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I. INTRODUCTION 

Th« exploitation of hybrid vigour Is b«lng extended 

to many oropa following I ts suooess In erops such as nalzs* 

bajra and onion. Tho oommerolal ut i l izat ion of hetsrosls 

requires some easy mechanism for P̂  seed productloni among 

many such meohanlsms tried so far* most attractive has 

been the use of male s t e r i l i t y . In fact* detection and 

use of male s t e r i l i t y has been rapidly increasing in the 

breeding of crop plants. Originally such attempts were 

somewhat confined to cross pollinated crops* But* of 

late It i s being extended to se l f pollinated crops as 

well . 

Rice« Oryza satlva L. i s the main source of 

nourishment for over half the world's population* and even 

upto 80 per cent in south east Asia. About klk million 

tonnes of rice i s produced on about 145 million hectares 

of rice land a l l over the world. Asia tops the l i s t in 

total rice production (376.2 million tonnes) and Australia 

in productivity (7179 kg/ha). In an area of about 

40 million hectares* India produces 82 million tonnes* 

of which 2.3 million tonnes are produced in Kamataka* 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* i t s duration* resistance 
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to diseases and pssts» response to nanures* f er t i l i z er s 

etc.* whioh made i t possible to increase the production 

two fold. Also there was a steady increase in y ie ld 

t i l l late ssTenties. But the trend of y ie ld increase 

i s not maintained during the recent years in aost 

important rice growing countries except China* giviniv an 

impression that there has been some plateauing in 

production. Exploitation of hybrid vigour i s one 

poss ibi l i ty that would help to break this plateau aind 

help further increase the rice production. Though reports 

of heterosis upto 186 per cent of the better parent were 

published as early as thirt ies* i t s commercial exploita­

tion has been delayed for want of cheaper method of 

hybrid seed production. 

Though male s t e r i l i t y in rice was reported as early 

as 1957* i t s practical use on commercial scale in the 

f i e ld started in late ssTenties in China (Lin and Yuan* 

1980). In India too* rigorous search i s being made in 

some inst i tut ions to identify male s t e r i l e l ines* main­

tainors and restorers which would be economical under 

local conditions. 

iVfale s t e r i l i t y was reported in Kamataka in early 

seventies (Mahadevappa* 1973A)* But so far no attempt 

i s made to develop s t e r i l i t y maintainors and to identify 

restorers for i t s commercial use. Therefore* in the 



present Investigation, aeTeral varieties representing a 

wide genetic diversity were screened to identify oaintainers 

and rsstorersf if 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 feasibility* 

Heterosis of hybrids is important in any hybrid 

breeding programme* Understanding the magnitude of 

expression of heterosis for yield and yield contributing 

characters is a necessaxy step before embaiicing on 

hybrid rice breeding. This would help in the 

selection of potential parents* through general combining 

ability and specific combining ability effects. 

Hence* the present investigation with three male 

sterile lines and 22 varieties was carried out with the 

following objectives. 

i. to identify maintainors and restorers 

for male sterile linesi 

ii. to estimate the magnitude of heterosis 

for yield and yield contributing 

eharactersi 



ill* to estimats eombining ability effeota 

for different yield and yield 

contributing characters and 

iv« to evaluate outoroasing rate on 

different male sterile lines due 

to different pollinators* 



REVIEW OF LITERATURE 



II* RBVIBW OF LITBRATURB 

Literature on the subject of heterosis Is vast. 

But that on the exploitation of hybrid vigour in se l f 

pollinated orops i s l imited. Hence a very brief and 

selected review on heterosis in general* and available 

l i terature on heterosis in rice and similar crops have 

been presented in this chapter. 

I^brid 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 Iwginning were mainly of academic 

interest . Various hypotheses have been advamced to 

explain the phenomenon* Theory of heterozygosity 

(Shull, 1908 and 19II1 Bast, 1908}• theory of dominance 

(Devenportt 19O81 Bruce, 19IO1 Keeble and Fellow, 1910), 

theory of intra*al le l ic interaction (East, 1936), the 

super dominance or over dominance hypothesis (Hull, 19^5)» 

and physiological hypothesis (Ashby# 1930, 1932 and 1937) 

are some among the several hypotheses putforth. But 

consensus i s that one or several of these hypotheses a.th ov/one 

OHL! in combination for any given situation of heterotio 

ef fect . 

Heterosis or hybrid vigour has been recorded in many 

crop plants} but i t i s successfully exploited only in a 

few of them due to l imitations in large scale and economical 



hybrid se«d production* The unisexual and nonoecious 

nature of plant (naize)* dichogamy (staize and bajra)* 

male s t e r i l i t y (sorghum and bajra) and prol i f ic seed 

production per hand pollination (tomato» brinjal* cotton 

and tobacco) have made large scale hybrid seed production 

possible and applicable under f ie ld conditions. In i t ia l ly 

exploitation of hybrid vigour was restricted only to 

cross pollinated and often cross pollinated crops* But 

following the development of male s t e r i l e l ines and of 

large scale hybrid seed production techniques* the 

exploitation of hybrid vigour i s being attempted in se l f 

pollinated crops as well. 

Rice i s a se l f pollinated crop* Hence improvement 

in this crop has been largely through introductionf 

selection* mutation* hybridization. Recently* with 

the discovery of heterosis and male s ter i l i ty* greater 

importance i s being placed on the poss ibi l i ty of hybrids 

for commercial cultivation* Recent reports (Lin sund 

Yuan* 198O1 Viramani et â * 1981) have indicated 

that the rice hybrids in China and Philippines have shown 

20-30?li greater yield than non hybrid variet ies under 

irrigated conditions*L'n ftlJ Yuan (1980) have reported 

that about 17 per cent of total rice area in China i s 

currently under hybrids. 

Singil'din (1978) outlined a scheme for 

producing a complex heterotlc hybrid population using 



genetic male sterile plants, which performed best P* onwards 

in fertile population* Howerer* to develop good hybrid* 

it would be necessary 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. HEfEROSIS 

2.1.1, Plant height 

Kadam et a l . (1937) reported that in the variet ies 

studied by them* the estimates of heterosis ranged from 

2.00 to 2.39 per cent over the better i^rent and 7.^8 to 

8i^.05 over the inferior parent. Mitra (1962) in the 

crosses of winter variet ies of rice* Patnai«23 and 

Bharamnik and summer variet ies Chamock and Dharival 

observed hybrid vigour in P generation. He further 

noticed that i t persisted in P^ generation and the mean 

height in P2 generation exceeded t a l l parent. Heterosis 

for plant height was observed by Ozyuba (1973) in the 

Pj and Pg rice hybrids. He reported that the tal lness 

i s controlled by dominant gBne and dwarfness by recessive 

gene. Mallick s^^»$ (1978) reported that the heterosis 

was Positive for this character in the crosses among s ix 

var iet ies . However* signif icant heterosis' could not be 

detected for this character in some hybrids studied elsewhere 

(Dhulappanavar et al .* 1970| 3ubbaiah P i l l a i , 196l). 



In a d i a l l s l analysis* amongst number of variet ies 

Including IR 8 and Basmatl 320» additive genetic ef fects 

were observed (Khan and Khan* 1980), Chan (1980) observed 

dominant effect for plant height in a d i a l l e l set between 

.laponica and indica variet ies . 

2»1»2. Number of t i l l e r s 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 31-013 as one of the 

parents showed high heterosis* hybrids producing 1.9 to 

9.3 t i l l e r s more than the superior parent. 

Marked heterosis was recorded in respect of number 

of t i l l e r s in three Intervarietal hybrids by Dhulappanavar 

et a^. (1970). 

Khan and Khan (1980)* in a d i a l l e l analysis amongst 

number of variet ies Including IR 8 and Basmathi 320* 

observed additive genetic e f fects to be in operation in 

controlling this character* 

2 .1 .3 . Number of panicle bearing t i l l e r s 

Saini et a^. (197'f)> in their study on panicle 

bearing t i l l e r number in rice hybrids* reported that hybrid 

vigour in Pj ranged from O.l̂ f per cent to 162.07 per cent 

over mldparent and -8.73 to 71.85 per cent over better parent. 



Shalaan et a^. (1975) reported that the number of 

earbearing t i l l e r s per plant was quantitatively inherited 

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 .^ , Length of the panicle 

Dhulappanavar and Mensinkai (19^7) reported that 

the panicle length in ?^w exceeded that of parents, indicat­

ing vigour to the extent of 13«79 per cent over the better 

parent and 29.14 per cent over the midparent. it̂ aximum 

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 a l . (1970). Positive and significant 

heterosis was also observed for this character in the 

P^ generation of the cross NC 1281 x Cauvery (Bardhan 

Roy et a i , , 1975)* Similar results were also reported by 

Madhusudhana Rao (1965)* Idsumi (1937) and Capinpin 

and Punyasingh (1938). 

The length of the panicle exhibited signif icant 

heterosis in two rice corsses studied by Shalaan BX a l , 

(1975). Iflallick et a l . (1978) reported negative heterosis 

for the above ohracter in the ?. of crosses among s ix 

variet ies . Shrivastava (198I) also observed significant 

heterosis for t̂ d.3 character. 



10 

2.1.5* Dava to maturity 

In the P-s of five crosses* Bardhan Roy e^ a l , 

(1975) reported negative heterosis . Similar results 

were obtained by Purohit (1972) in the study of s ix 

crosses of r ice , F^ hybrids between Orvza glaberrima 

and Oryga sativa were found to be heterotic for 

earliness (Carpenter, 1?75)« Yap and Chang (1976) reported 

positive heterosis for this character* 

2 .1 .6 . Total spilcelets per panicle 

Dzyuba (1975) observed heterosis for number of 

spikelets per panicle in P and P hybrids of Redi x 

Cross ^428 and Krasanodar kZk x Ango. Similar reports 

were also obtained by Singil 'din and Shilovskii (1977). 

Significant heterotic ef fect was found for the above 

character in a d i a l l e l cross among five variet ies (Chatel 

and Dechanett 1980). Fj hybrids between two indica 

and two japonica variet ies exhibited heterosis for the 

above character (Chan* 1980). 

Mallick et a l . (1978) reported negative heterosis 

for number of f e r t i l e grains per panicle in the Pĵ  of the 

crosses among s ix varieties* whereas Singh and Singh 

(1978) reported positive heterosis for this character. 

2 .1 .7 . Spikelet s t e r i l i t y 

Rajagopalan et a^. (1973)» in their study of the 
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t a l l and dwarf Tarletiea reported that the spikelet 

s t e r i l i t y in the F̂ ê ranged from 12*9 to 81.8 per cent. 

Bardhan Roy et a^. (1975) reported low but positive 

heterosis for spikelet s t e r i l i t y in the P^s of four 

crosses of rice whereas Yap and Chang (197^)» from a 

5 x 5 d i a l l e l analysis* reported negative heterosis for 

this character, Pj hybrids between Q.. glaberHma and 

2L» sativa were found to be heterotic for spikelet s t e r i l i t y 

as reported by Carpenter (1975)« 

2 .1 .8 . 1000 grain weight 

Significant heterosis was observed for 1000 grain 

weight in crosses assessed by Dhulappanavar et a]̂ . (197O). 

Earlier reports by Capinpin and Punyasingh ^1938) and 

Dhulappanavar and Menshinkal (1967) differ from each otherp 

the first one failing to show heterosis and the second 

recording negative heterosis* 

In one of the two crosses examined by Shalaan e^ a^. 

(1975)* significant heterosis for 1000 grain weight was 

observed. Chan (1980) reported heterotic effect for this 

character in the P^s of the diallel cross between indica 

and Japonica varieties. 

2.1.9, grain yield per plant 

Shalaan et a^. (1975) reported that the yield per 

plant was quantitatively inherited and heterosis for the 
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oharaoter was signif icant In ona of the two erossas* 

Slngil 'dln (1978), while measuring heterosis for the 

main eoonomlo characters In hybrids* reported that the 

heterosis 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 auid Singh 

(1978) and Khale4ue and Joarder ( l973) . 

