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Abstract : Using 747 varieties of Asian deepwater rice (Oryza sativa) and 112 strains of wild rice including O.
rufipogon. O, nivara, and their intermediates, the position of the lowest elongated internode (LEI) and the
elongation ability under rising water conditions at a rate of 2 cm and 4 cm per day were examined. The wild rice
strains were distinguishable as both erect and creeping strains at the 8th leaf stage and both types were equally
frequent. When creeping seedlings were submerged in water, even the seedling with most creeping growth stood
nearly erect at around five days after submerging treatment. The average LEI position was about one internode
higher in the wild rice, while in the creeping wild rice it was one internode higher than in the erect type. The range
of the LEI position among the wild rice strains was nearly the same with that among the deepwater rice varieties.
These results show that the age at which plants begin to elongate their internodes seems to be nearly the same
between the both rices. Under rising water conditions, on the contrary, elongation ability of most wild rice strains
was inferior to that of deepwater rice. In wild rice strains with poor elongation ability, both length of leaf sheath
and leaf blade and/or each internode length was shorter than in the deepwater rice.
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The wild progenitor of Oryza sativa is consid-
ered to be the Asian common wild rice, O.
perennis Moench®>™® (= 0. rufipogon Griff. ®).
Generally, wild rice showed floating ability
and the perennial type (O. rufipogon) a higher
floating ability than the annual type (O. ni-
vara) “#*%. Therefore, the ability for floating in
deepwater rice may be related to that in their
wild progenitor®.

In deepwater rice, one of the most impor-
tant internal factors for floating ability may be
the age at which seedlings begin to elongate
internodes?. In the lag phase of deepwater rice
plants, elongation of an internode is generally
syncronized with the emergence of the leaf
blade of the next upper nodeV. Therefore, the
earlier the plant age at which internode elon-
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gation can occur, the lower the position of the
lowest internode exhibiting elongation®.

In the present study, using Asian deepwater
rice and its putative ancestral wild species (O.
rufipogon, O. nivara and intermediates), the
position of the lowest internode showing elon-
gation and the elongation ability of internodes
under rising water conditions was examined.

Materials and Methods

Deepwater rice varieties and the putative
ancestral wild species were from different
Asian countries (Table 1).

Experiment 1. One hundred and twelve
strains of wild rice were used. One seedling
was grown in a plastic pot, 7.7 cm in diameter
and 12 cm in height, with a hole at the bottom.
Each pot contained about 480 g of air-dried
paddy soil. Pots were placed in a shallow water
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Table 1.

into erect and creeping strains.

Number of materials used and classification of wild rice strains

Original Number of No. of wild rice strains
place deepwater rice Total Erect Creeping
Bangladesh 491 7 7 0
Cambodia 31 5 3 2
China 3 23 15 8
India 44 29 17 12
Malaysia 0 4 1 3
Myanmar 17 10 2 8
Sri Lanka 0 8 2 6
Thailand 97 21 9 12
Vietnam 64 5 0 5
Total 747 112 56 56

tank at a depth about 3 cm.

From results of preliminary observations,
the angle of the main stem to the ground
surface was measured at the 8th leaf stage in
each seedling using a protractor.

Experiment 2. Three strains of WI1619,
W1698 and W1863 were used. Pots and cul-
tural methods were identical with those in
Exp. 1.

To examine the change in the inclination of
the main stem with plant growth, the angle of
the main stem to the ground surface was
measured from the 3rd to the 8th leaf emerg-
ing stages.

To examine the kneeing of the main stem
after submergence in water, seedlings of the
8th leaf stage which fully crept were used.
After measuring an angle of the main stem to
the ground surface, the seedling was submer-
ged in water up to the highest lamina joint.
From the next day until the main stem stood
erect, the angle was measured and the water
depth was raised up to the highest lamina
joint every day.

Experiment 3. Wild rice strains used and
all cultural methods were identical with those
in Exp. 1.

