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Abstract: The growth of W492 (an annual strain of Oryza glaberrima Steud.) and Koshihikari (a perennial
cultivar of Oryza sativa L.) after heading were compared to determine the growth characteristics of annual and
perennial types in the genus Oryza. The plants were grown individually in 1/5000a pots. At heading and every
week thereafter, 10 plants of each strain were sampled. The dry matter and the starch content of each plant part
were determined. Greater differences were found between W492 and Koshihikari in : (1) the rate of dry matter
accumulation in the panicle ; (2) the rate of decrease of leaf area ; (3) starch content of stem + leaf sheath and
(4) new shoot emergence after heading. There was no marked difference in the harvest index between the two
strains, which is typically a distinguishing characteristic between annuals and perennials. In the aforementioned
differences, (3) and (4) have already been reported as differences between annuals and perennials but (1) and
(2) have not. Based on these results, we assume that monocarpic annuality is closely associated with faster dry
matter accumulation in the panicles and faster leaf area reduction. More extensive experiments using many
annual and perennial strains are needed to confirm our assumption.

Key words : Annual, Food reserves, Harvest index, Monocarpic annual, Oryza glaberrima Steud., Oryza sativa L.,
Perennial, Shoot emergence. )

Oryza glaberrima Steud.® 1 £4%# & Oryza sativa L. DS EESBOHBROLS  SHERX - B
B— B8 & BEELA (TEXFEZEFN)

E B A ABHEVCBIZ1EEIA T ESEEIA TOEBTORERMAS LT, 1FEED1RK
W492 (Owyza glaberrima Steud.) L %EED 1 K A Y (Omza sativa L) R2HEL T, HEEHALIE
DEBRIE LT, MRFELEEL S 1/5000 77— Ry NEBE2 LEBZHE L, HEHELE 18
B, MRMk-SEE b 10 BT OEERY, BYESHOENEL 7 7 B R ERIICREL
jo. HFEHLIEOEE T, MEOBMTRELEVIALNIZDR, (1) BANOEWEREE ) EEROR
PHE 3) BE+EBRTSOT VI UEEE ) BERHRRISOFLOATOORERBE THo 2. 1 2
BHEZID 1 EE L HEEDEN L LT L IBHS N ANEERIC D TIIRERENR A SN Tz, (1)
~(4) BT (3) L) BAAREIO 1 ELELSELEDFEHL LT INETRTTCIHES LT3, (D
DHEA~DEMOEREE L (2) DEEEORIBED DI OWTR 1 EL L HEEDENLELTINET
EHREENTHRY, A ABECBIT S 1EREED 1 EEOMER, BAOEWOEREESH I &, E
EREOBYEENE NI L EELIFUD>VTWD LHEERLT.

F—J— 1 EFEEM 1 EE, 154, Orvza glaberrima Steud., Oryza sativa L., RS, Z£EE, IE
By, DUORE,

When a crop reverses to the rank of genus,
" the genus has both annual and perennial
species in most cases. In the genus Oryza, a
cultivated species, Oryza glaberrima (African
rice), and its ancestor, Oryza barthii, are con-
sidered to be annual®>%1%2022_ Another culti-
vated species, Oryza sativa (Asian rice), is
considered to be potentially a perennial and its
ancestor, Oryza rufipogon, has been reported to
include annual, perennial and intermediate
types®o11:19),

* The outline of this paper was presented at the 189th
meeting of the Crop Science Society of Japan, Tokyo,
1990.

A plant type which is native to a certain
area or acclimatized to a certain area, and
continues to exist for more than one year is
called a perennial. While a plant type that dies
within one year is called an annual. Harper?
has distinguished two categories of annuals.
One is annuality, that is connected with death
after flowering and ripening, which is called
monocarpic annual, and the other is annuality
that is related to environmental factors, espe-
cially temperature and dryness. The latter has
some degree of ambiguity, because the death
is linked to environmental factors. Takasaki et
al.’#19  reported that Koshihikari (Oryza
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sativa) continued to exist even after ripening
when it was given only a suitable temperature
after heading, while W492 (Oryza glaberrima)
died some period after ripening, even under a
long-day and suitable temperature conditions.
From these results so far we have concluded
that W492 is a monocarpic annual strain or a
strain characterized to be a monocarpic, while
Koshihikari is essentially a perennial, though it
does not survive the low temperature prevail-
ing in Japan after ripening. A characteristic of
perennial grasses is the ability to continue
tillering even after heading. So the difference
in growth characteristics between annuals and
perennials is supposed to be manifested main-
ly during the period after heading. In this
experiment, we compared the growth of W492
(annual type) and Koshihikari (perennial
type) after heading, with special reference to
changes of dry matter and starch content of
each plant part after heading, in order to
know the differences in growth characteristics
between annual and perennial types in the
genus Oryza.

