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Introduction 

Low temperature has little or no harmful effects on the pistil but has 
injurious effects on the stamen (HAY ASE et al. 1969). Therefore, the 
sterility in so-called "destructive type cold injury" is physiological male 
sterility. On the other hand, various types of genetical male sterility has 
been found in rice (SHINJYO and OMURA 1966, SHIBUY A 1966, WATANABE 
et al. 1968, Ko et al. 1976, FUJIMAKI et al. 1976). 

Comparison of physiological and cytoplasmic-genetic male sterility has 
been made by the authors, in hoping that this line of examination may be 
effective for elucidating the mechanism of pollen sterility. In this paper. 
the results obtained from observations at anthesis is reported. 

The authors wish to express their gratitude to Dr. M. TAKAHASHI 
for his valuable suggestion and critial reading of the manuscript. The 
authors also grateful to Dr. C. SHINJYO for kindly supplying seeds of 
Taichung 65 MS. 

Materials and Methods 

The cytoplasmic male sterile rice used in this experiment is listed in 
Table 1. The strain Shiokari 'MS' is B3Fl generation which is derived 
from the successive backcrossings, (I-127 x Shiokari) x Shiokari. The strain 
A-58 MS is also obtained from the progeny of backcrossings by the similar 
method. 'H-103 Fl' is an Fl population of the cross, 1-127 x H-103. 1-127 

1) Contribution from the Plant Breeding Institute, Faculty of Agriculture, Hokkaido 
University and Laboratory of Forage Crops, Obihiro University of Veterinary Medi­
cine, Obihiro, Hokkaido, Japan. 
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TABLE 1. The cytoplasmic-genetic male sterile strains 

Shiokari MS; B3Fl of (1-127 x Shiokari)X Shiokari 

A-58 MS B3Fl of (1-127 X A-58) X A-58 

H-103 Fl Fl of 1-127xH-103 

1-127 (Taichung 65 MS) genotype; [ems-bora) If rf 

B1ZFl of (Chinsurah Boro II X Taichung 65)X Taichung 65 

is an isogenic strain of Taichung 65 which prossesses [cms-boro] cytoplasm 
together with the nucleus genotype of Taichung 65 and was produced from 
the successive backcrossings, (Chinsurah Boro II x Taichung 65) x Taichung 
65 by SHINJYO (1970). 

The seedlings were grown in the greenhouse of Faculty of Agriculture, 
Hokkaido University and transplanted into polyvinyl pots. After that, 
plants were shifted in the greenhouse of Obihiro University until maturity. 
The dehiscence of anthers were observed in the spikelets which were 
collected after flowering by using a magnifying glass. Anther dehiscence 
was designated even though one theca opened. Pollen grains were stained 
with I-KI solution. More than five hundreds of pollen grains were observed 
for the calculation of pollen fertility. Five panicles from an individual plant 
were investigated at maturity for seed fertility. 

In physiological male sterility, two varieties, Hayayuki and Norin 20 
were treated at 12 days before heading in a phytotron which was con­
ditioned at 15°C during day and at 12°C in the night. The duration of 
low temperature treatments were 0, 3 and 6 days. The methods employed 
for determining the dehiscence of anthers and pollen fertility were essen­
tially the same as those used in the genetical male sterility. 

Results 

Shiokari MS and A-58 MS were the cytoplsmic-genetic male sterility 
and fertility restoring genes were not contained as well as the original 
strains, Shiokari and A-58. Therefore, they were complete sterile. In 
contrast with this, 'H-103 Fl' indicated 9% of seed fertility and it is as­
sumed that a fertility restoring gene or genes were contributed from H-103. 

Four types of anthers arose in the sterility as shown in previous paper 
(SAWADA 1974). As the duration of low temperature treatment became 
longer, there was a tendency that the indehiscent anthers increase in the 
both varieties. In this experiment, a cold tolerant variety Hayayuki pro­
duced a small number of band c type anthers, while in Norin 20 which is 
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susceptible, band c type anthers increased under longer duration of the 
treatments. 

