Jour. Agric. Res. China (fPEE23578) 33(1) : 012~023 (1984)

Physiological Studies of Rice Tillers
IL. Productivity of Varieties Differing in Grain Velume

M. L. Wei, Y. C. XKuo and D. J. Liu?

Abstract : Amount of dry matter, total nitrogen and total nonstructural carbohydrates
(TNC) in the leaf blades, leaf sheaths and stems from various node positions, as well
as panicles, of rice tillers were analyzed at stages of grain development. The purpose of
this study was to compare the potential of productivity between a large-grain variety
Mira and a medium-grain variety Tainung No. 67. Nitrogen concentrations in various
organs of Mira tillers were significantly higher, whereas TNC concentrations were lower,
than those of Tainung No. 67 tillers. When compared to Mira on a per tiller basis,
Tainung No. 67 produced 14-55% less dry matter and 36-39% less TNC during the test
period. For a mature panicle from a single tiller, the amounts of dry matter and TNC
accumulated by Tainung No. 67 were only 61-74% and 63-809, respectively, of those
accumulated by Mira. Those results indicated that the productivity per tiller was greater
for the large-grain variety. As panicle number per hill was very low for Mira, community
productivity was 50% higher for Tainung No. 67 in the first crop but was comparable
between varieties in the second crop. No difference in the increase rates of major compo-
nents in panicles was found between varieties, indicating the absolute amount of transloca—
tion into panicles was greater for Mira. Results suggested that yield increase through
enlarging grain size was possible. However, responses of the large-grain rice to the envi-

ronmental factors should be further understood,

In a previous report *® we found that for the first crop rice grown in Taichung area,
up to 20% of total nonstructural carbohydrates in rice tillers remained in the vegetative
organs at maturity. We therefore hypothesized that the limitation to the yield of the
first crop rice was sink size rather than source capacity, and yield increase of 20% was
possible providing that panicle volume could be enlarged to accept the more than en-
ough photosynthates produced by the leaf blades during grain-filling,.

Rice yield can be enhanced by increasing the value of any one of the four yield
components without simultaneously affecting the performance of the others. Panicle
number per hill, which was the main factor in causing the low yield of the second crop
rice ", has been considered as adequate for rice grown in the first crop season. Further
improvement might be difficult especially for the machine-transplanted rice with a na-
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rrow spacing of 30X 15cm.

Spikelet number per panicle and the percentage of seed-setting are usually negatively
correlated . According to Ishizuka ®, 80 spikelets per panicle and seed-setting rate of
85%, along with 400 panicles/m? and 1,000-grain-weight of 22g, were ideal for rice yield
of 6 t/ha. In Taiwan, it is not uncommon that rice panicle has 100-150 skikelets and
over 90% of them are able to bear well-developed seeds in the first crop season. In
other words, yield increase through increasing spikelet number per panicle and seed-
setting percentage would not be very effective.

The size of rice grains is limited by the surrounding hulls . Thousand-grain-weight
of most commercial varieties is around 23-25g. However. seed weight of many large-grain
varieties is as high as 40-45mg. Theoretically, an increase of seed weight from 25mg to
30mg means 20% increase in grain yield. The problems remain as whether or not the
photosynthetic productivity during the period of grain-filling can meet the demands
by the large-volume panicles.

The objective of this study was to examine the potential of dry matter production
of a large-grain rice variety on a per tiller and community basis. The distribution of
total nonstructural carbohydrates and nitogen among different tiller fractions was
studied. A medium-grain commercial variety was also included for comparison.

Materials and Methods

A japonica, large-grain (1, 000-grain-weight about 37g) rice cultivar introduced
from the Philippines, Mira, and a japonica, medium-grain cultivar, Tainung No. 67 were
grown at the experimental farm of Taiwan Agricultural Research Institute in 1981. In
the first crop, transplanting date was Feb. 20 and heading date was April 28 for Mira
and May 11 for Tainung No. 67. In the second crop, transplanting was on Aug. 10 and
heading on Sept. 25 and Oct. 13 for Mira and Tainung No. 67 respectively. Maturity
date was 5 weeks after heading in the first crop and harvest was made 4 weeks after
heading in the second crop. The early harvest of the second crop rice wsa due to the
heavy infestation of brown plant hopper.

