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I. INTRODUCTION

The exploitation of hybrid vigour is being extended
to many crops following its success in orops such as maize,
ba jra and onion. The commercial utilization of heterosis
requires some easy mechanism for Fy seed production; among
many such mechanigms tried so far, most attractive has
been the use of male sterility. In fact, detection and
use of male sterility has been rapidly increasing in the
breeding of erop plants. Originally such attempts were
somewhat confined to cross pollinated crops. But, of
late it is being extended to self pollinated crops as

well,

"Rice, Oryza gativa L. 1s the main source of
nourishment for over half the world's population, and even
upto 80 per cent in south east Asia. About 414 million
tonnes of rice is produced on about 145 million hectares
of rice land all over the world, Asla tops the list in
total rice production (376.2 million tonnes) and Australia
in productivity (7179 kg/ha). In an area of about
40 million heotares, India produces 82 million tonnes,
of which 2.3 million tonnes are produced in Karnataka, on

1.16 million hectares of rice land.

1960's saw a technical reform in rice production
in India as well as in the world. Many changes have
been introduced in the plant type, 1ts duration, resistance



to diseases and pests, response to manures, fertilizers
etc,, which made it possible to increase the production
two fold. Also there was a steady increase in yleld
ti1l1l late seventies. But the trend of yleld increase
is not maintained during the recent years in most
important rice growing countries except China, giving an
impression that there has been some plateauing in
production. Exploitation of hybrid vigour is one
possibility that would help to break this plateau and
help further increase the rice production. Though reports
of heterosis upto 186 per cent of the better parent were
published as early as thirties, its commercial exploita-
tion has heen delayed for want of cheaper method of
hybrid seed production.

Though male sterility in rice was reported as early
as 1957, its practical use on commercial scale in the
field started in late seventies in China (Lin and Yuan,
1980). In India too, rigoroua search is being made in
some institutions to identify male sterile lines, main-
tainers and restorers which would be economical under

local conditions,

Male sterility was reported in Karmataka in early

geventies (Mahadevappa, 1973a). But so far no attempt
is made to develop sterility maintainers and to identifty

restorers for its commereial use. Therefore, in the

na



present investigation, several varieties representing a
wide genetic diversity were screened to identify maintainers
and restorers, 1f any, to the male sterile lines included

in this study.

In introducing the commercial cultivation of
hybrids it is relevant to know the degree of outcrossing
on male sterile lines, for it determines the amount of
hybrid seed production which provides information to
know the economic feagibility,. |

Heterosis of hybrids is important in any hybrid
breeding programme, Understanding the magnitude of
expression of heterosis for yleld and yield contributing
characters is a necessary step before embarking on
hybrid rice breeding. This would help in the
selection of potential parents, through general combining
ability and specific combining ablility effects.

Hence, the present investigation with three male
sterile lines and 22 varieties was carried out with the

following objectives.

i, to identify maintainers and restorers

for male sterile lines)

ii. to estimate the magnitude of heterosis
for yleld and yleld oontributing

characters)



111, to estimate comdining ability effects
for different yield and yield

contributing characters and

iv. to evaluate outcrossing rate on
. different male sterile lines due
to different pollinators.
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II, REVIEW OF LITERATURE

Literature on the subjeet of heterosis is vast.
But that on the exploitation of hybrid vigour in self
pollinated crops is limited. Hence a very brief and
selected review on heterosis in general, and available
literature on heterosis in rice and similar crops have

been presented in this chapter.

