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Sterility Caused by Cooling Treatment at
the Flowering Stage in Rice Plants

IT1. Establishment of a method of in vitro pollen germination
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Abstract : Rice pollen grains germinated more than 809, with low variation (standard deviation less than 109%,)
and their pollen tubes elongated to more than 150 g m within one hour with a simple medium composed of 19,
agar, 209, sucrose and 20 gg-ml~' (ppm) boric acid, using a Petri dish (4.5 cm in diameter). In addition to the
composition of the medium, it is important that the incubation temperature should be around 20°C and that the
pollen grains should be shed directly on the medium from the anthers as soon as the flowers begin to open. Under
these conditions, their pollen grains began to germinate 2 to 3 min after shedding and attained maximum growth
rate within 20 min. After that time, the length of pollen tube increased at a linear rate of ca. 7.5 gme+min~* over
the next 15 min.

Key words : Boric acid, Incubation temperature, In vitro germination, Pollen, Rice.

1 X OBRTERIARRIBICL 52T HB3#®
AE5)
B B A ATEHOALIREFIE 1919 FLURE  O®EVH S, Lo L, BHEERMEOIBEOE UHHT LR
HFROFEBRKEVEELHD, ZOFREICOVTHIORITENATHR L, FRTEITEROHFEICLD
BRFRTLL» OFBEEOSVALRS (FFEIORLLL, BERZE 10% L) wlizhL 7., OEthoMi
B 1% &KX, 20% L £ ¥, 200pm Ry B (B 1~4 K), OQRFFH HEE4.5cm vy —v, OHEERE !
20°CHItR, %56, 18CUTH 2V 24CUETREFENETT 5 (F 1K), OTEmOF~DER : FTE
BTEBZRIROETIC, @EroBEr Ly FTHRL, Yy —LOBREELL LB THNOER2E
ERHICER T 2,
RO FFIEAN, TOHFETEE L EBRFEIBSND L5k > ERIE, Bk 78 (20 ppm)
EFILC L, BEOBRERAL L, BIURECHFHELENEHRALLZ L TH S,
TEROBBRHFTIEMRFORRE LB L ER, BRR2-3ISTEFLILCD E2R), BL%
20 CTHEFRIRKIGEL (B2, 3, £5%). TOROMEHEOHREEIZ 7.5um-min™ THo 7
(BB5%K).
F—T7—F A%, Tok, NLHEF, HEEE, TV

e O NTHRFEOHTL : NEES (BHOKERILEERSE

Satake and Koike reported that the cause of
sterility due to cool temperatures at the flower-
ing stage was attributable to the pollen grains
being unable to germinate on the stigma'®.
They also found a high correlation between
the percentage of sterility and that of pollen
grains in which starch granules were abnor-
mally digested”. This suggests that the pollen
grains with abnormal starch digestion have
lost or lowered their germination ability at
anthesis. It is an essential step to estimate the
germination ability of pollen grains in order to
clarify the physiological mechanism of the
sterility. Many researchers have tried in vitro
germination of rice pollen grains using media
composed of agar and sucrose or of starch and
sucrose®%10:13:1416.19 = However, a completely

successful germination method has not yet
been reported. Even when high germination
percentages were obtained, the reproducibility
was not always high.

This paper presents a method to obtain
high germination percentages with high re-
producibility. The method uses a simple
medium composed of agar, sucrose and boric
acid. The time course of germination and tube
growth was measured by the method.

Materials and Methods

Rice variety Hayayuki was used throughout
the experiments and Norin 19 was added in
the experiment on incubation temperature.
Twenty seeds were directly sown in a circular
pattern in each four liter plastic pot every
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week to obtain blooming flowers continuously.
Each pot was previously provided with 0.9 g of
each N, P and K. Hayayuki was grown in an
artificially lit room with a temperature regime
of 26°C day-20°C night and 12 hour day-
length. Norin 19 was grown in a greenhouse in
which the temperature was not controlled. At
the booting stage the plants were transferred
to a naturally lit room with a temperature
regime of 24°C day-19°C night.