Maurya and Singh (1978) reported that eleven 

crosses exhibited heterosis over the better parent, although 

the yie ld components associated with th is effect varied 

between crosses in several d i a l l e l s e t s . Srivastava 

(1981) observed heterosis and reported that yield per 

panicle and yield per plant were posi t ively correlated with 

plant height. Noticeable heterosis over higher parent 

Cd4s also recorded in earl ier reports (Kadam 9j^ a^., 1937l 

Capinpln and Punyaslngh, 1938| and Ramalah, 1935)• 

Most of the available l i terature on extent of 

heterosis and heterobeXtiosis in rice with respect of 

various characters i s summarised in Table !• 

2 .2 . COMBININa ABILITY 

Singh et a l . (l977) in a study of s ix d i a l l e l 

crosses observed signif icant general combining ab i l i ty 

and specif ic combining ab i l i ty variances for panicle 

length, number of primary branches, spikelet number, 

1000 grain weight and grain yield per plant. The highest 
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general combining abi l i ty and speolflc combining abi l i ty 

e f fects for grain yield were produced by CH|̂  and 

Badehahpasand x CHjî  respectlrely* 

Singh e i ai* (1979) reported that specif ic combining 

ab i l i ty variances were greater than those due to general 

combining ability* Indicating the predominance of non* 

additive genes In the control of a l l the characters studied* 

Significant general combining ab i l i ty ef fects were shown 

for a l l the characters except panicle length in most 

crosses involving IKT 36l8, 

Rao e^ al* (1980) reported that the general and 

specif ic combining ab i l i ty variances were significant for 

a l l 10 yield component characters in a d i a l l e l of seven 

varieties* Six agronomic and yie ld component characters 

were studied in the progeny of a 5 x 5 d i a l l e l and both 

additive and non*additlve gene ef fects were detected for 

a l l the characters* Varieties with best general combining 

ab i l i ty for different characters vis.» number of days to 

heading* number of panicles* panicle length* height 

and yie ld per plant were identified* Similarly* variet ies 

with good specif ic combining ab i l i ty were also identified* 

2*3. PERCENTAGE OP 0UTCR0S3INQ 

Experience in China in hybrid seed production and 

hybrid cultivation has shown that raising male s t e r i l e 

l ines (A and B) in one hectare would suffice to take up 
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hybrid seed production in an area of 30 hectares (Anon. 198I) 

This would yield enough seeds for planting 1000 hectares. 

However* this ratio may vary based on technique employed 

in male s t er i l e line* and hybrid seed production. Since 

paddy i s a se l f pollinated crop* the percentage of out­

crossing achieved plays an important role in commercialising 

hybrid rice cultivation. 

Srinivasan and Subramanian (I961) reported that the 

percentage of natural cross pollination ranged from 0.04 

to 0.03 and the distsuice upto which the natural cross 

pollination took place ranged from 6 to 7 feet firom the 

pollinating agent. 

The estimated natural cross pollination in two winter 

rice variet ies by Palaniswany and Rajagopalan ^1964) ranged 

from 0.0049( to 0.113^* Natural crosses were found in a l l 

directions and was not confined to any particular row 

indicating that the pollen travelled in a l l directions. The 

per cent natural crossing in the f i r s t row at one foot 

from the pollen parent in iftW' M^fc direction* appeared to 

be similar. 

Mahadevappa (t973b} observed ^^ per cent of cross 

pollination when male s ter i l e plemts were grown along with 

the variet ies . He also observed as high as 2k per cent 

seed set on the male s t er i l e plant and about 50 per cent on 

some panicles by open aneraophily and controlled pollination. 
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Repev ©i al. (1975) reported that among the 

hybridization methods tested, the one giving the best 

results involved emasculation and shaking the inflore* 

seence of female parent together with ^-5 pamiicles of 

the isales. The percentage success in crosses reached ^1 

ih 21 crosdej of Soviet varieties. The highest seed 

set was achieved at an air temperature of 2^4-27*0 during 

pollination* 

Viramani B^ a^« (l980) during the dry season 

planted two oytosterile lines along with their respective 

maintainer lines as pollen source in two isolation plots 

with a planting ratio of li5* l̂ he outcrossing on male 

sterile plants ranged from 35 to ^ per cent. The male 

sterile line Zhenshan 97A showed higher seed set than V20A 

because of its better panicle exsertion suid synchronised 

flowering in relation to the pollen parent. The higher 

seed set was observed on the male sterile plants planted 

across the wind direction. 

Azzini and Rutger (1982) reported that the amount 

of outcrossing on three short statured male steriles of 

rioe» when planted in alternate rows with tall eultivars 

was very poor in case of genetic male sterile lines* 

indicating that this type oauinot be considered useful 

in hybrid seed production. But cytoplasmic male sterile 

lines showed average seed set of 5*'̂  per cent in 1973 
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and 32.5 per cent In 1979* The higher seed sot In 

1979 was due to better synchronisation* 

Sharma e^ a^. (1932) evaluated outcrossing potential 

of V20A» a oytosteri le linot under open pollination using 

V20B as pollinator* Both were grown in isolated plots 

in two seasons ani the B*line was staggered planted to 

provide male s t er i l e pleuits a substantial pollen load for 

two to three weeks* There was no signif icant difference 

in seed set in two dry seasons (22*6 per oent in 198I 

and 26*3 per cent in 1982}* They opined that spraying 

gibberell io acid, tla^ leaf cutting and synchronised 

flowering may enhance the seed set potential of the 

male s t er i l e line* 

Z.k. MALE 3TERILITX 

In the entire plant kingdomf species flowering 

annually (which must reproduce by means of seed) tend 

to be easilyf i f not obligatsly* se l f f er t i l i zed (Rick 

and Butler* 1956| Watts* 19631 Rowkands* 1964)* Some 

species tend to have mechanisms such as dioeoismf 

monoecism, heterostyly* protandry« self-incompatibility 

and male s t e r i l i t y which promote cross pollination* Male 

s t e r i l i t y was exploited in many crops such as sorghum* 

bajra, maize* onion* sugarbeet etc.* and as early as in 

1962 the impact was so high that i t was estimated that 

23 per cent of a l l onions produced were hybridsi 60 per 
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cent of total augarbeet were hybridal com hybrids 

occupied 85 per cent of the total com acreage, and 

hybrid grain sorghum was grovm on 90 per cent of the 

total acreage* Earlier, the exploitation of advantages 

of male s t e r i l i t y were restricted to only cross pollinated 

crops. But now i t has been successfully ut i l i sed in 

highly self-poll inated crops also such as wheat, tobacco, 

carroty, tomato e t c . , and rice i s one among them. 

Though the existence of male s t e r i l i t y in rice was 

discovered as early as 1927, i t i s only in 1950's that 

the genetic and oytological study of male s t e r i l i t y was 

in i t iated. Because the woric on breeding of male 

s t er i l e l i n e s , maintainors and restorers was slow t i l l 

1972 and l i t t l e information was known on pollen 

abortion (Anon. I98I). A brief review on male s t e r i l i t y 

in rice i s given under different headings. 

2 .4 .1 . genetic male s t e r i l i t y 

Field observations over three years by Trees and 

Rutger (1978) on P, Pji, P2 and P3 of crosses with male 

s t er i l e plants of f ive cultivars revealed that the male 

s t e r i l i t y from each source i s controlled by a single 

recessive gene. Some male s t er i l e l ines showed l i t t l e 

or no stainable pollen when tested with iodine, whereas 

others produced much stainable pollen and were considered 

to be functionally s t er i l e due to morphological disorders. 
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Singh and Ikehashi (1979) reported that monogenic 

recessive male s t e r i l i t y can be induced by use of a 

chemical mutagen-ethylenimine. Thus male s t er i l e l ines 

have shown excelled oroasability with their male f e r t i l e 

parent. A few male s t er i l e l ines showed good panicle 

'extortion and hence had high outcrossing percentage* 

2,4-.2» Cytoplaamic genie male s t e r i l i t y 

Watanabe (1971) obtained a oytoplasmie-genetic 

male s t e r i l e l ine in the progenies of the cross between 

•Lead' Burmese variety (indica) and •Pujisabea-5'* a Japanese 

variety (Japonica). The s t e r i l e l ine with the nucleus 

of 'Fujisabea-S' in the cytoplasm of 'Lead* showed almost 

complete s t e r i l i t y , 

Kinoshita et a i . (1980) reported that reciprocal 

differences of pollen and spikelet fertilitv^.? were observed 

in the P, hybrids from a d i a l l e l between four Jap'viese 

and four Indian variet ies . Hence hybrid male s t e r i l i t y 

was caused by the interaction between the cytoplasm and 

nuclear genes. True breeding male s t e r i l e l ines were 

produced after seven to ten back croaaes to the recurrent 

parent. 

Parmer et a^. (I98l) conducted many reciprocal and 

various back crosses involving known sources of cytoplasmic 

male s t e r i l i t y . They attributed male s t e r i l i t y to nuclear 

genes in a few l ines and they also reported cytoplasmic 
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nale s t e r i l i t y - f e r t i l i t y r e s t o r e r system. 

2 . ^ . 3 . Pollen abortion 

Pollen abortion ooourz^d in aost of the male 

s t e r i l e l i nes a t the uninucleate s tage, when tape ta l 

c e l l s degenerated abruptly as a r e s u l t of the rapid 

enlargement and vacuole formation of the middle l ayer 

c e l l s . Pan (1979) observed tha t the vascular bundles 

in the filaments were poorly d i f fe rent ia ted with 50 per 

cent aborted pollen gz*ain3 in the anthers* while in the 

anther with only 20 per cent aborted grains* the vascular 

bundle was apparently normal in fi lament. Anther cul ture 

was performed by Ling QX Si* ( l98l ) with three diverse 

l i n e s possessing cytoplasmic male s t e r i l i t y . Based on 

the stage a t which miorosfiotiic abortion occurredt three 

groups of cytoplasmic l i n e s were observed - pollen 

abortion during (1) the post meiotic te t rad s tage, (11) the 

pre*binuoleate phase and ( H i ) a f t e r normaLL pollen 

development. 

2 .5 . IDENTIFICATION OP MAINTAINER3 AND RESTORERS 

Yuan Long-ping s ta r ted research on m a l e - s t e r i l i t y 

and i t s u t i l i z a t i o n in r i ce as ear ly as 1964. He found 

a common wild r i ce plamt with abort ive pollen on Hainan 

Island only in 1970. By repeatedly crossing to r ice 

eu l t i va r s ( ^ )• a male s t e r i l e l i n e , maintainer l ine and 

r e s to r e r l ine were successfully developed by 1973» and a 
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group of superior cross combinations were identif ied, 

Th« hybrid rice was planted experimentally with success 

in 197^ and hybrid rice was popularised in 1976 on a 

large scale (Anon* 1981). 

In India, Ii/Iahadevappa (1973&} crossed 21 variet ies 

to male s ter i l e plants and indicated wide scope for 

obtaining both the f e r t i l i t y restorers as well as 

s t e r i l i t y maintainers to Kamataka male s t er i l e l ine-l» 

In Japan, of the 511 variet ies crossed with a 

completely male s t e r i l e strain of Taichung-65 with 

cytoplasm from 'Lead' r ice , 175 were identified as 

restorers and almost a l l of these being from Southern 

Japan (Ishimine and Shinjo, 1978)* Ishimine and 

Shinjo (1978) reported that, of the 210 variet ies 

crossed with a completely male s t e r i l e strain* 22 from 

North Japan and five fromthe South were i-estorers. 

of the non-restorers* 111 were from the North and 75 from 

the South. All the 21^ variet ies crossed with a completely 

male s t er i l e l ine with cytoplasm 0.. perennis (OwS )̂ 

were non-restorers. 

It i s reported that out of many e l i t e l ines 

u t i l i sed , IR 7*̂ 7 B-6-3 and IR 1015^-23-3-2 were effect ive 

maintainers of cytoplasmic male s t e r i l i t y while IR 279-105-

2-3 were restorers of f e r t i l i t y of Zhcnahan 97A and V20A 

(Anon. 198O). The IRRI variet ies IR 2k 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 

^^^^ Kharif seasons of 1982. The experiment included 

22 varieties and three male sterile lines. The soil type 

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

irrigation was provided throughout the growth period. The 

aonthly rainfall* average maximum and minimum temperatuzre* 

relative humidity suid sunshine hours during the experi* 

mental period are presented in appendix I* 

3.1. Material 

Twenty-two variet ies commonly cultivated in the 

area were selected as male parents along with three male 

s t e r i l e l ines as female parents (Table 2) . Male s t er i l e 

l ines included were those developed from the cross IR 8 

and C-435 (Jeerigesanna) at the Regional Research Station* 

Mandya and are being extensively used for many studies in 

different research inst i tut ions (The International Rice 

Research Institute* Tamil Nadu Agricultural University* 

Andhra Pradesh Agricultural University and also in different 

sections of the University of Agricultural Sciences* 

Bangalore). 

