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A B S T R A C T 

Dry F seeds of two crosses of r i ce v i z . Himalaya--1 x Phul Patas 72 

and Himalaya-1 x China 988 were i r rad ia ted vdth 25 kR.gamma-rays. The 

experimental material for the t r i a l during kharif» 1983 comprised F , ̂ R^-I 

of the two crosses alongwith t he i r parents . During kharif« 198^, the 

experimental material comprised of F , ^ # 0 and the parents of the above crosses, 

The study was undertaken to assess the magnitude of induced v a r i a b i l i t y for 

yield and some quant i ta t ive characters and to study the spectrum and frequency 

of macro-mutations induced, 

In the cross Himalaya-1 x Phul Patas 72» the mean values for panicle 

length, f e r t i l i t y percentage, and yield per plant decreased and for niunber of 

t i l l e r s per plant increased s ign i f ican t ly in F M ajs compared to the F , however, 

for p lant height and 100-grain weight, no differences were observed. In the 

cross Himalaya-1 x China 988, s igni f icant decrease in F M as compared to F for 

plant height, panicle length, f e r t i l i t y percentage, 100-grain and yield per p lant 

was observed where as for number of t i l l e r s per plant no difference was observed, 

The spectrum of chlorophyll mutations in both the crosses, comprised 

mostly of albina followed by xantha« s t r i a t a , xantha-alba. and v i r i d i s . In both 

the crosses, the overal l frequency based on M plant progeny was higher than tha t 

calculated on the basis of M seedlings. In the cross Himalaya-1 x Phul Patas 72, 

the mean values in F_M for days to heading, p lant height , number of t i l l e r s 

per p lan t , panicle length^lOO-grain weight and yield per p lant remained unchanged, 



whereas, s igni f icant decrease was observed for f e r t i l i t y percentage as 

compared to the F , In the cross Himalaya-1 x China 988, the means in 

F^ M remained unaffected when compared with F for a l l characters studied 

except for yield per p lant where i t decreased s ign i f i can t ly . Signif icant 

var ia t ions have been observed within F and FJ l progenies of the two crosses 

for a l l characters except for f e r t i l i t y percentage in both F and F,M of 

the cross Himalaya-1 x China 988, However, no s ignif icant differences in 

variances were observed v^en the i r rad ia ted population (F-,M ) was compared 

with the unirradiated population (F ) in the two crosses except for yield per 
-> China. 998 

plant in the cross Himalaya-1 x ^^S. •Ê ffê rts ?2 . In the cross Himalaya-1 x Phul 

Patas 72, moderate to high estimates of h e r i t a b i l i t y and genetic advance for 

days to heading and yield per p lant in F and days to heading and p lant height 

in F_M were observed. In the cross Himalaya-1 x China 988, these estimates 

were moderate to high for p lant height and yield per p lant in F and for 

days to heading, p lant height and yield per plant in FJI . Selection in 

these populations may therefore lead to improvement of d i f ferent characters , 

A few progenies in different populations which have higher yield in 

comparison to the highest yielding progeny of the recomended var ie ty have 

been iden t i f i ed . These progenies are also superior for one or more yield 

components. Selection of these progenies from different populations and 

further evaluating them in yield t e s t may lead to the development of high 

yielding genotypes in r i c e , 

Signatur e udent 
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Chapter - 1 

INTRCDUCTION 

Rice (Oryza sa t iva L.) i s considered to be the nat ive of 

South-east Asia, vlaich includes India and China. I t i s the p r inc ipa l 

food of nearly half of the mankind. Hence, higher yields coupled with 

improved n u t r i t i o n a l qual i ty i s of prime importance, 

Sice i s the major kharif crop of Himachal Pradesh, next only 

to maize, occupying an area of ggjproximately 92.8 thousand hectares during 

1983-84 wi th 'a production of 111.5 thousand tonnes and an average of 

1300 kg/ha.(Anonymous, 1984), In Himachal Pradesh, r i c e i s growQ at 

elevations ranging from 300 metres to 2250 metres. The r i c e growing 

season i s r e l a t i v e l y shor t , temperature fl\^i^tuates extremely and the 

crop i s exposed to low temperature, pa r t i cu la r ly a t flowering stage 

causing low temperature damage coupled with neck b l a s t . Although good 

progress has been made in the development of r i c e va r i e t i e s in Himachal 

Pradesh, yet the losses in yield caused by b l a s t , low temperature and 

drought e t c . are regular fea tures . Development of va r i e t i e s r e s i s t an t 

to blast and to le ran t to d r o u ^ t and low temperature with acceptable 

grain quali ty offers the poss ib i l i t y of increasing the r i c e yields i n 

the s t a t e . 

The presence of suff ic ient genetic v a r i a b i l i t y in a population 

i s a p re - requ i s i t e for the success of a breeding programme. The idea of 

producing a r t i f i c i a l mutations and u t i l i z i n g them for improving cul t ivated 

plants was indicated as early as 1901 by De-Vries, Muller (l927) i n 

Drosophila and Stadler (1928) in maize and barley discovered that mutations 

can be induced a r t i f i c i a l l y by i r r a d i a t i o n . Mutation induction i s a 

r e a l and proven way to create var ia t ion within a crop va r i e ty . A r t i f i c i a l 



mutagenesis offers a pos s ib i l i t y for induction of desired a t t r i b u t e s , 

perhaps some of those that e i ther cannot be found na tura l ly or have 

been l o s t i n evolution. I t i s an established fact tha t mutagens;, 

beside causing changes in magor genes, also induce mutations at loc i 

governing the quant i ta t ive characters . These micro-mutations can be 

detected in the form of increased variance in M generation. Since 

most of the economic t r a i t s show polygenic inher i tance , more information 

on the induction of genetic v a r i a b i l i t y i n then t h r o u ^ mutation i s 

needed, 

Pure breeding homozygous genotypes have generally been used 

i n mutation breeding experiments. Lately, the importance of ms^tagenesis 

in increasing the recombination r a t e with a pos s ib i l i t y of adding 

induced v a r i a b i l i t y to tha t i n h e r i t in a cross has been rea l i sed and 

hetero25rgous and heterogeneous populations of different crop species 

have been exposed to mutagens, Gregory (1956) hypothesized tha t the 

var ia t ion induced by i r r ad ia t ion might be cumulative with that of 

hybridization, 

The present invest igat ion was therefore undertaken to make 

a comparative assessment of the effects of gamma i r r ad ia t ion (25 kR) 

on the amount, of induced v a r i a b i l i t y in some quant i ta t ive characters 

following the treatment of F^ seeds i n two r i c e c rosses .v iz . Himalaya-1 x 

Phul Patas 72 and Himalaya-1 x China 988 with the follovdng object ives , 

1. To assess the magnitude of induced v a r i a b i l i t y for yield 

and some quant i ta t ive t r a i t s i n segregating generations. 



2. To study the spectrum and frequency of macro-mutations induced 

by gamma rays . 

3» To ejcplore the p o s s i b i l i t i e s of i so la t ing desirable phenotypic 

mutants. 
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Chapter - 2 

REVIEirf OF LITERATURE 

Swaminathan (1965) c laesi f ied mutations in to two major groups, 

those which can be detected in a group of plants and the i r tes t ing 

requires biometrical analysis are called micro-iButations, while these 

which can be recognised by a study of individual p l a n t s , involving 

gross change in the phenotype are called macro-mutations. A micro-mutation 

i s a mutational event which causes only small modification of the phenotype 

of a t r a i t , 

The relevant l i t e r a t u r e on different aspects studied during 

the course of present invest igat ion i s reviewed br ie f ly under the following 

headings: 

A, Macro-nutations and phenotypic mutants 

B, Micro-mutations and polygenic-var iabi l i ty 

G, Mutation frequency and spectrum, 

A, Macro-mutations and phenotypic mutants 

In many cases, induced macro-mutants may not be sui table for 

being released d i r ec t l y for c i a t iva t ion , but they may prove excel lent 

i n i t i a l breeding materials (Gxistafsson and Tedin, 195^), The great merit 

of such mutants i s that the v a r i a b i l i t y would be available i n a well 

adapted va r i e ty , 

Syakudu £ t ^ . (1958) and Yamagata and Syakudu (l96o) obtained 

early and l a t e maturing v a r i e t i e s in H from four i r r ad ia ted v a r i e t i e s of 

r i ce with gamma-rays. The change in l a t t e r type occured more frequently 

than the former, 



Futsuhara et a l , (1967) reported the development of a r i c e 

Variety 'Reimei' by i r r ad i a t ing the seeds with gamma-rays. Reimei has 

short c»lm and i s r e s i s t an t to lodging. Similarly, development of short 

s ta tured and lodging r e s i s t a n t mutant va r i e t i e s has also been reported 

by Marie and IKLnarelli (1972) and Ree (1973). 

