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Using two strains chosen from the cultivated rice species, Oryza sativa L. and Oryza
glaberrima Steud., the potential of growth persistency or growth perenniality was compara-
tively examined based on the photosynthate partitioning in plants grown in solution culture.
The root weight of O. sativa strain (S-70) slightly increased for 28 days after heading; however,
that of O. glaberrima strain (G-174) decreased. The development of new roots was restricted
at the post-heading stage in both species, but the treatment of roots excision promoted new
root growth, and it was more vigorous in S-70. This specific difference was more clearly shown
when plants were grown at a low nitrogen concentration. Furthermore, the results of *CO,
feeding to plants revealed that a large amount of photosynthate was transported to stock
(roots+the basal part of culm) in S-70, and the root excising treatment considerably increased
the ratio of substance partitioned to stock in this species. From this evidence it may be
predicted that S-70 distributes more excessive substance to roots than is required to keep their
functional level during the limited maturing stage. A large accumulation of substance in stocks
in S-70 may suggest that the growth perenniality has been strongly left as one of the genetic
properties in O. sativa species.

INTRODUCTION

Oryza sativa L. and Oryza glaberrima Steud., are known as the cultivated rice
species. As an ancestor species, the former has O. perennis, and the latter has O.
breviligulta (Morishima et al. 1961, 1963). Various types of growth persistency from
annual to perennial are observed in O. perennis; however, O. breviligulata is regarded
as a typical annual species. Both O. sativa and O. glaberrima have been cultivated as
annual crop today; however, it may be predicted that a growth perenniality or
trans—seasonal growth potential is considerably held in O. sativa, because we have
frequently observed vigorous growth of new shoots or ratoons from stocks left in paddy
fields after harvest. Until now some comparative studies on the growth and photosyn-
thetic features of both species have been conducted (Sumi et al. 1991, 1994; Tagawa et
al., 2000), and O. sativa was reported to remain some perenniality in growth (Kubota et
al. 1992; Kawahara et al. 1997).

In general, the perennial plant is characterized by accumulating more substances in
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roots and culms; contrary to this, the annual plant transports the more amount of
photosynthate to aboveground organs such as seeds and grains during the maturing stage.
The feature of carbohydrate distribution in a plant is taken as one of the diagnotic criteria
for annual and perennial growth properties. The accumulated substance is available for
new shoot development in the following growth season after the end of an annual life
cycle of plant. With rice plants, the partitioning of carbohydrate to roots and culms dur-
ing the maturing stage is also regarded as one of the important criteria for judging the
new shoot producing potential. Fushimizu et al. (1997) reported that the substance
accumulation in roots and culms increased in O. sativa during the maturing stage, and
the specific difference in photosynthate partitioning ratios among organs was more clearly
observed at the post-heading stage (Takasaki et al. 1994).

In our study the specific difference in the potential of growth persistency between O.
sativa and O. glaberrima was further examined and evaluated based on the change in
photosynthate partition with response to root excision and fertilizing treatments
conducted during the maturing stage.

MATERIALS AND METHODS

Materials

As experimental materials, Oryza sativa L. (strain No. C-70) and Oryza glaberrima
Steud. (C-174) were used. Katayama (1987) collected seeds of rice species and strains
from the neighboring area along the Niger River in West Africa, and the materials used in
our experiment were released from his collection in Kagoshima University. In advance of
the experiment, the specific characteristics in growth of both strains had been surveyed
and compared for many years in our laboratory, and hence theses strains were regarded
as properly selected materials for comparing the specific characteristics in growth. In this
report, these two material strains were renamed S-70 for C-70 and G-174 for C-174.

Cultivation conditions

Seeds of both species were sown in nursery boxes on July 6, 1999, and young plants
grown there for two weeks after germination were transplanted to two solution culture
systems with different nitrogen concentrations (1N and 1/6N). These systems were
placed in a vinyl house set in the Agricultural Experimental Field of Kyushu University.
The standard concentration of Kimura B solution was used in 1 N, and in the low nitrogen
treatment (1/6N) the nitrogen concentration was reduced to 1/5 of the standard. Until
these nitrogen treatments were begun, all the plants had been grown at 1/2 N solution for
three weeks after transplanting. Thirty-six plants, 18 plants of O. sativa and O.
glaberrima, were grown in each treatment of 1N and 1/6N. Solution was renewed at
10-day intervals and the pH of solution was adjusted within the range of 5.0 to 5.5 every
day. The solution volume in the culture system was 500 L.