Seedlings were raised in the field until at the leaf age of 4.5-5.0 and transplanted
by hand at a spacing of 25x25cm. Plots, sized at 7.5x5m, were arranged in a random-
ized complete block design with three replications. Before transplanting, N, P,Os; and K,O
were applied to all plots at, respectively, 60, 60 and 50kg/ha in the first and 65, 60 and
50kg/ha in the second crop. Additional nitrogen at a rate of 30kg/ha each was topdres-
sed twice in both crops.

At least 8 hills of rice plants including roots were harvest from each plot at a week’s
interval between heading and maturity. The collected plants were cleaned with tap water
and 80 large tillers of each variety were selected and combined. Only the above-ground
portion was kept and the samples were further divided according to the position of the
nodes on a basipetal basis. The uppermost node was designated as the first node. Leaf
blade, leaf sheath and stem from ther same node were separated as individual samples.

Tose samples from the 4th and lower nodes were combined. Panicle was divided separately.
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Samples were dried in a forced draft oven at 100°C for 2 hrs follwed by 70°C for
24 hrs. After dry weight had been determined, the samples were ground with a Wiley
mill through a 40-mesh screen. Concentration of total nonstructural carbohydrates was
then determined according to Smith " . Nitrogen was determined by the Kjeldahl pro-
cedures.

Results on the dry weight of the same plant fraction (leaf blade, leaf sheath or stem
) from various node positions were pooled and reported. Comparison between the devel-
opmental stages of heading and maturity was emphasized. Changes in concentrations of
N and total nonstructural carbohydrates of different plant parts during grain-filling
were also discussed in terms of physiological importance.

Results

I. N concentrations in tiller organs during grain-filling

N concentrations of the leaf blades, leaf sheaths. stems and panicles at stages of
grain development were indicated in Table 1. It was generally true that the upper leaf
blades had higher N concentrations than the lower ones. Leaf blade N percentages were
highest at heading and decreased continuously thereafter for either variety in both crops.
For rice tillers grown in the first crop season, Mira contained more N in the leaf blades
than Tainung No. 67 during the first two weeks of grain development. However, the

concentrations were higher in Tainung No. 67 leaves during the subsequent period of
grain-filling. In contrary, leaf N was consistently higher for Mira than for Tainung
No. 67 up to three weeks after heading in the second crop.

Table 1 also showed that at the stage of heading, leaf N was higher in the first (
2.24—3.14%) than in the second (2.20-2.16%) crop for Tainung No. 67 and was comp-
arable between the two crops (2.88-3.52%) for Mira tillers. N concenrtations decreased
faster thereafter in the first crop season as they were higher in the second crop be-
tween one and four weeks after heading. Final concentrations of N in the leaf blades at
four weeks after heading were, respectively, 0.51-1.62% and 1.10 1.99% in the first
and second crops for Tainung No. 67. Corresponding values for Mira were 0.85-0.93%
and 0.94-1.89%.

Similar pattern of changing N concentrations in the leaf sheaths and stems was
recorded (Tablel). N concentrations were higher in the leaf sheaths than in the stems and
decreased continuously in both organs towards maturity. The second crop and Mira
variety had higher N concentrationts than the first crop and Tainung No. 67, respectively.

Panicle N concentrations showed little fluctuation during grain-filling. The only
exception was Tainung No. 67 in the second crop which decreased from 1.22% at heading
to 0.88% at harvest. The concentrations at matruity were around 1.3% for Mira which

was significantly higher than the 0.88-0.99 % of Tainung No. 67 tillers.
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Table 1. Nitrogen concentrations (%, dry basis) in different plant fractions of Tainung No. 67

and Mira rice tillers at stages (weeks after heading) of grain-filling.