Mutants that ripened ea r l i e r that" the parent va r ie ty have been 
/ Xt-< ^ *-d 

reported by many workers in r ice ' ' including Jbdon (1958), Kawai (l963)f 

Rajagopalan (I968), Viado ^ a l . ( l 970 ) , Haq et s a . ( l 9 7 l ) , Swaminathan 

e t a l . (1971) , Woo and Chang (l97l)» Bari and Awan (197^), Somoto and 

Kanai (1975), Awan and Cheema (1976), Rutgers (1977) and Sharma •;, '::•' 

(1985), 

Awned mutants have been reported by Siddiq and Swaminathan (1968), 

Swaminathan (1970), Ratho and Jachuk (1971) in different va r i e t i e s of r i c e . 

Tanaka (1968) concluded af ter studying R and R-. generations 

tha.t mutants with early or l a t e heading dates showed the l eas t frequency 

and each mutant l i n e showed concurrent or combined changes i n three 

characters on an average* 

Gi l l _et a l . ( l969) obtained an open sp ike le t mutant in M progeny 

following gamma-irradiation of seeds of the cross Jhona 3^9 x Taichung 

Native-1. According to them i t seems to be a monogenic recessive character , 

Swssninathan et ^ . ( 1 9 7 0 ) isola ted a dwarf mutant, Tromby Rice - 1 

(TR-1) from GEB var ie ty af ter gamma-irradiation, which produced larger 

grains and flowered 15-20 days e a r l i e r . 

Mohanty (l970) developed a new var ie ty 'Jagannath' by t r ea t ing 

T. 1^1 with X-rays, vMch i s r e s i s t an t t o drought and sha t te r ing , 



Radiation induced chlorophyll mutations i n r i c e have been 

reported by several workers (imai, 1935; Khanna, 1935; Ehrenberg e t a l ; 

1^6; Bora and Rao, 1958; Matsuo et a l ; 1958; Yamaguchi, 1962; 

Swaminathan et a l , 1962; Tanaka, 1968; Basu and Baeu 1969; Mi ah and Awan, 

1971 and Ghakrabarti, 1975). 

Saini and Gagneja (l97l) t reated the F seeds of the cross 

between Jhona 3^9 x Taichung Native-1 with gamma-radiations and i so la ted 

a mutant in F , vhlch was shorter strawed and ea r l i e r muturing than 

Basmati 370. This mutant had longer grains but s imi lar cooking qual i ty 

aP Basmati 370, Saini and Kumar (l973) also i so la ted a mutant from the 

cross Jhona 3^9 x Taichung Native-1, vAiich i s insens i t ive to photoperiod 

and temperature. I t i s early maturing, and has shorter straw and grain 

of be t te r cooking qual i ty , 

Chao (l973) reported that the yielding capacity of the indiea 

short s tatured s t r a i n s , induced in Taiwan Native v a r i e t i e s after 

i r r ad i a t i on was equal to that of the improved va r i e t i e s T(N)-1 and IR-8» 

Ram (197^) also isola ted dwarf mutants with higher yields than the parenta l 

v a r i e t i e s from the i r rad ia ted t a l l v a r i e t i e s (NP-^9, NP-1i4 and NP-8) and 

dwarf Variet ies (lR-8, Jaya and Padma). 

Phenotypic and physiological mutants for maturi ty, plant height 

ex t ra large glumes, awnedness, grain pubescence and grain dimensions 

have been reported by Bhatia (1973) and Kaushik ( l97^) . 

Bhan and Kaul (197^) reported a long-grained, strong culmed true 

breeding mutant with p le io t ropic effects on genes governing other-

quant i ta t ive characters i n Jhona 3'f9 folloidng treatment with gamma rays , 



Saini _et a l . (1977) reported the recovery of a mutant 

follovdng gamma-irradiation, which was 72 cm shorter than the parent 

va r ie ty Basmati 370, e a r l i e r by ten days and 83«7?S higher yielding. 

Mutant va r i e t i e s with short s t a t u r e , ear ly maturity and in^roved 

t i l l e r i n g , grain yield and protein content were reported by Shaikh (198l), 

Awan and Cheona (l98l) compared the semi-dwarf mutants obtained 

through gamma-irradiation with the t a l l ifidica parent va r ie ty Basmati 370 

and reported that reduction in height was associated with reduction in 

panicle components of yield, the degree of change differ ing between 

mutants and characters , 3he mutants were true breeding, 

Malik (1982) i so la ted two r i c e mutants in the M generation 

of Basmati 370 following gamma-irradiation. Basmati A 5^ i s a high 

yie ld ing, semi-dwarf, matures 28 days ea r l i e r than Basmati 370 and has 

superior agronomic and quali ty t r a i t s , BMS-1 i s a sani-dwarf mutants 

with 15-20 t i l l e r s per p l an t , reduced grain s i z e , p a r t i a l l y naked gra ins , 

35-̂ KD% pollen s t e r i l i t y , a l t e rna te branching from every sten node and 

erect leaves , 

B, Micro-mutations and -polygenic v a r i a b i l i t y 

The v a r i a b i l i t y caused by micro-mutations i s polygenic in 

nature and of great importance to plant breeders, A bet ter imderstanding 

of the mutation precessess in such genetic systems and the nature of 

induced v a r i a b i l i t y i s of utmost importance in the application of induced 

mutations to plant breeding problems, as i t tends to sh i f t the mean of 

the homozygous l i n e s , 
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The f i r s t analysis of induced mutation for quant i ta t ive t r a i t s 

in r i c e based on biometrical analysis was published by Cka et a l . ( 1 ^ 8 ) , 

They observed increased variances for p lant height and heading date in 

X-ray i r rad ia ted population over the control , though the means renained 

unchanged. This suggested tha t polygenic mutations with plus and minus 

effects occur equally frequently in both d i rec t ions . However, these 

r e su l t s were c r i t i c i zed by Bateman (l959), who reported that not only the 

Variance but also mean values for plant height and days to heading 

increased s ign i f ican t ly af ter i r r a d i a t i o n . In his opinion the overal l 

effect of polygenic mutations was unidi rec t ional and no plus and minus 

mutations around the control mean could be obtained, 

Increased variances for different quant i ta t ive characters were 

reported by several workers. Variances were increased for heading date , 

p lant height and panicle length (Kao et ^^ 1960); flowering da te , length 

and r i g i d i t y of culm, leaf width and grain length (Boroughs, 1962); p lant 

height, plant weight, t i l l e r number, panicle length and grain yield (Sakai 

and Suzuki, 196^); awn length, number of effective t i l l e r s and grain s ize 

(Venktanadachari, 1963); panicle length, grain number per panicle and 

100-grain weight (Vairavan et̂  ^ . 1973); t i l l e r number, panicle length, 

grains per panicle and yield per p lant (Mallick _et _^ , 1979) in r i c e 

following mutagenic treatments. Increased variances accompanied by the 

sh i f t in the means were also observed for various quant i ta t ive characters 

in r i c e , following physical and chemical mutagenic treatments (Sato, 1966; 

Roy and Jana, 1971; Jana and Roy, 1973; and Chakraborty and Sen, 1979). 

Ota jet ^ . (1962) i r rad ia ted dry seeds of Hamayu var ie ty of r ice 

with gamma-rays and found that variance increased with the increasing 



dose, while the means did not differ much in i r rad ia ted and non-irradiated 

l o t s , 

Miah and Yamaguchi (1964) treated the seeds of two r i c e va r i e t i e s 

and the i r F seeds and suggested that manifestation of mutated characters 

was modified by background genotype, and i t was ^ p a r e n t tha t we could 

se lec t more desirable var iants by the i r r ad ia t ion of hybrid seeds i n 

comparison to i r r ad ia t ion of the seeds of pure v a r i e t i e s , 

Saini and Sharma (1970) studied the radia t ion induced var ia t ion 

for days to heading, p lant height , t i l l e r s per p lant and yield per plant 

in va r i e t i e s Jhona 3^9 and Taichung Native-1 and the F of the crosses 

between t h ^ . The mean values remained unchanged in the ^i r radiated 

populations compared with the control . There was, however, an increase 

i n genetic variance following i r r a d i a t i o n . Hybridization combined with 

i r r ad ia t ion resul ted in greater genetic variance than i r rad ia t ion of 

parental types, 

Ganashan (197l) selected a high yielding mutant l i n e M 273» with 

shorter culm, ' r e la t ive ly darker green leaves and an erect growth habi t , 

from the progeny of gamma-irradiated seed of H. , a Ceylonese variety^' 

Chand e t a l . ( l97^) have found the highest phenotypic and 

genotypic co-eff ic ients of variance and highest e3q)ected genetic advance 

for grain yield per p lan t . High broad sense h e r i t a b i l i t i e s were recorded 

for sp ike le t numbers per panic le , number of panicle bearing t i l l e r s , days 

to heading and yield per p l an t . Most var ia t ion occured at 15-23 kK doses 

with normal grain moisture, 

Virk e t ^ . (1978) t rea ted the r i c e v a r i e t i e s Jhona 3^9 and 

Taichung Native-1 and t h e i r F hybrids with different doses of gamma rays , 

A s ignif icant increase in var iat ion was observed after exposiire. The 
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magnitude of two types of var ia t ions i . e . induced var ia t ion in pure 

breeding l ines and var ia t ion from hybridization segregation were almost 

the same for yield but was greater for plant height and t i l l e r number 

in case of hybridization segregation. 