Hybrid vigour, the manifest effect of heterosis
has been one of the most interesting topics in the science
of genetics as well as in plant breeding. Studies on
hybrid vigour, in the beginning were mainly of academic
interest. Various hypotheses have been advanced to
explain the phenomenon, Theo;y of heterozyszosity
(Shull, 1908 and 19113y East, 1908), theory of dominance
(Devenport, 1908; Bruce, 19103 Keeble and Pellow, 1910),
theory of intra-allelic interaction (East, 1936), the
super dominance or over dominance hypothesis (Hull, 1945),
and physlological hypothesis (Ashby, 1930, 1932 and 1937)
are some among the several hypotheses putforth. But
consensus is that one or several of thege hypotheses aet alone
a&?.in'combination for any given situation of heterotic
effect,

Heterosis or hybrid vigour has been recorded in many

crop plantsy bdut it 1s successfully exploited only in a
few of them due to limitations in large scale and economical



hybrid seed production. The unisexual and monoecious
nature of plant (maize), dichogamy (malze and bajra),
male stoerility (sorghum and bajra) and prolific seed
production per hand pollination (tomato, brinjal, cotton
and tobacco) have made large scale hybrid seed production
possible and applicable under field conditions. Initially
exploitation of hybrid vigour was restricted only to
cross pollinated and often cross pollinated crops. But
following the development of male sterile lines and of
large scale hybrid seed production techniques, the
exploitation of hybrid vigour is being attempted in self

pollinated crops as well.

Rice is a self pollinated crop. Hence improvement
in this crop has been largely through introductlon,
selection, mutation, hybridization. Recently, with
the discovery of heterosis and male sterility, greater
importance 1s being placed on the possibility of hybrids
for commercial cultivation. Recent reports (Lin and
Yuan, 19803 Viramani et al. 1981) have indlcated
that the rice hybrids in China and Philippines have shown
20-30% greater yield than non hybrid varieties under
irrigated conditions.[h;hiJ Yuan (1980) have reported
that about 17 per cent of total rice area in China is

currently under hybrids.

Singil'din (1978) '  outlined a scheme for
producing a complex heterotic hybrid population using



genetic male sterile plants, which performed best P3 onwards
in fertile population, However, to develop good hybrids
it would bve neeossary to estimate the extent of heterosis
and combining ability of the parents, to assess their
potentiality, A brief review of the literature on
heterosis and combining ability is presented below,

2.1. HETEROSIS

2,1.1. Plant heizsh

Kadam et al. (1937) reported that in the varieties
studied by them, the estimates of heterosis ranged from
2,00 to 2,39 pér cent over the better parent and 7.48 to
84,05 over the inferior parent. Mitra (1962) in the
erosses of winter varieties of rice, Patnai-23 and
Bharamnik and summer varieties Charmock and Dharival

obgerved hybrid vigour in F, generation. He further

1
noticed that it persisted in F2 generation and the mean

height in F, generation exceeded tall parent. Heterosis
for plant height was observed by Dzyuba (1975) in the

Fy and F, rice hybrids. He reported that the tallneﬁs

is controlled by dominant gene and dwarfness by recessive
gene, Mallick et al., (1978) reported that the heterosis
was positive for this character in the crosses among six
varieties. However, slignificant heterosis - could not be

detecitad for this character in some hybrids studied elsewhere
(Dhulappanavar et al., 1970; Subbaiah Pillai, 1961).



In a diallel analysis, amongst number of varieties
including IR 8 and Basmati 320, additive genetic effects
waere observed (Khan and Khan, 1980)., Chan (1980) observed
dominant effect for plant height in a diallel set between
jJaponica and indica varieties.

2.1.2, Number of tillers per plant

Kadam et al, (1937) reported that the heterosis
present for this character was 2.0 to 5.8 per cent over
mid parent. Madhusudana Rao (1965), in a study of rice
crosses, found that the hybrid with S1-013 as one of the
parents showed high heterosis, hybrids producing 1.9 to
9.3 tillers more than the superior parent.

Marked heterosis was recorded in respect of number
of tillers in three intervarietal hybrids by Dhulappanavar
et al. (1970).