Root excision treatments

The roots of plants grown at the two nutrition levels (1N and 1/6N) were cut off at
the position 2 cm below the culm bottom, and then the part elongated more than 2 cm in
length in newly appeared roots was excised at two-week intervals until the 28 th day after
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heading. The heading was observed in late August, though slightly differing with species
and fertilization levels. Plants were sampled at the same times with root excision treat-
ments. The sampled plants were separated into organs such as leaf, culm, head and root,
and these were dried at 80°C in an oven and weighed. The treatments and samplings
were carried out with four replications.

Measurements of leaf photosynthetic rate and dark respiratory rate of roots

CO, exchange rate (CER), stomatal conductance (Gs) and mesophyll conductance
(Gm) of flag leaf were measured on the 16th day after heading, using a potable
photosynthesis and transpiration measurement system (SPB-H3, ADC, UK). This mea-
surement day fell on the second day after the second root—excision treatment. As a light
source, a halogen lamp was used, and photosynthetic parameters were measured under a
saturating light intensity within an air temperature range of 32 to 35°C in the assimilation
chamber.

The entire roots of a plant were sampled, and the dark respiration rate was measured
three times at two-week intervals by assimilation chamber method. The temperature
during the measurement was 30£1°C, and CO, concentration was determined with an
infrared CO; analyzer (LI-6252, Licor, USA).

1BCO, feeding and analysis of °C distribution in a plant

Plants placed in a closed type assimilation chamber (50 X50X 150 cm?®) covered with
a permeable vinyl film were fed with *CO, as substrate for photosynthesis. A dish, on
which Ba'*CO; of 100mg per plant was put, was placed in the assimilation chamber and
then 5ml of 50% phosphoric acid was added to it to produce *CO,. *CO, feeding was
carried out for one hour under sunshine light before noon both on heading day and on the
14th day after heading, using plants grown with and without root excision at 1N and
1/5N. Three plants were measured in each treatment; 12 plants were used in total for the
4 combinations of treatments. Water mist was periodically sprayed on to the assimilation
chamber surface to prevent an inadequate increase in air temperature inside.

Plant sampling was made two days after *CO, feeding, and head, leaf, culm (upper
and bottom parts) and root were separated and dried. The dried materials were ground,
and the weight ratios of *C to C in pulverized matters were measured with a ?C analyzer
(EX-130, Nihonbunko, Japan). Based on the measurements obtained, ratios of photosyn-
thate partitioning to different organs and plant parts were calculated.

RESULTS AND DISCUSSION

Fig. 1 shows the time courses of shoot and root weights in both species to compare
the effects of root excision and fertilization treatments on them. Shoots of plants without
root excision showed a vigorous growth in G-174, particularly when it was grown at 1 N.
The unexcised plants of G-174 had a larger weight of roots as a whole, but the root
weight decreased linearly with maturity whereas it showed an increasing tendency in
S5-70. The substance accumulated in the annual plant is known to quickly travel into the
reproductive organ during the maturing stage; such a phenomenon was more
conspicuously found in G-174. A higher sensitivity in dry matter production to
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Fig. 1. Effects of root excision and fertilization on dry matter weight of shoots
and roots in S-70 and G-174.

fertilization was observed in O. glaberrima (Sumi et al., 1991; Kubota et al., 1992), and
such a specific feature is recognized here as well.

The roots of G-174 plant grown without root excision decreased in weight after
heading as mentioned above, but after roots were excised at heading and 14 days after
heading the root weight increased at both 1N and 1/6N (Fig. 1). Like this, the root
excision treatment is able to promote new root development and growth in both species,
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and root weight increase by the excision treatment was more clearly shown in S-70,
particularly in the plant grown in 1/5N.