60 Deng (1981) showed that in early mutants from the M of Go 

gamma-irradiated r i c e Taiying 1, the h e r i t a b i l i t y values were in the 

order of 100-grain weight>heading da te>p lan t he igh t>gra in number per 

panicle> grain weight per p lan t>pan ic le length>panic le number per 

p lan t , 

Savov (1983) reported tha t considerable var ia t ion in height 

was found in the M of s i x crosses of wheat va r i e t i e s following i r r ad i a t i on 

of F and F grains with 5-15 kR gamma-rays. Up to 12,6% of mutants, 

depending on dosage and cross combination, had short culms. Plant with 

short and strong culms, upright leaves, productive spikes and good 

res i s tance to rus t were obtained af ter i r r ad ia t ion of F gra ins , 

Zhou (1983) reported that in the M derived from grains t reated 

with 2 kR gamma-rays, h e r i t a b i l i t y values for panicle length, panicle 

ntmiber, grain s e t per panic le , grain number per panicle ; and f e r t i l i t y 

were higher in the l a t e maturing mutants than in the early maturing mutants, 

In the M_, the h e r i t a b i l i t y values for 10(X)-grain weight and heading date 

were 9^,1 and 88,8% respectively in the ear ly mutants, vtdle 83,1 and 74,6% 

for panicle length and f e r t i l i t y in the l a t e mutants, 

G, Mutation frequency and spectrum 

Chlorophyll mutations are the most important groxip of mutations, 

which have great significance in methodology invest igat ion of mutation 

breeding programmes, Hjwever, chemical frequency might be more c losely 
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correlated to gene mutation than the parameters l ike growth reduction 

and plant l e t h a l i t y , which have a major physiological component associated 

with induced genetic changes (Brun, 195^; Kaplan, 195^; BHxt et ^ , i960 

and 1964). 

Different methods have been suggested for measuring the 

frequency of chlorophyll mutations per 100M plants (Gustafsson, l9'»-7)» 

However, Gaul (i960) observed tha t the number of chlorophyll mutations per 

lOOM seedlings provide the best index for measuring mutation frequency, 

as i t i s proportional to the i n i t i a l mutation r a t e and the 

s ize of the mutated sec tor . Similar observations were also made by 

Eriksson (1965), Jacobson (1966) and Sethi (1968). 

Sharma (1968) reported a l inea r increase in chlorophyll mutation 

frtequency with increase i n dose of Ethyl methane sulphonate (EMS) and 

gamma-rays, 

Ram and Zaman (1972) t reated lE-B with gamma-rays and found 

that both albina and xantha types were l e tha l and died after 10-15 days, 

Albina died a week ea r l i e r than xantha, »Aiereas, g reen - s t r i a t a (**dte 

bands on green leaves) and a l b i n a - s t r i a t a (green bands on white base) 

survived and gave normal seed se t t ing and normal p lants i n the E, 
J? 

generation. 

Mehra. (l975) reported that the frequency of chlorophyll mutations 

induced by gamma-rays was the highest in the main panic les , followed by 

l a t e r a l - I and l a t e r a l - I I panic les . 

Nayar and Ninan (l978) studied the frequency and spectrum of 

gamma-rays induced var ia t ion in r i c e var ie ty Jaya and found that exposure 

of dry seeds to three doses of gamma rays reduced panicle length i n the 

M and M generations. There were no differences for t h i s t r a i t between 

dose or between the seven panicle categories s tudied. High estimates for 
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genetic advance and h e r i t a b i l i t y indicate that t h i s t r a i t can be improved 

t h r o u ^ mutation breeding, 

Reddy £ t j l . (1979) t reated dry seeds vath ganmar-rays followed 

by chloral hydrate, ethanol and methanol or mixtures of these chenicals 

and reported that chonicals gave r i s e to more chlorophyll deficient mutants 

in the M gaierat ion than did treatment with gamma-rays alone, 

Wu and Zhang (1983) reported that the ;frequency aid range of 

mutation in the M following i r r ad i a t i on of grains with gamma-rays, were 

correlated c losely and pos i t ive ly with the dose of radiat ion and negatively 

with the M seedling survival r a t e and f e r t i l i t y , 

Alteration in the spectrum of 'Chlorophyll mutations i s another 

genetic e f fec t , usually taken as the most important measure of mutagen 

spec i f i c i ty in higher p l an t s . Chemical mutagens, especial ly alkylat ing 

agents, produced higher frequency of v i r i d i s type than radiat ions with 

which produce albina type with greater frequency (Ehrenberg _et a l , 1959; 

Eavret, 196O; Konzak et a l , 196I; Sharma, 1968). Nanda and Misra (l975) 

observed tha t albina mutants occured with greater frequency, follovdng 

gamma-rays and MS treatments, 

Seetharam and Nayar (1978) reported tha t chlorophyll mutants 

ar is ing from seeds of an indiea select ion treated with EMS alone were 

mainly of the "Cigrina type, while those ar i s ing from gamma-rays treatment 

alone were mainly of the albina and xantha types, 

Neillathambi and Raja (1982) t reated the grains of r i c e var ie ty 

CO 37 with gamma-rays and EMS seperately and in combination. Mutation 

frequency could be estimated equally well as number of mutaiits per 

100 M spikes or number of mutants per 100 M p lan t s , treatment with 
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gamma-rays gave higher mutation frequency than did IMS, Combination 

treatment induced mutations in higher frequency. The gamma-rays 

treatment produced albina, xantha and s t r i a t a mutations, vAxereas EMS 

and combined treatments produced these types and virescens, Albina and 

Xantha vere the most frequent mutations overal l but combined treatments 

produced more albina mutations than did the separate t reatments , 



MATERIAL AND METHODS 



Chapter - 3 

MATERIAL AMD METHODS 

The present invest igat ion was carried out at the ejcperimental 

area of the DepartmKit of Plant Breeding,Himachal Pradesh Krishi Vishva 

Vidyalaya, Palampur during the kharif seasons of 1985 and 198^, The 

experimental material for the study during kharif 1983 comprised of JF 

iiTadiated and unirradiated seeds of two crosses alongwith the parent 

v a r i e t i e s as described below: 

1. F and FJH generations« kharif 1983 

The F seeds of the two crosses i n r i c e , v i z . , Himalaya-1 x Phul 

Patas 72 and Himalaya-I x China 988 were t reated with gamma rays . 50O dry 

seeds of F ' s of each cross s tab i l i zed at 13 per cent moisture content wert 

i r rad ia ted with 25 kR gamma rays in Co gamma rays ceU from the Division 

of Genetics, Indian Agricultural Eesearch I n s t i t u t e , New Delhi, Untreated 

500 F seeds of each cross and 100 seeds of each parent were used as 

control , , 

The F seeds of the two rice crosses, along with their F 

irradiated seeds and parents, were sown on a moist filter paper treatment 

wise, in seperate petridishes during 1983, Kie tanperature was maintained 

at 30 G during germination. Sprouted seeds were transfered to the finely 

prepared nursery trays. Thirty days old seedlings were transplanted in 

the field at 20 cm x 15 cm spacing to raise the F and F M generations 

during kharif 1983 alongwith the parents, 

Following observations were recorded on 100 competitive plants 

of each of the F »s and F irradiated populations and on 20 plants of 

each of the parental populations, 
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1. Plant height (cm) 

2. Number of t i l l e r s per p lant 

3 . Panicle length (cm) 

4 . Spikelet f e r t i l i t y (%) 

5 . 100-grain weight (g) 

6. Grain yield (g) 

At maturity, the selected plants were harvested individually, 

keeping the main panicle seperately and bulking the remaining panicles 

of each plant. The remaining plants in each treatmait were harvested 

and bulked. The main panicles were studied in the laboratory for panicle 

length, and number of fertile and sterile spikelets. One hundred grains 

were counted and weighed for each plant individually. The weight of 

grains from the main and other panicles of the plant was recorded for 

yield per plant, 

Statistical analysis 

The data recorded on various quantitative characters in F 

and F M generations were analyzed statistically using following formulae, 

_ ^ 
Mean (x) - ^ X. 