Khan and Khan (1980), in a diallel analysis amongst
number of varieties including IR 8 and Basmathl 320,

qbserved additive genetic effects to be in operation in
controlling this character, |

2.1.3. Number of panicle bearing tillers

Saini et al. (1974), in their study on panicle
bearing tiller number in rice hybrids, reported that hybrid
vigour in Py ranged from 0.14 per cent to 162.07? per cent
over midparent and -8.73 to 71.85 per cent over better parent,



Shalaan et al. (1975) reported that the number of
earbearing tillers per plant was quantitatively inheri ted
and showed significant heterosis. Purohit (1972) and
Singh and Singh (1978), in their study on rice hybrids,
reported positive heterosis for this character in relation
to better parent,

2,1.4, Length of the panicle

Dhulappanavar and Mensinkal (1967) reported that
the panicle length in Fys exceeded that of parents, Lndicat-
ing vigour to the extent of 13.79 per cent over the better
parent and 29.14 per cent over the midparent. Maximum
heterosis was recorded in S 199 x Wamar 1, next in order
being T 65 x China 2 among the crosses studied by
Dhulappanavar et al. (1970). Pogitive and significant
heterosis was also observed for this character in the
Py generation of the cross NC 1281 x Cauvery (Bardhan
Roy et al., 1975). Similar results were also reported by
Madhusudhana Rao (1965), Idsumi (1937) and Capinpin
and Punyasingh (1938).

The length of the panicle exhibited significant
heterosis in two rice corsses studied by Shalaan gt al.
(1975). Mallick et al. (1978) reported negative heterosis
for the above chracter in the Fy of crosses among six
varieties. Shrivastava (1981) also observed significant

heterosls for this charaocter.



2.1.5. Dayg o maturity

In the Fys of five crosses, Bardhan Roy et al.
(1975) reported negative heterosis. Similar results
were obtained by Purohit (1972) in the study of six
crosses of rice, F; hybrids between Qryza glaberrima
and Qryza sativa were found to be heterotic for

earlineas (Carpeniter, 1275). Yap and Chang (1976) reported

positive heterosis for this character.

2.1.6, Total spikelets per panicle

Dzyuba (1975) observed heterosis for number of

spikelets per panicle in F, and F2 nybrids of Redi x

Cross 4428 and Krasanodar izu X Ango. Similar reports
were also obtained by Singil'din and Shilovskii (1977).
Significant heterotic effect was found for the above
character in a diallel croés among five varieties (Chatel
and Dechanet, 1980). Fy hybrids between iwo indica
and two Jjaponica varieties exhibited heterosis for the

above character (Chan, 1980).

Mallick et al. (1978) reported negative hetervsis

for number of fertile zrains per panicle in the Fq of the
crosses among six varieties, whereas Singh and Singh

(1978) reported positive heterosis for this character.

2.1.7. Splkelet gterility

Rajagopalan et al. (1973), in their study of the

10



tall and dwarf varieties reported that the spikelet
sterility in the Fys ranged from 12.9 to 81.8 per cent.
Bardhan Roy et al. (1975) reported low but positive
heterosis for spikelet sterility in the Fys of four
crosges of rice whereas Yap and Chang (1976), from a

5 x § diallel analysis, reported negative heterosis for
this character. Fy hybrids between Q.}g;ggggzimg and

Q. gativa were found to be heterotic for spikelet sterility
as reported by Carpenter (1975).

2019 8. 000 weli

Significant heterosis was observed for 1000 grain
welght in crosses assessed by Dhulappanavar et al. (1970).
Earlier reports by Capinpin and Punyasingh '1938) and
Dhulappanavar and Menshinkal (1967) differ from each other,
the first one falling to show heterosis and the second

recording negative heterosis.

In one of the two crosses examined by Shalaan et al.
(1975), significant heterosis for 1000 grain weight was
observed. Chan (1980) reported heterotic effect for this
character in the Fis of the dlallel cross between indica
and japonica varletles.