In a preliminary experiment, pollen grains
germinated when potassium borate (K,B,0,)
was present in a 19, agar and 209, sucrose
medium, but germination did not occur when
it was omitted from the medium. In order to
decide the optimum concentration, 5, 20, 50,
100, 150, 200 and 500 ygeml™' (ppm) K,B,
O, were used. In addition, boric acid (H,
BO;), which has been often used in experi-
ments on pollen germination, was compared
with K,B,0O; at the optimum concentration of
20 ppm as boric compound. After selecting the
most effective form of boric compound, pollen
germination was retested under various con-
centrations of agar (0.5, 1.0, 1.59) and su-
crose (10, 20, 309,) in order to fix the opti-
mum combination. The effect of incubation
temperature on pollen germination was
compared in a range of 11-27.5°C.

Agar (Agar powder, Nakarai Co. Ltd.) and
sucrose were dissolved in distilled water (no
pH ajustment) by heating and the solution
was cooled to about 60°C: with stirring in a
water bath. Other chemicals were added
immediately into the agar and sucrose

medium with stock solutions 100 times concen-
trated. The prepared medium was poured into
Petri dishes (4.5 cm diameter) and the surplus
was removed in order to make a thin layer.
Pollen grains were directly shed on the
medium from anthers as soon as the flowers
began to open. Germinated pollen grains were
counted through a microscope about 20 min
after shedding of pollen grains on the medium.
Any pollen grains with a tube more than half
of the grain diameter were regarded as ger-
minated. During the time course of germina-
tion, photomicrographs were taken while
maintaining the same field of view as far as
possible. The percentages of germination and
burst pollen grains were shown as the means
of 7-10 measurements. In each measurement,
200—300 pollen grains were counted, and

pollen tube length of 20 pollen grains out of
these germinated ones were measured on the
enlarged film.

Results

Table 1 shows the effect of K,B,O, in the
range of 0—500 ppm on the germination
percentage on a 19, agar and 209, sucrose
medium. On the medium without K,B,O,
pollen grains immediately burst after shed-
ding. They could germinate, however, on the
medium with K,B,0, in the range of 5-100
ppm. The germination percentage reached a
maximum of approximately 909, and the
standard deviation for the medium was very
low at 20 ppm as K,B,O,. It decreased as the
concentration of K,B,O. increased over 20

Table 1. Effect of K,B,O, concentrations on germination percentage at room temperature (17

~23°C).
Experiments
K,B,O, Mean
(ppm} I 11 111 v v
%
0 0 0
5 26.3(11.3) 26.3
20 90.1( 3.6) 88.5( 3.5) 89.3
50 75.6(11.3) 71.8(17.2) 72.1(11.5) 73.2
100 71.2(10.8) 37.1(28.9) 7(15.5) 45.7
150 0.8( 2.0) 0.8
200 0 0
500 0 0

Basic medium : Agar (1%), Sucrose (20%) .
Figures in parenthese show standard deviation,
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ppm. There was little or no germination and
also no bursting at concentrations greater than
150 ppm K,B,O,. Table 2 shows the effect of
two kinds of boric compounds at 20 ppm on
the pollen germination on 19, agar and 209,
sucrose medium. The medium with H;BO,
slightly increased the germination percentage
and slightly decreased the standard deviation,
as compared with K,B,O,. Therefore, H;BO,
was used in the subsequent experiments
instead of K,B,0;. As a 19, agar and 209,
sucrose medium had been used temporarily as
the basic medium the optimum concentration
of agar and sucrose was newly examined on
the germination at 20 ppm H;BO,. There was
no difference on germination percentage
among three concentrations of agar (89
—9297, Table 3) and between 109, and 209,
sucrose (87-929, Table 4), while the germina-
tion percentage on a 309, sucrose medium
was lower (54-599, Table 4). When observed
under a microscope, the bursting of pollen
grains was found to occur earlier and more,
and the tube length was shorter on 0.59, agar
and 209, sucrose medium or on 19, agar and
109}, sucrose one than those on 19, agar and

Table 2. Effect of boric compounds at 20
ppm on germination percentage at
room temperature (17~23°C) .

Exp. K,B,O, H,BO,
%
I 91.7(4.6) 94.1(2.8)
II 84 .4(6.8) 92.2(2.8)

Basic medium : Agar (1%), Sucrose (20%) .
Figures in parentheses show standard devia-
tion.

Table 3. Effect of agar concentrations on
germination percentage at room
temperature (17~23°C) .

. Agar (%)
Xp.
P 0.5 1.0 1.5
%
I 88.8 89.8 90.9
(7.1) (5.4) (4.5)
1 89.2 92.4 91.8
(5.2) (1.8) (3.7)

Basic medium : Sucrose (20%), Boric acid
(20 ppm) . Figures in parentheses show stan-
dard deviation.