Where, X. = i observation of a given character 

n = t o t a l number of observations 

tx. 
Variance (S^) = £X.2 -

( ^ \ )2 

a 
1 

n - 1 

Standard error = / „2 
-/- n - 1 
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Where, x^ and n are the same as above and • 1 
2 

S ss Variance of the sample 

Significance of difference between any two treatments for 

observations recorded i n percentages was done by using Z- tes t , 

. / ^ 1 - 2 . , /x! 
m aresmv ; „ _ 2 a resm aresm 

/ n^ n, 
2 

Vfhere. x^ and x_ are observed values (expressed i n decimal 
1 2 

fract ion) axid n . and n- the number of observations i n two treatments 

being compared. The standard error of percentage was calculated as 

follows: 

S,E, of percentage =// £a 

Where, p i s -ttie percentage ejspressed in decimal f ract ion, 

q = 1 - p and n i s the number of p l a n t s , 

The significaaice of difference of any two treatment means 

for other observations was tested by using Student 's t - t e s t , 

, . "1 - °a 

Where, t = calculated value of t at respective degrees of freedom 

m = sample mean of one treatment 

fflp = Sample mean of the other treatment 

n. = sanple s ize of one treatmoit 

n_ = Sample s ize of the other treatment 

S = Pooled standard deviation and 

f^ S = ^ ( n , - l ) 3̂*=̂  + ( n ^ - 1) S | 

"1 * ^2 - ^ 
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Where.S ^ and S^ are the variances of the two samples of 
' 1 2 

s izes n . and n-« 
1 2 

The experimental material during kharif 1984 comprised of F , 

and FJM of the two crosses alongwith the parent va r i e t i e s as described 

below: 

2« K-z and FJ l generations, kharif 1984 

The Seeds from randomly selected normal looking ^ FJI p l a n t s , 

4o F plants from each of the two crosses and 5 p lant bulk for each parent 

were sown in the nursery beds for ra is ing the seedlings of F , ^^5^0 said 

parental populations, respect ively . Fifteen, one month old seedlings of 

each of the ^ F ' s and 4o FJM ' s progenies, alongwith 75 plants for each 

parent per rep l ica t ion were transplanted i n a randomized block design with 

three r ep l i ca t ions . The row to row and p lant to p lant spacings were kept 

a& 20 cm X 15 cm. Chlorophyll mutations and other va r i a t ions , i f any, were 

recoaided at seedling s tage . Two rows of purple-leaved dwarf var ie ty 

R X T-47 were transplanted on e i ther side of each repl ica t ion t o eliminate 

border e f fec t s . The f ie ld was checked regular ly and gap f i l l i n g was done 

from the balance nursery within 10 days of t ransplant ing, 

F e r t i l i z e r s were ^ p l i e d at the r a t e of 100 kg N and 50 kg P Oj. 

and 50 kg K 0 per hectare . Half the dose of N and whole of.P 0^ and KG 

were acpplied through German Mixture at the time of l a s t puddling before 

transplanting and the remaining nitrogen was top-dressed throiiigh urea in 

two equal s p l i t doses 30 and 60 days after t ransplant ing. Adequate water 

supply was maintained throughout the growing period of the crop, 
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The following Observations were recorded on five normal looking 

randomly selected plants in each progeny rep l ica t ion wise, 

1, Days to heading: Number of days taken from sowing to panicle emergence, 

2 . Plant height (cm): Measured from the ground level to the t i p of the 

main panic le , excluding awns, i f any, 

3« T i l l e r s per p lan t : Number of panicle bearing t i l l e r s were counted and 

recorded a t the time of maturity, 

h. Panicle lengthCcm): The length of main panicle of each selected plant 

was measured from the panicle base to i t s t i p , excluding awns, i f any, 

5 . F e r t i l i t y percentage: The main panicles were threshed seperately and 

the number of s t e r i l e and f e r t i l ^ e sp ike le ts in each of then were 

counted and f e r t i l i t y percentage calculated, 

6. lOO-grain weight(g): 10G-grains were counted from the yield of each 

pxaut and t h e i r weight recorded, 

7 . Grain yield -per plant (g); The grain yiaLd of the selected plants was 

weighed and recorded, 

Chlorophyll mutants i n the progeny of F M plants (FJM) were 

counted and the number of mutant seedlings recorded i n the progeny on 

population bas i s . The ident i f ica t ion and c lass i f i ca t ion of chlorophyll 

mutants were done according to Gustaf fson( l9^7) , 

Chlorophyll mutation frequency 

The chlorophyll mutation frequency in FJ l was calculated by 

using the following formula: 

Mutation frequency on M̂  seedling basis (%) = Mo. of mutated seedlings ^ ^oo 
^ ^ 2 Total no, of M seedlings 
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S t a t i s t i c a l analysis : EasBh individual family i . e . F , •^•^p ^^ parents 

of each crosses were analysed seperately as per the analysis of variance 

given by Panse and Sukhatme (1967). 

Analysis of variance for individual family 

Source of var ia t ion d.f. Mean squares Expectations of mean 
Squares 

Heplication 

Progenies 

Error 

(r - 1) 

Cp - 1) M5̂  

(r - I ) (p -1 ) MŜ  

-

2 2 
Cr" * r 0 - | 

e 

Total rp - 1 

The genotypic and phenotypic variances were computed by 

the formulae^ 

Genotypic variance (Vg) = MS - MS 

Phenotypic variance (Vp) = Vg + 

r 
2 
e 

Where, 

MS^ = mean square due to progenies 

MS = mean square due to error 

r = number of replications 

Phenotypic and genotypic variances were further used to compute 

varieus genetic parameters as follows: 

1. Phenotypic coefficient of variation (PW) 

PCV% = V^£*100 
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2. Genotypic coefficient of var ia t ion (GOT) 

100 

X 

Where X = mean of the character , 

3» He r i t ab i l i t y 
2 

Her i t ab i l i ty i n broad sense h, was estimated as the r a t i o of 

genotypic variance to t o t a l phenotypijc var iance. 

h? = ^ 
%B Vp 

4 , Genetic advances 
GA y ^ ^ ^ ^ ^ 

Where, k = constant whose value at 5% select ion i n t ens i t y i s 2«06, 

2 
hr = h e r i t a b i l i t y i n broadsence 

Vp = Phenotypic variance 

Pooled analysis of variances 

For comparing the mean values and tes t ing the significance 

of Variances within and between farailes, analysis of variance was done 

for a l l the quant i ta t ive characters as per standard procedure for 

pooled analysis and the t o t a l treatment variance was par t i t ioned due 

to different components as follows 

Source of var ia t ion d.f. Expectations of mean squares 

Replication 

Treatments 

Himalaya 1 Vs PP 72/cH 988 

?3 Vs>yi^ 

F j and FJ t Vs Parents 

Errojr' 

2 ( r - l ) 

3 ( t - l ) 

1 

1 

1 

6 ( r - i ) ( t - i ) 

2 2 o— + r 0-; e t 

Total 11 ( r t - l ) 
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Standard error and c r i t i c a l differences 

Standard error of mean 

SE(m) =+, -*-M 
The critical difference for comparing two treatment means was calculated 

by using the formula as 

.D.5%/ _ „ ^ 2 X Or-̂  
X t at 5% for error degrees of freedom, 



EXPERIMENTAL RESULTS 
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EXPERIMENTAL BESUia?S 

The r e su l t s obtained from the experiments conducted to study 

the nature of var ia t ion in segregating generations of i r rad ia ted and 

imirradiated F seeds i n r i c e are presented below generation-viise. 

F and F M generation 

The observations on the effect of gamma rays on F seeds 

(F M ) , as measured by plant height, number of t i l l e r s per p l an t , panicle 

length, f e r t i l i t y percentage, 100-grain weight and grain yield per plant 

are presented in Table-1. 

Plant height ; 

In cross Hiraalaya-1 x Phul Patas 72, both F^ and F M showed 
2 2 ^ 

a s igni f icant increase over the shorter parent i . e . Hiraalaya-1 and a 

s ignif icant decrease over the t a l l e r parent i . e . Phul Patas 72» The F_ 

and FJI showed an increase of 4,68 per cent and a decrease of 1.30 per cent» 

respect ively over the mid-parent values 

In cross Hiraalaya-1 x China 988, only F showed a s ignif icant 

increase over the shorter parent i . e . Himaiaya-1, whereas, both F and 

F M showed a s ignif icant decrease over the t a l l e r parent i . e . China 988, 

There i s an increase of 2 . ^ per cent in F and a decrease of 16.52 per cent 

in F M over the mid-parent value for plant height . 

•Hie mean plant height in 25 kfi gamma rays induced F_ generation 

(F M ) decreased s igni f icant ly as compared to the mean of F generation 

in both the crosses , 

Number of t i l l e r s per p lan t ; 
In cross Himalaya-1 x Phul Patas 72, both F^ and FJ I . exhibited 

2 2 " 
a s ignif icant decrease over the be t te r parent i . e . Himalayar-1 but a 
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s igni f icant increase over the poor parent i . e . Phul Patas 72. The F 

and F M showed a decrease of 13.O6 and 2.92 per cent , respect ively over 

the mid-parent value. The number of t i l l e r s increased s igni f icant ly 

following 25 kE gamma-irradiation as compared to the untreated Y 

population. 

In cross Himalaya-1 x China 988, s ignif icant and non-significant 

decrease over the two parents i . e . China 988 and Himalayar-1 respect ively 

was observed in both F_ and p̂M , A decrease of 1^.G6 per cent and 13.19 

per cent was observed in F_ and F M over the mid parent respect ive ly . 

No s ignif icant difference was observed between F M. and F for number of 

t i l l e r s per p l an t . 

Panicle lenglji: 

The F_ and F_M. of the cross Himalaya-1 x Phul Patas 72 exhibited 

s igni f icant decrease over Phul Patas 72 but the difference was not 

s ignif icant when compared to Himalaya-1. The ¥ and F M showed a decrease 

of 3.21 per cent and 4,10 per cent respect ively over the mid-parent value. 