First Crop Second Crop
Variety Tiller Fraction®
! o v 2 e] s o] 1] 2|34
1st leaf 304 1 270 { 227 | 191 162 130 | 261 | 2.89 | 2.77 | 2.30 | 1.99
2nd leaf 2691 221 | 193 | 181 | 082 085 | 250, 233 | 230 | 2.06 | 1.88
Tainung 3zd leaf 2.24| 190 156 1.09| 051 | 050 | 220 | 206 | 1.95| 177 | 110
No. 67 Leaf sheath 064 | 057 ] 081 043! 035] 039 ] 069 | 067 | 059 | 049, Q81
Stem 055 | 040 | 032 | 028 026 | 031 | 058| 047 | Q37| 035]| 031
Panicle 104 086} 098 | 096 | 097 | 099 | 122 | 1.08| 1.00 | 093 088
1st leaf 3.36 (331 | 244 122 093] 093 | 3.32 | 345 323 | 272 189
2nd leaf 341 | 280 | 234 122 | 092 087 | 336 | 334 | 283 | 235 | 160
) 3rd leaf 2.88 | 241 | 197 | 091 | 085 | Q77 | 288 | 2.73 |.2.43 | 1.82 | 094
Mira Leaf sheath 102 077 0711 033 | 050 | 051 129 1.1.03 | 083 | 073 | 062
Stem 093} 088 | 038 036 | 041 .39 136 | 125 | 067 | 088 | 051
Panicle 146 | 1.33| 135 | 129} 1.35| 138 | 128 | 125} L35| L38 | 137

s]eaf blades were sequenced basipetally according to the position of nodes on tillers ; combined
data of leaf sheaths and stems from various node positions were presented.
II. TNC concentrations in tiller organs during grain-filling

Table 2 showed that concentrations of total nonstructural carbohydrates (TNC) in
the leaf blades decreased slowly but continuously during the whole period of grain dev-
elopment. Mira had higher TNC percentages (5.5% and 8.3% in the first and second
crops, respectively) than Tainung No. 67 (3.9% and 4.1%) at heading. However, final
concentrations at harvest were similar between the two varieties in the first crop (about
2%). It was much higher foe Tainung No. 67 (4.2%) than for Mira (2%) in the second
crop.

TNC concentrations were lower in the uppermost and lowest leaf sheaths than in
the middle (2nd and 3rd from top) leaf sheaths at any stage of grain-filling. The decr-
eases in TNC concentrations were most pronounced between the first and second weeks
after heading in both crops. It was also found that the first crop contained more TNC
in the leaf sheaths than the second crop. Tainung No. 67 tillers were also higher in
sheath TNC than Mira, especially in the second crop season.

Stems had very high TNC concentrations at heading (Table 2). Highest values were
recorded in the lower stem sections, e. g., 40% for Tainung No. 67 and 30% for Mira
in the first crop. Those values in the second crop were around 30% and from 13% to
27% for the two varieties, respectively. Marked decreases in stem TNC were also found
between the first and second weeks after heading which coincided with the period of
rapid grain-filling.
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Table 2. Concentrations of total nonstructural carbohydrates (%, dry basis) in different
plant fractions of Tainung No. 67 and Mira rice tillers at stages

(weeks after heading) of grain-filling.

