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Introduction

Cytoplasmic male sterility is useful in producing single- or double-cross
hybrids and triploid varieties in sugar beets. It is important to know the
mechanism by which heritable and environmental factors influence the character
expression of the cytoplasmic male sterility for the utilization of this character
in the breeding works.

In the present paper, variations of pollen sterility during the flowering period
and within an individual plant were examined using diploid and tetraploid strains.
The change of phenotypic expression of the male sterility by the influence of low
temperature and starvation culture was also examined. In addition, cytological
observations were made on the anther development in the male sterility affected
by the treatment of low temperature.

Materials and Methods

The strains which were used in the present study, are listed in Table 1.
The plants were cultured either in the experimental field under natural conditions
or in the greenhouse. A low temperature cabinet (3° to 5°C) with illumination
was used for the experiments of the low temperature treatment.

Table 1. The strains used in the study

Strain Ploidy 63‘2'0%8] a(;fn Description
H-19 2X N A selection from monogerm strain, ‘M~10’
mosws | ox | s | lose ling o W etopme mal
H-19 (4X) 4X N ’fl;f)t;agll—?j%’ induced by colchicine treatment
H-19 MS (4X) 4X S ;l;it;lagllf_iclls Ii\r/}(él;lced by colchicine treatment
H-4002 4X N ;l;ité;agll—?_i%og’ldUCEd by colchicine treatment
1 | s | Jeremois el B ol e

1) Contribution from the Plant Breeding Institute, Faculty of Agriculture, Hokkaido University.



Fig. 1. Pollen grains of norml anad male sterile plants at diploid

o c o' e

and tetraploid levels. x370.

Normal type of diploid {left) and tetraploid (right).
Semi-sterile type-a of diploid (left) and tetraploid (right).
Semi-sterile type-b of diploid (left) and tetraploid (right).
Complete sterile type of diploid (left) and tetraploid (right).
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Types of anthers and pollen grains from the progenies of male sterile
strains were classified into four groups, namely the normal type, the semi-sterile
type-a, the semi-sterile type-b and the complete-sterile type as shown in Fig. 1,
according to the demarcation-standard used in the previous report (NAGAO and
KinosHITA, 1962).

Materials used for the cytological observations on microsporogenesis were
prefixed in Carnoy’s fluid and placed in a modification of Karpechenko’s haema-
toxylin followed by safranin. Pollen grains were stained with cotton blue
pigment dissolved in lacto-phenol solution. The total number of pollen grains
used for the calculation of pollen sterility, varied from 200 to 500. The two
classes, stained and unstained pollen grains were discrete.

Experimental Results

1. Variation of pollen sterility during flowering periods

Variation of pollen sterility during the flowering period was examined using
the strains, H-19 and H-19 MS in their ploidy levels of diploid and tetraploid
(Table 2). There is a tendency that pollen sterility is lowest in full bloom while

Table 2. Variation of pollen sterility during flowering period

) v ) Plant Type of Phenotype Pollen sterility (%)

Ploidy | Stmain | NG Jeyiopiaem 9B Lniiion| (PO | B
1 N N 10.1 2.9 1.0
2X H-19 2 ” ” 17.6 2.3 11.7
3 ” »” 27.5 6.5 6.8
1 S N 6.7 2.8 2.6
2 » ” 9.3 1.7 2.0
3 » » 27.1 14.5 34
4 ” S.S.a 27.9 70.5 39.8
9% Ho19 MS* 5 ” »” 725 47.2 45.9
6 » S.S.b 83.0 65.8 779

7 » » 100 100 100

8 » ” 100 100 100

9 » C.s. 100 100 100

10 ” ” 100 100 100
1 N N 17.6 8.8 22.6
4X H-19 (4X) 2 ” n 6.7 274 19.8
3 » » — 29.8 254
1 S S.Sa 57 36.2 974
4X H-19 MS* 2 » S.S.b 91.6 92,9 92.9
“X) » . — 994 | 100

* The seeds of H-19 MS were produced under open pollination and contained male

fertile (N and S.S.a) plants with male sterile (8.S.b and C.S.) plants.
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increases as the initiation and termination irrespective of male sterile types and
ploidy levels. Similar experiments were carried out to compare the pollen
sterility in different flowering periods. The plants were grown in the greenhouse
under long day conditions and the first flowers were sampled in June. The
stalks were cut down after flowering and the second flower appeared from
October to November. As shown in Table 3, the difference of pollen sterility
is 14.3% at its maximum in normal cytoplasm strain H-19, while a higher
variability was observed in the plants of N and S.S.a type at diploid and
teraploid levels.