209, sucrose. From these results, a 19, agar
and 209, sucrose medium containing 20 ppm
H,BO, was concluded to be the best. These
experiments were carried out at room tempera-
ture (17-23°C). The variation of germination
percentage, however, seemed to increase as the
temperature became higher. Therefore, the
influence of the incubation temperature on
germination percentage was examined in the
range of 11-27.5°C using two varieties. As
shown in Fig.1, in Hayayuki there were high
germination percentages at temperatures in
the range of 11-23°C but the germination
decreased remarkably when the incubation
temperature was higher than 24°C. In Norin
19, germination percentage was lower than
that in Hayayuki at all temperatures, and the
highest germination percentage was observed
in the range of 19-23°C, decreasing when the

Table 4. Effect of sucrose concentrations
on germination percentage at room
temperature (17~23°C) .

Sucrose (%)

Exp.
P 10 20 30
%
I 88 .4 87.3 59.0
(3.5) (3.5) (10.0)
I 90.5 91.6 54.0
(4.5) (5.5) (13.0)

Basic medium : Agar (1%), Boric acid (20
ppm) . Figures in parentheses show standard
deviation,

90—_‘# % + ¢
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Fig.1. Effect of incubation temperature on
pollen germination.

O : Hayayuki, @ : Norin 19
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incubation temperature was less than 18°C or
more than 24°C. Although the changes in the
germination percentage at incubation temper-
atures of less than 18°C differed between the
two varieties, the best incubation temperature
for pollen germination of both was around 20°
C.

Fig.2 shows the time course of germination,
bursting percentages and pollen tube length
on a 19, agar and 209, sucrose medium
containing 20 ppm H,BO,. Table 5 summa-
rizes comparisons of the increasing rate of
pollen tube length and maximum germination
values among three concentrations of sucrose.
On a 209, sucrose medium, pollen tubes
began to elongate within 2-3 min after shed-
ding. They elongated at a linear rate of
approximately 7.5 gmemin~' until about 15
min and reached the final length of 150-170
um at around 50 min. Germination percent-
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Fig.2. Time course of germination and bur-

sting percentages, and tube length of
pollen grains on 197, agar, 209, sucrose
and 20 ppm H;BO,; medium at an incu-
bation temperature of 20°C.

O, @ . Repetition

age began to increase a little later than the
beginning of the tube elongation because a
pollen grain was regarded as germinated only
when the tube length was more than half of
the pollen diameter. Germination percentage
increased rapidly in a sigmoid curve and rea-
ched the maximum value of more than 809, at
around 20 min (Fig.3). Bursting percentage
began to increase rapidly when germination
percentage had reached the maximum value
and was 40-509, at 50 min after shedding. On
a 109, sucrose medium, the pollen tube length
and germination percentage began to increase
earlier than those on the 2097, sucrose
medium, and the tube length elongated at a
linear rate of around 11.4 ymemin~! until
about 10 min. Thus, on a 109, sucrose
medium the time required to reach the maxi-
mum value of the tube length and germination
percentage were reduced. On 309, sucrose
medium which is more hypertonic than 109,
and 209, sucrose media judging from the
decreased size of pollen grains, the pollen tube
began to elongate later than that on 109, and
209, sucrose media and the increasing rate
was remarkably low, being 2.6 ymemin~! lin-
ear rate until ca. 45 min. Germination percent-
age finally reached 38-589], but the bursting
scarcely occurred even 50 min after shedding.

Discussion

Using the methods of Sasahara and
Katsuo'® and Yamada and Hozumi'?, the
author first examined pollen germination on
soluble starch-sucrose and agar-sucrose
medium using van Tieghum’s cell. Consistent

Fig.3.
“sucrose and 20 ppm H;BO; medium at
an incubation temperature of 20°C (at
20 min after shedding on the medium).

Pollen germination on 19, agar, 209,
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germination to a high percentage was not
obtained with these media, even at various
concentrations and at various ranges of
humidity in the cell. Cosistently high germina-
tion was attained by adding boron to the
medium of which the effect on pollen germina-
tion had been recognized in some
plants’®111217 No attempt to add boron had
been reported so far in rice. The author suc-
ceeded in getting the most constant germina-
tion percentage of more than 809, on 19, agar
and 209, sucrose medium containing 20 ppm
H,BO,; in a Petri dish (4.5 cm in diameter). In
this case, the concentration of boron which
was contained in the medium was different
between two compounds (Table 2). As
compared with them at 20 ppm as boric
compounds, boron concentration of H;BO,
(3.5 ppm) was almost as much as that of K,
B,O; (3.7 ppm). Consequently, the active
compound for consistently high germination
was boron of 3.5 ppm.