2.1.9. Grain yleld per plant

Shalaan et al. (1975) reported that the yield per

plant was quantitatively inherited and heterosis for the
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character was significant in one of the two crosses.
Singil'din (1978), while measuring heterosis for the
main economic characters in hybrids, reported that the
heteroasls for the above character ranged from 11 to 23
per cent depending on the cross and the year. Similar
findings have also been reported by Singh and Singh
(1978) and Khaleque and Joarder (1978).

Maurya and Singh (1978) reported that eleven

crosges exhibited heterosis over the better parent, although
the yleld components assoclated with this effect varied
between crosses in several diallel sets. Srivastava
(1981) observed heterosis and reported that yield per
panicle and yleld per plant were positively correlated with
plant height. | Noticeable heterosis over higher parent

wds also recorded in earlier reports (Kadam et al., 1937
Capinpin and Punyasingh, 1938; and Ramaiah, 1935).

Most of the avallable literature on extent of
heterosis and heterobeltioslis in rice with respect of

various characters is summarised in Table 1.
2,2, COMBINING ABILITY

Singh et al. (1977) in a study of six diallel
crossesg obgerved significant general combining ability
and specific combining ability variances for panicle
length, number of primary branches, spikelet number,

1000 grain weight and grain yleld per plant. The highest
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general combining ability and specific combining ability
effects for grain yleld were produced by CH;, and
Badshahpasand x CHj, respectively,

Singh et al. (1979) reported that specifi§ combining
ability variances were greater than those due to general
combining ability, indicating the predominance of none
additive genes in the control of all the charaocters studied.
Significant general combining ability effects were shown
for all the characters except panicle length in most
croases involving IET 3618,

Rao et al. (1980) reported that the general and
specific combining ability variances were significant for
all 10 yleld component characters in a diallel of seven
varieties. Six agronomic and yield component characters
wore studied in the progeny of a § x 5 diallel and both
additive and non-additive gene effects were detected for
all the characters. Varieties with best general combining
abllity for different characters visz., number of days to
heading, number of panicles, panicle length, height
and yleld per plant were identified. Similarly, varleties
with good specific combining ability were alsc identified,

2,3, PERCENTAGE OF OUTCROSSING

Experience in China in hybrid seed production and

hybrid cultivation has shown that raising male sterile
1lines (A and B) in one hectares would suffice to take up
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hybrid seed production in an area of 30 hectares (Anoﬁ. 1981)
This would yield enough seeds for planting 1000 hectares.
However, this ratio may vary based on technique employed

in male sterile line, and hybrid seed production. Since
paddy is a self pollinated crop, the percentage of oute
crossing achieved plays an important role in commercialising

hybrid rice cultivation.

Srinivasan and Subramanian (1961) reported that the
percentage of natural cross pollination ranged from 0.04
to 0.03 and the distance upto which the natural cross
pollination took place ranged from 6 to 7 feet from the
pollinating agent.

The estimated natural cross pollination in two winter
rice varieties by Palaniswamy and Rajagopalan (1964) ranged
from 0,004% to 0.113%. Natural crosses were found in all.
directions and was not confined to any particular row
indicating that the pollen travelled in all directions. The

per cent natural crossing in the first row at one foot
from the pollen parent in iglt dhe= directiomsappeared to

be similar,

Mahadevappa (1973b) observed 4 per cent of cross
pollination when male sterile plants were grown along with
the varlieties. He also observed as high as 24 per cent

gseed set on the male sterile plant and about 50 per cent on

some panicles by open anemophily and controlled pollination.



Repev et al. (1975) reported that among the
hybridization methods tested, the one giving the best
results involved emasculation and shaking the infloree
scence of female parent together with 4-5 panicles of
the maleg, The percentage success in crosses reached 41
ih‘21 "crogsag of Soviet varieties. The highest seed
set was achieved at an alr temperature of 24-27°C during

pollination,

Viramani et al. (1980) during the dry season
planted two cytosterile lines along with their respective
maintalner lines as pollen source in two lsolation plots
with a planting ratio of 115, The outcrossing on male
sterile plants ranged from 35 to 40 per cent. The male
sterile line Zhenshan 97A showed higher seed set than V20A
because of its better panicle exsertion and synchronised
flowering in relation to the pollen parent. The higher
geed set was observed on the male sterile plants planted

across the wind direction.