3.2. Methods 

3.2.1. Crossing technique 

Rice is a highly self pollinated crop and the 



27 

Table 2i List of male and female parents included in the 
present inyestigatlon 

M a l e p a r e n t s 

1. Bilikasga 

2. Baaumathi 

3. ES 18 

k, IR 36 

5. lET ?031 

6, lET 5909 

7* Intan mutant 

8, KMP 39 

9. KMP lOî  

10. KMP 2 ^ 

11. Mangala 

12. MR 365 

13. Pragathi 

l̂ f. Palguna 

15* Purple puttu 

16. Pushpa 

17* Sona 

18. TN 1 

19. Telhamsa 

20. Type 3 

21. Vikram 

22. Van! 

F e m a l e p a r e n t s 

1. KMS-1 

2. Km»k 

3. KM3-5 
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percentage of outoroselng la yery low. Hence, pollination 

i s eupplemented by many tachniquee of which the following 

two methods were employed in this study. 

3 .2 .2 . TOP leaves cutting 

Wherever the top leaves of the parents were prominentt 

erect and covering the panicle, the top leaves were cut and 

the panicle was better exposed thereby fac i l i ta t ing free 

pollen dispersal in order to increase the percentaige of 

outcrossing. 

3*2.3* pontact method 

The panicles of the male parent were brought near 

the female panicle during anthesis. This increasesthe 

chances of pollen deposition on female plant. 

Using these techniques, hybrids were produced 

and 66 true hybrids were identified by looking in the 

hybrid for one or two dominauit characters of the male 

parent. 

3 .3 . Experimental lay-out 

3 .3 .1 . Production of hybrids 

The 22 variet ies emd 3 male s t e r i l e l ines were 

raised and were transplanted in the main f ie ld as 

shown below during summer 1982, with a spacing of 20 cm 

between rows and between plants within each row. 
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x x x x x x x x x x x x x 

x x x x x x x x x x x x x 

t • 0 0 0 • 

x x x x x x x x x x x x x 

x x x x x x x x x x x x x 

X * male parent 

0 « KMS-1 

i « KMS-̂  

0 « KMS-5 

All the three male s t er i l e l ines were stubble 

planted with two rows of a male parent on either side* 

The crop was supplied with 62i62i62 kg of Ht?2Pi^%K;fi per 

heotarOf as basal dose and 62 kg of N/ha as top dressing 

in two s p l i t doses of 31.00 kg/ha at 30th and 60th day 

after transplanting. The synchronisation in flowering 

was achieved by cutting the t i l l e r s which bloomed early. 

3»3«2. Evaluation of hybrids 

The 91 entries viz.* 66 hybrids* 22 male parents 

and 3 female parents were evaluated in Kharif 1982. The 

hybrids were planted between male and female rows with a 

spacing of 20 cm both between rows and plants. Such rows 

of hybrids* males and females were randomized. The 

crop was supplied with 50i50i50 kg of NiP20tfiK20 per 

hectare as basal dose and 50 kg of N/ha as top dressing in 
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two s p l i t doses of 25 kg/ha at 30th and 60th day after 

transplanting. All the practices reoofflmended for the 

crop were followed, 

Jtk. Recording observations 

Five randomly chosen plants in each of the hybrid, 

male and female parent were tagged for obseryation* 

The observation as per the recommendation given in 

•Descriptor for rice' by IBPGR-IRRI Rice Advisory 

Committee were recorded. However* the detailed procedure 

i s given below. 

3.^^.1. Percentage of outcrossijig 

Number of f e r t i l e spikelets and number of unfilled 

spikelets in each panicle of female parent in the f i r s t 

crop was counted. The ratio of number of f e r t i l e grains 

to the total number of grains was expressed as percentage 

of outcrossing due to each male parent. 

3 .^.2. Number of days to 50^ flowering 

Number of days from sowing to the emergence of 

panicle in 50 per cent of the total plants was recorded, 

3.^.3. Plant height 

Plant height viras measured in centimeters from the 

ground level to the base of the panicle after completion 

of heading. 
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^,k,k. Total niimber of tillera per plant 

The number of tillera in each plant was counted 

after 45 days of transplanting. 

3»4«5» Number of productive tillera per Plant 

The number of productive tillera per plant waa 

recorded after full heading as the total number of 

panicle bearing tillera* 

J,k,6, Length of the panicle 

Length of the panicle waa meaaured in oentimetera 

from the base to the tip of the panicle at maturity, 

3.4',7« Dava to maturity 

maturity waa recorded aa the duration in daya from 

aeeding to the time when more than 80 per cent of the 

grains on the panicles were fully ripened. This was alao 

attained by adding 35 daya to the number of days to 50^ 

flowering. 

3.4.8. Number of spikelets per panicle 

The total number of filled and chaffy spikelets 

per panicle waa counted. 

3.4 .9 . apikelet stit^Uilv 

Spikelet sterility readings were obtained from 



ooonta ot chaffy grains In proportion to total niunber of 

apikeleta on panlelafl. 

3.^^.10. Pollen g ter i l l t y 

The pollen grains were stained with acetoearminc 

and the number of f e r t i l e and s t e r i l e pollen grains (as 

c lass i f ied by Chaudhary ^ ai,, 198I) were counted in 

each microscopic f i e ld . The ratio of number of s t e r i l e 

pollen to the total number of pollen was expressed as 

percentage s ter i l i ty f 

3 .^.11. Yield per Plant 

The f i l l e d grains obtained from each plant after 

tnreshlng were dried and the weight was recorded in grams* 

3«^«12. Thousand grain weight 

A random sample of 1000 well developed* whole grains 

dried to 13 per cent moisture content was weighed for 

each hybrid and male parent and weight was recorded in 

grama* 

Since there i s no seed set in the female plants 

th« yield per plant and 1000 grain weight was not recorded* 

3.5» Stat i s t i ca l analysis 

3.5»1« Analysis of variancei 

The mean of five randomly selected plants in each 

cross and parental l ines for the above said characters were 



33 

utilised for statistical analysis and variance due to 

different sources were worked out and tables were 

constructed in the following pattern for each character 

separately, 

ABOVA TABLE FOR PARENTS AND HYBRIDS 

Source 

Treatments 

Parents 

Parents Ys Crosses 

Crosses 

Lines 

Testers 

Lines X Testers 

Error 

Total 

d.f. S.S. 

(t-l) 

(P-1) 

1 

(nf-l) 

(m-1) 

(f-1) 

(m.l)(f.l) 

t(r-l) 

tr-1 

Mean sum of 
squares 

% 

M2 

«3 
% 

Where r « number of replications 

m « number of male parents 

f m number of female parents 

p m parents 

t » total treatments 

3»5«2, Estimation of combining ability 

Combining ability estimates were computed following 



34 

the procedure given by Singh and Chaudhary (1977)« The 

model used to estimate general combining ability (OCA) 

and specific combining ability (SCA) effects of ijk 

observation is given below* 

*lj - »»^ « i * « j * S^j-*- •ijk 

Where u * population mean 

g4 »• QCA effect of j * ^ female effect 

gj^ * OCA effect of i*h male parent 

S^j « SCA effect of ij*** combination 

J >• Number of female parents 

1 « Number of male parents 

k « Number of replications 

The individual effects were estimated as indicated 

below. 

(a) Eatimation of OCA effects of lines (males) 

X j . . . X 
8i fr mfr 

Where X. » total of î ** male parent over all female 

parents and replications and X... is 

grand total 

(b) Eatimation of OCA effects of testers (females) 

m ^ X't _ Xa • • 

rar mfr 

th 
Where Xj « total of j female parent over all female 

parents and replications. 
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(c) Ratimatlon of SCA effecta 

XiJ Xi Xi X»»»« 

*n • • — _ . ^ 
•* T fp ar mf r 

Wh«re i j « ij'^h combination totaO. over a l l th« 

replications 

The following standard errors were used to teat 

the significance of GCA and SGA effects 

SB (OCA for l ine or males) 
% 

r X t 

3E (OCA for females) «• / Mĵ  
r X ffl 

SB (SCA effects) - / 1 

3 ,5 ,3 . Estimation of heterosis 

The mean value for each character of each parent 

or hybrid was determined from over replications and taken 

for the estimation of heterosis* Heterosis over 

midparent (MP), better parent (bP) and Best parent (BP) 

were computed by the methods of Turner (1953) and 

Hayes a i ai« (1955)• Heterosis was calculated as the 

percentage increase or decrease of mean Pĵ  performance. 



p. • Pg 
Mid parent value (MP) « "̂ "-s *• 

Where Pĵ  •• Pairent 1» i .e .» male parent 

Pj « Parent 2f l.e*» female parent 

P, - BSP 
Above midparent value •« ^.ui x 100 

Over that of Better » « -nn 
» X 100 

parent value 

h 

^1 

MP 

-

bP 

bP 

- BP 
Over that of Beat ^ . » « _ _ - « « . » _ x 100 

parent value gp 

The following standard errors were used to e tes t 

the significance of heterosiet 

3E (MP) •/l?^ 

SE (BP) m / 2Mi^ 

Mh « Error mean sum of squares 



EXPERIMENTAL RESULTS 



lY. BXFERIiVIBNTAL RESULTS 

Th« results of the sxperlmant on Identification 

of maintainors and reatorexTSf estimation of combining 

ab i l i ty effects* outcrossing and heterosis in hybrids 

involving 22 varieties* 3 male s t er i l e l ines and 66 

hybrids are presented in this chapter under the following 

headings. 

!• Analysis of variance for parents and crosses. 

2* Magnitude of heterosis 

3* Combining abi l i ty effeotsi 

(a) General combining ability effects 

(b) Specific combining ability effects 

k. Percentage of seed set in different male 

sterile lines with different varieties. 

5. Fertility restoration. 

^.1. Analysis of variances for parents and crosses 

The ANOVA showing mean sum of squares for the 

oharacters * plant height* total tillers* productive 

tillexrs* panicle length* spikelet sterility* number of 

spikelets per panicle and grain yield per plant are 

presented in Table 3. 

The mean sum of squares for treatments was 

significant at one per cent level for all the characters. 
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Henoef treatment sum of aquarea for a l l oharacters were 

further partitioned and the variances due to parents 

were found significant for a l l the characters except 

for two v i z . , total number of t i l l e r s and productive 

t i l lerSf Variances due to crosses were found significant 

for a l l the characters studied. Significant variances 

were found for a l l the oharacters due to parents Vs 

crosses* The variances due to males ( l ines ) were 

signif icant for the characters, plant height, panicle 

length, number of spikelets per panicle, s t e r i l i t y 

percentage and grain yield per plant at 1 per cent 

l eve l , while for the total t i l l e r s and productive 

t i l l e r s the variabil i ty was not s ignif icant . But 

female l ines ( testers) were l e s s variable in resx^ot of 

a l l the characters studied and significant varlamce 

was found only in plant height. Mean sum of squares 

due to l ine x tester were signif icant for a l l the 

characters. So l ine x tester interaction was significant 

in the experiment. 

The mean sum of square values were found signifleant 

for most of the characters studied due to males in 

comparison to tes ters . Similarly, males are l e s s variable 

when compared to crosses, parents Vs crosses and l ines x 

tes ters . Hence greater variabil i ty was found in crosses 

when compared to parents. Among parents the testers 

were found to be l e s s variable, l e s s diverse and more 

uniform than the males. 
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Due to s t e r i l i t y of hybrids* the seeds obtained 

were not sufficient hence the two characters* naiaelyt 

days to maturity and 1000 grain weight were taken at 

random and not repllcatlonwlse. Hence these two characters 

were not Included In the ANOVA table. 

^•2« Magnitude of heterosis 

Heterosis was studied for nine characters by 

comparing the mean values of F̂^ with mid parent (MP)t 

better parent (bP) and the best parent (BP). The difference 

was multiplied by hundred and heterosis was expressed as 

percentage. The data obtained for the following characters 

vlz.f plant height* total t i l l e r s per plant* number of 

productive t i l l e r s per plant* panicle length* days to 

maturity* number of splkelets per panicle* splkelet 

s t er i l i ty* yield per plant and 1000 grain weight are 

presented In Tables 4 to 12* respectively. The results 

are presented below for different characters. 