Table 3. Comparison of pollen sterility between spring and autumn

Pollen sterility (%) | Difference

Ploidy Strain  |Plant No.| Type of | Foghotpe Sprin Fall | between
cytoplasm sterility (fune% (Nov.) spring
. . . and fall
1 N N 14 157 | -143
2 » ” 1.9 66 | — 47
3 ” ” 33 2.2 11
2X H-19 4 ” " 35 10.2 — 67
5 ” ” 78 146 | — 68
6 " » 10.3 2.8 75
1 S N 3.8 341 | -303
2 " $.8.a 184 100 —8L6
3 ” » 77.8 26.7 51.1
2X H-19 MS 4 » S.S.b 100 100 0
5 » CS. cS. CS. 0
6 ” » CS. CS. 0
1 S N 140 623 | —483
2 " SS.a 330 550 | —220
3 ” ” 453 623 | —170
4 ” ” 481 528 | — 47
5 ” - 53.7 22.4 313
6 ” » 543 232 31.1
4X 4M-50 7 » " 58.2 424 158
8 " SSb 100 400 60.0
9 " » 100 55.3 447
10 » » 100 98.7 13
11 " ” 100 98.8 12
12 ” ” 100 100 0
13 » » 100 CS. 0

2. Intra-individual variation of pollen sterility
Another experiment was conducted to examine the variability of pollen
sterility whthin a single plant. Flower buds were sampled in full bloom, two
times at an interval of one week and fixed by Farmer’s fixative for observation
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of pollen grains. The buds just prior to flowering were taken at random from
five different branches which were chosen at regular intervals from the lowest
branch of the plant. In every flower bud, three anthers picked up at random
and split in half along the stomium with the aid of a magnifying glass. Pollen
sterility was calculated from an observation of about 200 pollen grains. Thus,
about 36,000 pollen grains were examined in every single plant. As shown in
Table 4, variation of pollen sterility was not so large in plants of normal types
in N and S cytoplasm, while a remarkable variability was observed in plants of
S.S.a type and a few plants of S.S.b type in S cytoplasm. Pollen sterility was
stable in most of S.S.b type and C.S. type plants. The average difference of
pollen sterility and range of the variation was examined between every different
branch, between every different flower, between every different anther and be-
tween the two anther lobes. This is shown in Table 5. Considerable differences
of pollen sterility were observed in plants of S.S.a type and a plant of S.S.b type

Table 4. Variation of pollen sterility among different branches
of a single plant

Type| Pheno- Pollen sterility at five branches (%)*
Ploidy | Strain |Flant cy?é- type

plasm| M.S. 1 2 3 4 5 Mean
1 N N 7 5.1 5.0 1.2 2.3 4.3
2X H-19 2 » ” 79 13.1 174 1.1 14 8.1
3 » ” 14.2 41 45 3.6 17.3 87
1 S N 4.8 45 2.2 3.0 29 35
2 ” »” 9.1 38 4.0 1.8 19 4.1
3 » ” 14.0 11.1 21 7.3 16.5 10.2
4 » S.S.a 222 22.0 29.2 59.4 84.8 435
2% H-19 MS 5 » »” 61.4 414 447 61.9 475 51.4
6 ” S.Sb 73.4 67.6 91.0 51.6 89.3 74.6

7 »” »” 100 100 100 100 100 100

8 » » 100 100 100 100 100 100

9 »” C.S. 100 100 100 100 100 100

10 ” ” 100 100 100 100 100 100
N N 29.1 12.8 8.0 9.7 89 13.7
4X | H-19 (4X) 2 ” ” 17.0 79 15.8 7.1 57.1 21.0
” »” 31.3 17.7 31.6 — — 26.9
1 S S5.5a 52.8 17.2 8.0 53.2 96.5 455
4X H-19 MS 2 ” S.S.b 90.1 93.6 89.4 96.6 92.8 92.5
“X) ” » 100 98.1 99.7 99.9 — 99.4

* Five branches were chosen at regular intervals from the lowest (1) to the highest (5).
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Table 5. Average difference of pollen sterility between flowers,
anthers and lobes of a single plant

Difference of pollen sterility (%)