First Crop [ Second Crop
Variety Tiller Fraction® - i
o[ 123 la]s|o BYERERE
Leaf blade 39| 34| 29| 19| 23| 16| 41| 38! 30| 20| 42
Ist sheath 681 83| 31| L0| 20| 21| 65| 35| 32| 12| 31
2nd sheath 1611113 86| 16| 23| 18| 11L5| 105| 60| 25| 27
3rd sheath 200| 136| B4 14] 16| 10| 135| 130| 65, 15| 19
Tainung 4th sheath 1807, 90| 28] 07| 14| 06| 63| 64| 28| 15| 12
No. 67
Ist stem 171 ] 183 7.0 2.3 3.0 251123 100 | 100 2.8 3.2
2nd stem 345 | 322 | 251 5.8 55 95| 252 | 259 | 252 8.2 6.4
3rd stem 403 | 32.0| 253 3.8 471 111} 302 3.9 250 6.6 4.6
4th stzm 406 | 2911 233 | 27| 35| 106 | 31.8| 323 | 224 | 48| 3.0
Panicle 80| 264 | 505 | 584 | 61.5| 616! 45| 96| 406 | 514 | 58.1
|
Leaf blade ! 83| 64| 32{ 30| 26| 21 83| 71| 41 | 37| 20
Ist sheath 6.8 54 4.1 4.2 53 4.8 54 5.0 2.6 2.0 16
2nd sheath 108 | 103 8.5 3.3 2.7 2.1 6.8 8.2 2.5 18 14
3rd sheath 1421 180 | 101 2.5 3.2 2.6 6.3 6.3 2.6 15 1.0
4th sheath 144 124 82| 16 10| 10| 30| 32| 1L5| 13| 08
Mira
1st stem 1221 273 | 94 32| 30| 25| 130 238 | 50| 21| 16
2nd stem 223 | 378 | 194 | 55| 62| 57| 276 358| 71| 24 .1
3rd stem 298| 38| 248| 53| 73| 71| 287|357 | 15| 27| 16
4th stem 310 | 344 | 249| 65| 127 | 128 134 | 251 ] 59 24| 1.2
Panicle 471221 | 482 | 557 559 | 56.0 591 104 | 427 | 574 | 583

“Leaf sheaths and stems were sequenced basipetally according to the position of nodes on tillers ;
combined data of leaf blades from various node positions were presented.

Panicles just extruded from the embedding leaf sheaths possessed only 5% of their
dry matter as TNC. In one week, the concentrations increased to 22-26% in the first
but only 10% in the second crop. TNC deposition into panicles of Tainung No. 67 tillers
was completed within a duration of 4 weeks in both crops (Table 2). The mature pani-
cle contained 61% of TNC in the first crop and 56% in the second crop. The duration
of grain filling for the large-grain Mira tillers was shorter (3 weeks) than that of Tai-
nung No. 67. Final concentrations were 56% and 58% for the first and second crop,
respectively.
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III. Changes in the amounts of dry matter, N and TNC during-filling

Dry weights of different plant fractions of rice tillers at heading and maturity were
shown in Table 3. For the variety Tainung No. 67, total dry weight per tiller at heading
was 3,140mg in the first crop and 2,990mg in the second crop. Dry weight increased to
4,480mg at maturity, or a net dry matter accumulation of 1,340mg, for the first crop.
The increase was 1,550mg, or 210mg higher, for tillers grown in the second crop season.
For Mira, dry weight increased from 3,290mg at heading to 6,250mg at maturity in the
first crop and from 4,100mg to 5,900mg in the second crop. Those results indicated that
net dry matter production of Mira tillers during grain-filling was higher in the first
(2,960mg) than in the second crop (1,800mg).

Table 3. Changes in dry weight (mg/tiller) of Tainung No. 67 and Mira rice

tillers from heading to maturity

Variety | Tiller Fraction First Crop Second Crop
Heading | Maturity | Difference | Heading Maturity | Difference
Leaf blade 670 550 - 120 820 820 0
Leaf sheath 1,040 800 — 240 980 990 + 10
Tainung Stem 870 620 - 250 750 690 - 60
No. 67 Panicle 540 2,510 + 1,970 440 2,040 + 1600
Small tiller® 20 0 - 20 0 0 0
Total 3,140 4,480 + 1,340 2,990 4,540 + 1550
Leaf blade 830 610 — 220 1,050 7170 — 280
Leaf sheath 1,100 870 — 230 1,100 900 - 200
. Stem 870 1,020 + 180 1,060 900 - 160
Mira Panicle 490 3,410 + 2920 670 3,330 + 2,660
Small tiller® 0 340 + 340 220 0 - 22
Total 3,290 6,250 + 2,960 4,100 5,900 + 1,800

*Small tillers originated from above-ground nodes of the sampled large tillers.