Materials and Methods

The experiment was carried out in the
Experimental field of the Faculty of Horticul-
ture, Chiba University in 1989. The annual
strain used was W492 (O. glaberrima) and the
perennial cultivar was Koshihikari (0.
sativa) 1819, (Herein referred to as strain.) The
seeds used were harvested in the Experimental
farm in 1988. The original seeds of W492 were
offered by Dr. Yoshio Sano, National Institute
of Genetics, in 1980. The seeds were sown in
nursery boxes on 21st April 1989. At the 7th
leaf stage the seedlings were transplanted into
1/5000a pots filled with paddy field soil on
17th May 1989, with 0.4 g of each N, P,O;, K,O
given. On the 5th and 25th of July ; 10th and
18th of August, 0.2 g of N/pot was used to top
dress both W492 and Koshihikari ; and W492
was top dressed with 0.2 g of N/pot on 5th
and 23rd of September. The plants were
grown .under flooding conditions. The pots
were arranged at the spacing of 100X 50 cm.

After transplanting, plant length, leaf num-
ber and tiller number were recorded every
week. At heading time and thereafter, 10
plants of each strain were sampled every week.
They were divided into five parts, panicle, leaf
blade above 10 cm, stem 4 leaf sheath above

Tiller numbers (number/plant)
w
<

10 cm, leaf blade below 10 cm, and stem +
leaf sheath below 10 cm. The leaf area of 2
average plants out of the ten was measured.
These 2 plants were ground after drying at 80°
C for 48 hours. Their starch contents were
determined using Verringer-Mannheim starch
kit.

Results

1. Tiller number (Fig. 1)

Heading date of XKoshihikari was 9th
August and that of W492 was 6th September,
so the difference in heading date was almost
one month. The rate of increase of tiller num-
ber was greater in Koshihikari than in W492.
The tiller number was greater in Koshihikari
than in W492 at any stage of growth. Both
strains decreased their tiller number gradually,
after attaining their maximum. In these
decreasing trends of tiller numbers both
strains headed and then ripened. Though tiller
counting ceased 5 weeks after heading, it was
observed that new tillers emerged in Koshihi-
kari at ripening stage and thereafter. Its tiller
number was 58 including the already headed
tillers. While no tiller emerged in W492 after
heading.

2. Total top dry weight after heading

(Fig. 2)

Total top dry weight of Koshihikari in-
creased gradually until 5 weeks after heading.
While that of W492 increased until 3 weeks
after heading and decreased gradually there-
after. The decrease of top dry weight in W492
was mainly due to the shedding of dead
leaves. The total top dry weight of W492 was
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Fig. 1. Changes in tiller numbers. Arrows indi-
cate heading time.
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160 g, and that of Koshihikari was 110 g at the
maximum. Top dry weight of W492 was
always greater than that of Koshihikari at any
time after heading.

3. Dry weight of each part of plant

after heading (Fig. 3)

Fig. 3 shows the dry weight of the plant
parts after heading. The figure shows as if
heading dates were the same in both strains.
Panicle weight of Koshihikari increased until 5
weeks after heading; while-that of ' W492 in-
creased up to 4 weeks and decreased slightly
thereafter. But the sharp increase of panicle
weight was until 4 weeks after heading in
Koshihikari and 2 weeks after heading in
W492. Panicle weight of W492 2 weeks after
heading was 859 of its maximum weight, while
that of Koshihikari 2 weeks after heading was
409, of its maximum weight. It seems W492
had faster accumulation of photosynthates in
the panicle, as compared with Koshihikari.
Green leaf weight of 10cm and above in
Koshihikari remained almost constant until 2
weeks after heading, followed by a gradual
decline. Whereas that of W492 was higher at
heading time. However, it decreased sharply
from heading till 5 weeks after heading when
the value was very small. Stem + leaf sheath
weight above 10 cm was higher in W492 than
in Koshihikari at any growth stage after head-
ing. W492 increased from heading to one week
after heading, then decreased gradually until 5
weeks after heading, while Koshihikari in-
creased slightly until 2 weeks after heading
and remained constant until 5 weeks after
heading. Stem + leaf sheath weight below 10
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Fig. 3. Dry weight of plant parts after heading.
Vertical short lines indicate 959, confidence
interval. ’

cm was higher in Koshihikari than.in W492 at
any time except at heading time. W492 de-
creased gradually from heading to 5 weeks
after heading, while Koshihikari had flat
trends until 5 weeks after heading, though it
showed. some small fluctuations:

4. Harvest index (Fig. 4)

Harvest index was lower in Koshihikari
than in W492 up to 2 weeks after heading,
thereafter Koshihikari became higher than
W492. Harvest index 5 weeks after heading
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Harvest index
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Fig. 4. Changes in the harvest index (panicle
dry weight/total top dry weight) after head-
ing. Vertical short lines indicate 959, confi-
dence interval.

6000 —

I

5000

4000 -

3000

Koshihikari

2000

Leaf area(cm?/plant)

1000 [~

| ! 1 .
o 1 2 3 4 5

Weeks after heading

Fig. 5. Changes in the leaf area after heading.
Vertical short lines indicate 959, confidence
intervals

was 0.45 for Koshihikari and 0.41 for W492.
The difference in harvest index between the
two strains was not so great as it had been
expected.