No s ignif icant difference was observed between the means of panicle length 

of F̂ M^ and F^. 

In the cross Himalaya-1 x China 988, the F and F M showed a 

s ignif icant decrease over the be t te r parent i . e . Himalayar-1, whereas, no 

s igni f icant difference in F and F M was observed when compared with 

China 988. F and F M showed a decrease of I .85 per cent and 7,59 per cent , 

respect ively over the mid parent value. A s igni f icant decrease in panicle 

length of F M over F_ was observed, 
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F e r t i l i t y percentage; 

In cross Himalaya-1 x.Phul Patas 72, both F^ and F̂ M^ showed 

a s ignif icant decrease for f e r t i l i t y percentage over Himalaya-1« However, 

only F M showed a s ignif icant decrease in f e r t i l i t y percentage over 

Phul Patas 72. A decrease in f e r t i l i t y percentage of l8 .4 l and 55.51 per 

cent in F and FJI respectively was observed over the mid parent value, 

In cross Himalaya-1 x China 988, the F and FJI exhibited a 

s igni f icant decrease for f e r t i l i t y percentage over both the parents , 

However, there wae decrease in the f e r t i l i t y percentage of 27.^3 send 

60.88 per cent in F and F M respect ively over the mid-parent value. 

In both crosses, f e r t i l i t y percentage decreased s igni f icant ly 

in F M as compared to the F populations. 

100-grain weight; 

Significant increase in lOO-grain weight were observed in both 

untreated^ and treated F populations of the cross Himalayar'1 x Phul 

PataS 72 over parent Himalaya-1, whereas, the differences were non­

s ignif icant over Phul Patas 72. There i s an increase of 7«69 per cent 

i n F and 11.54 per cent in F M. over the mid-parent value. No 

s ignif icant difference for 100-grain weight between F M and F was 

observed. 

In cross Himalaya-1 x China 988, there were s ignif icant increase 

for 100 grain weight in F and F M populations over Himalaya-1, whereas, 

only F M population showed a s ignif icant decrease over China 988, In 

F and F J t populations an increase of 7*^9 per cent and 0.88 per cen t , 

respect ively over mid-parent value was observed. 100-grain weight 

decreased s igni f icant ly in E_M as compared to tKe, m*d-pa35«at lEaliM. 
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Table 1 j Mean values and standard errors for different characters in parents , 
F and F M. generations, 

Var ie t i es / 
IJCreatraents 

1. 

Plant 
height 

(cm) 

2. 

Number of 
t i l l e r s 
per plant 

3. 

Panicle 
length 

(cm) • 

h. 

F e r t i l i t y 
(cm) 

5. 

100- Yield per 
grain Plant 
weight(g) (g) 

6. 7. 

Himalaya-1 

Phul Patais 72 

62.6+0.96 7.05iP.67 22.31+0.21 82.90+1.39 2.0640.02 9.0Bi1.29 

121.8+2.88 3.20+0.27 2^^.^+0.25 64.^1+2.77 2 .0^0 .05 8. l5jp.67 

Mid parent value 92.2+1.52 5.13jP.36 23.^+0.16 73.65i1.55 2.08+0.03 8.62+0.73 

F (Himalaya x 

Phul Patas 72) 96.5±1.63 4.ij6+0.l7 22.65+0.24 6o.99l±2.03 2.24+0.05 6.71+0.43 

Increase/Decrease 
over Mid parental 
value (%) 

Increase/Decrease 
over 1st parent 

+4.66 -13.06 -5.21 

+54.15** -36.74**+i.52 

- l 8 , 4 i +7.69 -22.16 

-27.52 +8.74 -26.10 

Increase/Decrease 
over Soft parent (^) 

F̂ M^ (25 kR) 

-20.77** +39.38** -7.43** -6.71 +7.18 -17.67 

91.0+f.58 ^•98jt?.l8 22.44+0.27 32.77+5.50 2.32+0.05 2.3^23 

(Himalaya-1 x Phul PataS 72) 

Increase/Decrease over 
mid parent value(%) - I .30 -2.92 -4.10 -55.57 +11.54 -72.85 

Increase/Decrease over #• ** 
1st parent (%) +45.37 -29.3^ +O.58 

Increase/Decrease 
over 2nd parents(^) 

-25.29 +55.63 -6 .33 

-60.47 +12.62 -74.23 

-49.12 +11.00 -71.29 

contd 

http://73.65i1.55
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Table 1 contd . . . . . 

1. 2. 3 . ^- 5 . 6 . 7 . 

Himalaya-1 66.7+1.32 6.50+0.66 2 3 . 1 ^ . 2 6 64.21+1.51 2.07'K).03 9 .5^1 .o8 

China 988 91.9i1.95 7.30+p.5'<- 2 1 . 0 ^ . ^ 80.90+I.87 2.47¥).03 9.87jp.98 

Mid parent Value 79.5t1 . l8 6.90+0.^3 22.12+0,2^ 82.56+1.20 2.27ip.02 9.71^0.73 

F^XHiraalaya-1 x 81.2+1.37 5 . 9 3 ^ . 2 ^ 21.71jp.2l 50.9H-2.32 2 . ^ ^ . 0 3 5 .57+0 .^ 
China 988) 

ov":rs:^rnr' *=•*» -̂ -̂"̂  -̂-̂^ -27.*? .7^ . . . . » 

Increase/Decrease " ^ , ' ' *• ' ' *• " '•• ' ** 
over 1st parent(%) +21.7^ -8.77 -6.18 -28.86 +17.87 -42.64 

Inc re aise/De create •* * *• " • • 
over 2nd parent (%) -11.64 -18.77 +2.94 -25.95 -1.21 -43.57 

F2M^(25 kR) _ ^ 

(Himalaya-1 x China66.2+1*22 5.99*0.28 ao.44*$:i'21 32.30+O.03 2.294o|$3 l .64{^.l8 
988) - - ^ _ ^ 

Increase/Decrease ./• _^ ^_ ^^ „ __ ^. QQ ^ 00 o-, -,. 
over mid parent -^^ '52 -13-19 -7.59 -60.88 40.88 -83 . I I 
value (%) 

Increase/Decrease -0.75 -7.85 -11.67 -61.64 +10.63 -82.82 
over 1st parent {%) 

^0 00 ^¥0 Alfe 00 
Increase/Decrease -27.97 -17.95 -3.08 -6O.O7 -7.29 -83.38 
over 2nd parent (%) 

**» * - Significant increase or decrease of F and F M over parents at 5% 

and ^% level respectively 

++, + - Significant increase or decrease of F M over F at 5% and 1% leve l 

respect ively . 

http://91.9i1.95
http://50.9H-2.32
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Yield per p lan t ; 

In cross Himalaya-1 x Phul Patas 72, both F^ and F̂ M^ 

populations showed a s igni f icant decrease in yield per plant over the 

bet ter parent i . e . Himalayaf-1, whereas, only F M population had 

s igni f icant decrease over Phul Patas 72. Hiere i s a decrease of 22.l6 

per cent and 72.85 per cent i n F and F J l . populations^respectively 

over the mid parent value, 

In cross Himal*aya-1 x China 988, s ignif icant diecrease of yield 

per p lant in both F and F M populations over the two parents was 

observed. There i s a decrease of ^2»Sk and 82,11 per cent for yield in 

F and F M populations respect ively over the mid-parent value, 

In both the crosses , a s igni f icant decrease for grain yield 

per plant was observed in 25 kR gamma-irradiated F populations as 

compared to normal F ' s , 

Regarding the effect of i r r ad ia t ion on induction of v a r i a b i l i t y 

i n M generation of F seeds, i t has been observed that in both the 

crosses , v i z , Etmalaya-1 x Phul Patas 72 and Himalaya-1 x China 988, 

the variance (Table-2) for plant height and yield per p lant decreased 

as compared to the unirradiated F , However,t;!the decrease was s igni f icant 

only for yield per p l an t . The var ia t ion increased s ign i f ican t ly for 

f e r t i l i t y percentage and 100-grain weight in F M as compared to the 

F , whereas, the increase was non-significant for t i l l e r s per p l an t . For 

panicle length the variance increased in F_M in cross Himalaya-1 x Phul 

Patas 72 whereas i t decreased i n Himalaya-1 x China 988, but the differences 

were not s ign i f i can t , 
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Table 2* Variances for different characters i n F and F M generations 
of two r i c e crosses 

acters 
lireatment 

Plaait Number of Panicle F e r t i l i t y 100- Yield per 
height t i l l e r s length percentage grain plant 

per p lant weight 

(Hiinalay*.1 x PP 72) 266.264 2.998 5.662 4l1.Mfi 0.203 l8. l96 

(Himalay&-1 x PP 72) 250.596 3.373 7.0^9 623.876* 0.299 5 . ^ ^ 

Himalayaf-1 x 
China 988 

188 .^9 5.82'^ 4.517 539.129 O.063 15.988 

Himalay*-1 x 
China 988 

148,579 8.050 4.323 770.829* 0.106* 3.116** 

* Significant increase or decrease in F M over F at 59̂  l eve l 

** Significant increase or decrease in F M. over F a t 1% leve l 
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F and FJl generation 