Similar types of indehiscent anthers were also found in the cytoplasmic­
genetic male sterile strains. The frequency of anther types differed among 
the two strains and the Fl (Table 2). In Shiokari MS, the percentage of 
dehiscent anthers was only 1 % and all the remainder belonged to a type. 
The dehiscent type and the three types of indehiscent anthers were ob­
served in A-58 MS, where the percentage of the dehiscent anthers was 2%. 
Indehiscent types of a and b were 73% and 20% respectively. 'H-I03 Fl' 
produced 76% of dehiscent anthers and 24% of type a. The dehiscent 
anthers of 'H-I03 Fl' indicated an incomplete openning of theca in which 
only small pore appeared at the tip. It induced a high seed sterility owing 
to non-fertilization by insufficient pollen grains. The complete sterility of 
Shiokari MS and A-58 MS were also due to the non-pollination caused by 
the indehiscence of anthers. Thus, the phenomena of anther dehiscence 
resembled to the sterility in the low temperature treatment. 

As to non-flowering spikelets, longer treatments of low temperature 
increased the rate. In 'H-103 F/ and Shiokari MS, non-flowering spike lets 
were none or scarce, while A-58 MS showed relatively a high rate, 25%. 
In the non-flowering spikelets, most of anthers belonged to band c types. 

TABLE 2. Frequency of anther types, percentage of 
non-flowering spikelets and seed fertility 

Strain and 
treatment 

Shiokari MS 

A-58 MS 

H-I03 Fl 

Hayayuki 02) 

" 3 

" 6 

Norin 20 0 

" 3 

" 6 

I Frequency i 
I of anther types l ) (%) I 
I dab c 

1 99 

2 73 20 4 

76 24 

96 2 2 

73 22 5 

31 56 11 2 

83 9 7 1 

12 60 25 3 

2 27 44 27 

% of non­
flowering 
spikelets 

1 

25 

0 

0 

1 

5 

0 

7 

9 

No. of 
spikelets 
observed 

417 

527 

429 

307 

309 

276 

368 

381 

363 

Seed 

fertility 

0 

0 

9 

97 

56 

18 

89 

11 

2 

1) d, a, band c indicate dehiscent anthers and the three classes of indehiscent 
anthers, respectively. Anther length and number of pollen grains diminish 

from a to c. 
2) Duration of low temperature treatment in the phytotron. 
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TABLE 3. Frequency of various types of spikelets 

dab c I Shiokari MS 

6 

5 1 

4 2 

3 3 2* 

2 4 2 

1 5 8 ( 2)** 

1 5 

6 405 (97) 

5 1 

5 1 

4 2 

4 1 1 

4 2 

3 3 

3 2 1 

2 4 

2 3 1 

2 2 2 

1 5 

1 4 1 

1 2 2 

6 

5 1 

4 2 

3 3 

2 4 

6 

Total 417 (100) 

* Number of spikelets observed. 
** Percent against total. 

A-58 MS H-103 Fl 

253 (59) 

33 ( 8) 

1 36 ( 8) 

6 ( 1) 25 ( 6) 

4 ( 1) 16 ( 4) 

27 ( 6) 21 ( 5) 

1 

266 (62) 44 (10) 

9 ( 2) 

1 

7 ( 2) 

2 

1 

3 ( 1) 

1 

2 

1 

1 

2 

1 

3 ( 1) 

48 (11) 

20 ( 5) 

11 ( 3) 

2 

4 ( 1) 

3 ( 1) 

427 (100) 429 (100) 

_. 