5. Changes in leaf area (Fig. 5)

The leaf area per plant at heading stage was
much greater in W492 than in Koshihikari.
W492, however, had a fast leaf area decrease
up to 4 weeks after heading and showed very
low values. Koshihikari increased its leaf area
until 1 week after heading, followed by a
gradual decrease. The leaf area of W492 5
weeks after heading was reduced to less than
109, of that at heading time, while Koshihi-
kari showed 609, of that at heading time. The
leaf area 5 weeks after heading was 1800 cm?/
plant for Koshihikari, and 400 cm?/plant for
W492. The leaf area of Koshihikari was 4.5
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Fig. 6. Starch content of each plant part after
heading.

times greater than that of W492 5 weeks after
heading.

6. Starch content of the plant parts

(Fig. 6) .

Fig. 6 shows the starch -content of each
plant part every week after heading.. The
starch contents of panicle of both strains in-
creased sharply until-2 weeks after heading,
then increased gradually. thereafter. The
starch contents of panicle were almost the
same in both strains until 2 weeks after head-
ing and thereafter Koshihikari was higher.
The starch content of leaves was less-than 5%,
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in both strains. Although the difference was
small, Koshihikari was higher in its starch
content at any time after heading. Stem +
leaf sheath above 10 cm in Koshihikari was
higher in starch content than that of W492 at
any time after heading. It increased up to one
week after heading and then decreased grad-
ually. W492 was lower in starch content than
Koshihikari at heading time and decreased
further up to 2 weeks after heading, which
remained at a low level until 5 weeks after
heading. The starch content of stem + leaf
sheath below 10 cm showed almost the same
value in both strains at heading time. W492
decreased rather sharply until 2 weeks after
heading and kept at a lower level in the
process of time until 5 weeks after heading,
while those of Koshihikari increased slightly
until one week after heading. It decreased
thereafter and showed the minimum value 3
weeks after heading, then increased a little
until 5 weeks after heading. The difference in
starch content between Koshihikari and W492
was considerably greater 5 weeks after head-
ing.

Discussion

The differences in growth after heading
between W492 (annual type) and Koshihikari
(perennial type) were manifested in: 1) rate
of dry matter accumulation in the panicle ; 2)
rate of decrease of leaf area;3) starch con-
tent of stem + leaf sheath;4) new shoot
emergence after heading. There were no great
difference in harvest index between the two
strains, which is often pointed out as the
difference between annuals and perenni-
als'219, The difference in harvest index ought
to be greater between cultivated and wild
types than between annuals and perennials.
The difference in harvest index in this experi-
ment was not so great, as the comparison was
made between an annual and a perennial'?.
Among the differences from (1) to (4), (3)
and (4) have already been reported as the
differences between annuals and perennials
by many workers. Generally speaking, peren-
nial plants tend to accumulate some food
reserves in some parts of plant!%'9. In the
genus Oryza, it is known that perennial types
have the tendency to save some food reserves
in stem -+ leaf sheath!™'®. As the continual
existence in the gramineae is dependent on the

emergence of new shoots after heading, it is
quite natural that perennial types have the
ability to emerge new shoot after head-
ing®1419,

The difference in rate of dry matter accu-
mulation in the panicles between annual and
perennial types has not been so far reported.
In this experiment, dry matter accumulation
in the panicles of W492 was 859, of maximum
panicle weight 2 weeks after heading, while
that of Koshihikari was 409, of maximum
panicle weight 2 weeks after heading. Further-
more, ripening indices were calculated by
((panicle dry weight each week—panicle dry
weight at heading)/(maximum panicle dry
weight —panicle dry weight at heading)) X
100. The ripening indices were 12, 49, 77, 96
and 1009, for Koshihikari, in the order from 1
to 5 weeks after heading, and 22, 81, 95, 100
and 979, for W492 respectively. It is quite
clear that starch accumulation in the panicles
was much faster in W492 than in Koshihikari.
The leaf area per plant 5 weeks after heading
was 99, of its maximum value in W492, while
609, in Koshihikari. W492 was faster than
Koshihikari in leaf area reduction: Sumi et
al.'® reported that the leaf area reduction of a
strain of O. glaberrima after heading was faster
than that of a strain of O. sativa. But they did
not refer to annuality and perenniality of these
species. These results make us assume that
monocarpic annuality is closely associated to
faster dry matter accumulation in the panicles
and faster leaf area reduction. Although this
experiment did not show which preceded the
other, both characteristics seem to associate
closely to monocarpic annuality.

However, it was reported that Indica ac-
cumulated dry matter in the panicles much
faster than Japonica and the rate of leaf area
reduction of Indica was much faster than that
of Japonica™®!®. It was also reported that
considerable variation existed in ripening
period both in Indica and in Japonica®!%13:2h,
The fact that there is variation in rate of dry
matter accumulation and in ripening period in
both subspecies and among varieties suggests
that our assumption should be tentative. Thus
our assumption was drawn from the compari-
son of only two strains. Furthermore, the two
strains were different in heading time about
one month, so climatic conditions of ripening
stages of both strains might affect the ripening
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processes of the two strains. More extensive
experiments using many annual and perennial
strains will be needed to confirm our assump-
tion that monocarpic annuality is closely as-
sociated to faster dry matter accumulation in
the panicles and faster leaf area reduction.
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