Table 1 shows the combined effects of root excision and fertilization on CER and
related parameters in G-174 and S-70 measured directly before the second root excision,
which corresponded to the 14th day after heading. As compared between both strains

Table 1. Effects of root excision and fertilization treatments on leaf photosythetic parameters.

IN /5N

Not excised Excised No excised Excised

CER S-70 22.05° 19.50 ° 11.922 11.88°2

(umolm?s™)  G-174 16.98°¢ 12.40¢ 13.10? 11.27°2

Gs S-70 0.38°2 0.34% 0222 0.21°

(molm?s™) G-174 0.41 2 0.29° 0.41° 0.35°
Gm S-70 0.0972 0.084 % 0.0512 0.054 2
(molm?s™) G-174 0.065 ° 0.048 4 0.050 0.0442

1N, standard concentration of Kimura B solution;
1/6 N, nitrogen concentration was reduced to 1/5 of the standard Kimura B solution.
Values followed by the same letter are not significantly different at 5% level.
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Fig. 2. Effects of root excision and fertilization on the root respiration rate in S-70 and G-174.
See Fig. 1 for the simbols.
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grown without root excision, CER measured at 1 N was significantly higher in S-70 than in
G-174. However, there was not a significant difference between CERs in both strains
grown at 1/6N. CER of plants subjected to root excisions was also significantly higher in
S-70 compared to that of G-174. Contrary to this, Gs showed high values in G-174 as a
whole, and it was not decreased by root excision and also by reduced nitrogen treatment.
Like this, there is a specific feature in stomatal and photosynthetic responses to
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Fig. 3. The partitioning ratio of *C to stock (root-tculm base) at heading day
(HD) and the 14th day after heading (14D) in S-70 and G-174. The
percentage shows the ratio to the total *C weight containing in a whole
plant. NE, no root excision; EX, root excision.
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treatments.

CER and Gm were reduced by root excisions in both species, and these reductions
were more conspicuous in G-174. A large depression of these parameters in G-174 is
likely due to the insufficient recovery of root functions after root excision. As shown in
Fig. 1, G-174 grown without root excision featured a more vigorous growth in shoots and
roots, but the result of root excision treatment may suggest that the activity of
transporting substance to roots in G-174 was inferior to that of S-70. On the other hand
the root excision did not offer so strong effects on these two parameters in plants grown
at 1/5N. As a reason for this, it may be considered that plants grown at mal-nutrient con-
ditions are not vigorous in growth and this results in reducing the responsiveness to root
excision.

Fig. 2 shows the effect of root excision on dark respiration rate of roots in G-174 and
S-70. In plants grown without root excision at 1N, the root respiration rate decreased
with time after heading; contrary to this, the rate in plants subjected to root excision
increased. This fact is likely caused by the development of new active roots after root
cutting. There was not significant difference in respiration rate between both strains
grown at 1N, whereas an inter—specific difference was found in plants grown at 1/5N.
The root respiration rate of S-70 was increased by root excision, but not in G-174. S-70
is considered to be capable of keeping a higher potential of photosynthate partitioning to
roots even under mal-nutrient growth condition. For the plants grown without root exci-
sion at 1/6N, a higher dark respiration was also observed in S-70, but it was not
significantly different from that of G-174.

Based on ®C accumulation weight in each organ, the ratio of photosynthate
partitioning to stock (roots+culm base) was calculated. The effect of root excision and
fertilization on the partitioning ratio is revealed in Fig. 3. The culm base is defined here
as a bottom 5cm part in culm. The partitioning ratio of stocks was considerably high in
S-70, particularly in the case that *CO. was fed at heading day. An interesting point is
that the partitioning ratio was higher in S-70 grown with root excision at 1/6N. Like this,
S-70 is characterized by maintaining the accumulation of substance in stocks during
maturing stage even under such a growth condition as limited nitrogen application. This
growth feature is beneficial in enhancing and maintaining new shoot producing potential
toward the following growth season. It may be concluded through the combined treat-
ments of root excision and fertilization that the annual and perennial growth features
were more clearly recognized in both strains of O. glaberrima and O. sativa, respec-
tively.
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