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The in vitro culture of rice panicles is a culturing technique
only panicle without other organs in culture solution con-
taining organic substance, so that would be useful to study
how assimilate supply affects grain development and mat-
uration. To find the optimum stage for in vitro culture, rice
panicles grown in greenhouse were sampled periodically
after anthesis and cultured in nutrient medium. The pani-
cles older than 1 weeks after anthesis had produced nor-
mal grains. Grain-filling was apparently dependent upon
sucrose concentration (8~12%) in medium, but not affected
by nitrogen concentration supplied with glutamine. As far
as rice panicle was supplied with sucrose and N in nutrient
medium, grains continued accumulation of dry matter
and maturation regardless to light condition. Consider-
ably, grain-filling was improved when panicles were posi-
tioned horizontally inside flask, so that each grain was
partially submerged to nutrient medium.

Keywords : in vitro culture of rice panicle, grain-filling, sucrose,
glutamine, development stage after anthesis, horizontal posi-
tioning.

Rice, one of the important edible farm products, is essen-
tial as foodstuff of human beings. Even though rice grains
are the most final product in rice farming, in vitro culture
technique of panicle unlike other organs or tissues, is not yet
established and not applied to in vitro food production or
cereal manufacture.

In vitro culture of rice panicle is a technique of culturing pani-
cle detached from mother plant after anthesis, without any
organs like stem, root, branches, and leaves. Unlikely other
hydroponic culture, culture solution is supplied in an organic
nutrient forms which are the same mobile substances in phloem.
Therefore, it appears that rice seed in early stage of development
can absorb this solution in similar mechanism used for transloca-
tion of photosynthate and convert it to storage carbohydrates.

As a panicle is detached from stem, the nutrient supply to
panicle is cut off, differentiation of ovule tissue slows down,
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and starch accumulation in endosperm is discontinued.
Under these circumstances, induction of ovule development
and starch accumulation to the endosperm require exoge-
nously supplied appropriate nutrients for the panicle devel-
opment, that is called the technique of in vitro culture of rice
panicle.

There were some reports of success in in vitro culture of
panicle in wheat, barley and maize (Singh & Jenner, 1983;
Barlow et al, 1983; Singletary & Below, 1989), but not in
rice (Singh et al, 1978; Villareal & Juliano, 1987). There-
fore, an establishment of successful culturing technique for
rice panicle will effectively be applied in studying nutrient
transport within the panicle, composition of the assimilates,
and aging physiology of the panicle. In addition, it will con-
tribute to detailed and systematic studies of filling physiol-
ogy seeking for higher grain yield.

Therefore, this study was carried out in order to establish
in vitro culture of rice panicle, by examining the effects of
sampling time of panicle, position-setting method, nutrient
composition and culture conditions on the development of
grain and germinating ability of the seed.

MATERIALS AND METHODS
Panicle sampling and sterilization

Rice plants were grown by solution culture in green house.
After panicle emerged, they were tagged by the dates of anthe-
sis and sampling was done by cutting the panicle neck under
water so that they could be prevented a cut-off of water flow to
the grain. Panicle samples were cut into suitable sizes under
water with a sterilized blade and were surface-sterilized 5~10
min. with 2% NaOCl solution. Surface-sterilized panicles
were set position inside flask under an aseptic condition of
clean bench and were transferred to growth chamber.

Composition of culture medium

In vitro culture medium was composed of mainly nitrogen
and carbohydrate substances. Glutamine was used as the
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nitrogen source and sucrose as the carbohydrate. The culture
medium was fixed to pH 5.5~6.5 with 0.1N NaOH and ster-
ilized for 17 minutes at 121°C. For the culture system, 100
ml of the culture medium was poured into 200 ml Erlenm-
eyer's flask.

Position setting of panicle inside flask

Since panicle setting inside flask determine the distance
from sink to source, we tested upright and submerged set-
ting. The panicle inside flask was supported by a stainless
coil and a filtering paper at the bottom of the flask.

Every in vitro culture were done at 25 = 1°C with 13 hours
light in growth chamber.

After panicles were cultured in vitro for 50 days, the dry
weight of grains was measured and the moisture content of
grains was corrected to 14%. Futhermore, the matured seeds
were placed in incubator to examine the rate of germination.