Plant Tyfe Pileneo- Between Between Between Between
Ploidy| Strain No C\?to- {)’g branches flowers anthers lobes

plasm| M.S. Imean? range|mean? range /mean® range|mean® range

N 32 0-7 33 0-18; 29 0-30 34 0-45
2X | H-19 2 N ” 89 0-16 22 0-18 1.8 0-18| 39 0-55
” 75 0-14 21 0-9] 37 0-36 34 0-34

1 N 14 0-3 24 013 27 0-28 21  0-20
” 33 0-7 26  0-26 23 0-47 21 0-49
” 71 3-14 | 152 0-71 9.9 0-100; 29 091

S.Sa 326 0-63| 146 0-52| 163 0-8 90 0-76
” 115 1-21| 176 2-68 | 144 1-61 | 1565 0-82

2X |H-19MS S
S.S.b 201 2-39| 150 1-69| 161 0-72| 130 0-83
” 0 0 0 - 0 —| 0 —
» 0 0 0 — 0 —1 0 —
9 C.S. 0 0 0 —1| 0 — | 0 —
10 ” 0 0 0 — ] 0 — 1 0 —
N 92 1-21 69 0-27| 89 0-74 6.6  0-55
4X |H-19 4X)| 2 N » 21.8  1-50 94  0-54 61 0-75 3.7 0-20
” 93 0-14 ) 224 066, 75 021 70 0-55
1 S.S.a 427 0-89 50 037 50 08| 36 0-62

4X H-(}&%VIS 2| S | ssb 36 1-7| 66 022] 66 039] 40 0-26
” 10 0-2| 10 0-5| 08 010| 03 0-2

1) Average percentage of 20 differences
2) Average percentage of 30 differences
3) Average percentage of 90 differences

in diploids. In some anthers, pollen sterility differred up to 55% between the
lobes, while no difference was observed in another anther, even in the normal
type of N cytoplasm. A similar tendency was obtained from the variation be-
tween anthers, between flowers and between branches. The data indicate that
pollen sterility in plants of N and S.S.a types is quite unstable within a single
plant even in full bloom, while most of the S.Sb and C.S. types are stable
throughout different parts of a single plant. An intra-individual variation of
pollen sterility at the blooming is representatively shown in Table 6. Small or
large groups of lobes appear in partial fertility, while most of the lobes remain
in the SSb type. In other cases, “islands of sterility” (Duvick 1965) appear
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Table 6. Intra-individual variation of pollen sterility in the
semi-sterile type-b plant, H-19 MS-6

anther 1 anther 2 anther 3 Mean sterility
Branch Flower rank L. in a flower

lobe a lobe bilobe a lobe b!lobe a lobe b (%)
- (%
a (23)* 98 100 100 97 100 86.3

1
(base) b 98 100 98 98 91 97 97.0
I (50) 100 68 86 49 86 732
a @n 92 100 @0) (28 60.0
2 b 81 84 19 51 45) 58 56.3
c 51 99 | 100 100 42 91 80.5
a 100 100 95 100 100 100 99.2
3 b 97 100 94 95 97 98 96.8
c 100 100 99 100 92 97 98.0
a @) @) | @ @y | a6 () 25.3
4 b 36) 53 @0 @6 | (16 (42 328
¢ 51 67 18) (4D 54 59 483
a 92 96 95 97 88 91 93.2

5

1

(Top) 100 00 100 100 97 99 99.3
c 93 96 100 100 97 99 975

*  Lobes with less than 50% sterile pollen grains are enclosed in parentheses to empha-
size “‘islands of fertility”.

in- plants which are quite highly fertile. The degree of similarity between lobes,
increases with their proximity to each other. However a similar phenomenon is
observed also in an intra-individual variation of pollen sterility in some plants
with normal cytoplasm. A tetraploid normal plant, H-19 (4X)-2 showed
a typical mixing of highly sterile lobes or anthers within an individual plants
at the late blooming stage (Table 7). Therefore, the variable expression of male
sterility within an individual plant of semi-sterile types is not necessarily due to
the direct effect of somatic segregation or sorting out of cytoplasmic determinants.
It seems to depend on the physiological nature in partially sterile plants. In
normal cytoplasm plants, sometimes brown non-dehiscent anthers are found
mixed with normal yellow anthers even in a single flower. The pollen sterility
was compared between yellow and brown anthers (Table 8). A remarkable
variation of pollen sterility was observed both in yellow and brown anthers at
diploid and tetraploid levels. The difference of pollen sterility between yellow
and brown anthers was significant only in the No. 1 plant of H-19 (4X). It
seems that the abnormality of anthers are caused by environmental factors or
internal conditions.