4 .2 ,1 . Plant height! Type 3 had the highest (110.40) 

and KMP 249 had the lowest (52.10) plant height among 

male parents while KMS-1 and KMS-5 recorded the highest 

(72.52) and the lowest (52.00) plant height among 

females. Of the 66 hybrids* hybrid KMS-1 x Intan mutant 

recorded maximum plant height (116.80) and hybrid KMS-5 x 

ES 18 recorded the minimum (57<40). Heterosis ranged 

from <»10 to 124.18 per cent for plant height. 
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KMS-5 had minimum plant helghtt and wan oonsldtrtd 

as the best parent for the purpose of this analyaia» All 

the 66 hybrids showed significant positive heterosis 

above the best parent and none exhibited negative heterosis / 

Though hybrid KMS-5 x ES 18 showed the l eas t hybrid vigour 

(10.3) i t was slgnlfloant while hybrid K.m-1 x In tan 

mutant had raaxlfflua hybrid vigour over the best parent* 

Minimum* non-significant* negative heterosis (-01) 

was observed in KMS-1 x TN 1 over better parent and the 

maximum (90.3) was in KM3-5 x iilsungalai 65 hybrids 

manifested significsunt positive hybrid vigour and one 

hybrid showed negative but non signif icant heterosis over 

better parent* 

Sixtythree hybrids exhibited positive heterosic 

out of which 55 exhibited slgnlfloant hybrid vigour over 

midparent* Three hybrids reoorded negative heterosis 

and a l l the three were signif icant over midparent* Heterosis 

over midparent ranged from -10 to 62* 

Significant heterosis over MP* bP and BP was 

observed in 57 hybrids for this character* Plftyfour out 

of 57 manifested signif icant positive heterosis in 

comparison with MP* bP and BP for plant height* 

^•2*2* Total number of t i l l e r s Per planti Among male 

parents* variety Sona showed the highest t i l l e r number 

(28.20) and variety lET 7031. the lowest (12.60)* Of 
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f«inal«8» l ine KM3-5 showed the highest t i l l e r nuniber 

(23.50) and KMS*̂  the lowest (20.^4), Among hybrids 

KM3*5 X KMP-249 recorded the maximum (^3,20) and hybrid 

KMS-̂  X IR 36 recorded the minimum number of t i l l e r s 

dSfSO). The parent having highest number of t i l l e r s 

was considered as the best parent* Oat of 66 hybrids^ 

33 showed negative heterosis 32 positive heterosis and 

in one hybrid there was no heterosis over the best parent. 

But only three hybrids manifested signif icant positive 

heterosis* 

Heterosis over better parent rauiged from -30 

to 83.80 per cent. Most of the hybrids except 12 showed 

positive heterosis. Eighteen out of 5^ hybrids exhibited 

signif icant positive heterosis and none manifested 

signif icant negative heterosis . 

As compared to mid parent none of the hybrids 

showed significant negative heterosis* Twentyfive 

hybrids recorded signif icant positive heterosis* while 

57 hybrids recorded positive heterosis though not 

s t a t i s t i c a l l y s ignif icant. Heterosis ranged from -26 

to 116 per cent over mid parent. Nine hybrids recorded 

negative heterosis but none was s ignif icant. 

The hybrids KM3-1 x Telhamsa, KMS-'* x Bilikagga 

and KMS-̂  x RMP 39 manifested signif icant heterosis over 

MP, bP and BP. Significant heterosis over midparent 

and better parent was observed in 15 hybrids. All the 
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s ix hybrids having Blllkagga and Basumathl as male parents 

manifested significant hybrid vigour over both mid parent 

and better parent. None of the 22 hybrids having Kisas-5 

as female parent showed signlfloaunt heterosis over the 

best parsntf while one having KMS-1 and two hybrids 

having Ki^-4 as female parent manifested significant 

heterosis over the best parent. 

^ . 2 . 3 . Productive t i l l e r s t p e r Planti Productive t i l l e r s 

number i s an important character for yield. Heterosis for 

this character ranged from -kS to 139 per cent and a l l 

th# hybrids showed positive heterosis over midparent 

except KMS*4 x IR J6, KMS-5 x Mangala and KMS*^ x Sona 

which showed negative but non-signifleant heterosis . 

'"Ehirty-three hybrids expressed signif icant poaitive 

hybrid vigour and 30 showed positive but non significant 

heterosis over midparent. As compared to midparent 

the maximum heterosis was observed in KM3*4̂  x Blllkagga 

(139^) while the minimum was in KMS-̂  x Sona (-21) . 

Hybrids having Blllkagga as male parent* manifested highest 

heterosis with a l l the female l ines viz.» KMS-1* KMS*̂  and 

KMS-5 (131» 139 and 109 respectively) over midparent. 

Only three male parents Blllkagga* KMP 249 and ^elhamsa 

produced hybrids with signif icant heterosis over midparent 

with a l l the female l i n e s . 

Compared to the beat parent* 28 hybrids manifested 
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aignifloant positive hybrid vigour. Only one hybrid 

KM3-4 X IR 36 exhibited gignifioant negative heteroaie, 

though eight hybrids showed numerioally negative heterosis. 

The hybrid vigour over better parent ranged from -35 

to 120 per oent. 

The parent having maximum number of productive 

till^^rs was considered as the best parent* and the highest 

hybrid vigour over this parent was observed in KMS-5 x 

E3 18 and the l eas t hybrid vigour was observed in 

KMS-̂  X Sona. Though 30 hybrids manifested positive 

heterosis only five hybrids manifested signif icant heterosis 

above the best parent* None of the hybrids having 

either KMS«i or KMS»4 as their female parent showed 

significant positive heterosis over the best parent. 

Thirty-five hybrids showed negative heterosis and three 

hybrids recorded significant negative hetorosist while one 

hybrid exhibited neither positive nor negative heterosis 

over the best parent. 

Pushpa had maximum (23*20} and Bilikagga had 

minimum number (9*20) of productive t i l l e r s among the male 

parents. KMS-4̂  auid KM3-5 had minimum (11.76) and maximum 

(l6 .20) number of t i l l e r s among the female parents. Five 

hybrids manifested signif icant heterosis over MP« bP 

and BP. 

k,Z»k, Panicle lengthi The longest panicle was observed 

in Pushpa (26.13) and the shortest (15*73) in purple puttu 



Plate l i Crop stand of the hybrid (KMS-5 x Mangala) 

Plate 2i Crop stand of the hybrid (KMS-1 x Pushpa) 

Plate 3t Crop stand of the hybrid (KMS-1 x Telhamsa) 



Plat.e-2 . 
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among male parents. KMS-1 had the longest (22,32) 

and KM3*5 had the shortest pemlole (20.75) aniong female 

parents* Among hybrids KMS-1 x Pushpa and KMS«4 x SS 18 

recorded the longest (24.90) and the shortest (16.48) 

paniole length. 

As against nidparent positive heterosis was 

recorded in 33 hybrids and negative heterosis in 29 

hybrids* while four hybrids showed no heterosis . Nineteen 

hybrids flianifested signif icant positive hybrid vigour 

and 15 recorded significant negative hybrid vigour over 

the same parent. Minimum heterosis over midparent (-20^) 

was observed in KM3*5 x Bilikagga and naximun (22^) was 

in KMS-1 X KMP 104. Heterosis ranged from -30 to 13 

per cent over better parenti minimum heterosis was 

observed in KM3-4 x lET 7031 and maximum in.KMS-4 x Bilikaggai 

21 hybrids showed positive heterosis of which nine were 

s ignif icant . Twenty-three out of 40 recorded significant 

negative heterosis over better parent. Five hybrids 

did not manifest heterosis over better parent. 

The parent with longest panicle was taken as the 

best parent and a l l the 66 hybrids manifested negative 

heterosis over the best parent. Sixtyfour hybrids 

exhibited significant negative heterosis* the rest (2) 

showing negative but non signif icant heterosis while none 

showed positive heterosis . 
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Twtnty-thpoe hybrids expressed significant heterosis 

oyer luidparent, better parent and best parent, of which 

eight hybrids showed significant positive heterosis while 

15 showed significant negative heterosis over raid and 

better parents* 

^•2.5, Wuiaber of days to maturity! The significance of 

expression of heterosis for th i s character was not 

tested, and hybrid vigour over midparent was not determined 

since maturity of females could not be assessed correctly. 

The number of days to maturity of male parent 

was taken as better parent and heterosis was worked out* 

Minimum heterosis over better parent was observed in 

KMS-5 X Vikram (-aa.OO^) and maximum heterosis in Ki>lS-4 x 

IR 36 (19*00^)* Positive heterosis was observed in 

17 hybrids, negative heterosis in 38 hybrids, while 11 

hybrids showed no hybrid vigour at a l l over better parent. 

The parent E3 18 had minimum (II8) number of days 

to maturity and was considered as the best parent. All 

the hybrids except three showed positive heterosis over 

the best parent Indicating longer duration as compared 

to the best parent. Though three hybrids showed earliness 

as compared to ES IB, the differences were not s t a t i s t i c a l l y 

s ignif icant . The maximum heterosis was observed in 

KI)^-^ x Palguna and the minimum in Kr4S*4 x Iiilangala over 

the best parent. Three hybrids manifested negative 

heterosis over both best and better parents. 
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Aaong th« males* Palguna and CStft took oaxlnum 

(163) and mlnlmuiB ( l id ) number of days to maturity. 

Hybrids KM3*4 x IR 36 and KMS*4 x Mangala matured talcing 

maximum (I67) and minimum (II6) number of days among 

hybrids. 

^•2.6. Number of spikeleta laer paniclei iSfeiximum (157»20) 

and minimum (57«50} number of spikelets per panicle was 

observed in lET 5909 and TO i respectively among male 

parentSf whereas KMS-1 and KMS-'f showed maximum (120) 

and minimum (88) spikelet number per panicle respectively 

among female parents. Hybrid KMS-1 x IR 3^ had maximum 

(193»6) number of spikelets per panicle amd the hybrid 

KM3-5 X ES 18 had the minimum (7't.9)» Heterosis for 

this character ranged from -52.3 to 110 per cent. 

Positive heterosis was observed over midparent 

in 57 hybrids and 21 of them possessed signif icant 

positive heterosis . Negative heterosis was observed 

in nine hybrids but none reached level of significance. 

The heterosis ranged from -18 to 110 per cent over 

midparent. 

The heterosis ranged from -35 to 89 per cent over 

better parent j the minimum hybrid vigour was observed 

in KMS-̂  X IBT 5909 and the maximum was in KMS-̂  x Pushpa. 

Positive heterosis was observed in ^3 hybrids and 

negative heterosis in 21 hybridsi two hybrids showed no 



hetaroais over better parent. Slgnificauf^t heterosis was 

observed in 13 hybrids out of which three were negative 

and 10 were positive as eoapared to better parent* 

The parent having maximum number of spikelets 

per pauiiole was taken as the best one (lET 5909). Only 

two hybrids namely* KMS*1 x IR 36 and KMS*4 x Pushpa 

exhibited positive heterosis over the best parent. 

Negative heterosis was shown by 6^ hybrids of which ^3 

hybrids were significant over the best parent. Only 

one hybrid manifested signif icant positive hybrid vigour. 

All the 22 hybrids having KMS-5 as female parent showed 

negative heterosis over the best parent. The minimum 

heterosis (•52.3) as compared to the best parent was 

observed in the hybrid KM3-5 x BS 18 and the maximum 

(23.15) was in KMS-1 x IR J6. 

Two hybrids namely KMS*1 x IR 36 and KMS-'f x Pushpa 

manifested positive heterosis over iviP> bP and BP» KMS-1 x 

IR 36 was the only hybrid which exhibited signif icant 

positive hybrid vigour over BP, bP and MP. Though nine 

hybrids exhibited negative heterosis over MP> bP and BP» 

none was s ignif icant. 

^ .2 .7 . S ter i l i ty percentagei S ter i l i ty Is a highly 

variable character particularly in paddy. S ter i l i ty 

ranged from 16.05 to 62.42 per cent among msuLe parents. 

S ter i l i ty i s highly Influenced 1:̂  environmental oonditlona. 

Low temperature during flowering Increases s t e r i l i t y . 
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Th« lowest s t e r i l i t y was observed in Basumathi and the 

highest in XBT 5909 among male parents. Aiiong hybrids 

s t e r i l i t y rauiged from 20.80 to 99*10 per oent« 

Basumathi was considered as the best parent for 

i t showed minimum s t e r i l i t y . Significant positive 

heterosis was observed in a l l the hybrids over the best 

parent except in KM3*5 x Man̂ âla. Negative heterosis 

was not at a l l observed indicating none of the hybrids 

showed l e s s s t e r i l i t y tham the best parent. The maximum 

heterosis was (517»^) observed in KM3-5 x IN 1 and 

the minimum hybrid vigour (29.59) was in KM3-5 x Mangala 

over th** best parent. 