RESULTS AND DISCUSSION
Effects of different stage of seed development

In order to find out effect of stage of seed development on
the development of final grain after the culture, rice panicles
grown in greenhouse were tagged by the dates of anthesis.

Panicle samples were taken at random to find out the
effect of seed development by their dates of anthesis. After
rice panicles were taken at 3 rd, 6 th, 9 th, 12 th and 15 th
days after anthesis among panicles in same anthesis date, the
panicle was placed in culture medium in flask. As a result of

b)

Fig. 1. Setting of panicles in vitro culture. a) At start of in vitro culture, b) After 50 days of in vitro culture.

in vitro culture, the stage of development had a great effect
on rate of filling and weight of the final grain. Panicles sam-
pled in different stages of development showed a significant
difference in their final grain weights after 50 days in vitro
culture (Table 1). In culture of the panicles that were 3 DAA
sampling, grain filling was not carried out. Rice panicles had
gained the ability of starch accumulation and protein storage
only from 5~7 days after anthesis. Based on these results,
we can conclude that the stage of development of the sample
(3 DAA) was too early to store nutrients. In the samples of 6
DAA, final dry weight of the grain reached 15 mg and fill-
ing rate over 50% after 50 days in vitro culture. Grain filling
had reached 66% in the relative grain wt., that was
expressed as the percentage of grain wt. to greenhouse con-

Table 1. Effect of different stages on grain development in panicle
culture of rice.

Stag_e of Initial floret Final grain wt. Filling quatwe

panicle rate grain wt.*
development W+ (M8 mg) _. () (%)
3DAA 3.88 8.73 0 35.6
6 DAA 773 14.88 48.4 60.7
9DAA 9.96 16.28 580 66.5
12DAA 10.18 18.01 62.2 73.5
15DAA 13.05 21.73 73.0 88.7

LSD 1.77%*

*Relative grain wt. was expressed the percentage relative to grain
wt. in greenhouse control.

Composition of culture medium: 100 g/l sucrose and 20 mM
glutamine, Duration of in vitro culture of rice panicle: 50 days.
DDA: days after anthesis.

** Significant at the 0.01 level.
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Table 2. Effect of different sucrose level in culture medium on rice
grain filling.

Sucrose  Initial floret Final grain  Filling Relative
conc. wt. wt, rate grain wt.*
(%) (mg) (mg) (%) (%)
2 8.81 13.90 43.90 56.74
4 8.81 14.70 50.00 60.00
6 8.81 15.86 4789 64.74
8 8.81 16.64 52.24 67.92
10 8.81 18.36 72.54 74.94
12 8.81 1743 65.15 71.14
14 8.81 16.16 67.21 66.00
LSD 1.46%*

*Relative grain wt. was expressed the percentage relative to grain
wt. in greenhouse control.

N level: 20 mM glutamine, Duration of i vitre culture of rice pan-
icle: 50 days.

**Significant at the 0.01 level.

trol. For sample of 12 DAA, the final weight of the grain
was increased to 18 mg and filling rate 62%. For sample of
15 DAA, the final weight of the grain was 21.7 mg which
was atmost the same as that of filled grain at mature stage
and filling rate reached 73%.

As aresult of the test, rice panicles suitable for in vitro cul-
ture were panicles at 10 days after anthesis and even though
they are at milky stage, they had a perfect ability of starch
and protein accumulation. Therefore, we were able to obtain
filling grains similar to that of the rice panicles at mature
stage after 50 days in vitro culture (Table 2).

Effects of sucrose concentration in culture medium

High levels of sucrose concentration in culture medium
were requisite to increase the final weight of grain and this
was true to in vitro cultures of wheat, maize and barley
spikes (Singh & Jenner, 1983; Barlow ef al, 1983; Single-
tary & Below, 1989). Even in vitro culture of the rice pani-
cles, sucrose level in culture medium influenced the amount
of dry weight of grain and starch accumulation, and it has
been reported that the sucrose level affects physiological
development of the filling grain (Singh ez al, 1978; Villareal
& Juliano, 1987).

