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Relationship between Panicle Weight per Plant and Cumulative Water Stress in Rice : Makoto TSUDA,
Yuji YAMANE and Shinichi TAKAMI** ( Faculty of Bioresources, Mie University, Tsu 514, Japan ; ** Hokuriku National
Agricultural Experiment Station, Inada, Joetsu 943-01, Japan)
Abstract : Decrease of panicle weight per plant in rice in proportion to cumulative water stress (an integrated
estimate of the degree and duration of water stress) has been demonstrated in rice subjected to increasing water
stress imposed at the early stages of panicle development. Since yield decrease under drought is proportional to
yield without drought, it was expected that the decrease of panicle weight per plant by a unit change of
cumulative water stress might be proportional to panicle weight per plant under submerged soil condition. To
prove this hypothesis, we conducted an experiment in which the relationship between panicle weight per plant
and cumulative water stress was examined. Two rice cultivars, one wetland (Koshihikari) and another dryland
(Sensyou), were grown in pots diftfering in their size and fertilizer level. The plants were subjected to different
water treatments started either at the stage of the secondary-branch primordia differentiation or at heading and
anthesis. Control plants were kept continuously submerged. The decrease in panicle weight per plant under
drought was proportionally related to the cumulative water stress in plants subjected to water stress during
heading and anthesis as was during early stages of panicle development. The linear regression coefficient between
the panicle weight per plant and cumulative water stress was also proportional to the panicle weight per plant
under submerged condition. In other words, the panicle weight per plant under water stress G (g plant™!) can
be related to the cumulative water stress CWS (MPa - day) by:

G=Go (I—-K « CWS),
where Go is the panicle weight per plant under submerged condition (g plant=!) and K is the constant defined
as water stress susceptibility (MPa"!'day~!).
Key words : Cumulative water stress, Heading and anthesis, Leaf water potential, Panicle weight per plant, Rice,
Water stress susceptibility.
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Table 1. Cultivation methods of the experiments
in 1987 and 1988. The methods were the
same for both 1987 and 1988 experiments.

Pot size* Amount of fertilizer**  Abbreviation
(g pot™)

1/2000a 12 LH

1/2000a 3 LL

1/5000a 12 SH

1/5000a 3 SL

* Pot size is expressed in terms of the pot surface
area, the volume of each size being 16 (1/2000a)
and 4(1/5000a) liters.

** It refers to the amount of basal application of
chemical fertilizer (N : P,O, : K,0=12:12:12)
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Fig. 1. Potential evapotranspiration during
drought treatments in 1987 (- ") and 1988 (@) .
Treatments were started at the times when
Sensyou was at the stage of heading and
anthesis in 1987, and of secondary-branch
primordia differentiation in 1988. The devel-
opment of Sensyou preceded that of Koshihi-
kari five days.
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Fig. 2. Development of water stress after with-
holding water in rice cultivars grown by
different cultivation method in 1987. For
abbreviations, see Table 1. Open circle indi-
cate the plants subjected to water treatment
and filled one the plants under submerged
condition. Values are the mean of measur-
ments on three pots including Koshihikari
and Sensyou. Vertical bar indicates + one

standard error of the mean. D1, D2, D3, and
D4 indicate the last days of each treatment.
Arrows indicate time of intermittent irriga-
tion.

KOTMRTH -7z, 52 13500, EEEGCEH

53, Ky bATKEWLIE EEAKKOMEEY ) BEE
RTh-orok bz, EEY)EEORFREL A
Eorz, 7, By POKESICLBIETRED
R, BERECEEFITIERE L oo,
TLT, B3R UBRRETIE, BEO A
EA YLD EICRREARR b L RIS [EEY b RE
DIETREENKE o7z, A LR, BESD
HELEEO MWK TH- 7,

[EIREOFER L, 1987 £ HERTEEHO KA F L 2
DHEWLRO SN (EBSK), 2770, SEEO
Eout, 1988 O FEERIZ EBEBETIE A <, 1/2000 a
ey NEEXRTIZOLA33EH Y DOHMKA ML
AN E B ERYS D EOK TR X A 2ET2H

NII-Electronic Library Service



BHS—— A ZDKA b L ABEMHE 63

Days after the start of water treatment

0 5 10 15 20

Leaf water potential (MPa)

—1.0

—2.0

—3.0L%

7301_.

Fig. 3. Development of water stress after withholding water in rice cultivars grown by
different cultivation method in 1988. Symbols and details are same as in Fig 2.
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Fig. 4. Relationships between the panicle

weight per plant (G) and cumulative water
stress (CWS) in rice cultivars Koshihikari
(@) and Sensyou () in 1988.
For abbreviations, see Table 1. Values are
the mean of seven plants. Vertical bar indi-
cates + one standard error of the mean.
Regression lines are:
LH;G=529—-196CWS, r
G=66.7—4.01CWS, r
LL;:G=279—067CWS, r*=0.99 (@)
G=33.7—1.25CWS, r2=1.00 ()
SH:G=20.9-1.79CWS, r’=0.97 (@)
G=37.9—3.31CWS, r2=0.92 ()
SL:G=10.6—0.28CWS, r’=0.90 (@)
G=21.0—0.69CWS, r2=0.96 (')

2=0.94 (@)
2=1.00 ()
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Fig. 5. Relationships between the panicle

weight per plant (G) and cumulative water
stress (CWS) in rice cultivars Koshihikari
(@) and Sensyou () in 1987.
For abbreviations, see Table 1. Values are
the mean of seven plants. Vertical bar indi-
cates = one standard error of the mean.
Regression lines are:
LH;G=46.8—-2.16CWS,
G=52.5—1.80CWS,
LL;G=31.7—1.13CWS, r’=0.83 (@

r’=0.88 (@)
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Table 2. Water stress susceptibility (K*) in rice
cultivars grown under different cultivation
method.

1987 Koshihikari

Cultivation method**

Year Variety

LH LL SH SL

0.0462 0.0356 0.0795 0.0342

Sensyou 0.0346 0.0293 0.0972 0.0393

1988 Koshihikari  0.0371 0.0240 0.0856 0.0264
Sensyou 0.0601 0.0371 0.0873 0.0329

*K=h/Go where Go is the panicle weight per plant
(g plant™") under submerged condition, and b the
slope of the liner regression (g plant'MPa 'day!)
between the panicle weight per plant(g plant™!)
and the cumulative water stress(MPa -+ day).

**For abbreviation, see Table 1.
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