Table 7.

plant with normal cytoplasm, H-19 (4X)-2

Intra-individual variation of pollen sterility in the tetraploid

anther 1 anther 2 anther 3 Mean sterility
Branch Flower rank in a flower
lobe a lobe b |lobe a lobe b{lobe a lobe b
— (%)
a 8 8 10 14 6 13 9.8
1

(Base) b 86y (99) 23 31 65  (80) 64.0
c 7 11 8 11 14 21 120
a 4 11 21 10 9.3
2 b 5 6 5 5 50
c 3 12 4 15 16 9.3
a O7)  (99) 40 (53) 13 33 55.7
3 b 4 8 8 4 7 6.2
c 4 6 6 10 10 6.8
a 11 12 6 12 8.3
4 b 9 9 10 10 75
[¢ 5 8 9 6.3
©9)  (99) | (100)  (100) | (100)  (100) 100.0
(Tg’p) (100)  (100) | (100)  (100) | (100)  (100) 100.0
¢ (100)  (100) | (100)  (100) | (100)  (100) 100.0

* Lobes with more than 50% sterile pollen grains are enclosed in parentheses to
emphasize “islands of sterility”.

Table 8. Pollen sterility of yellow anther (dehiscent) and brown
anther (non-dehiscent) in H-19
Pollen sterility (%)
. . Plant Type of

Ploidy Strain No. cytoplasm Phenotype Yellow anthers | Brown anthers
1 N S.Sa 69.6 (2-1001 69.1 (14-100)

2X H-19
2 N S.Sa 55.3 (3-100) 69.2 (15- 99)
N SSa 68 (1- 14) 39.4 ( 3-100)

4X H-19
(4x) 2 N S.Sa 12.2 (1- 38) 20.3 ( 4- 43)

1) Average of 15 anthers

2) Range of variation

3. Modification of male sterility by environmental conditions

were used for
examining the influence of environmental factors on phenotypic expression of
male sterility. In order to examine the effect of low temperature during the
microsporogenesis, plants were shifted into a low temperature cabinet (3° to 5°C)

Two extreme conditions, low temperature and no fertilizer,
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Table 9.

by low temperature

a. Experiment in 1963

Modification of pollen sterility after treatment

Pollen sterility (%)

Ploidy | Suwin | Bt | Tone of Phencepe o Afers | Ghanke of
treat. treat.
1 N 14 25.1 N—N
2 » 19 232 | NN
3 ” 2.2 26.2 N—N
4 ” 2.3 24.3 N—N
2X H-19 5 N . 2.7 58.3 N—S.Sa
6 » 33 59.5 N—S.S.a
7 ” 42 462 | N—SSa
8 » 7.8 26.2 N—N
9 ” 10.3 25.7 N—N
1 N 3.8 85.3 N—S.S.b
2 » 184 100 do
‘ 3 ” 26.7 CS. N—CS.
2X |H-19MS 4 § SS.b 100 C.s. $.8.b-CS.
5 CS. Cs. Cs. CS.—CS.
6 » Cs. Cs. do
1 N 14.0 100 N—S.S.b
2 SSa 330 916 | SSa—SSb
3 » 452 85.1 do
4 » 51.3 100 do
5 » 54.3 100 do
6 S.S.b 73.9 100 $.S.b—S.S.b
4X 4M-50 S
7 ” 87.6 100 do
8 » 100 100 do
9 » 100 100 do
10 » 100 100 do
11 » 100 100 do
12 ” 100 CS. $.S8.b—CS.

* Highest pollen sterility after treatment by

with illumination, and stored for 3 days after the onset of first flowering.
Pollen sterility was observed just before the treatment and at every two days
As shown in Table 9a and b, some plants
In the male sterile

after completion of the treatment.
were affected severely even in normal cytoplasm plants.
strains, H-19 MS and 4M-50, most of the plants except for complete sterile

low temperature.

plants were affected remarkably and changed their phenotypic expression.