Iwanami® summarized his papers on incu-
bation temperatures for pollen germination on
artificial culture media and showed the opti-
mum temperature was generally 20-30°C in
many plants. In rice, Enomoto et. al.? obser-
ved that the maximum and minimum incuba-
tion temperatures for the pollen germination
were 42-45°C and 12-15°C, respectively. Sasa-

hara and Katsuo'® and Sawada'® observed
pollen germination at 24-29°C and 25-28°C,
respectively. The optimum temperature for
the constant high germination in the present
paper was around 20°C (Fig.1) which was
somewhat lower than the temperature used by
Sasahara and Katsuo'® and Sawada'®. This
suggests that the medium should be kept
around 20°C before and during the incubation
of the pollen grains, because air temperature
at the flowering stage is generally higher than
this. Kubo® studied pollen germination of <ea
mays from July to December. The experiments
with the same procedure did not always pro-
duce the same results and the optimum con-
centration of medium varied with different
seasons. If the medium had been kept at the
optimum incubation temperature, the con-
stant high germination percentage might have
been obtained on the same medium through-
out the experimental season.

As for the thickness of the layer, Kubo?®
reported that the highest germination percent-
age was obtained on 20 gm thick layer of
10-409, gelatin medium with van Tieghum’s
cell in Jea mays. Yamada and Hozumi!? and
Sasahara and Katsuo'® also observed in their
experiments with the same cell in rice that the
layer of the medium had to be made thinner.
It is difficult to make thin layers uniformly

Table 5. The rate (b) of pollen tube growth and the maximum values of germination at three
concentrations of sucrose at an incubation temperature of 20°C.

Conc.of Tube growth Germination Bursting
sucrose b Range Max. Range Max. Range Max. Range
% pmemin~! min pm min % min % min
11.5** 120 92 62
10.8** 125 95 50
10 11.6** <10 120 <15 95 <10 48 <40
11.5%* 130 79 42
Ave. 11 .4 124 90 51
7.9** 174 94 52
20 7.1%* <15 150 <50 80 <20 40 <50
Ave. 7.5 162 87 46
2.4** 144 58 8
. 2.8** 132 52 2
30 4
9 5rx <45 119 <60 54 <50 9 <100
Ave., 2.6 129 48 4

b . Regression coefficient of the linear line, which the limited range was estimated from the Figure by
visual observation.
** ! Significant at 1% level.
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with these methods and as a consequence,
germination percentage will be expected to
vary. In the method reported here, it was
found not necessary to adjust the thickness of
the medium in the Petri dish because pollen
grains germinated with a high percentage
regardless of the thickness of the layer. A thin-
ner layer, however, facilitates a microscopical
observation and photography of the germinat-
ed pollen grains. In addition to the composi-
tion of the medium and the incubation tem-
perature, it is important to shed the pollen
grains directly on the medium as soon as the
flowers begin to open because of the short life
of rice pollen grains®.

By establishing the incubation method for
cosistent germination, it was possible to com-
pare the time course of the germination of rice
pollen grains at different concentrations of
sucrose. Two types of pollen tube growth have
been reported i.e. a sigmoid curve type'® and
a linear rate over a limited time>'?. The
pollen tube growth of rice showed the latter
form at all concentrations of sucrose. Brew-
backer and Majumder? and Raghavan and
Baruah'® reported for Petunia inflata and Areca
catechu that an initial lag phase from shedding
of pollen grains till the germination and the
time required to reach the maximum length
were very long, being 0.5-1.0 hour and more
than 6-8 hour, respectively. In contrast, these
lag phases were very short in rice, being 2-3
min and approximately 1 hour, respectively on
the optimum medium of 209, sucrose, and still
shorter on a 1097, sucrose medium. Further-
more, the increasing rate of the tube growth in
rice was very fast, being approximately 7.5
pmemin~! until about 15 min on the optimum
medium, as compared with 1.1-2.1 ymemin~!
in Petunia inflata? and Areca catechu'®. Thus,
faster increasing rate of the pollen tube and
the shorter time to maximum value may have
a close relation to the short life of rice pollen
grains®.

By using this method, the germination abil-
ity will be further investigated in relation to
sterility caused by cooling treatment.
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