicating that the filling percentage of rice crop is
determined by the availability of NSC in that period. Interestingly, Milyang 23 had a significantly higher filling
percentage than Nipponbare under a given amount of NSC per grain in the initial 10 days of grain filling.
Key words : Grain filling, Initial growth of grain, Non-structural carbohydrate, Rice (Oryza sativa L.), Sink
ability, Sink source ratio.
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Table 1. Dates of seeding, transplanting and full heading of rice cultivars of
Milyang 23 and Nipponbare in each year.

Full heading?

Seeding Transplanting Milyang 23 Nipponbare
1991 17 Apr. 15 May 7 Aug. 12 Aug.
1992 2 May 26 May 17 Aug. 17 Aug.
1993 16 Apr. 13 May 13 Aug. 17 Aug.

1) The full heading date refers to the day at which 809 panicles of productive

tillers emerged.

Table 2. Nitrogen application rate (g m~?) and time for each treatment in each

year.
Treatment No. Basal Tillering? fof;zlti)en” hezlélilrlg
Milyang 23
1991 1 4 3 2 2
1992 11 0 0 8 3
i 4 4 0 3
v 4 0 4 3
v 4 4 4 3
v 4 4 4 3
Vil 4 4 4 0
1993 Vil 4 4 4 0
Nipponbare
1991 I 4 3 2 2
1992 11 0 0 8 3
i 4 2 4 3
v® 4 2 4 3
1993 V 4 2 4 0

Amounts of phosphate applied were 8 and 3 as basal and top dressing at panicle
formation stage, respectively, and those of potassium were 4, 3, 2 and 2 as basal and
top dressing at tillering, panicle formation and full heading stages, respectively.

1) at 2 weeks after transplanting.
2) at 20 days before heading.

3) 50% of plants were removed immediately after full heading.
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Table 3. Yield, its components and filling percentage of spikelets in each treatment of Milyang 23 and
Nipponbare (mean=s.e.).

Spikelet Ripening Single grain Ripened rice Rough rice Filling

Treatment No.” density percentage?® mass® yield® vield? percentage®
(X10°m™) (%) (X103 g) (gm™?) (gm™?) (%)
Milyang 23 1 32.0+0.2 85.0£0.6 22.9%£0.0 621+ 3 715+ 5 97.8%1.0
II 39.3+0.9 3.5+£2.9 22.1+0.1 550+ 9 683+ 2 73.6%x2.3
1iI 33.5+0.5 77.5%£0.0 23.3%£0.2 60615 646119 82.61+0.4
v 39.24+0.7 69.81+3.2 22.9£0.0 625418 689114 77.0x2.9
\4 39.6+1.0 68.9+1.8 23.3%+0.3 63625 715+21 77.4+1.2
VI 22.0£0.5 81.2+0.9 22.9%0.0 410+15 424+16 84.04+0.8
Vi 42 .8+1.9 60.1%+0.9 23.0%+0.1 593+38 677+45 68.7+1.1
Vit 35.7%£0.6 79.0£0.0 25.0+0.0 70412 739+t16 82.9%+0.3
Nipponbare 1 21.7+0.4 85.2+2.5 22.2%0.1 410+ 6 466+ 6 97.0+2.5
II 31.3+1.3 60.7+5.5 22.1x0.0 422455 473+51 68.1+£4.7
1 30.9£2.4 56.0+3.1 22.4+0.5 3854+ 0 43613 63.3%x1.5
IV 13.840.2 68.9+1.1 22.910.0 218+ 0 229+ 1 72.5%0.9
Vv 25.14+0.6 84.4+3.2 23.7%x0.0 503430 520+29 87.3+2.8

1) For treatment number, see Table 2.

2) Ripening percentage refers to percentage of spikelets sunk in (NH,),SO, solution of 1.06 density.

3) Single grain mass(Go) is for fully ripened brown rice in 149 moisture.

4) Ripened and rough rice(Yy) yields denote fully ripened and total brown rice yield with 149 moisture,
respectively.

5) Filling percentage (FP) is defined as FP=Y/(nXG,) X 100, where n is spikelet density.
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Table 4. The amount of non-structural carbohydrates (NSC) in culm and leaf
sheath at full heading (FH) and about 20 days after FHY, and total dry
matter production (DMP) between full heading and maturity in each
treatment of Milyang 23 and Nipponbare (meanzs.e.).

DMP between full NSC at NSC at 20 days
Treatment No.? heading and maturity FH after FHY
(gm™) (gm?) (gm™)
Milyang 23 1 528+94 178+ 2 80+ 1
1T 55848 15110 9%6=* 3
11 42156 174+ 2 62L 6
v 473+39 170+ 3 7011
\4 515185 17511 74 5
VI 503+38 85+ 2 48+ 0
Vil 407+ 1 179+ 2 85+ 5
Vil 498+89 229+ 5 105+ 5
Nipponbare 1 462+37 220+ 6 111+ 6
1I 455485 140+15 87+ 9
I 455438 185410 1344 4
v 43671 101+ 5 85114
vV 480+53 201+ 4 142+18

1) When dry weight of culm and leaf sheath was minimum after full heading.

2) For treatment number, see Table 2.
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Fig. 1. Time changes in dry weights of grain (#) and the amounts of
non-structural carbohyrates (NSC) (®) in culm and leaf sheath during
grain filling period of Milyang 23 (a, b) and Nipponbare (c, d) at
representative treatments. Two treatments for each cultivars were
selected for their distinct dynamics in NSC and grain weights during
the later half stage of grain filling. Treatment number is same as those
shown in Table 2. Y, is the potential yield calculated by multiplying
spikelet density by dry weight of one fully ripened grain. Bars indicate
standard error.
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Fig. 3. Relationship between RGR of grain dur-
ing initial 10 days after full heading and
filling percentage in Milyang 23 (H) and
Nipponbare (®). Filling percentage is ex-
plained in Table 2.

* and %% indicate significance at 5% and 1%
levels, respectively.
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Fig. 4. Relationship between the amount of
carbohydrates available per grain during 10
days after full heading and RGR of grain in
the same period in Milyang 23 and Nippon-
bare. Symbols are same as those shown in
Fig. 3.

%% indicates significance at 0.19 level.
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Fig. 5. Relationship between the amount of
carbohydrates available per grain during 10
days after full heading and filling percentage
in Milyang 23 and Nipponbare. Symbols are
same as those shown in Fig. 3.
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