Despite the similar total tiller dry weight at heading of the two varieties in the first
crop. Mira accumulated 40% more dry matter than Tainung No. 67 at the time of ma-
turity. Panicle weight was also 36% higher for Mira (3,410mg vs. 2,510mg). Average
panicle weight of Tainung No. 67 tillers in the second crop was 2,040mg or 470mg
lower thna that in the first crop. However, the difference was only 80mg per panicle
for Mira tillers between the two rice crops.

The amounts of N present in different plant fractions were shown in Table 4. For
either crop or variety, the largest amount of N was recovered in the leaf blades at
heading and in the panicles for the mature rice tillers. There was a consistent loss of
N from leaf blades, sheaths and stems and a significant N deposition into panicles
during the test period. The loss of N from vegetative organs was 11.8-19.0mg per tiller
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for Tainung No. 67 and 29.4-37.7mg for Mira. On the other hand, grain of N by devel-
oping panicles was 12.6-18.8mg for Tainung No. 67 and 37.0-38.8mg for the large-grain
Mira. Comparison between heading and maturity showed that rice tillers contained sim-
ilar amount of N with the exception of Mira in the first crop where an increase of 12.

8mg per tillers was recorded.

Table 4. Changes in the amount of nitrogen (mg/tiller) in Tainung No. 67

and Mira rice tillers from heading to maturity.

First Crop Second Crop

Variety | Tiller Fraction
Heading Maturity | Difference | Heading Maturity | Difference
Leaf blade 16.4 48 — 116 18.3 10.6 - 117
Leaf sheath 6.6 2.8 - 38 6.8 5.0 - 18
Tainung Stem 48 16 - 32 44 21 - 23
No. 67 Panicle 56 24.4 + 188 54 18.0 + 126
Small tiller® 0.4 0.0 - 04 0.0 0.0 Q0
Total 33.8 336 - 02 349 35.7 + Q8
Leaf blade 236 8.1 - 185 31.0 108 - 202
Leaf sheath 11.3 44 - 69 125 6.1 - 64
Stem 8.1 41 — 40 101 36 — 65

Mira

Panicle 71 46.0 + 389 86 456 + 370
Small tiller® 00 33 + 33 4.6 Q0 ~ 46
Total 501 62.9 + 128 66.8 66.1 - 07

*Small tillers originated from above-ground nodes of the sample large- tillers.

The production and distribution of TNC in rice tillers were shown in Table 5. It
was obvious that Tainung No. 67 contained more TNC in the mature panicles in the
first crop (1,528mg per panicle) than in the second crop (1,184mg) . Panicles of Mira,
on the other hand, possessed 25% more TNC than those of Tainung No. 67 in the first
crop and 59% more in the second crop. Net accumulation of TNC in the whole tiller
was also significantly higher for Mira rice, especially in the second crop season. Results
also showed that at the time of harvest, 92-98% of TNC present in the tillers had been
deposited into panicles, suggesting hign efficieny of utilizing TNC for economic produc-
tion of the rice varieties tested. Contribution of pre-heading storage to panicle TNC
was, respectively. 20% and 15% for Tainung No. 67, and 11% and 13% for Mira in the

first and second crops under the assumption that the translocation efficiency was 70%.
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Table 8. Changes in the amount of total nonstructural carbohydrates (mg/tiller)
in Tainung No. 67 and Mira rice tillers from heading to maturity

First Crop Second Crop

Variety | Tiller Fraction
Heading Maturity | Difference | Heading Maturity | Difference
Leaf blade 26 13 - 13 34 34 0
Leaf sheath 148 15 - 133 85 20 - 65
Tainung Stem 310 26 — 284 211 29 — 182
No. 67 Panicle 28 1,528 + 1500 20 1,184 + 1,164
Small tiller® 3 0 - 3 0 0 0
Total 515 1,582 + 1,067 350 1,267 + 917
Leaf blade 45 16 - 29 88 16 - 72
Leaf sheath 131 29 - 102 58 11 - 47
Stem 246 85 - 161 221 15 - 206