Since rice grain consisted of starch granules, the concen-
tration of sucrose being the main source of starch, is thought
to have great influence on the dry weight of the grain. In
order to find out sucrose concentration suitable for in vitro
culture of rice panicle and to find out effect of sucrose con-
centration within the nutrient solution to nutrient accumula-
tion of grain, rice panicles were cultured at various sucrose
concentrations (Table 2). They were cultured for 50 days in
a culture medium whose glutamine concentration was 20
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Fig. 2. Variation of grain weight on sucrose concentration after in
vitro culture of rice panicle,
*N level was 20 mM.

mM/L in N. After the culture, the weights of final grain were
significantly high (18.3 mg and 17.3 mg) at 10% and 12% of
sucrose concentrations but low at 2% and 4% of sucrose
concentrations, Rate of grain filling was also the highest at
10% sucrose concentration which was relatively high. The
weight of rice grain increased as the concentration of
sucrose increased and it was the highest at 10% concentra-
tion but decreased above this level. In previous research of
in vitro cultures of rice panicles, the culturing was done
under 1.5~2.0% sucrose concentration (Singh et al, 1978)
with samples taken around 20 days after pollination for
duration of 10 days. In this study, we were able to obtain
tully filled grain from culture medium of comparatively
high sucrose concentration of 8% and above, since we used
younger panicle samples taken around 10 days after pollina-
tion and prolonged the duration of the cultivation to 50 days.
(Table 2).

In experiment seeking for the trend of increase in dry
weight as a funtion of sucrose concenirations, there was a
rapid accumulation of nutrients until 10 days after position
setting but the accumulation became slow afterwards (Fig.
2). In 4% and 8% of sucrose concentration, a rapid increase
in grain weight for the first 10 days of culture was observed,
while the increase of grain weight was slow from the begin-
ning in sucrose concentration of 4%. There was no signifi-
cant difference in the final grain weights at 8% and 12%
sucrose concentrations.

Effects of nitrogen level in culture medium

In in vitro culture of wheat panicle, inorganic nitrogens
such as ammonium or nitrate limits the grain filling and
glutamine is known to be the best source of nitrogen (Singh
& Jenner, 1983). For this rice panicle culture, glutamine was
also used as N source. Glutamine concentration up to 10mM
in culture medium did not have a significant effect on the
increase of grain weight. When rice panicles were cultured
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Table 3. Effect of different N level in culture medium on grain
filling.

N1 Initial Final Filling Relative
evel : .
(mM) floret wt. grain wt. rate grain wt.¥
(mg) (mg) (%) (%)
10 8.81 16.04 68.7 63.5
20 8.81 15.03 475 614
30 8.81 15.39 53.3 62.8
40 8.81 14.25 494 58.2
LSD 2.847%

*Relative grain wt. was expressed the percentage relative to grain
wt. in greenhouse control.

Sucrose level: 100 g/l sucrose, N source: glutamine.

Duration of in vitro culture of rice panicle: 50 days.

Mot significant within same column.

for 50 days in the culture media including all combinations
of 10% sucrose concentration and different levels of nitro-
gen (10, 20, 30 and 40 mM}, there were no significant differ-
ences among different levels of nitrogen concentrations
(Table 3). Since the protein content of rice grain ranges only
7~8% and starch contributes most of the rice grain, protein
is believed to have less effect on the weight of the grain,
with its concentration above a certain limit.

Effects of combinations of different concentrations of
sucrose and nitrogen in culture medium

In order to find out the composition of culture medium
suitable to induce full filling of the rice grains, in vifro cul-
ture of panicle was conducted using various combinations of
different levels of sucrose and nitrogen concentrations (Fig.
3, and 4). Rice panicles were cultured for 50 days in com-
bined culture medium of sucrose levels of 5, 10 and 15%
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Fig. 3. Effect of combinations of sucrose and N in medium on final
grain weight.

and nitrogen levels of 10, 20 and 30 mM. After the cultur-
ing, culture medium of 10% sucrose concentration showed a
better filling compared to that of 5% and 15% sucrose con-
centration but, under the same sucrose concentration, nitro-
gen had no significant effect on the nutrient storage of the
grain (Fig. 3). The highest grain wt. was obtained in the
medium 10% sucrose with 10 mM N.

Average of initial grain weight was 7.87 mg, and cultured
for 50 days.

Effects on the germination of the grain in in vifro culture

In order to find out germination ability of the grains
matured in vifro culture, the germination test was done in
seed germinator at 30°C for 20 days. For grains cultured
under 10% sucrose concentration, the rate of germination
was also high, based on the complete grain filling achieved.
But in 5% and 15% sucrose concentrations, the germination
rates were comparatively low, since the grain fillings were
poor (Fig. 4). At glutamine concentrations higher than 10
mM, there were no significant differences in germination
rates according to different concentrations of glutamine. It
appeared that N had no effect on germination rate of the
grains.