The parent having the lowest s t e r i l i t y in eaoh 

combination was considered as better parent. Sixty 

hybrids showed positive heterosis over the better parent 

and 57 out of 60 exhibited signif icant positive heterosis . 

None of the six hybrids showed significsmt negative 

heterosis as comi>ared to better parent. The hybrid 

vigour ranged from -16 to HO over the better parent. 

As compared to midparent the lowest hybrid vigour 

(-67.0) was observed in KMS*5 x Mangala and the highest 

(51.00^) in KMS-'f X ES 18. Positive hybrid vigour was 

observed in 43 hybrids* of which 25 exhibited signif icant 

increase over midparent. Though 23 hybrids manifested 

negative heterosis* only 10 hybrids showed significant 
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difference as oompared to mid parent* 

Twenty-seven hybrids showed significant heterosis 

over MP» bP and BP. Porty-three hybrids exhibited 

positive heterosis over MP. bP and BP* None showed 

negative heterosis over MP» bP and BP. 

^ .2 .8 . grain yield per Plantt Heterosis over mid parent 

was not worked out since the yield of female parent was 

always zero. The yie ld of male parent was always 

taUcen as better parent y ie ld . The maximum yield among 

male parents was observed in Pushpa (29.84') and minimum 

(7.3^) in TN 1. The grain yield observed in hybrids 

ranged from 0.37 to 38.13. The lowest grain yield was 

obtained from the hybrid KMS-5 x TN 1 and the highest 

from KMS-5 x Telhamsa. 

As compared to better parent hybrid vigour varied 

from -99 to 2 0 ^ and 15 hybrids manifested positive 

heterosis over better parent. Three hybrids exhibited 

signif icant positive heterosis while 22 hybrids 

showed significant negative heterosis over better 

parent. Fifty-one hybrids had negative heterosis for 

the eharaoter. 

Pushpa produced the highest yie ld among male 

parents and was taken as the best parent. Heterosis 

ranged from -98 to 28 over the best parent. Though two 

hybrids were on positive side* the differences were not 
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signif icant, Piftynina out of 6k hybrids exhibited 

signif icant negative heterosis over the best parent* 

Superiority of hybrids over the best and better 

parent was observed only in two hybrids KMS»3 x Telhamsa 

and KMS-5 x Mangala* while s ignif icant negative heterosis 

over better and the beat parent was observed in 22 

hybrids. None of the hybrids showed significant positive 

heterosis over the best parentt indicating none of the 

hybrids yielded signif icantly higher yield than the best 

l^rent* while 22 hybrids recorded signifioamt negative 

heterosis both over better parent and the beat parent. 

k,2,9, 1000 grain weighti There was no seed set in female 

lines* hence the tOOO grain weight of male parent was 

always taken as the better parent and heterosis over 

raidparent was not determined. The highest 1000 grain 

weight was observed in Bilikagga and the lowest in 

JET 5909 among the parents. The lowest 1000 grain 

weight was observed in KMS*̂  x IR 36 and the highest in 

KMS*4 X Bilikagga among hybrids. The 1000 grain weight 

ranged from 1^.20 to 25.^0 among parents and from 10.00 

to 24.80 among hybrids. 

As compared to better parent maximum hybrid vigour 

(70^} was observed in KMS»1 x BS 18 and maximum negative 

hybrid vigour (-51^) was observed in KMS-5 x Bilikagga. 

Twenty-five hybrids manifested negative heterosis and 41 
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hybrids showed poslt ivs heterosis over better parent. 

None of the hybrids exhibited positive hybrid 

vigour* both maximum and minimum heterosis over the best 

parent were negative* Heterosis ranged from -60«60 to 

»02.00 as observed in KMS-4 x IR 36 and KMS-4 x Bilikagga 

respectively. Bilikagga had the highest 1000 grain 

weight and was considered as the best parent. Twenty-

five hybrids showed negative heterosis both over better 

aind best parents while none showed posit ive heterosis . 

^•J» Combining abi l i ty ef fects 

The genersU. combining ab i l l l y e f fects of 25 parents 

pertaining to seven characters are presented in Table 13« 

As for plant height* signif icant QCA effect was 

manifested in 21 out of 25 parents. Parents MR 365* 

Pushpa* Telhamsatand Yikram did not show significant QCA 

effect for this character. Eleven parents manifested 

positive aCA effect and 1^ showed negative aCA effect 

while 10 were posit ively signif icant and 11 were negatively 

s ignif icant . Intan mutant had the highest ( l4 .07) and 

TN 1 the lowest (-15.33) OCA effect for plant height. 

The QCA effect ranged from -8f08 to 8.85 for total 

t i l l e r s . The highest GCA effect was observed in ES 18 

and the lowest (8.08) in Mangala for total t i l l e r s . Twelve 

parents exhibited positive O0A e f fec ts for this character 
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of which only s ix were slgnifloanti 13 laanifested 

negative of which only four were a i^ i f i eant* 

The highest GCA effect (7»^^))wa8 observed in 

E3 18 and the lowest GCA effect (*5*83) in Sona for 

productive t i l l e r s . Nine parents exhibited 

s i ^ i f i c a n t GCA effect out of which four were posit ively 

s ignif icant five were negatively significant for productive 

t i l l e r s * while 11 parents showed positive GCA effects 

and 1^ showed negative GCA effect . All the female 

l ines namely KMS*1* KMS-̂  and KM3*5 showed significant 

GCA ef fect for productive t i l l e r s . 

The OCA effect ranged from -2.6o (TN l ) to 

2,1^ (KMS-1) for panicle length. Significant GCA 

effect for panicle length was observed in seven parents^ 

of which three were positive and four were negative. 

Though 12 parents exhibited positive GCA effect* 

only in respect of three parents (IR 36» Pushpa and 

KMS-1) the ef fects were significanti similarly three 

parents Basumathi* TN 1 and KMS-5 out of 13 manifested 

significant negative OCA effect for total number of 

spikelets per panicle. TN 1 manifested the lowest and 

Pushpa the highest GCA effect for tota l number of 

spikelets per panicle. 

Pushpa and Sona recorded the lowest (•27.96) and 

the highest (18.55) GCA effect for per cent s t e r i l i t y . 
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Positive OCA affsot was observed in 15 parents of which 

8 were s ignif icant. Out of 10 showing negative GCA 

ef fect , only 5 were s ignif icant. 

Significant OCA effect for grain yield per plant 

was observed in 11 parents while four showed significautt 

positive and seven showed significant negative. The OCA 

ef fect ranged froa "6,77 to 15*99 &nd tho highest and 

lowest GCA effect for yield per plauit were observed 

in Pushpa and Sona renpeotively. 

None of the variet ies showed positive GCA effect 

for a l l the seven characters aid only one parent PaJLguna 

showed negative GCA effect for a l l the characters. 

Parent TN 1 had significant OCA effect for a l l characters 

except per cent s t e r i l i t y . Three parents Bilikagga# 

lET 5909 and Intan mutant manifested positive GCA 

effect for a l l the characters except for grain yield 

per plant. KMS*̂  and Sona had negative GCA effect 

for a l l the characters except for s t e r i l i t y . KMP-249, 

Mangala and Sona had significamt OCA effect for characters 

plant height, total t i l l e r s , productive t i l l e r s , per cent 

s t e r i l i t y and grain yield per plant, whereas non 

signif icant GCA effects were observed for panicle length 

and total spikelets . 

The specif ic combining ab i l i ty ef fects of different 

cross combinations are shown in Tables 14, 15 and 16. 

A majority of hybrids showed significant SCA 
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• f feot for plant hslghti 12 variet ies in combination with 

KMS-lt 14 variet ies with KM3-4 and 13 variet ies with 

KMS-5 showed significant effect for th i s character. 

Two variet ies IBT 5909 and Intan mutant manifested 

signif icant SCA effect in combination with a l l female 

l i n e s . The SCA effects were positive in combination 

with Kr«3-1 and negative with KlviS»4 for plant height. 

Thirty-three combinations showed positive SCA ef fect 

and the rest showed negative SCA effect for this character. 

KMS*5 showed signif icant posit ive SCA effect 

in combination with IR 36 for total t i l l e r s* whereas 

KM3-4 in combination with IR 36 showed significant 

negative SCA effect . None of the other combinations 

manifested signif icant 1CA effect for this character. 

The genotypes lET 7031» lET 5909» KiviP 2^9, iviangala, 

Pragathi* Palguna, Pushpa, Sona, TW 1» Telhamsa and 

Vani incomibinatlon with KMS-1 manifested positive but 

non-significant SCA effect for total t i l l e r s i 13 male 

parents with KMS-4 and nine male parents with KMS*5 also 

exhibited the same trend. None of the variet ies showed 

positive SCA effect with the three tes ters . 

IR 36 and MR 365 in combination with KMS-5» and 

IR 36 in combinationwith KMS-4 manifested significant SCA 

ef fect for productive t i l l e r s i IR 36 with KMS-i> ? 

exhibited negative while the other two exhibited 

positive SCA ef fects . Positive SCA effect was observed 

in 34 cross combinations. 12 variet ies with KMS-1* 10 with 
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Klil3*4 and 12 with KMS-5l ^ut Telhamsa was the only oomiaon 

parent which produced positive SCA effect in conibination 

with a l l the female parents for produotiye t i l l e r s . 

Twenty-three hybrids manifested signif icant SCA 

effect for pamicle length. KM3-1 in combination with 

three variet ies (IR-36, Pragathi and Vikram), K14S-4 with 

three variet ies (Bllikagga, KMP 249 and TN 1} and KMS-5 

in combination with four variet ies (̂ Type 3, Sona» Basumathi 

and Mangala) exhibited signif icant positive SCA ef fect . 

Bllllcagga and KMP 2^ showed JVi^tive SCA effect in 

combination with KMS-1 and KMS-5 for pamlcle length. 

Highest (3.51} and lowest (-2.99) SCA effects for panicle 

length were recorded in the crosses KMS-4 x Bllikagga and 

KMS-5 X Bllikagga* respectively. 

IR 36 in combination with KMS-1 and KMP 249 in 

combination with KMS-5 recorded the highest (49,17) and 

the lowest (-29.62) SCA effects for number of splkelets 

per panicle. The genotypes ES Id. IR 36* Mangala, MR 365, 

Vikram and Vani in combination with KMS-1 manifested 

positive SCA effect , while negative SCA effect was 

evident in combination with KMS-4 and KMS-5, for this 

character. Thirty-seven combinations expressed negative 

SCA effect , while 10 variet ies in combination with KMS-1, 

10 variet ies with KMS-4 and nine variet ies with KMS-5 

expressed positive SCA effect for this character. Only 

IR 36 showed significant SCA effect with a l l the female 

l ines for number of splkelets per panicle, while none 
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ahowttd positive effeot with a l l femalas* 

None of the variet ies showed slgnlfloant 3CA effect 

in combination with a l l female l ines for s ter i l i ty* while 

hybrid KMS-5 x TN 1 and KM3-1 x TN 1 exhibited the highest 

(26.40) and the lowest (•3^.13} SCA effects respectively. 

Significant negative SCA effects were observed in 11 

hybrids and significant positive SCA effects in 10 hybrids. 

None of the variet ies showed positive SCA effect with 

a l l female l ines for s t e r i l i t y i similarly none showed 

negative SCA effect with all female l ines for this 

character. 

Significant SCA effect was observed in 11 hybrids 

for grain yield per plant. Telhamsa in combination 

with KM3*1 and Mangala In combination with KMS->5 recorded 

the lowest (-15.5^) and the highest (18.66) SCA effect 

for grain yield per plant. Basumathi with KMS-1» Mangala, 

Telhamsa and Vanl in combination with KMS*5 exhibited 

significant positive SCA effect , while 7 other hybrids 

exhibited signif icant negative SCA effect for the 

character. 

None of the hybrids manifested signif icant SCA 

ef fects for a l l the characters. The cross KM3-4 x IR 36 

showed significant SCA effect for 5 characters v i z . , total 

t i l l e r s , productive t i l l e r s , panicle length, totaJL 

splkelets and splkelet s t e r i l i t y . The hybrid KMS-1 x 

lET 5909 showed negative SCA ef fect only for panicle length. 
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while KMS*1 X Vanl and K!i9S*4 x Palguna showtd nagatlve 

SCA effect only for yield per plant. The variety Pushpa 

in combination with KM3*4 manifested negative SCA effect 

only for s t e r i l i t y per cent. So was KM3»4 x Bilikagga 

for number of spikle lets per panicle. The hybrid 

KM3-5 X Pragathi exhibited negative SCA effect for a l l 

the characters. 