Spectrum and frequency of chlorophyll mutations in F . ^ 

The most s t r ik ing effect of the physicsuL mutagens i s the 

occurence of chlorophyll mutations in the progenies of the t rea ted 

populations. The frequency of these mutations calculated on the basis 

of M seedlings and M plant progeny are given in Table 3» 

The overal l chlorophyll mutation frequency observed in the 

25 kR induced FJ^-p generation of cross Himalaya-1 x Phul Patas 72 was 

3,09 per cent , whereas, tha t of cross Himalaya-1 x China 988 was 1,26 

per cent on M seedling bas i s . The same was 27.83 per cent in cross 

Himalaya-1 x Phul Patas 72 and 30,6l per cent in cross HLmalaya-l x 

China 988 on M plant progeny bas i s , 

The spectrum of chlorophyll mutations comprised Albina, 

Xantha, S t r i a t a , Xantha-alba and v i r i d i s as given in Table 3» 

•Albina: This type of chlorophyll mutation occured most 

frequently in both the crosses , Himalaya-1 x Phul Patas 72 vdth 86 

albinas and Himalaya-1 x China 988 with l8 albinas^ having frequencies 

of 1,97 and•0.39 respect ively , 

Xantha: 1^ xanthas with a frequency of 0,32 were observed i n 

the FJ l of the cross Himalaya-1 x Phul Patas 72 and 13 xanthas with 

a frequency of 0,28 were observed in the FJl of the cross Himalaya-1 

X China 988, 

S t r i a t a ; In the cross Himalaya-1 x Phul Patajs 72, l6 s t r i a t e s 

with a frequency of 0,37, and in the cross Himalaya-1 x China 988, 

1^ s t r i a t a s with a frequency of 0,30 were observed in the FJl • 
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Table 3 I Spectrum and frequency of Chlorophyllsi mutations induced by 
gamma rays (H5 kR) in ^T;^ generation of tvro crosses of r i c e . 

Crosses Himalaya-1 x Phul Patas 72 Himalaya-1 x China 988 

Treatment F_M (25 kR) gamma rays F_M (35 kR) gamma rays 

Total number of 
seedlings 

^370 

} Spectrum 

^ ^ ^ " ^ i Frequency (%) 
1 

j Spectrum 
Xantha ', 

} Frequency {%) 
1 

, Spectrum 
S t r i a t a 

{ Frequency (%) 

{ Spectrum 
Xantha-J 
alba ; Frequency {%) 

1 

, Spectrum 
Vir id i^ 

1 Frequency {%) 

Total 

Overall frequency {%) 
(M seedling basis) 

Overall frequency (%) 
(M plant progeny basis) 

86 

1.97 

1^ 

0.32 

16 

0.37 

13 

0.30 

6 

0.14 

135 

3.09 

27.83 

^6o8 

l8 

0.39 

13 

0.28 

^k 

0.30 

9 

0.20 

h 

0.09 

58 

I.2S 

30.61 
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^^antha-alba; In the cross Himalaya-1 x Phul PataS 72, 

15 xantha-albag with a frequency of 0,30 vfere observed, whereag 9 xanthar-

albag vdth a frequency of 0.2D were observed i n the cross Himalaya-1 x 

China 988, 

Vi r id i s : Vir idis occured less frequently i n both the crosses , 

Six v i r i d i s with a frequency of 0 . 1 ^ were observed i n the FJM of the 

cross Himalaya-1 x Phul Patas 72 T»rfiereg ,̂ only k v i r i d i s with a frequency 

of 0,09 were observed in the cross Himalayaf-1 x China 988, 

Analysis of variance 

Results of individual analysis of variance for various 

characters studied in the two crosses are presented in Table 4 , 

There were no s igni f icant differences within the parent 

va r i e t i e s used in two crosses for different characters s tudied, Within 

F and FJt_ progenies of the two crosses there were s ignif icant differences 

for a l l the charac ters , v i z , , days to heading, p lant height , number of 

t i l l e r s per p l an t , panicle length, f e r t i l i t y percentage, 100-grain weight 

and yield per plant except for f e r t i l i t y percentage i n both F and F-Jl 

of the cross Himalaya-1 x China 988, 

Range and mean performance of -progenies 

The range and mean values of individual progenies of pa ren t s , 

F ' s and FJI ' s for different characters studied are presented in the 

Table 5-10. 

In case of F population of the cross Himalaya-1 x Phul Patas 72, 

the range for days to heading was 87.2 to 109»0 days with mean days t o 

heading as 97»1» Progeny numbers 17, 32 and 29 took s ign i f ican t ly less 
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Table h : Analyses of variance for different characters in parents , F and 
FJ l of the tvro crosses . 

Variet ies 
and 
Treatments 

Himalaya-1 

Phul Patas 

F_ normal 
5 

Hiraalaya-1 
X EP 72 

^f^ 
(Himalaya-1 
X PP 72) 

Hiraalaya-1 

China 988 

F 
3 

Source 

Progenies 

Error 

Progenies 

72 
Error 

Progenies 

Error 

Progenies 

Error 

Progenies 

Error 

Progenies 

Error 

Progenies 

(Himlaya-1 Error 
X China 988) 

^3^2 Progenies 

(Himalaya-1 ^ 
X China 988)^^°^ 

Mean s auares 
• Days to Plant No.of Panicle F e r t i l i t y 

heading height t i l l e r s / length i°/o) 
plant 

h 29.0 

8 8.2 

k 6.0 

8 2.6 

39 81.3* 

78 18.9 

39 77.2 

78 21.6 

k 15.4 

8 5.8 

h 11.3 

8 3.0 

19.0 

l4 .1 

82.6 

^ . 1 

** 
289.7 

119.9 

** 
379.9 

69.9 

5.3 

10.0 

10.0 

3.91 

39 ^7.6 338.5 

78 2^.5 

39 60.3 

78 18.9 

^ . 7 

1 * • 

493.9 

37.5 

0 .8 

0 . 2 

0 .7 

0 . 3 
* • 

3.1 

0 .9 

** 
3.3 

1.0 

0.2 

0.2 

1.8 

1.4 

2.4 

1.4 

• • 
2.4 

1.0 

0 . 3 

0 .5 

1.5 

3.5 

2.0 

1.2 

* 
2.0 

1.24 

0.4 

0 .5 

0.2 

0 .3 

1.8* 

1.0 

2 . 4 

0 .8 

9.5 

2.8 

15.2 

27.2 

1 1 * * 149.4 

39.8 

106.1 

64.5 

32.4 

10.8 

11.8 

9.4 

58.8 

67.4 

73.4 

55.9 

' 100- Yield 
grain" per 
weight plant 

0.006 

0.005 

0.082 

0.044 

0.126 

0.032 

0.163 

o.oto 

0.000 

0.002 

0.001 

0.004 

« * • 
0.087 

0.031 

0.092 

0.039 

4.67 

1.74 

4.4i 

1.22 

6.54 

1.69 

5.27 

1.34 

0.93 

0.70 

2.22 

1.065 

10. i4 

0.78 

7.58 

0.70 

* Significant at 5% leve l 

** Significant at 1% level 
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number of days to heading, whereas, progeny munbers jkt 25 and ^ took 

more number of days as compared to the mean of the progenies of th i s 

population. In theF_M progenies of t h i s c ross , the range for days to 

heading was 89.9 to 109.2 days with an average number of days to heading 

as 97»1» Progeny numbers 20 and 12 were s igni f icant ly ea r l i e r whereas, 

progeny nxunbers 3 and 31 were s ignif icant ly l a t e i n days to heading as 

compared to the mean of the population. 

The F progenies of the cross Himalaya-1 x China 988 had a 

range of 86.3 to 101.^ days with a mean number of days to heading as 

95.2. Only progeny numbers 20 and 37 were s ign i f ican t ly ea r l i e r in days 

to heading as compared to the mean of the population. In case of -̂zM 

of th i s c ross , the range for days to heading was 82.1 to 101.8 days and 

the mean number of days taken for heading was 92.9* Progeny numbers 6 , 

12 and id took s igni f icant ly less number of days for heading,whereas, 

progeny numbers 23, 29, 36 and 37 took s igni f icant ly more number of days 

for heading compared to the overall mean i . e . 92.9 days, 

Plant height: 

In case of F of the cross Himalaya-1 x Phul Patas 72, the 

range for plant height was 62.2 to IO3.I cm with a mean value of 82.7 cm. 

Only the progeny numbers 7 and 37 were s ign i f ican t ly dwarf and t a l l 

respectively QVJsr the mean of the population. The ^J^^ of progenies of 

th i s cross had a range of 56.9 to 101.9 cm viiii a mean of 77,9 cm. 

Progeny numbers 13, 1^ and 37 had s igni f icant ly l e s s p lant height, 

whereas, progeny numbers 1, 7, 18, 20, 23, 26, 38 and i|0 had s ign i f ican t ly 

more p lant height as compared to mean p lant height of the population, 



In F_ of the cross Himalaya-1 x China 988 the range for 

plant height was 51.6 to 92,7 cm vdth a mean value of 78.1 cm. Progeny 

numbers 1,3, 10, 12* 13 and Zk were s igni f icant ly shor te r , vrfiereas, 

progffliy numbers 22, 25» 28, 35» 39 and hQ were s igni f icant ly t a l l e r 

than the mean plant height . In case of J^J^p progenies of th is c ross , 

the plant height varied from 31.0 to 91.0 cm vdth an average of 7^,1 cm. 