Effects of light condition ir vifro culture of rice panicle

It has been reported that the light affects dry matter accu-
mulation of grains while grain filling is continued by an arti-
ficial supply of sucrose in vitro culture of wheat panicles
(Singh & Jenner, 1983).

In order to find out whether light affects grain filling of
rice in vitro culture, rice panicles were cultured under light

Gemination rate (%)

Sucrose
level (%)

20 30
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Fig. 4. Germination rate of rice grains in vitro cultured.

The grains were cultured in media with combinations of sucrose
and N for 50 days.
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Table 4. Effect of light condition on grain filling in the in vitro
culture of rice panicle.

Table 5. Effect of panicle position placed i vitro culture on grain
filling.

. Initial floret Final grain  Filling Relative
Light . "
environment wt. wt. rate grain wt.
(mg) (mg) . (%) (%)
Light 9.05 17.28 425 70.5
Dark 9.05 17.96 473 733
LSD 2.45M

*Relative grain wt. was expressed the percentage relative to grain
wt. in greenhouse control.

Composition of culture medium: 100 g/1 sucrose and 20 mM
glutamine.

Duration of in vitro culture of panicle: 50 days.

Mot significant within same column.

or darkness, and their grain filling were compared (Table 4).
The panicles were cultured for 50 days in culture medium
composed of 100 g/l sucrose and 20 mM glutamine. As a
result, the average of final grain weight cultured under light
condition or under darkness was 17.28 mg or 17.69 mg,
respectively. It indicated there were no significant differ-
ences in filling rate. Therefore, we can concluded that light
did not affect grain filling or development of the grain in
vitro culture of rice panicle. This may be due to the fact that
the nutrients are supplied in organic forms which are same
as the storage substance in grain under the condition exclud-
ing current photosynthesis of the plant.

Effects of position setting of panicle in ir vitro culture

In the previous research on in vitro culture of the panicles
(Singh et al, 1978; Villareal & Juliano, 1987; Oparka &
Gates, 1981a), the rice panicle was set in vertical position, in
which only the peduncle of the panicle is being dipped into
the culture medium. But this vertical positioning may extend
the translocation distance of nutrient solution and cut off the
nutrient flow in peduncle. Futhermore, it was hard to pro-
long the duration of culture for more than 10 days and diffi-
cult even to obtain fully filled grains due to contamination.

In this study, in order to find position setting which can
extend the duration of culturing and which makes possible
to obtain fully filled grains after the culturing, the compari-
sons were made between panicle samples placed in three
different positions within the beaker, such as horizontal (Fig.
1), vertical and vertical-open position (Table 5). For vertical-
open position, high moisture environment was made to pre-
vent the occurrence of white head due to excessive evapo-
transpiration. The water table was composed and covering
made inside 2 [ beaker. As a result of culturing in culture
medium of 100" g/l sucrose and 20 mM glutamine for 50
days, final grain weight of horizontally positioned sample
was significantly higher than those of vertical or vertical-

Position Initial floret Final grain .Filling g;ziﬁu\zi*
wt.(mg)  wt (mg) rate (%) (%)
Horizontal 9.02 18.62 58.4 76.0
Vertical 9.02 16.14 572 65.9
Vertical-open 9.02 14.65 63.3 59.8
LSD 1.73%*

*Relative grain wt. was expressed the percentage relative to grain
wt. in greenhouse control.

Composition of culture medium: 100 g/l sucrose and 20 mM
glutamine.

Duration of in vitro culture of rice panicle: 50 days.

Vertical-open: Panicle was located outside of flask and its peduncle
was dipped into culture medium.

**Significant at the 0.01 level within same column.

open positioned samples. This horizontal positioning was an
advantageous setting with increasing contact area between
panicle and solution and decreasing chances of microbial
contamination. In vertical-open position, it was difficult to
maintain long culturing period due to excessive contamina-
tion and evapotranspiration, and the final weight of grain
was only 14.65 mg. As for vertical position, the results were
not much different from that of vertical-open position. In
conclusion, the horizontal positioning is believed to have
better position for grain filling, because the half of panicle
was submerged in culture medium and so greater chance for
nutrient supply but less contamination.
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