4.^. Percentage of seed aet in different male s t e r i l e 
l ines with different variet ies 

The experiment conducted with three male s t e r i l e 

l i n e s and 22 genotypes to assess outcrossing under 

natural conditions provided the following resul ts . Tht 

percentage of outcrossing was recorded based on seed 

set on female lines* The female panicles when bagged did 

not set seeds confirming that any seed set on open 

panicles of female l ine i s due to f er t i l i sa t ion through 

foreiffi pollen. The data on percentage seed set on 

different msde s t er i l e l ines namely KMS-lt KMS-̂  and 

KMS-5 due to different variet ies are given In Table 17 

and graphically represented in Fig. 1. The percentage 

seed set on different male s t e r i l e l ines ranged from 

^•4 to 44.77. I t ranged from 10.56 to 29.26 per cent in 

KMS-1, from 11.05 to 44.77 per cent on KMS»4 and from 

4.4 to 22.90 on KMS-5* Minimum seed set on KMS*1» 

KMS-4 and KMS-5 was due to Puspa, lET 5909 and ES 18» 

while maximum was due to Intan mutant* Basumathi and 
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Tabl« 17i Feroentage of seed set on different male 
s t er i l e l i n e s with different variet ies 
(poll inators) 

Male s ter i l e l ines 

KM3-1 KM3-4 KM3*5 

31. 
No, 

1* 

2. 

3. 

î . 

5. 

6. 

7. 

8« 

9. 

10. 

11. 

12. 

13. 

Xk. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

Billkagga 

Basumathi 

B3 13 

IR 36 

lET 7031 

Ijitan mutant 

IKT 5909 

KM? 29 

KMP 104 

KMP 249 

Mangala 

MR 365 

Pragathi 

Palguna 

Purple puttu 

Puahpa 

Sona 

TN 1 

Telhamsa 

Type 3 

Vikram 

Vani 

16.01 32.75 11.60 

27.25 ^,77 8.78 

12.80 23.1^ 4.40 

21.35 39.93 11.88 

18.91 20.66 7.16 

29.26 31<87 8.69 

12.75 11.05 8.47 

19.57 20.30 14.28 

13*15 44.16 5.49 

28.36 33.14 17.83 

27.14 38.32 5.21 

18.18 26.05 4.46 

16,38 42.99 22.90 

25.00 35.32 6.60 

20.33 33.33 9.45 

10.56 22.82 13.83 

16.48 37.50 11.14 

16.4 41.66 15.00 

21.03 18.13 8.71 

26.13 18,05 11.44 

19.08 34.17 6,13 

24.13 32,25 15.63 
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Pragathi respectively. On an average* KMS*'̂  observed 

highest seed set (31.01^) followed by KMS-1 (19.^5?{) 

and KMS*5 (9.5096). 

There Is no definite scale adopted in the past 

for classifying seed set per cent. In the present 

investlgationf the amount of seed set was c lass i f ied 

for convenlenee into three classes namelyt 

(a) Very high seed set 2M^ 

(b) High seed set 1 5 - 2 ^ 

(c) Low seed set 15% 

Fifteen variet ies showed very high seed set on 

KMS-4 where as seven variet ies showed high seed set 

on KMS-1, while none showed on KMS-5* Eleven variet ies 

with KM3-1, s ix variet ies with KM3*4 and four variet ies 

with KM3*5 observed high seed set . Eighteen variet ies 

with KMS-5» four with KMS-1 and only one variety with 

KMS-̂  showed low seed set . None of the variet ies 

produced very high seed set on a l l female l ines but 

Basumathi, In tan mutant* KivIP 249* Mangala, Palgutia 

and Vaunl caused for very high seed set on both KMS-'f and 

KMS-1 indicating their potential i ty to be pollinators 

for high rate of outcrossing. Pushpa indicated low 

potential ity with KM3-1 and KMg-5 but produced high 

seed set on KMS-4. 
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^•5» Fer t i l i ty restoration 

Tha pollen grains were atained with aoetocarmine 

and the number of f e r t i l e and s ter i l e grains were counted. 

The percentage s t e r i l i t y of hybrids i s presented in 

Table 18, 

Hybrid KMS-1 x ES 18 showed the highest (89.l3?f) 

and the hybrid KMS«l x Vlkrara (17.31J*) the lowest pollen 

s t e r i l i t y with an average of 56.%^ among KMS-1 Crossesr 

Fifteen of the 22 KMS-1 hybrids showed more than 50^ 

s t e r i l i t y . Hybrids KM3-1 x Vikram (l7.31%)f KMS-1 x 

Type 3 (24.27) manifested low and the hybrids KMS-1 x 

ES 18 (89.13?^) KMS-1 X KMP 2'»9 (73.7^?^) KMS-1 X Sona 

(76,91^) and KMS-1 x TN 1 (70.059t) manifested high o 

pollen s t e r i l i t y among crosses involving KMS-1. 

The pollen s t e r i l i t y ranged from l6.15^ to 88.79^ 

among KMS-4 crosses with an average of 5%«d̂ * The 

genotypes Type 3» Vikram» TN 1 and Basumathi in combination 

with KMS-'f produced hybrids with low s t e r i l i t y . While 

the genotypes Intan mutantt IR J6 and Telhamsa produced 

high s t e r i l i t y . 

Among KMS-5 hybrids, KMS-5 x Bilikagga showed 

the maximum (92.00%) and KMS-5 x Pushpa the minimum 

pollen s t e r i l i t y . Eleven out of 22 hybrids manifested 

more than 50% s t e r i l i t y . In combination with KMS-5 

the genotypes Pushpa, Palgtaia, Pragathi, m 365, Mangala 
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KIJIP 10^, Intan mutant and IKT 5909 produced hybrids with 

low atar i l l ty while Bllikag^a* Basumathi* Sona* TN 1 

and type 3 produced hybrids with high sterility** th«r -

average of 22 KMS-̂  hybrids being 54»1P%« 

In general, the geno^pes ES l8t IR 36 and 

Sona produced consistently high s t e r i l i t y with a l l the 

three female lines* Vikram showed low stsri l i -ty with 

a l l the male s ter i l e l ine s . The behaviour of the three 

male s t er i l e l ines which have the same source of 

cytoplasm i s Inconsistent in respect of pollen s t e r i l i t y . 
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V. DISCUSSION 

The primary goal of any plant breeder is essentially 

to improve the genetic potentiality of crop more parti­

cularly the yielding ability or productivity of a genotype. 

This is being achieved in seveiral ways* the aost attractive 

one being heterosis breeding. This has been largely 

exploited in cross pollinated crops. Recently it is 

also successfully exploited in rice in China though 

work on hybrid rice is still in the initial stages in other 

countries. However* studies have been initiated towards 

development of hybrids in many countries including India 

and Philippines. In the present studyt an attempt 

was made to identify the lines which can be used as 

maintainera and restorers for the three male sterile 

lines developed at the University of Agricultural Sciences* 

Bangalore. 

In any hybrid breeding* choice of parents is 

important. The parents to be used are determined by 

two factors* (1) per se performance of lines and (ii) its 

behaviour in hybrid combination. Therefore, in the 

present investigatlonf general and specific combining 

ability of the 22 lines Included in the study were also 

assessed. The work was also extended to study the rate 

of outcrossing of these 22 lines in association with the 

three male sterile lines. The results obtained are 

discussed below under the following head linesi 
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(1) Magnitude of heterosis 

(11) Fert i l i ty restoration 

(111) Rate of outorosslng 

( I T ) Per se performance and combining abi l i ty 

5 .1 . Magnitude of heterosis 

One of the objectives of the present study i s to 

measure the expression of heterosis in r ice . In crops 

l ike rice where a great number of variet ies are being 

cultivated, and coamercial exploitation of heterosis 

i s new, comparison of hybrids with released variet ies 

i s more important rather than their performance above 

aidparent. In the present investigation, therefore, 

three methods v i z . , deviation from mid, better and best 

parents were employed to measure the magnitude of 

heterosis . 

5 . 1 .1 . Plant height 

For plant height, ^5 hybrids manifested significant 

positive heterosis over mid parent value ranging from 

8 to 62 per cent indicating non additive gene action in 

these crosses. This i s in conformity with the results 

obtained by Dzyuba (1975) and Chan il980) who stated 

that the ta l lness i s controlled by dominant gene auid 

dwarlViess i s by recessive gene. In eight hybrids non 

significant positive heterosis was observed indicating 
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addltlvo genetic effects (Khan and Khan 1980). Three 

hybrids showed signif icant negative heterosis indicating 

partial dominance. All the hybrids were t a l l e r than 

the best parent since shortest among the parents was 

taken as best parent. Several workers (Kadam ejt ^ . 

1937i Mitntf 1962} Dhulappanavar £t a^.» 1970| Dzyuba* 

19751 Mallick e i ai»» 1978| Singh e^ a^., 198O1 

Purohitf 1972} have observed increased height of 

hybrids over midparent* better parent and often even 

over the best parent. With the discovery of dwarfing 

gene and new plant type contlept In rice* i t i s desirable 

to breed hybrids which are dwarf or intermediate plant 

statured. Thought in the present experiment hybrids 

expressed heterosis over midparent* elimination of 

these parents from any hybrid prograunme may not be 

just i f ied for three reasonsi (1) majority of the hybrids 

studied were intermediate between their parents and did 

not exceed the height of many of the popular variet ies 

presently being cultivatedi ( i i ) the female parents 

included in this experiment was considered to be extremely 

dwarfI ( i i i ) in certain areas in India straw yield 

i s also an important criterion for selectioni thus 

medium t a l l hybrids are preferred. Considering a l l 

these characters, many hybrids having medium plant 

height looked desirable. The heterosis observed 

for plant height was high in magnitude and the variance 

observed in crosses* parents* parents Vs crosses* l ines 
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auid testers was high and oould be attributed to gmotypie 

variance for this charaoter* 

5.1»2. Dava to flowering 

Heterosis for this eharaoter was positive* negative 

or was absent as compared to better parents* But 

Dhulappanavar and Mensinkal (1967)» Purohit (1972) and 

Bardhan Roy e^ a^. (1975) observed only negative heterosis 

for days to flowering. So earllness i s one of the 

frequently observed economical characters of the hybrids. 

But in the present investigation, except on hybrid (KM3-5 

X Mangala) a l l the other hybrids showed positive heterosis 

over the best parent. The magnitude of heterosis observed 

was low* perhaps due to low genetic diversity that existed 

among parents for maturity duration. When comparisons 

were made with the best parent (ES 18)» hybrids were late 

by 20 days and few hybrids by a day or two. Majority of the 

hybrids showed negative heterosis over male parent or 

better parent indicating additive or partial dominance 

gene action. A few hybrids manifested posit ivf heterosis 

as compared to better parent Indicating over dominance 

or dominance. Complete dominance was also found for 

this characteri where the duration of hybrids were 

equal to male parent. 

Dwarfness and earllness are oiostly desired in an 

(/ hybrid. The nature of gene action found for these 
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characters was additive and dominancs rospectively* 

So intermediate height and earliness can be expected 

in the hybrids* 

5*1*3. grain yie^d per p^ant 

As for grain yield per plant* some hybrids showed 

significant positive heterosis over better parent 

indicating complete dominance for the character. Similar 

reports are made by Mauxya and Singh (1978)i Capinpin 

and Punyasingh (1938)} and Ramaiah (1935)* A few 

hybrids did not show signif icant heterosis over better 

parent indicating partial dominance or additive gene 

action* Since s t e r i l i t y in hybrids affected the y ie ld , 

the gene action for yie ld per plsuit could not be 

assessed clearly* Though s t e r i l i t y was present a few 

hybrids produced more yield than the best parent 

indicating; possible scope for the exploitation of the 

character* The hybrids KMS-5 x Telhamsa and KMS-5 x 

*<iangala were found superior to the best variety and 

hence seem to be promising* 

Many hybrids showed heterosis for components 

of y ie ld . Considering this and the fact that some 

hybrids were sdwarf and earlier* the f eas ib i l i ty of a 

hybrid breeding i s promising. Similar conclusions have 

been reached by Singil 'din (1978) and Shalaan et a l . 