When the seedling had reached the 8th leaf
stage, each pot containing one plant was sub-
merged in a water tank, 60 X 180 X 70 cm, with
15 to 20 cmm water for the erect strains and
about 5cm for the creeping strains of wild
rice. The water level was raised every other
day up to around the highest lamina joint in
most plants in each water tank. After one to 10
weeks after submergence, the position of the

lowest elongated internodes longer than 1 cm
(LEI) was examined. When the LEI position
varied within a strain, the most frequently
encountered position was adopted. In the
present study, wild rice in which the LEI
position varied more than three internodes
within a strain were excluded.

In the deepwater rice some results reported
in the previous paper? were revised by the
experiment in this study.

Experiment 4. Six of each of the wild rice
strains and deepwater rice varieties were used.

Two seedlings, two hills with one plant, were
grown in a plastic pot, 16 cm in diameter and
20 cm in height, with a lateral hole in the lower
part. Each pot contained about 4.5kg of
air-dried paddy soil which had been fertilized
with 6 g compound fertilizer (N-P-K : 8-8-
89,). From sowing to the 10th leaf stage,
plants were grown in a greenhouse and then
they were grown under the natural conditions.

When plants of each strain and variety
reached the growth stage at which internode
elongation can occur by submergence in
water, at the 10th, 11th or 13th leaf stage, each
pot with two plants was gradually sunk to an
increasing depth by being suspended with a
string in a water tank at the different rates, 2
cm or 4 cm, per day. Water depth for the 2
cm/day-submerging lot was ca. 190 cm and
for the 4 cm/day-submerging lot ca. 280 cm.
The submerging treatment was finished when
about one-half of the expanded uppermost
leaf blade of most stems in each pot came
under the water surface or the pot with plants
touched the bottom of the water tank. Average
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Fig. 1. Change in the inclination of the main

stem of a creeping type strain (W1863) with
seedling growth.

*Angle of the main stem to the ground sur-
face.

Fig. 2. A creeping type strain (W1863) at the
8th leaf stage (over view).

air temperature during the treatment ranged
from 25 to 32°C, and the day-length from 14
hr 23 min to 12 hr 20 min.

Before the submerging treatment was
begun, LEI position was recorded. At the end
of the treatment, total plant length, number of
leaves, number of elongated internodes and
the length of each internode was determined.
In this experiment, the main stem was sub-
jected to investigation and data on each plant
was presented by an average value of two to
four main stems.

Results

1. Plant type of wild rice strains used

When each seedling had reached the 8th
leaf stage, the inclination degree (angle of the
main stem to the ground surface) varied
greatly according to strain. For convenience,
we call in the present paper the “‘erect’ type of
which the angle is more than 44°, while calling
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Days after submergence in water
Fig. 3. Kneeing of the main stem of a creeping
type strain (W1863) after submergence in
water.
*Angle of the main stem to the ground sur-
face.

Fig. 4. A creeping type strain (W1863) after five
days from the beginning of submergence in
water.

the “creeping’” type with an angle less than
45°.

In the all wild rices used, as shown in Table

1, the number of erect strains was equal to
that of creeping strains. There were erect and
creeping strains in most countries, while only
the erect strain was found in Bangladesh and
only the creeping strain in Vietnam.

2. Change in the inclination of the main
stem of the creeping strain with seed-
ling growth

In each of the three wild rice strains used,

the main stem stood erect from emergence to
around the 3rd leaf stage in similar appear-
ance to that of the erect strain. From around
the 4th leaf emerging stage, as given in Fig. 1,
the main stem began to oblique little by little
and had crept at the 8th leaf stage. In the
present study, an angle of the main stem to the
ground surface at the 8th leaf stage was nearly
0°, 15° and 30° in W1619, W1863 and W1698,
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respectively. Further, each seedling produced
two to three tillers and they also crept in a
similar way to that observed in the main stem
(Fig. 2).

3. Kneeing of the main stem of creeping
strain after submergence in water

The change in kneeing of the main stem of
creeping seedling after submergence in water
is given in Fig. 3. The angle of the main stem
to the ground surface increased every day and
the stem stood nearly erect after about 5 days
from the start of the submerging treatment. At
that time, morphological features were similar
in the both the creeping and erect seedlings
(Fig. 4).