Progeny numbers 1, 6, 7» 11» 16, 17, 22, 23, 29, 30 and 3̂ * were 

s ign i f i can t ly shorter in p lant height ,v^ereas, progoiy numbers 2, ^ , 

12, 13, 1^, 15, 33, 21, 25, 27, 32, 35, 37 and 39 were s ign i f ican t ly 

t a l l e r as compared to the population mean. 

Nimiber of t i l l e r s per p lant 

In different progenies of the F^ population of the cross 

Himalaya-1 x Phul Patas 72, the number of t i l l e r s per p lant ranged from 

3,3 to 8.4 with a population mean of 5 .0 . Progeny number 18 had 

s igni f icant ly less^vdiereas, progeny number 2, 29 and 33 had s ign i f ican t ly 

more number of t i l l e r s per plant as compared to the average of the 

popiilation. In the I'-j^p o^ th i s cross the range was from 4.0 to 8.0 

vdth mean number of t i l l e r s per p lant as 5 .6 . Progeny numbers 13, 22, 

and 4o had s igni f icant ly more number of t i l l e r s per plant as compared 

to the mean. 

5?he range and mean for number of t i l l e r s per plant i n F , of 

the cross Himalaya-1 x China 988 were 4.6 to 8,5 and 6 ,6 , respect ively 

and there v/ere no s ign i f i can t differences among progenies of t h i s 

population. In F J l of t h i s cross, the range was 3,2 to 7.8 with mesn 

as 6 .0 . Progeny number 36 had s igni f icant ly l e s s whereas, progeny 

number 3 had s ign i f ican t ly more number of t i l l e r s per p lant as compared 

to the overal l average of the population. 
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Panicle length 

In Case of F population of the cross Himalaya-1 x Phul Patas 

72, the range for panicle length was 19.8 cm to 23.? cm with a mean 

Value of 21«3 em. Only progeny number 13 had a s igni f icant increase i n 

panicle length over the mean of the population. In the ^-^p ot t h i s 

cross a range of 19.5 cm to 23.2 cm with the mean panicle length of 

21.2 cm was observed. Progeny numbers 19 and 38 showed s igni f icant 

increase in' panicle length over the population mean. 

The F , population of the cross Himalaya-1 x China 988 had a 

range of 19.3 cm to 22.7 cm and a mean of 29*9 cm. Only progeny number 

33 showed a s igni f icant increase for panicle length as compared to the 

population mean. In the ^-Mp of th i s cross , the range was 18,9 cm to 

22.6 cm with a mean panicle length of 21.0 cm. Progeny numbers 19 and 

38 had s ign i f ican t ly l ess panicle length, whereas, progeny numbers 27 and 

31 had s ign i f ican t ly more panicle length as compared to the mean of 

the population. 

F e r t i l i t y percentage: 

In case of F , population of the cross Himalaya-1 x Phul Patas 

72, the range for f e r t i l i t y percentage was 31«8 to 62.6 . Progeny numbers 

12 and 18 were s ign i f ican t ly less f e r t i l e , where as , progeny numbers ^, 6, 

37 and 39 were s igni f icant ly more f e r t i l e over the mean of the population 

(50.3 per cen t ) . The F M population of th i s cross had a range of 33.2 

per cent to 62.7 per cent with a mean of ^7.7 per cen t . Progeny number 

16 was s igni f icant ly less fer t i le ,whereas , progeny number 12 was 

s ign i f ican t ly more f e r t i l e as compared to the average of the population. 
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No s ignif icant differences were observed i n the progenies of 

both F and FJ l populations of the cross Himalaya-1 x China 988, 

100-grain w e i ^ t 

In F population of the cross Himalaya-1 x Phul PataS 72, 

the range and mean for 100-grain weight were 1.75 g to 2.70 g and 2.25 g» 

Progeny numbers 28 and 39 had s igni f icant ly l e s s 100-grain weight,whereas, 

progeny numbers 2, 19, 20 and 37 had s igni f icant ly more 100-grain 

weight as compared to the mean of the population. The F J l population 

of th is cross had a range of 1.73 g to 2.92 g with a mean value of 

2.2^ g. Progeny numbers 3 , 11, 18 and 30 had s ign i f ican t ly less,whereas, 

progeny niunbers 15 and ^ had s ign i f ican t ly more 100-grain weight 

over the population mean. 

In case of F population of the cross Himalaya-I x China 988, 

the range for 100-grain weight was 2.2^ g to 3.06 g with mean as 2 . ^ g. 

Only progeny numbers 25 and 35 had s ign i f ican t ly more 100-grain weight 

than the overal l mean of the population. The range and mean of the 

F-M of t h i s cross were 2.00 g to 2.85 g and 2 . ^ g respect ively . Progeny 

ntunber 29 had s ignif icant ly less,whereas, progeny numbers 2 and 10 had 

s ign i f ican t ly more 100-grain weight as compared to the average 100-grain 

weight of the population. 

Yield per p lant 

In case of F of the cross Himalaya-1 x Phul Patas-72, the 

range and mean for yield per plant were 3.47 g to 9.87 g and 6.^3 g 

respect ively . Among the progenies of the population, only progeny 

number 9 had s igni f icant ly higher yield as compared to the mean of the 

population. In FJ l of th i s cross , the range for yield per p lan t was 
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^•28 g to 10«39 g with a mean value as 6,21 g« In t h i s population, 

progeny numbers 6, 12 and 20 had s ign i f ican t ly higher yields than the 

overal l average of the population, 

In the F population of the cross ELmalaya-l x China 988, 

the yield per p lant ranged from k.kS g to 12,68 g vdth a mean yield 

of 7,22 g. Progeny nos, 22, 25, 33» 35, 36 and 39 had s igni f icant ly 

higher yields than the overal l average yie ld of the population. In 

FJ l population, the range for yield per plant was from 2.8? g to 

9,99 g with a mean value of 6,11 g. Progeny numbers 5, 12, 13» 15, l 8 , 

28, 35 and 37 were s igni f icant ly higher yielding as compared to the 

average yield of the population, 

Var iabi l i ty and genetic -parameters? 

Various genetic parameters viz, ,genotypic coefficient of 

v a r i a b i l i t y (GOV), phonotypic coefficient of va r i ab i l i t y (PCV), 

h e r i t a b i l i t y in broad s e n s e ( E ) a n d expected genetic advance (GA) were 

calculated only in those treatments and characters for -v^ich the 

variances were s ign i f ican t , 

These are presented in Tables 11 - 17 charaeterwise, 

Days to heading; In the cross Himalaya^l x Phul Patas 72, the F 

population had a higher GOV ('f,7056) as well as the estimates of 

h e r i t a b i l i t y (52,^5%) and expected GA (6.8l%) than the F J l where the 

values were h,6^, h6,^7)i and 6,0351̂  respect ively . However, FJ l had 

a higher PCV ( 6 , 8 ^ ) than the F_ (6,if9S^). 
3 

In the cross Himalaya-1 x China 988, the FJM showed a higher genotypic 

coefficient of var ia t ion (3,8?^), estimates of h e r i t a b i l i t y (¥f,1%) and 

genetic advance (5«1%) but a lower phenotypic coeff icient of v a r i a b i l i t y 
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Table 5 : Mean values of different progenies for various characters in parents 
of the cross Himalaya-I x Phul Patas 72 

Variet ies 

Himalaya-1 

^ 

^2 

^3 

\ 

S 
Mean 

SE(m) + 

CD % 

CD 1% 

CV 

Phul Pa tas 

^ 

^ 2 

' 3 

^k 

^5 
Mean 

SE(m)+ 

C-D 3% 

CD 1^ 

GV 

Days t o 
heading 

97.5 

93.2 

90.3 

97.0 

96.7 

9^.93 

0.98 

NS 

NS 

3.01 

72 

10^.3 

103.1 

105.5 

106.5 

106.2 

105.13 

0.49 

m 
NS 

1.53 

Plant 
height 

(cm) 

55.1 

56.8 

60.0 

53.2 

55.8 

56.19 

1.00 

NS 

NS 

6.69 

102.5 

107.4 

94.9 

98.1 

95.5 

99.69 

2.71 
NS 

l e 

6.8l 

No, of 
t i l l e r s / 
plant 

3.7 

4 . 7 

5 .1 

4.5 

4.3 
4.84 

0.21 
NS 

NS 

8.98 

3 .5 

4 . 3 

4 . 3 

3.5 

3 .4 

6.35 

0.33 
NS 

NS 

10.91 

Panicle 
length 

(cm) 

