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Changes of Heading Time and Panicle Weight in Rice Subjected to Water Stress during the Early Stage
of Panicle Development : Makoto TsuDA and Shinichi TAKAMI* (Faculty of Bioresources, Mie University, Tsu
514, Japan; * Hokuriku National Agricultural Experiment Station, Inada, Joetsu 943-01, Japan)

Abstract : The increase of heading time in proportion to cumulative water stress (an integrated estimate of the
degree and duration of water stress) was demonstrated in a wetland rice cultivar Koshihikari subjected to water
stress during early stages of panicle development. Since the yield decrease of rice under drought is generally
attended with the delay of the heading time, it was expected that panicle weight might be reduced by water stress
imposed at the early panicle development stage. To prove this hypothesis, we conducted an experiment in which
the relation between the panicle weight and cumulative water stress was examined. Potted plants of three cultivars
differing in maturity (Koshinishiki, Koshihikari and Norin 18) were subjected to different water treatments at
the spikelet differentiation stage of development on the main culms. Control plants were kept continuously
submerged. In the drought treatment pre-dawn leaf water potential declined during the stress cycle. Such water
stress caused delayed heading and decreased panicle weight per plant. The delay in the time of heading and the
reduction in panicle weight under drought were proportionally related to the cumulative water stress. The
reduction in panicle weight per plant per unit cumulative water stress was greatest in Koshihikari, followed by
Norin 18 and Koshinishiki. Such ranking is also seen in the number of spikelets per plant data. The results also
suggest that the reduction in the panicle weight by water stress during early stages of panicle development was
associated with that in the number of spikelets.

Key words : Cumulative water stress, Heading time, Leaf water potential, Panicle weight, Rice.
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Fig. 1. Schematic description of different water
treatments in Koshinishiki, Koshihikari and
Norin 18.
Plants were grown continuously under submer-
gence up to the spikelet differentiation stage of
development on the main culms and thereafter
were subjected to different water treatments.
Empty and filled bars indicate droughted and
irrigated period, respectively, and asterisks indi-
cate time of intermittent irrigation. Intermittent
irrigation on 8th day was not given to Norin 18.

Table 1. Meteorological parameters during the treatment period.
Air temparature (°C) Solar Evaporation
Variety Period radiation
Max. Min. (MJ m % day ™" (mm/day)
Koshinishiki Jul. 23—Aug. 3 37.7 26.5 22.1 5.4
Koshihikari Jul.  9—Jul. 20 36.9 24.3 16.3 4.2
Norin 18 Aug. 2—Aug. 13 35.9 26.3 14.3 3.9
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Fig. 2. Change with time in the pre-dawn leaf water
potential in a rice cultivar Koshinishiki during a
12-day water stress cycle.

Values are the mean of seven to ten measurments
and vertical bar indicates + one standard error
of the mean.

Arrows indicate time of intermittent irrigation.
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Fig. 3. Relationship between the time to heading
and cumulative water stress in rice.
Values are the mean of ten plants and vertical
bar indicates + one standard error of the mean
in Koshinishiki (@), Koshihikari (O) Norin 18
(A), The regression equations are Y =0.48X+
778, r?=0.99 for Koshinishiki: Y =0.63X+102,
r?=0.92 for Koshihikari: Y=0.39X+125, r?=1.00
for Norin 18.

60
50

s }* }

30

Number of panicles per plant

O:EI 1 1 J
0 5.0 10.0 15.0
Cumulative water stress (MPa day)

Fig. 4. Relationship between the number of panicles
per plant and cumulative water stress in rice.
Symbols are same as in Fig. 3. The regression
equations are Y= —2.0X+54, r*=0.96 for Koshi-
hikari: Y =—0.84X+44, r*=0.96 for Norin 18 . A
linear regression is not significant at the 594 level
for Koshinishiki (r2=0.72).
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Fig. 5. Relationship between the number of spikelets
per panicle and cumulative water stress in rice.
Symbols are same as in Fig. 3. The regression
equations are Y=—0.68X+57, r?=0.93 for Ko-
shinishiki: Y=—1.8X+71, r?=0.94 for Norin 18.
A linear regression is not significant at the 5%
level for Koshihikari (r2=0.70)

5,000

4,000

3,000

Number of spikelet per plant

2,000 r

L . . .
0 5.0 10.0 15.0

Cumulative water stress (MPa day)

0

Fig. 6. Relarionship between the number of spi-
kelets per plant and cumulative water stress in
rice.

Symbols are same as in Fig. 3. The regression
equations are Y =—53X+2597, r*=0.85 for Ko-
shinishiki: Y = —229X +4268, r?=0.91 for Koshi-
hikari: Y=—126X+3165, r?=0.97 for Norin 18.
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Fig. 7. Relationship between the weight of single
spikelet and cumulative water stress in rice.
Symbols are same as in Fig. 3. The regression
equation is Y = —0.53X +24, r*=0.91 for Norin 18.
Linear regressions are not significant at the 5%
level for Koshinishiki and Koshihikari (r* are
0.06 and 0.24, respectively).
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Fig. 8. Relationship between the panicle weight per
plant and cumulative water stress in rice.
Symbols are same as in Fig. 3. The regression
equations are Y=—11X+62, r=0.70 for Ko-
shinishiki: Y=—6.4X+94, r*=0.97 for Koshihi-
kari: Y=—4.1X+76, r?=0.98 Norin 18.
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