Azzinil and Rutger (1982) reported that the amount
of outcrossing on three short statured male steriles of
rice, when planted in alternate rows with tall cultivars
was very poor in case of genetic male sterile lines,
indicating that this type cannot be considered useful
in hybrid seed production. But cytoplasmic male sterile
lines showed average seed set of 5.4 per ecent in 1978

20



and 32.5 per cent in 1979, The higher seed sot in

1979 was due to better synchronisation.

Sharma 8t al. (1982) evaluated outcrossing potential
of V20A, a oytosterlle line, under open pollination using
V20B as pollinator. Both were grown in isolated plots
in two seasons and the B-line was staggered planted to
provide male aterile plants a substantial pollen load for
two to three weeks. There was no significant difference
in seed set in two dry seasons (22.6 per cent in 1981
and 26,3 per cent in 1982), They opined that spraying
gibberellic acid, flag leaf cutting and synchronised
flowering may enhance <the sesed set potential of the
male gterile line,

2.4, MALE STERILITY

In the entire plant kingdom, species flowering
annually (whioh must reproduce by means of seed) tend
to be esasily, if not obligately, self fertilized (Rick
and Butler, 19563 Watts, 19633 Rowkands, 1964). Some
gpecies tend to have mechaniams such as dioecism,
monoacism, heterdstyly. protandry, self-incompatibility
and male sterility which promote cross pollination. Hale
sterility was expiclied in many crops such as sorghum,
bajra, malze, onion, sugarbeet etc., and as early as in
1962 the impact was so high that it was estimated that
23 per cent of all onlons produced were hybrids; 60 per
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cent of total sugarbeet were hybrids; ocorn hybrids
occupied 85 per cent of the total corn acreage, and
hybrid grain sorghum was grown on 90 per cent of the

total acreage. Earlier, the exploitation of advantages
of male sterility were restricted to only cross pollinated
erops. But now it has been successfully utilised in
highly self-pollinated crops also such as wheat, tobagco,

carrot;. tomato etc., and rice is one among them.

Though the existence of male sterility in rice was
discovered as early as 1927, it ig only in 1950's that
the genetic and cytologlical study of male sterility was
initiated. Because the work on breeding of male
sterile lines, maintainers and restorers was slow %ill
1972 and little information was known on pollen
abortion (Anon. 1981). A brief review on male sterility
in rice is given under different headings.

2.4.1, Genetic male gterility

Field observations over three years by Trees and
Rutger (1978) on P, Fy, F3 and F3 of crosses with male
sterile plants of five cultivars revealed that the male

sterility from each source is controlled by a single
recessive gene, Some male sterile lines showed little
or no stainable pollen when tested with iodine, whereas

others produced much stainable pollen and were considered

to be functionally sterile due to morphological disorders.
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Singh and Ikehashi (1979) reported that moncgenic
recessive male sterility can be induced by use of a
chemical mutagen-sthylenimine. Thus male sterile lines
have shown excelled cerossability with thelr male fertile
parent. A few male sterile lines showed good panicle

c@xgertion and hence had high outcrossing percentage.

2,4,2, Cytoplagmic genic male sterility

Watanabe (1971) obtained a cytoplasmice-genetic
male sterile line in the progenies of the cross between
‘Lead' Burmese variety (indica) and *'Fujisabea-5" a Japanese
variety (japonica). The sterile line with the nucleus
of 'Fujisabea«5' in the cytoplasm of ‘'Lead’ showed almost

complete sterility.