b. Experiment in 1965

Ploid Strain Plant Type of [Phenotype Pollen sterility (%) Change of
¥ No. cytoplasm| of M.S. |Before treat.|After treat.| phenotype
N 1 10 N—N
2X H-19 N
2 » 3 96 N—S.S.b
1 N 1 23 N—N
2 ” 3 38 N—S.Sb
3 » 5 96 N—S.S.a
4 s ”» 9 39 N—S.S.a
5 ” 10 94 N-S.S.b
6 » 13 83 do
7 ” 16 100 do
8 » 11 C.S. N—-C.S.
9 s SSa 23 100 $.8.a—»S.Sb
2% H-19 MS 10 ” 33 61 S.8.a—»S.Sa
11 S.Sb 76 CS. S.8.b—C.S.
12 » 80 CS. do
13 » 80 100 S$.S.b—S.S.b
14 < ” 81 CS. S$.8.b—C.S.
15 ” 93 100 S$.8.b—S.8.b
16 » 99 C.S. S.8.b—C.S.
17-270 » 100 100 S.8.b—S.Sb
28-322) ” 100 CS. S$.8.b—C.S.
33-368) S C.s. C.S. C.S. CS.—C.S.
1) 11 plants 2) 5 plants  3) 4 plants
H—13 (N}
oos —==-= H—13MSIN)
. — - — 4M-50(S5.a)
s” Tl
- 80 // \\\
e /, \\\
- //, -\ ’/\\ \\\
- 60 |- ,// / \\/ \\
/ / )
= 40p ‘
E //
- 20 S
i \_\’/
1 | 1 | 1 1 ! L
0 1 3 5 7 9 ¥ 13
BAYS

Fig. 2.

Change of pollen sterility after the low temperature treatment.

39
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Table 10. Modification of pollen sterility by deficiency of fertilizer

a. Experiment in 1967

Fertilized soil Vermiculite*

: : Plant Pollen Pollen

Ploidy Strain No. Phenotype sterility Phenotype sterility
of M.S. of M.S.
(%) (%)
1 N 4 N 9
2X H-19

2 N 3 SS.b 95

1 N 5 N 0

2X H-19 MS 2 S.S.b 100 C.S. 100

3 C.S. C.S. C.S. C.S.

* Fertilizer was not applied.

shown in Fig. 2, the influence of low temperature increased rapidly over 5 days
after treatment in the plants of N and S.S.a types. The results indicated that
the complete sterile type is most stable, whereas other types are affected remar-
kably by the low temperature.

The effect of nutritional conditions was examined for the plants of H-19
and H-19 MS. The roots of the plants were severed right in two. One of the
halves was cultured in vermiculite without the application of fertilizer. The
other half was cultured in heavy fertilized soil. The effect of nutritional condi-

tion was not so large that the changing of phenotypic expression from male
fertile (N or S.S.a) to male sterile (S.S.b) was rarely indicated both in N and S
cytoplasm (Table 10a and b).

4. Anther development in the male sterility affected by the treatment of
low temperature

Pollen sterility and dehiscence of anthers were affected to some extent
following low temperture treatment in most of the plants (Table 9a and b).
In the experiments of 1963, four plants with altered phenotypes after treatment,
were used for cytological observations. The small buds were sampled two times
in each plant one day prior to the treatment and at two days after the comple-
tion of the treatment. Anther development was compared between the materials
which were sampled at both times.

As shown in Table 9 a, the plant No. 6 of H-19 (a normal cytoplasm strain)
showed an S.S.a type after the treatment. Anther development was normal in
the material which was taken befor the treatment, whereas the tapetal cells were
slightly enlarged and were adhered to the anther wall longer than normal type
in the material sampled after the treatment (Fig. 3 a).

The plant No. 3 of H-19 MS (a male sterile strain) indicated a most drastic
change of the phenotype, from N to C.S. In the material before the treatment,
development of tapetum and microspores proceeded normally, while a typical



b. Experiment in 1968

Fertilized soil " Vermiculite

Ploty | seain | 0O Phenotype| - PElen | phenowee | PolE
" (%) A (%)

1 N 2 N 1

2 - 2 » 2

3 » 2 v 8

2X H-19 4 N » 4 ” 25
5 ” 18 S.Sa 56

6 » 20 N 3

7 S.S.a 44 " 27

1 N 7 S.S.a 66

2 » 11 N 28

3 ” 13 » 21

4 » 21 » 12

5 » 29 »” 28

4X | H-4002 0 N 7 » S5S.a .
7 S.S.a 31 N 26

8 " 40 S.S.a 35

9 ” 40 » 44

10 » a1 N 28

11 » 45 S.Sa 60

12 " 48 " M

1 N 21 SSa 56

2 S.S.a 37 » 58

3 » 54 ” 56

4 ” 62 S.Sb 93

5 S.S.b 72 $Sa 45

6 » 79 S.Sb 73

4X | 4M-50 ! S 7 94 ” m
8 ” 96 ” 100

9 ” 97 - 95

10 " 98 » 98

11 ” 99 » 77

12 ” 100 ” 99

13 » 100 » 100

14 ” 100 » 100

41
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Fig. 3. Transverse sections of anthers in the male sterility
affected by the treatment of low temperature.