(1975). 
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5.1,^, Total t l l lera 

For total tlllera* threo hy^rlda* KMS*l x Tolhamaa* 

Km»k X Bilika^^ga and Ki*i3-̂  x KiAP 39 ahowad aignifioant 

hataroala ovar the beat parant indloating over dorainanoa 

to \f oparatlva In governing thla oharaoter* A majority 

of hybrida did not manifoat aignifieant hataroaia over 

eiidparant indicating additive gene aetioni a few hybrid* 

exhibited aignifieant heteroaia over better parent revealing 

l ikely dominant gene aetion goveming thla oharaoter* 

iiiftxlnitim heterotio effeeta recorded over MP» bP and BP 

were ll6,0» 83*80 and 53*19* reapeetively* Additive 

gene aotion for thla ohraoter waa alao obaerved by 

Khan and Khan U980)* Heteroaia for nuiiber of t i lers 

per plant was obaerved by Kadaun aJ^ ^ » (1937)* Madhû  

audana ^ao (1965)» Dholappanavar ££ s^. (1970)» Ranalah 

(1935) and Dhulappanavar and î sensinlcari (196?)* All 

the male parents showed esnsistent results with a l l 

female lines via** KM3-1* Ki^*4 and KM3«5* iianifesta-

tlon of high heterosis for this important yield component 

i s indlsativa of the potentiality of hybrids for 

increasing yield* 

5*1*5* Nuwber of productive t l l lera 

Shalaan si 3^* (1975) reported that the trait 

panicle bearing t i l l e r ia qoantitatlvely inherited* 

Positive heteroaia vma obaerved by Purohit (1972)* 
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Singh and Singh (1978) and Salnl et al, (197^) for thlt 

eharaoter. Similarly, In the present Investigation, 

positive heterosis has been observed for this chascter 

In 63 hybrids. A few hybrids showing negative heterosis 

were non significant Indicating enormous scope for the 

exploitation of this character. Half the nunber of 

hybrids showed significant heterosis over add parent 

indloAtlng non additive gene action* Hence, the character 

Is controlled by both additive as well as non additive 

type of gene action. Over dominance and dominance type 

of gene action was also observed In many hybrids. Most 

of the hybrids showed higher number of totauL tlllvs as 

well as productive tillers and manifestation of high 

heterosis Indicated greater dlversl^ of parents for 

total and productive tillers. Excepting a few hybrids 

most of th4 hybrids exhibited heterosis In desirable 

direction. 

5.1«6. Panicle length 

Though about half the number of hybrids showed 

positive heterosis and increased panicle length over 

mid parent, a few and none of the hybrids showed positive 

heterosis over better and the best parent respectively. 

But significant increase in panicle length over better 

parent was reported by Dhulappanavar and Mensinkal (1967)» 

significant heterosis over midparent was observed by 
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Bardhan Roy ait a l . (1975) I M^dhusudhana Rao (1965)1 

Id8umi (1937)1 Capinpin and Punyasingh (1938)» Shalaan 

• 1 a^. (1975) and Srivaatava (I981). All these indicated 

non additive gene action for panicle length and similar 

eonolusions emerge from the present study, since 3^ 

hybrids showed significant doYiatlon from midparent. 

Most of the hybrids deviated s ignif icantly from the best 

parent amd therefore over dominance type of gene action 

was also present. Only two hybrids having either KMS-4 

or KMS*5 aa female parent showed significant increase 

over better parent. Hence care should be taken while 

using these female l ines in hybrid rice breeding* 

5 . I .7 . Number of spilcelets per panicle 

None of the hybrids exhibited signif icant negative 

heterosis for number of spikelets per panicle indicating 

that there was no signif icant y.ecrease in spikelet 

number in the hybrids. Twenty one hybrids manifested 

s ignif icant heterosis over midparent indicating non 

additive gene action. But majority of the hybrids did 

not d i f fer from the midp«rent showing additive gene 

action. Only three hybrids having KM3»5 as female 

parent showed significant heterosis* while only one hybrid 

having KM3-5 showed negative heterosis and two having 

KMS-4 and s ix having KMS-̂ l showed negative heterosis* 

Only one (KMS-1 x IR 36) showed signif icant heterosis 
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over the best parent indicating overdominant gene aotiont 

which can be exploited in heterosis breeding. Ten 

hybrids indicated dominant gene action by expressing 

heterosis over better parent« but additive gene action 

predominates for number of spikelets per pauiicle. Dayuba 

(1975)» Singil 'din and Shilovskii (1977)» Chatel and 

Dachanet (i930}» Chan (1980) and Singh and Singh (1978) 

reported positive heterosis for the character as observed 

in the present experiment. A few hybrids showed negative 

heterosis as was also observed earl ier by Mallick et al.» 

(1978). More spikelets were produced per panicle in 

hybrids which i s an indication for higher yields* though 

corresponding high grain yield could not be realised 

because of s t e r i l i t y in the hybrids. Hence* i t can be 

concluded that the spikelet number i s an important yield 

attribute through which we can expect high yields in 

hybrids^ 

5«1»8. Sterility percentage 

Sterility is the most vulnerable character in paddy. 

It is easily affected by environmental factors and 

nuclear manipulations. Earlier reports indicated that 

Pj sterility ranged from 12.9 to 81.0 per cent (Rajagopalan 

et al. 1973). Carpenter (1975) and Bhardhan Roy ̂  al. 

(1975) reported positive heterosis but Yap and Chang 

(1976) reported negative heterosis. Similarly, both 

significant positive and significant negative heterosis 
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waa found in the present experiment. Thirty-five hybrids 

showed significant deviation from midparent indicating 

non additive gene action while 31 hybrids did not exhibit 

s ignif icant heterosis revealing additive tgene action 

but non additive gene action predominated. The male 

parent was chosen as better parent and some hybrids 

(KMS-1 X "m 1, KMS-1 X Vikram, ¥im»k x Pushpa, KMS-5 x 

Mangala and KMS-5 x Palguna) manifested negative heterosis 

indicating more f e r t i l i t y than their male parent. 

Hence these male parents could be considered as good 

restorers. Since the best parent was least sterile# 

a l l the hybrids showed higher positive heterosis* One 

hybrid KMS*5 x Mangala did not show significant heterosis 

over the best parenti the f e r t i l i t y of this hybrid 

was Just on par with the best parent. I t i s known 

that s t e r i l i t y i s inversely related to yield and may 

not be directly useful. However* the genotypes showing 

high s t e r i l i t y can be ut i l i sed for developing maintainors. 

The results obtained for the above character reveal 

plenty of scope for developing luiintainers and restorers 

to the male s t er i l e l ines KMS-1* KMS-4̂  and KMS-5 which 

i s one of the objectives of the present investigation. 

5.1.9* Thousand grain weight 

Many contradictory results have been reported for 
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th is eharaottr. Dhulappanavar s>l ^ * (l970)» Shalaan 

£ l S^* (1975) and Chan (1980) reported signif leant 

heteretlo ef fect for this eharaoter* while Caplnpln 

and Punyaaingh (1938) did net observe heterosis and 

Dhulappanavar and ^nalnkarl (1967) obaerved nei^^tlve 

heterosis for this character* In the present Inirestl* 

gatlon too a l l three types of heterosis were observed. 

But In i«>at of the hybrids positive heterosis over better 

parent (male parent) was observed whleh nay be due to 

doalnanoe or additive gene effect* None of the hybiftds 

showed positive heterosis over the best parent* Number 

of aplkelets per panicle did not have any Influence on 

1000 grain weight* No correlations wsre observed t%v 

1000 grain weight and yield alnoe s t e r i l i t y had hasardous 

effect on yield* Bat i t was found In several other crops 

that 1000 grain weight was highly Influenced by crop growth 

period and environraental conditions prevailed during crop 

growth (Shankaregowda, 1970). Shankaregowda (1970) 

observed an Invertie relationship between 1000 grain weight 

and total splkelets (grain)In sorghumi hence yield was 

not much affected by 1000 grain weight and hence much 

emphasis was not given daring selection of hybrids* Sons 

more studies of the present kind and a probe into the 

relationship between this character and grain yleld» which 

should def inite ly be strong If the Influence of s t e r l l l ^ i s 

eliminated* way throw inore l i ght on the relevance of th is 

In hybrid breeding programme* 
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5.2. Fert i l i ty restoration 

The oommerclal exploitation of heterosis was 

achieved in any crop only after the development of technique 

that enabled large scale hybrid seed production possible 

at cheaper costs . S ter i l i ty i s one of the nechanisms 

that has helped in cheap and lar^e scale hybrid seed 

production. In ricot though male s t e r i l i t y was observed 

as early as in 196^, successful hybrid rice was developed 

only after the discovery of maintalners and restorers in 

1973 (Anon. 1981). In Kamataka also a male s t er i l e 

l ine was identified (Mahadevappa, 1973a» Mahadevappa et a^. 

1981)). Thou??h wide scope was indicated for obtaining 

both the f e r t i l i t y restorers and s t e r i l i t y maintaLnera 

no constant attempts were made to accomplish th i s . The 

data generated on pollen s t e r i l i t y in the 66 hybrids 

studied here (Table 17) reveal unexpected Inconsistency , 

in the s t e r i l i t y behaviour. Of the 22 variet ies crossed 

to a l l the three male s t er i l e lineSf £3 XB$ IR 36 and Sona 

showed high s t e r i l i t y thereby offering scope to develop 

maintalners. S ter i l i ty maintalners can be developed 

through back crossing and selecting for male a t e r i t l i t y 

and desirable characters of the recurrent parent. Similarly 

Vlkram in combination with a l l the three male s t e r i l e 

l ines produced hybrids with leas t s t e r i l i t y and this may 

be useful in a programme for developing restorers. None 

of the other variet ies in combination with a l l the 
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three male s t er i l e l ines manifested consistent f e r t i l i t y 

or s t e r i l i t y , though the cytoplasmic background of a l l 

male s ter i l e l ines was the same. This discrepancy in 

the s t e r i l i t y behaviour among the crosses of KM3 l ines 

of the same cytoplasmic background needs to be studied 

in depth through a study specially designed* eliminating 

seasonal ef fects and involving Icnown restorers and 

maintainers* 

5»3« 3eed set on different male s t er i l e l ines (rate of 
outcrossing) 

Large scale commercial planting of hybrids in se l f 

pollinated crops depends on cost of hybrid seed productiont 

which in turn i s determined by percentage outcrossing. 

The amount of seed set observed on male s t e r i l e l ines 

KMS-1, KMS-'l* and KMS-5 varied from 10.56-28.36 per 

cent, 11.05-i*4.77 per cent* if. 4^-22.90 per cent respectively. 

The average amount of seed set was 19*25* 31*01 and 

9.50 on KMS-1, KMS-̂  and KMS-5 respectively. The seed 

set among panicles of the same plant varied considerably. 

This seems to have happened because of panicles emerging 

on different dates which i s the characteristics of a 

vegetatively propagated crop, the case here with KMS l i n e s . 

The height of the male s t e r i l e l ines varied from 

52.00 to 72.52 cm, whereas the height of male parents 

ranged from 52.10 to 110.̂ •O cm. On an average a l l the 

male parents were t a l l e r than KMg-5 whereas only two parents 
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were dwarf than KMS-^. KMS-1 was t a l l e r than 16 male 

parents . Since a l l the male parents were much t a l l e r 

than KMS-5* the pollen d i s t r i bu t i on on KMS-5 was 

obstructed. The panicles were not properly exposed and 

also were covered by the leaves of the male parent. The 

plant habit of Ki43-5 was also not e rec t and the t i l l e r s 

were somewhat spreading. Kven though KiVlS-l had good 

number of t i i l e r a the plsmt was t a l l e r than many male 

parentSf hence the seed se t was loss than in Kf̂ iS>4. 

The psuiicle emergence in KMS-1 was continuous hence lack 

of pollen for pre-emerged or l a t e emerged panicles* 

probably was the main fac tor contr ibut ing to the low 

seed get . The flowering also s t a r t ed very early in 

KMS-l. KMS*̂  had optimum height in the sense i t was 

s l i gh t ly shor ter or equivalent to tha t of male parents . 

Hence i t had b e t t e r chances for pollen recei)tion. 

The heading time of K1VI3-4 i s also l a t e as compared to 

KMS-1 thereby causing b e t t e r synchronisation. The paniOles 

were b e t t e r exposed in case of KiVi3-4 and the sp ike le t s 

were well d i s t r ibu ted . The plants of KMS-5 were 

covered by male plants and hence were not properly 

exposed to wind for effect ive pol l inat ion and f e r t i l i z a t i o n . 

Thought in general , plaunt height played an 

important ro le , there vas no de f in i t e corre la t ion between 

plauit height and seed se t . The highest seed se t on 

KMS-'l' was also due to b e t t e r panicle exser t ion. Hence, 
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KMS-̂  plant type was found des i rable for hybrid seed 

production with the s e t of male parents used in t h i s study, 

5«^» Per se performance and combining: a b i l i t y 

In case of females, KMS-1 had the highest GCA effect 

for plant height and i t s per se perfrrmance was also high. 