Kinoshita et al. (1980) reported thaf reciprocal
differencesof pollen and spikelet fertilitjs.: were observed
in the P, hybrids from a diallel between four Japanese
and four Indian varietles, Hence hybrlid male sterility
was caused by the interaction between the oytoplasm and
nuclear genes, True breeding male sterile lines were
produced after seven to ten back crosses to the recurrent

parent.

Parmer et al. (1981) conducted many reciprocal and

various back crosses involving known sources of cytoplasmie

male sterility. They attributed male gterility to nuclear
genes in a few lines and they also reported cytoplasmic
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male gterility-fertility restorer system.

24 l&. .3. Pgllen abo rtiﬁ;;

‘Pollen abortion occurred in most of the male
sterile lines at the uninucleate stage, when tapetal
cells degenerated abruptly as a result of the rapid
enlargement and vacuocle formation of the middle layer
cells, Pan (1979) observed that the vascular bundles
in the filaments were poorly differantiated with 50 per
cent aborted pollen grains in the anthers, while in the
anther with only 20 per cent aborted grains, the vascular
bundle was apparently normal in fllament. Anther culture
was performed by Ling et al. (1981) with three diverse
lines possessing cytoplasmic\male sterility. Baged on
the stage at which microsﬁonio abortlon occurred, three
groups of cytoplasmic lines worc observed - pollen |
abortion during (1) the post meiotic tetrad stage, [1ii) the
pre«binucleate phase and (iil) after normal pellen

developmant.
2.5. IDENTIFICATION OF MAINTAINERS AND RESTORERS

Yuan Long-ping started research on male-sterility
and its utilization in rice as early as 1964, He found
a common wild rlce plant with abortive pollen on Hainan
Island only in 1970. By repeatedly crossing to rice
cultivars (ZB ), a male sterile line, maintainer line and

restorer line were successfully developed by 1973, and a
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“group of superior cross combinations wefe identiried.
The hybrid rice was planted experimentally with success
in 1974 and hybrid rice was popularised in 1976 on a
large scale (Anon. 1981),

In India, Mahadevappa (1973a) crossed 21 varieties
to male gterile plants and indicated wide scope for
obtaining both the fertility restorers as well as
sterility maintainers to Karnataka male sterils line-i,

In Japan, of the 511 varieties crossed with a
completely male sterile strain of Taichunge=65 with
cytoplasm from °'Lead' rice, 175 were identified as
restorers and almost all of these being from Southern
Japan (Ishimine and Shinjo, 1978), Ishimine and
Shinjo (1978) reported that, of the 213 varieties
crossed with a completely male sterile strain, 22 from
North Japan and five fromthe South were restorers.
of the non-restorers, 111 were from the North and 75 from
the South. All the 214 varietles crossed with a completely
male sterile line with cytoplasm Q. perennig (CMSJ)

were non-rastorers.

It is reported that out of many elite lines
utilised, IR 747 B~6-3 and IR 10154+23-3-2 were effective
mintainers of cytoplasmic male sterility while IR 279-105-
2-3 were restorers of fertility of Zhcnishan 97A and V20A
(Anon. 1980). The IRRI varieties IR 24 and IR 26 were
used extensively as restorers in hybrid rice breeding in
China.
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III. MATERIAL AND METHODS

The present investigation was carried out in the
wet lands of the Main Research Station (MRS), University
of Agricultural Sciences, Hebbal, Bangalore during summer

and Kharif seagsons of 1982, The experiment included

22 varieties and three male sterile lines. The soll type

of the experimental plot was sandy loan and pH 6.5. The

irrigation was provided throughout the growth perlod. The
monthly rainfall, average maximum and minimum temperature,

relative humidity and sunshine hours during the experie

mental period are presented in appendix I.

3.1. Materia)

Twenty-two varieties commonly cultivated in the
area were selected as male parents along with three male
sterile lines as female parents (Table 2). Male sterile
lines included were those developed from the cross IR 8 |
and C-435 (Jeerizesanna) at the Regional Research