Persisting tapetum at a later stage of microsporogenesis in the S.S.a type
produced from a normal plant of H-19 (N cytoplasm strain) after the
treatment. X 100.

Mixture of different division stages of meiosis within a single flower which
was observed in the C.S. type produced from the S.S.b type in H-19 MS
after the treatment. X130.

Thickened anther walls and smaller microsporangia containing a small
number of the quartets, which was observed in a plant of 4 M-50 (tetraploid
S cytoplasm strain) after the treatment. x 100.

Tapetal plasmodium showing a pseudopodium-like incursion in the C.S.
type produced from the S.S.b type in 4 M-50 after the treatment. X 350.
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develoment of tapetal plasmodium was observed in the material after the
treatment.

A timing unbalance in meiosis within a flower was observed in the plant
No. 4 of H-19 MS which showed an altered phenotype from S.S.b to C.S. type
after the treatment. Anthers of an earlier stage of meiosis and tetrad stage were
found mixed within the same flower (Fig. 3 b).

A new type of abnormality of anthers was found in the material after the
treatment in the plant No. 1 of 4M-50 (a tetraploid male sterile strain). Anther
walls thickened prominently and the growth of the anther cavity was inhibited
at the tetrad stage (Fig. 3¢). The number of pollen mother cells were fairly
decreased. This may be due to a certain low temperature effect.

In the plant No. 12 of 4M-50, a characteristic of the tapetal plasmodium
and complete breakdown of microspors were observed in the material after the
treatment, while the tapetal enlargement was not so pronounced in the material
before the treatment (Fig. 3 d).

The observations showed that a tapetal abnormality is associated with
a breakdown of microspores in the induced male sterility by low temperature.
The degree and timing of abnormality in the tapetum are also modified by low
temperature.

Discussion

Investigations on the stability of a male sterile character for the internal
and environmental conditions is a fundamental problem in the use of male
sterility. GABELMAN (1956) suggested that variability in the male sterility may
be due to environmental factors, genetic factors, and their interactions.

In the authors’ experiments, variations of pollen sterility during the flowering
period and in different flowering seasons, were examined with reference to the
phenotypic stability of this character. It is indicated that the semi-sterile type-a
fluctuated considerably, while the complete sterile and the semi-sterile type-b
were quite stable. Frequently, S.S.a changed into N or S.Sb and a reverse
change was recognized during the flowering period and between different seasons
within the individual plants. Hocasoam (1957) also observed that the partial
sterile type varied considerably between dates for several seasons of the individual
plants. In this experiment, the phenotype of male sterility was decided on the
basis of repeated observations throughout the blooming period and questionable
plants were re-examined in the next flowering season. In addition to this, the
stability of pollen sterility within a single flower was examined in representative
plants from each phenotype. A remarkable difference of pollen sterility was
observed between different anthers and between different lobes even within
a single flower especially in S.S.a type, whereas C.S. type and most of S.S.b
type were quite stable throughout the entirity of the plant. GABELMAN’s
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hypothesis on the particulate male sterile factor was not supported from the
authors’ results on the intr-aindividual variations of pollen sterility in S and N
cytoplasm plants. Similar results were obtained in partially fertile plants both
in Texas and normal cytoplasm in corn (Duvick 1965). It seems that pollen
sterility and dehiscence of anthers are affected prominently depending on some
internal factors which interact with environmental conditions during the develo-
pmental process of the plant. STEIN et al. (1959) recognized the reversion of
fertile pollens from the typical complete male sterile plants. They presented the
assumption that the reversion is due to an accumulation of “fertility substance”
or to exhaustion of a “sterility substance” which are associated with the rela-
tionship between vegetative and generative development,