The per se perforraamce was found tft be correlated with the 

QCA effects observed for plant height. Howevert no 

conclusion can be drawn, since a l l the female l i n e s were 

l e s s divergent as they were derived from the same cross . 

Similar cor re la t ions were found for productive t i l l e r s in 

case of KMS-5 (high GCA effect and more number of 

productive t i l l e r s ) . The GCA effect of females, in 

generad, were consis tent with t h e i r pey ^e performance. 

I t was observed from t o t a l t i l l e r s and productive t i l l e r s 

tha t the l i ne KIAS»5 showed the highest GCA effect and the 

highest par se performance. KMS-1 exhibited highest 

per se performance and OCA effect in respect of plaint 

height , panicle length and sp ike le t number per panicle . 

Similarly, KMS-̂ ' showed the highest s t e r i l i t y and GCA 

ef fec t . 

Thus from the s tudies for GCA effect and t h e i r 

r e l a t i v e per ^e performance, some conclusions can be 

drawn. All the des i rab le characters are not proaent 

in the same female l i n e . The characters like good t i l l e r i n g 
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higher panicle number and dwarf plant height were found 

in KMS»5 while characters l ike better panicle length, 

good splkelet number* least s t e r i l i t y and better yie lds 

were found in KMS*1 whereas KMS-4 was not found desirable 

in any of the characters observed* Hence i t i s always 

better to use male parents which oan complement the 

characters absent in the female parent. In any hybrid 

breeding programme with KM3-1 as female parent pollinators 

selected should possess high GCA effect for t i l ler ing* 

productive t i l l e r s and dwarf habit, 

KMS<»1 was found to be the best female parent 

since i t had high GCA effect for yield components, v i s . , 

panicle length, splkelet number and l eas t s t e r i l i t y In 

their crosses. I t i s very important to have f e r t i l e 

hybrid to exploit heterosis for grain y ie ld . KMS-1 had 

negative OCA effect for s t e r i l i t y and i t restored ferti l i-ty 

of hybrids. KMS«5 was the next best female l ine since 

i t had.good OCA effects for characters l ike productive 

t i l l e r s and dwarf plant type which are highly correlated 

with yie ld . While using KMS-5 as a parent, since i t 

has very low OCA effect for total spikelets , pollinators 

with high OCA effect for these characters should be 

selected. KMS*̂  i s the least desirable female as i t 

had lowest OCA effect for yield and highest OCA effect 

for s t e r i l i t y . Hence finding a good restorer would 

be a problem. In addition, i t had negative OCA effects 
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for total t i l l e r s t productive t i l l e r s* paniol* length and 

number of spikelets per panicle* 

No definite correlations ex i s t between per ee 

performance and OCA effect in case of males* Th« 

parents having maximum and moderate number of t i l l e r s 

showed neg'^tive and leas t OCA effepts* Sona had maximum 

number of t i l l e r s followed by TN 1* Puspa and jifangala? 

their OCA effects were negative and Mangala showed 

highest negative OCA effect whereas male parents l ike 

Bilikagga and KMP-2^ had minimum per se performance but 

good combining abi l i ty e f fec ts . But in some parents* 

vis** ES 18* Telhamsa* KilF 39 correlations were found 

havin,^ better per se performance and better OCA effects* 

Similar results were obtained for productive t i l l e r s* 

There was no correlation between per se performance and 

OCA effects in many of the males for productive t i l l e r s * 

Parents ES 18* KMF 39 and Telhamsa showed significant 

positive OCA effects for both total t i l l e r s and productive 

t i l l e r s . But consistency in OCA effects among males 

was found for total t i l l e r s and productive t i l l er s* 

As far as correlations between per sf performance 

and OCA effects were concerned* similar picture was seen 

for a l l the characters. Puspa showed maximum yield and 

highest OCA effect followed by Telhamsa in yie ld as well as 

in OCA effecti hence i t can be successfully used as a 

ale parent with any of the female l ine s . Male parents 
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Telharaaa, KMP-249* KMP 39, ES 18 are preferred for KM3-1 

since they showed better GCA effect for total t i l l e r s and 

productive t i l l e r s and had negative OCA effect for plant 

height while KMS*1 lacks the same but has good combining 

ab i l i ty ef fect for rest of the characters. For KMS-5 

parents Telhamsa, Pushpa, Pragathi and Managala arc 

more preferred as these combinations would be having 

desirable general combining abi l i ty for adl the yield 

contributing characters. 

In general* male parents* viz.* Pushpa and 

Telhamaa had desirable combining abi l i ty effects for a l l 

the charaotersi hence can be preferred in any breeding 

programme. Parents ES 18, KMP 39» KMP 2 ^ and Telhamsa 

had highest combining abi l i ty values for total t i l l e r s 

and productive t i l l e r s and least values for plant heighti 

hence they can be used to develop variet ies or hybrids 

with good t i l l e r s* panicle and medium or dwarf plant 

height. Good combiners for s t e r i l i t y were ES 18* Intan 

mutant, KMP 2^9* Purple puttu, Sona, KMP 104, KMP 39 

which can be further ut i l i sed to develop maintainers. 

Good combiners for a l l the characters were found 

individually but except pushpa and Telhams rest of the 

variet ies can be used for incorporating a few desirable 

characters. So based on the character to be incorporated 

or based on the female and objective,male parents have 

to be chosen carefully. Parents Vikram, Vani, Type 3» 
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Pragathl, MR 365, lET 703I and IR 36 had vety l e s s GCA 

effect for most of the characters and hence they may 

not be Included in further breeding programme. 

None of the hybrids having KMS-1 as female parwit 

showed significant SCA effect either for total t i l l e r s 

or for productive t i l l e r s . The best combiner for total 

t i l l e r s was KMS-5 x IR 36 which showed significant 

positive SCA effect while KMS-̂  x IR 36 showed significant 

negative SCA effect for the same character. Similarly, 

KM3-5 X IR 36 showed significant positive SCA effect 

for productive t i l l e r s followed by KMS-5 x MR 365, hence, 

the hybrid KMS-5 x IR 36 produced better t i l l e r s and 

panicles which i s primarily correlated with yield while 

KMS-4 X IR 36 showed undesirable SCA effect for both 

the characters. 

For plsuit height large number of hybrids showed 

signif icant SCA effects while hybrids KMS-1 x Intan mutant 

KMS-1 X Type 3f KMS-1 x lET 5909 and KMS-1 x IR 36 had 

greater plant height and were signif icant for tal lness . 

So these combinations can be ut i l i sed where fodder yield 

also plays an important role and water logging i s a 

problem. Many other hybrids also showed SCA effect for 

ta l lness . For dwarfhess many hybrids showed significant 

SCA e f fec t s . The hybrid KMS-1 x TN 1, KM3-1 x Telhamsa, 

KMS-1 X Pushpa, KMS-4 x lET 5909. KMS-̂ f x l^langala, 

KMS-5 X Mani, KMS-5 x IR 36 and KMS-5 x Bilikagga had 
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signifioant SCA effect for dwarfness. Henoe these 

combinations play an Important role In developing hybrids 

which suits to modem plant type concept. Only a few 

hybrids were t a l l and most of the hybrids were medium 

t a l l and dwarf as observed in parents* henoe there i s a 

scope for obtaining plants of any height* 

Hybrids KM3-1 x B3 18. KMS>1 x Pragathi, KMS-1 x 

TN 1, KM3-5 X Baaumathi, KM3«5 x Sona, KM3-5 x Type 3 

showed significant SCA effect for panicle length* Only 

hybrid KMS-1 x ES 18 showed significant positive SCA 

ef fect for panicle length and number of spikelets per 

panicle* So correlations et isted between higher panicle 

length and higher spikelet number in this hybrid. Even 

though many of the hybrids showed increased panicle 

length they did not show increased spikelet number indicating 

sparse distribution of spikelet in the hybrid. But some 

hybrids showed decreased panicle length and increased 

spikelet number indicating panicles with dense spikelets* 

Very few hybrids showed signif icant increase in spikelet 

number* * 

In hybrids KMS-1 x Basumathif KM3-5 x Mangala* 

KM3-5 X Telhamsa* KMS-5 x Vani there was signif icant 

decrease in s t e r i l i t y but s ignif icant increase in yield* 

similarly in hybrids KMS-1 x i<<tangala» KMS-1 x Telhamsa* 

KM3-4 X Yanit KMS-5 x Basumathi» KMS-5 x MR 3^5 increased 

s t e r i l i t y was correlated with decreased yield indicating 
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Inverstt relationship between yield and s ter i l i ty* This 

Indicates that there Is a wide scope to develop both 

malntalners and restorers for the male s t er i l e l ines* 

As revealed above* progenies of a l l the three 

s t er i l e l ines appeared to be capable of producing high 

s t e r i l e and l e s s yielding hybrids. So there Is wide 

scope for maintaining the s t e r i l i t y and also for producing 

f e r t i l e and high yielding hybrids so that a few f e r t i l i t y 

restorers can also be developed suid further used In 

heterosis breeding. 

The female l ines used In this experiment are not 

yet stabil ized for a l l the agronomic characters and they 

are also not divergent* hence definite trends In OCA 

effect and SCA effects were not obtained. Similarly* 

definite correlations were not obtained between yield 

contributing characters and y ie ld . 



SUMMARY 



VI. SUMiyiARY 

The present study was undertaken with a view to 

Identify naintainers and restorers for the three male 

s t e r i l e l ines of rice* y i z . , KM3-1, KiviS-'f and KM3*5* The 

identif ication was done based on the pollen steril i-ty 

of the hybrids. The magnitude of heterosis for nine 

quantitative characters namely plant height* total t i l l e r s* 

productive t i l l e r s* panicle length* number of spikelets 

per panicle* s t e r i l i t y percentage* days to maturity* 

grain yield perp plant and 1000 grain weight in 66 crosses 

involving 3 male s t er i l e l ines and 22 inbred l ines as 

male parent was calculated. Since a l l the three male 

s t e r i l e l ines were derived from the same cross* they 

are cytoplasmically al ike. The male parents were 

selected from cultivated variet ies and breeding l ines and 

were highly divergent. The study was also aimed at 

finding out the general oombinLng ab i l i ty of females and 

males and specif ic combining abi l i ty effects along with 

relat ive importance of additiv«i and non-additive gene 

action governing the above characters. The amount of seed 

set on female l ines due to different pollinators which 

in turn determine the potential ity for hybrid seed 

production was also determined. 

The hybrids were produced during summer of 1982| 

the crosses along with female and male parents were 



99 

•valuated for different t ra i t s in conplete randomised 

design during Kharif of 1982 at the main research station* 

Hebbalt Bangalore. 

The important findings are summarised beXowt 

1. Some genotypes were found to be s t e r i l i t y maintainors 

for a l l the three male s t er i l e l ines and some as 

restorers. A scope to obtain both restorers and 

s t e r i l i t y maintainers was also indicated. 

2. S ter i l i ty of the F, showed wide variations from 20.5 

to 99*7 per cent based on seed se t . Pollen s t e r i l i t y 

ranged from l 6 . l 4 to 92.00 per oent. 

3. Great diversity was found among male parents and the 

crosses when compared to female l ines for a l l the 

characters. 

4. Significant heterosis over midparent was observed 

for a îin\f'<^ characters in some hybrids though 

majority of them did not shew significant heterosis 

over midparents for characters such as total t i l l e r s * 

number of panicle bearing t i l lerSf number of spikelets 

per panicle indicating additive gene action. 

5. Over the best parent* signif icant positive heterosis 

was observed in most of the hybrids for characters 

v is .* plant height* days to flowering and s t e r i l i t y 

percentage. 
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6. Two hybrids KM3*5 x Telhamsaand KMS-5 x Mangala were 

found superior to the beat variety for yield and 

hence promising* while many hybrids showed heterosis 

for yield eomponents. 

7* The OCA effect of females in general was consistent 

over their ^ y ge performance. Henoot these l ines 

could be made use of in producing hybrids. 

8. Very few hybrids showed significant SCA effects for 

the characters studied. 

9. The seed set on KM3-1» KMS-̂  and KM3-5 ranged from 

10.56 to 28.36, 11.05 to ^4.77 and ^,4 to 22,90i the 

average seed set was 19*25t 31*01 and 9.50 respectively 

due to different poll inators. KMS-̂  «m««eel high 

seed set hence the plant type of KMS-4 i s desirable 

for economical hybrid seed production. 
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