4. Position of the lowest elongated
internode (LEI) of deepwater rice
and wild types

Among deepwater rice varieties, those that
showed elongation of internode as early as the
8th internode were the most frequent, followed
by the 9th, then 10th internode, varieties.
Among wild rice strains, those that could
elongate as early as the 10th internode were
most frequent, followed by the strains with the
9th, then 11th internode.

As shown in Table 2, the average LEI
position of deepwater rice was about one inter-
node lower than that of wild rice, but the
range of the LEI position was nearly the same
in both rices. The average LEI position differ-
ed generally between deepwater rice varieties
and wild rice when compared within a coun-
try, with the exception of Vietnam. In most
countries, the range in deepwater rice was
slightly larger than that of wild rice.

In the wild rice, average LEI position of the
creeping type strains was about one internode
higher than that of the erect type, while the
range of LEI position was nearly the same
between both types. For respective countries,
there were two groups in which average LEI
position of the creeping strains was higher
than in the erect strains and the average value
of the former was lower than that of the latter.
In most countries, however, the range of the
LEI position within a country was almost the
same in both types.

5. Internodal elongation under rising

water conditions

As shown in Table 3, in the 2cm/day-
submerging lot, all deepwater rice varieties
used could grow until the end of the submer-
ging treatment. In wild rice, on the other
hand, all strains of which LEI position was the
9th or 10th internode could grow until the end
of the treatment, but two strains where the
LEI position was the 12th internode could not.
In the two strains which failed in continue to
grow, the number of elongated internode and
total internode length was smaller than in the
other strains.

In the 4 cm/day-submerging lot, all deep-
water rice varieties for which the LEI position
was the 9th and 10th internode could grow
until the end of the treatment, but one out of
two varieties for which the LEI position was
the 12th internode could not grow unitil the
end of the treatment. In a variety which failed
in continue to grow, each internode length
(divide ‘‘total elongated internode length’ by
“number of elongated internodes’) was shor-

Table 2. Average values and variations of the position of the lowest elongated internode

(LEI) in each country.

Original Deepwater Wild rice

place rice* Total Erect type Creeping type
Bangladesh 9.2 ( 6-16) 80 (7-9) 80 (7-9 —
Cambodia 11.1 ( 9-16) 12.8 (10-15) 14.0 (13-15) 11.5 (10-13)
China 11.3 (11-12) 10.0 ( 8-12) 9.8 ( 9-11) 10.3 ( 8-12)
India 99 ( 7-14) 10.8 ( 8-14) 11.4 ( 8-13) 10.6 ( 8-14)
Myanmar 12.8 ( 9-17) 11.1 ( 9-13) 12.5 (11-13) 10.9 ( 9-13)
Thailand 10.9 ( 8-16) 11.6 ( 8-17) 9.1 ( 8-11) 13.4 ( 9-17)
Vietnam 11.0 ( 8-16) 11.2 (10-13) — 11.2 (10-13)
Others** — 10.8 ( 7-15) 11.7 (10-14) 10.4 ( 9-12)
Total 9.8 ( 6-17) 10.7 ( 7-17) 10.2 ( 7-15) 11.2 ( 8-17)

*Some results in the previous paper! were revised by this additional experiment.

**Malaysis and Sri Lanka.
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Table 3. Growth of deepwater rice and wild rice plants under conditions of increasing water depth.
] Original 2 cm/day-submerging lot*** 4 cm/day-submerging lot***
Strains or
varieties place and LEI**  Plant No.of No.of Total Plant No.of No.of Total
type* length leaves E.L E.1  length leaves E.L E. 1
Deepwater rice cm cm cm cm cm cm
Rajphal B 9 273 19 10 164 303 21 11 224
Schulpan B 9 259 19 10 153 281 20 10 213
Chaw Ma-gawk T 10 268 22 12 161 317 22 12 238
Khao Hawn T 10 263 23 12 162 316 22 12 225
Potka B 12 235 22 10 138 295 24 12 210
Jed Jib T 12 244 24 11 140 228 23 10 135
Wild rice
W621 M c 9 206 20 11 134 120 14 3 65
W625 M c 9 229 21 12 151 125 14 5 78
W145 T, ¢ 10 239 24 14 148 272 21 11 189
w0234 T, e 10 274 24 14 161 292 22 12 195
W1690 T, ¢ 12 139 21 8 58 120 17 5 42
W1802 B, e 12 178 22 8 92 122 17 5 45

3

*Type means plant type at the 8 th leaf stage ; e shows erect type and c creeping type. B, M and T show

Bangladesh, Myanmar and Thailand, respectively.