Modification of male sterility was investigated in two extreme conditions,
i.e. low temperature and starvation culture. The results showed that low
temperature is effective in the inducement of pollen sterility in N cytoplasm
and changes the degree of the male sterility in S cytoplasm. In an extreme
case, a N type plant with S cytoplasm showed an alteration to the C.S. type
after the treatment. The effect of starvation culture was not so strong as
compared with the effect of low temperature. However, several plants signi-
ficantly increased their pollen sterility under cultivation in the vermiculite without
fertilizer application. This result depends on the fact that the halves split root
stores sufficient nutrients to induce a normal generative development. According
to CorTEssl (1967) various environmental conditions affect the expression of
male sterility. The phenotypic expression of male sterility was influenced to
some extent by different combinations of day length and temperatures, light
intensity and pretreatment of stecklings and seeds. RomrBAcCH (1965) denoted
“modifiability” for the changes in the phenotype in different habitats and in
different years, distinguishing from ‘“variability” in the same habitat during the
flowering period. “Modifiability” are affected by starvation culture, gene mutation
and solar Tadiation in different lattitudes. A genetical influence is assumed to be
shown in common for modifiability and variability in the same way. In onions,
male sterility is not influenced even under long and normal photoperiods and
temperatures below 21°C (BaArHAM and MUNGER, 1950). However, in corn, cool
and humid conditions at flowering times and omission of N fertilizer cause
a higher percentage of pollen fertility (Duvick 1960, 1965).

The anther and the component tissues, especially the sporogenous and the
tapetal tissues, are extremely susceptible to even mild environmental and internal
changes (VasiL 1965). Sax (1937) observed many irregularities in meiosis and
microspore development when the plants were subjected to low and high tem-
peratures. SAKAI (1943, 1949 a, b) found that hypertrophied tapetum has a close
relation with pollen abortion when rice plants are subjected to low temperature
under 14°C during the meiosis and microspore stages.

In this experiment, normal and male sterile plants were placed under low
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temperature (5°C) for 3 days. Tapetal periplasmodium making pseudopodium-like
incursions into the anther cavity was observed in the plants which altered their
phenotype from N or S.S.b type to CS. type following the low temperature
treatment. The results indicate that the formation of plasmodium is not always
a feature appropriate to the genotype, S xx 2z but may also be brought about
by physiological causes. Tapetal abnormalities such as the prolonged adherence
of the swollen tapetum are also associated with the pollen abortion induced by
low temperature in the normal cytoplasm plants. In addition to this, abnormal
thickness of anther walls and smaller microsporangia were observed in a tetra-
ploid semi-sterile plant after low temperature treatment.

OnTA and MAaTSUMURA (1960) reported that the relation between the tapetal
tissue and pollen grains is thought to be the most important cause of male
sterility both in physiological and genetical causes. It seems highly probable
that the mechanism of pollen abortion by low temperature resembles that of
male sterility caused by interaction with the nuclear genes and the sterility-
inducing cytoplasm. '

Summary

As a basis for the practical use of the male sterility, the phenotypic varia-
bility was studied on the cytoplasmic male sterility at diploid and tetraploid
levels.

A considerable variation of pollen sterility was observed during the flowering
period or between different seasons, in most of the S.S.a type plants and some
plants of the N and S.S.b types. It was demonstrated that the pollen sterility in
semisterile type plants is unstable under different environmental and internal condi-
tions. A remarkable difference of pollen sterility was observed among different
parts within a single plant, especially in the S.S.a type plants. It seems that the
phenotypic expression of the male sterile character are affected prominently
depending on some internal factors which interact with environmental conditions
during the developmental process of the plant. The degree of the male sterility
was also significantly affected by low temperature and starvation culture. In an
extreme case, the N type changed into C.S. type after a 3 day treatment under
low temperature (5°C).

The anther and component tissues, especially the sporogenous and the tapetal
tissues are susceptible to the environmental changes, such as low temperature.
Tapetal periplasmodium making pesedopodium-like incursions was observed in the
plants which altered their phenotype from N or S.S.b type to C.S. type after
low temperature treatment (5°C for 3 days). The results indicate that the forma-
tion of tapetal plasmodium is not always a feature appropriate to the genotype,
S zx zz, but may also be brought about by physiological causes. In addition
to this, prolonged adherence of the swollen tapetum was also associated with the
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pollen abortion induced by low temperature in the normal cytoplasm plants.
Besides these phenomena, abnormal thickness of anther walls and smaller miro-
sporangia were induced in a tetraploid semi-sterile plant after low temperature
treatment.
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