Mira

Panicle 23 1,906 + 1883 40 1,878 + 1,838
Small tiller® 0 71 -+ 71 15 0 - 15
Total 445 2,107 + 1,662 422 1,920 + 1,498

°Small tillers originated from above-ground nodes of the sample large tillers.
IV. Comparison on productivity between varieties on single tiller and community bases

Numbers of panicle per hill at harvest were 16.1 and 14.9 for Tainung No. 67 in
the first and second crops, respectively. Corresponding values for Mira were 7.6 and 9.8
(data not shown). Multiplication of the results in Tables 3-5 (based on single tiller
study) by panicle number per hill was presumed to be the performance of whole plant.
Taking the figures of Mira as 1.00, the ratios of some characters between the medium-
grain Tainung No. 67 and large-grain Mira were shown in Table 6.

Table 6. Comparisons on the ratios of some characters between single-tiller and

community performances of Tainung No. 67 and Mira rice at maturity®

Dry Matter Amount of N Amount of TNC
Crop Accumulated Absorbed Produced
Tiller Fraction
Season . . . . . . . . .
Single tiller |Community [Single tiller |[Community (Single tiller [Community
Panicle 0.74 1.55 0.53 113 0.80 170
First
Total 072 1.51 0.53 1.13 0.75 158
Panicle 0.61 094 0.40 0.60 0.63 0.97
Second
Total 0.77 116 0.54 0.82 0.66 1.00

°Amount of dry matter (N, TNC) in Mira divided by amount of dry matter (N, TNC) in Tainung
No. 67.
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One Tainung No. 67 tiller yielded 72-77% of dry matter and 66-75% of TNC when
compared with Mira tiller. The amount of N present in a Tainung No. 67 tiller at har-
vest was only 53-54% of that in a Mira tiller. The community performances were re-
versed. For example, production of dry matter and TNC per hill of plant was 50% more
for Tainung No. 67 in the first crop and about the same as Mira in the second crop.
Those results indicated higher potential of productivity for single Mira tiller but less
production in the actual field circumstance.

Discussion

Generally, N concentrations in the leaf blades were higher in the second than in the
first crop during the whole period of grain-filling (Table 1). This was in accordance
with the results of Chen et al® and Wei et al *®, Oritani et al '® reported that photo-
synthetic rate of rice leaves was positively correlated with concentrations of total N,
soluble protein and fraction-1 protein. For rice grown in Taiwan, Chen et al.'V also
suggested that the composition of N-containing compounds was more important than N
concentration to the physiological activity of rice plant.

Although Yoshida “*® estimated that the critical N concentration for a high leaf ph-
otosynthetic rate was 2%, the fact that Mira contained more N in the leaf blades and
culms than Tainung No. 67 indicated varietal difference in the ability of obtaining N
from soils. Table 3 showed that the potential of dry matter production during grain-
filling was significantly higher for Mira tillers. Whether or not the two phenomena were
interrelated has yet to be determined. However, Tanaka “'® reported that photosynthetic
rate of rice leaves was curvilinearly correlated to N concentration up to 3% or higher.

In contrast to the results on N, concentrations of TNC in the leaf sheaths and stems
were significantly higher for Tainung No. 67 at the stage of heading, especially in the
first crop. Many reports ™' indicated an inverse correlation between N and TNC ac-
cumulation. However, in view of the marked increase in TNC concentration in Mira
stems during the first week of grain development, the relationship between N and TNC
was more complex and subjected to the influences of rice growth and differentiation per
se.

The rapid decline of TNC concentrations in the vegetative organs between 2 and 4
weeks after heading was in good agreement with the rate of TNC accumulation in the
panicles. In other words, a relatively large amount of TNC was retranslocated from
culms to the developing panicles during this period, as reported by Cock and Yoshida
@ In the first crop season, TNC concentration of the lower stem sections increased
gradually starting from the third week after heading. The continued deposition of TNC
into stems indicated clearly that stems had replaced panicles as sink demanding photo-
synthates from the still active leaf blades. Similar result has been obtained by this
laboratory (unpublished data) which has led to the conclusion that the limitation to
grain yield was different between the first and second rice crops.