As shown in Table 3, Shiokari MS produced the combination of anther 
types, such as d3a3 (indicating 3 anthers of dehiscent type and 3 anthers 
of a type), d2a4, dla5 and a6 in the observed spikelets. Among them, the 
frequency of a6 showed the highest rate, 97%. In A-58 MS, the frequency 
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TABLE 4. Pollen sterility of indehiscent anthers a and b 

Strain Anther Pollen sterility (%) I No. of I Mean 
type anthers (%) 0-10-20-30-40-50-60-70-80-90-100 observed 

Shiokari MS a 28 2 30 6.2 

A-58 MS a 9 15 5 1 30 14.1 

" MS b 6 6 98.5 

H-I03 FJ a 12 14 4 30 13.5 

of anther types varied in a wide range from d4a2 to c6, where a6 was 
the highest one. Among the 7 types of spikelets occurred in 'H-103 FJ', 
the types containing more than one dehiscent anther occupied about 90%. 

Average percentages of pollen sterility in the a type anthers were 
6.2%, 14.1% and 13.5% in Shiokari MS, A-58 MS and 'H-103 F J' respec­
tively. These anthers contained a considerable amount of pollens looking 
healthy in spite of the indehiscence of anthers. Pollen sterility of b type 
anthers in A-58 MS was 98.5% (Table 4). 

Discussion 

According to KINOSHITA et al. (1973), flowering duration of spikelets 
within a panicle of 1-127 (Taichung 65 MS) became longer than that of 
the isogenic line, Taichung 65 and the time of flowering differed in some 
conditions between the both strains. The similar phenomena of flowering 
habits were observed in the sterile type injury (SAWADA 1975). In addition 
to these facts, the results obtained from this investigation indicate that 
the cause of both sterility is non-pollination due to anther indehiscence. 
Namely, the similar anther types were observed at anthesis in both phys­
iological and genetical male sterility. 

SAWADA (1974, 1976 a, b) detected that in destructive type cold weather 
injury, three types of indehiscent anthers occurred and these anthers 
derived from the incomplete development at different stages, and the 
frequency of indehiscent anthers varied with the degree of temperature 
and the time exposed to low temperature. From the frequency of anther 
types and pollen sterility of indehiscent anthers, it could be deduced that 
each anther of spikelets in Shiokari MS stopped development presumably at 
a later stage of pollen development and anthers of 'H-103 F/ made a little 
progress towards those of the normal and that of A-58 MS stopped at 
earlier stages in the microspore development after the tetrad. 
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Further investigations on the stage at which microspores ceased the 
development may give informations of the mechanism of the character 
expression in both physiological and genetical male sterility. 

Summary 

The sterility induced by low temperature and the cytoplasmic-genetic 
male sterility were compared at anthesis. 

Two male sterile strains, Shiokari MS and A-58 MS and an Fl popula­
tion 'H-I03 FI' were used in this experiment, together with the two normal 
strains, Hayayuki and Norin 20 which were treated in a phytotron at 12 
days before heading for 0, 3 and 6 days. 

The following results were obtained. 
1. The direct cause of sterility in cytoplasmic-genetic male sterility was 

non-pollination due to anther indehiscence as well as those in low 
temperature injury. 

2. Three indehiscent types of anthers were observed in both genetical 
and physiological male sterility, though the frequency of the indehiscent 
anthers differed among the strains, FI and the treatments (Table 2). 

3. The combinations of dehiscent and indehiscent types in an individual 
spikelet also differed remarkably among the sterile strains and FI 
(Table 3). Pollen sterility of a type anthers was relatively low in spite 
of the indehiscence of anthers (Table 4). 

4. In most of the cases in the low temperature treatments and A-58 MS, 
indehiscent anthers arose from various developmental stages of pollens 
while in Shiokari MS and 'H-103 FI', indehiscent anthers were an 
outcome of the abnormality at a definite stage of microspore devel­
opment. It is noted that the anther type of A-58 MS resembles closely 
to that in the 3 days treatment in Norin 20. 
Thus it is suggested that the mechanism of the pollen sterility due 

to the both physiological and genetical causes stands for a common phe­
nomenon. 
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