**Position of the lowest elongated internode.

***Main stem was subjected to investigation. E I. shows elongated internode.

ter than that of the others. In the wild rice, on
the other hand, two strains for which LEI
position was the 10th internode could grow
until the end of the treatment but four strains
with LEI position of the 9th and 12th inter-
nodes could not. Among the wild rices which
failed in continue to grow, two strains for
which the LEI position was the 9th internode
belonged to the creeping type and could not
grow after 20 days from the beginning of
treatment. In the two strains, both the length
of leaf sheath and leaf blade were rather
shorter than for the strains where LEI position
was the 10th internode. While, in the two
strains for which the LEI positon was the 12th
internode, both lengths where nearly identical
to the others but each internode length was
shorter than that of the others.

Discussion

In the wild rice used, the morphological
characteristics of the seedling varied among
the strains. The main stem stood erect from
emergence to the 3rd leaf stage and then
began to incline toward the ground surface.
The degree of inclination of the main stem
increased with time and reached a maximum
at the 8th leaf stage (Fig. 1). At the time, if we
divide the wild rice strains roughly into erect

and creeping strains by the degree of main
stem inclination, the erect strains and the
creeping strains were the same in number
(Table 1). In the present study, the frequency
of creeping and erect types varied in most
countries. Perhaps, this result may be due to
the small number of the wild rice strains used
or reflect on differences in habitat.

When creeping seedlings at the 8th leaf
stage were submerged in water, both main
stem and tillers started to bend upward and
they stood nearly erect after about 5 days from
the beginning of submergence (Fig. 2). At this
time, the morphological features of the seed-
lings was nearly the same as those in the erect
strains. These results seem to show that the
creeping strain had wider adaptability for
water conditions than the erect strains.

According to Jackson*?), the floating ability
of wild rice exceeded that of deepwater rice
when the highest ones were compared. As for
the LEI position, it is reported that, in Asian
deepwater rice, the lower the LEI position, the
better the elongation ability of internodes®.

In the present study, the LEI position of
wild rice varied largely according to strain,
and the variation was nearly the same in range

*UPrivate communication to Dr. Oka®.
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as that of deepwater rice. But the average
value of the LEI position was about one inter-
node higher in wild rice than in the deepwater
rice (Table 2). From the results, it is possible
to say that the age at which seedlings begin to
elongate at internode is nearly the same
between deepwater rice and wild rice.
Comparing the creeping and the erect strains,
the elongation ability of the former may be
somewhat inferior to that of the latter.
Under rising water conditions, on the other
hand, elongation ability of wild rice strains was
inferior to that of deepwater rice varieties,
especially in the plants for which the LEI
position is the 9th and the 12th internodes. In
the wild rice strains with poor elongation
ability, length of the leaf sheath and leaf blade
(“plant length” minus “‘total elongated inter-
node length” form Table 2) and/or each inter-
node length (divide ‘“‘total elongated internode
length” by “number of elongated internodes’
from Table 2) was shorter than the strains
having good elongation ability and deepwater
rice varieties. Among the wild rice strains, the
elongation of the creeping strain seems to be
inferior to that of the erect strain since both
length of leaf sheath and leaf blade was gener-
ally shorter in the former than in the latter.
It was suggested that the discrepancy
between our results and those of Jackson*V
may attributable to the difference of materials
used, especially in the wild rice strain. This
suggests that a common wild rice has a wide
variation in deepwater tolerance as found in

Asian deepwater rice.
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