According to Murata and Matsushima ®, all vegetative parts stopped growing after
flowering. For Mira rice grown in the first crop of this study, it was found that depo-
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sition of dry matter into stems continued during grain-filling. A possible explanation
was that TNC transport to the panicles was limited by some unknown factors and TNC
accumulation in the stems occurred. The increase in total dry weight during grain-
filling usually showed a close correlation with grain yield®. Unpublished data of this
laboratory found'exceptions against such rule, suggesting the distribution efficiency of
dry matter was important to the yield performance of rice crops. However, comparison
between the two varieties (Table 3) did show a parallel relationship between dry weight
increase in whole tiller after heading and panicle weight at harvest. In other words,
the large-grain Mira rice possessed a pronounced higher potential in dry matter produ-
ction on a per tiller basis than the medium-grain Tainung No. 67.

The net production of TNC per tiller during grain development was also signifi-
cantly higher for Mira (Table 5). Difference between varieties was more pronounced in
the second crop season. Those facts, along with the performances of dry matter accu-
mulation mentioned above, clearly indicated that the productivity of single tiller was
higher for Mira rice with large panicle volume. It was also suggested that yield poten-
tial of the commercial varieties was able to be increased through the improvement of
genetic backgrounds.

Table 6 showed different results when productivity of the two varieties were
compared on community basis. The poor performance of the large-grain Mira in the
field was due mainly to the fewer panicle number per hill, or the low tillering ability.
It might be possible to enhance its productivity by narrowing the planting spacing from
25x25cm to, for example, 30 x15cm or even narrower. However, the responses of this
variety or other large-grain rice varieties to the environmental conditions remained to
studied. On the other hand, if panicle number per hill of Tainung No. 67 at heading
was reduced artificially from 14-16 to 7-9, one would expect higher production per tiller
of dry matter and TNC during the period of grain-filling. However, as the sink volume
of this medium-grain variety was limited, significant increase in productivity could not
be expected. In other words, panicle size was an important factor in determining the
amount of photosynthates produced by the vegetative organs.

The amount of TNC in the panicles at harvest was about 45-90 times higher than
that at heading (Table 5), indicating extremely active translocation of TNC into the
panicles. When the rate was expressed as per cent of the amount at maturity, TNC
deposition was generally slower than dry matter and N deposition. The results of this
study were also in accordance with those of MacGregor ez al.'® which showed that total
Kjeldahl N increased at the same rate as dry matter in barley kernels. Based on the
above information, it was found that the translocation of N was faster and earlier than
that of TNC, at least during the early grain-filling period.

The increase rates of major components in the large-grain Mira panicles were com-
parable or higher than those of the medium-grain Tainung No. 67. However, the demand
of various constituents by single grain or grains per panicle of Mira rice was certainly
higher than those of Tainung No. 67. In addition to total dry matter and N, Liu ez al.
“ found the naked, largekernel (40-56mg) barley varieties Hiproly and CI-4362 required
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more mineral elements for kernel development that the commercial varieties (kernel
weight about 30mg). It was thus important to study the balance between supply and
demand of various components in terms of obtaining high productivity of large-grain
rice varieties.

In conclusion, we found that the panicle volume, or sink size, of the large-grain
variety Mira was at least 30% greater than that of the commercial variety Tainung
No. 67. The potential of producing dry matter and TNC and absorbing N during
the period of grain-filling on a per tiller basis was also significant higher for
Mira. As the tillering ability was very poor, community productivity was 50% lower
than that of Tainung No. 67 in the first crop. We suggested that the productivity of
commercial rice varieties could be further increased by enlarging the panicle size, mainly
through increasing grain size. However, the responses of such ideal rice type to en-
vironmental factors, e. g., temperature, spacing, N requirement, etc.,, should be further
understood.
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