20.7 

21.3 

21.4 

20.7 

21.0 

20.99 

0.2D 

NS 

NS 

3.26 

23.0 

21.8 

22.4 

21.5 

23.0 

22.34 

0.4i 

NS 

NS 

8.39 

F e r t i l i t y 

59.8 

64.2 

63.9 

62.3 

61.9 

6 2 . ^ 

0.57 
NS 

NS 

2.68 

50.8 

54.4 

56.1 

54.2 

51.3 

53.37 

1.28 

NS 

NS 

9.77 

100-
grain 
weight(g) 

2.05 

2.11 

1.99 

2.07 

2.04 

2.05 

0.02 

NS 

NS 

3 . ^ 

1.86 

2.24 

2.10 

1.99 

1.85 

2.01 

0.06 

NS 

NS 

10.50 

Yield/ 
Plant 

(s) 

8.23 

9.68 

9.30 

7.22 

6.83 

8.25 

0.94 

NS 

NS 

16.01 

5.80 

8.04 

6.37 

5.62 

4.78 

6.12 

0.37 
NS 

NS 

18.01 

NS « Non significant. 
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Table 6 : Mean values of different progenies for various characters in parents 
of the cross Himalaya-1 x China 988, 

V a r i e t i e s 

Himalaya-1 

^1 

^ 2 

^3 

^ 

h 
Mean 

S ,E(m) i 

CB % 

CD 1% 

CV 

China 988 

^ 

^ 2 

^ 

\ 

S 
Mean 

S.E(m)i 

CD % 

CD 19̂  

CV 

Days to 
heading 

95.1 

9 7 . 2 

9^.0 

9 9 . 3 

98.7 

96.87 

1.02 

NS 

m 
2.^8 

97.8 

101.2 

102.5 

98.9 

101.5 

100.39 

0 . 8 3 

NS 

NS . 

1.75 

P l a n t 
he igh t 

(cm) 

56 .5 

5 5 . 3 

56 .4 

58 .8 

57 .5 

56.90 

0 .86 

NS 

NS 

5.56 

96.2 

93 .3 

91 .7 

9^.0 

92.0 

9 3 . ^ ^ 

0 .75 

NS 

NS 

2.12 

No.of P a n i c l e ' F e r t i l i t y 
t i l l e r s / l e n g t h (%) 
p l a n t (cm) 

5 .0 

4 . 5 

5 .1 

5 .0 

4 . 6 

4 .51 

0 .17 

NS 

NS 

11.0 

6 .7 

6 . 3 

5 . 4 

7 . 4 

5 .9 

3.80 

0 ,17 

NS 

NS 

l 4 . 4 9 

20.9 

21.1 

21 .3 

21 .3 

20 .3 

20.96 

0 .19 

NS 

NS 

3.47 

,. . 

21.1 

21 .3 

20.7 

ao.8 

21 .3 

21.04 

0 .18 

NS 

NS 

2.78 

5 7 . 2 

5 8 . 3 

54 .2 

6 0 . 3 

52 .1 

56 .41 

1.02 

NS 

NS 

5.84 

50.0 

52 .1 

98 .1 

5 3 . 2 

49 .9 

50.65 

1.09 

NS 

NS 

6.06 

100-grain Yield per 
weight p l a n t (g) 

(g) 

2 .04 

2.02 

2.04 

2 .o4 

2 .03 

2 .03 

0 .01 

NS 

NS 

2.05 

-. 

2.51 

2.49 

2.46 

2.48 

2.47 

2.i<8 

0 , 0 3 

NS 

NS 

1.29 

• 

7.54 

7.19 

7.78 

7.91 

6 .52 

7.39 

0 . 2 2 

NS 

NS. 

11.29 

8.80 

9 .03 

7.98 

9.85 

7.70 

8.67 

0 .55 

NS 

NS. 

11.90 

NS - Non-significant. 
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Table 7 J Mean values of different" progenies for va r iouscharac te r s in 
F_ of the cross Himalaya-1 x Phul Patas 72 .. . ', .- .-'-

- Characters 

Progenies 

1. 

^ 

^ 2 

"i 

h 

•'s 
h 

h 
h 
^ 

^ 0 

^ 1 

^ 2 

^ 3 

^ f 

^ 5 

^ 6 

^ 7 

^ 8 

"19 

20 

Days to 
heading 

2 . 

93.3 

96.7 

102.^ 

90.5 

93.9 

96.1 

100.5 

97.0 

94.8 

92.2 

101.2 

100.4 

96.8 

95.4 

95.5 

94.0 

89.5 

101.2 

92.0 

93.7 

Plant : 
height 

3 . 

89.4 

84.3 

65.9 

83.2 

81.6 

71.3 

62.2 

70.1 

74.5 

85.9 

81.8 
1 " ' 

83.3 

96.6 

86.1 

92.5 

85.5 

96.4 

74.1 

93.8 

93.5 

No. of 
t i l l e r s 
per plant 

4 . 

5 . 3 

7.55 

4.0 

5 . 2 

5 . 2 

5 .7 

5 . 2 

4 .1 

5 .7 

4 .1 

4 .6 

4 . 3 

6.0 

5 .1 

4 .2 

5 . 3 

3 .9 

3 . 3 

4 . 3 

6 .4 

Panicle 
length 

5 . 

19.8 

23.8 -

21.3 

20.3 

21.4 

21.6 

20.4 

20.0 

21.0 

21.5 

22.0 

21.2 

23.7 

21.4 

22.0 

21.4 

21.8 

20,6 

22.7 

21.5 

F e r t i l i t y 100-grain Yield per 
percentageweight plant 

6 . 

50.4 

149.5 

58.5 

61.3 

58.6 

62.2 

43.1 

51.1 

55.8 

52.2 

fe4.i 

31.8 

^ . 1 

57.9 

56.4 

47.5 

53.6 

36.7 

4 i .6 

44.6 

7 . 

2.31 

2.59 

2.22 

2.27 

2.06 

2.31 

2.12 

2.28 

2.31 

2.29 

2.49 

2.02 

2.k) 

2.23 

2.52 

2.17 

2.32 

2.^0 

2.61 

2.21 

8 . 

6.16 

7.65 

7.50 

6.66 

8.06 

8.59 

5.04 

5.45 

9.87 

6.27 

5.86 

5.14 

6.29 

8.43 

5.68 

7.64 

4.73 

5.11 

5.10 

5.22 

contd. ,4.« 
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xaoj-w ( 

1. 

^21 

^22 

^83 

' * 

^25 

^26 

^27 

^28 

^29 

"30 

^31 

"32 

^33 

" ^ 

"35 

"36 

" ^ 

"38 

P 
39 

^to 
Mean 

S .E(m)i 

CD 59̂  

CD ^% 

CV 

I . _ 

2 . 

95.3 

94.9 

101.8 

101.7 

99.3 

90.4 

101.7 

99.6 

87.2 

100.6 

95.6 

88.3 

95.5 

107.8 

109.0 

100.5 

93.5 

92.0 

103.3 

io?.o 
97.08 

0.59 

6.95 

9.14 

4.48 

3 . 

90.4 

80.3 

85.4 

74.9 

84.6 

84.8 

85.7 

72.6 

88.7 

87.9 

96.2 

89.3 

89.0 

69.5 

70.3 

73.0 

103.1 

91.9 

67.7 

72.0 

82.68 

1.26 

17.53 

23.03 

13.25 

4 . 

5 .6 

5 . 2 

4 . 3 

5 .1 

5 .1 

3 .9 

4 .5 

6 .7 

5 .7 

4 . 3 

4 . 7 

8 .4 

4 .1 

4 .0 

4 . 3 

5 .2 

3 .9 

5 .1 

5 .8 

4.6 

.'4.99 

0.11 

1.49 

1.96 

18.7 

5 . 

21.7 

21.3 

20.0 

20.9 

20.6 

20.7 

22.0 

21.4 

21.4 

21.3 

21.7 

22.8 

20.7 

22.5 

21.4 

21.1 

22.3 

21.6 

22.4 

22.4 

21.37 

0.12 

1.73 

2.27 

5.05 

6 . 

53.8 

4^.4 

50.7 

49.0 

51.2 

44.0 

54.5 

56.2 

49.8 

48.5 

54.4 

43.0 

43.4 

45.4 

60.7 

54.1 

62.6 

62.6 

^ . 3 

^ . 3 

50.32 

0.80 

10.09 

13.26 

12.52 

7 . 

2.18 

2.16 

2.06 

1.97 

2.02 

2.15 

2.15 

1.90 

2 . ^ 

2.42 

2.45 

2.26 

2.41 

2.31 

2.12 

2.28 

2.61 

2.20 

1.75 

2.01 

2.25 

0.24 

0.29 

0.38 

8.03 

, 

8 . 

8.55 

5.50 

6.21 

4.25 

8.08 

5.52 

5.66 

7.79 

3.87 

5.87 

6.19 

6.89 

5.68 

5.01 

6.48 

3.47 

7.24 

8.68 

9.17 

4.55 

6.43 

0.16 

3.068 

4.033 

19.6 

feri^€ nz-m^o 62'2-m-i 3-2-g-^ (55-^37 3/«-^a>6 /-y^-^ro z-^T-q-Qf 



Table 8 

42 

Mean values of different progenies for various characters in 

• / : 

of the cross Himalaya-1 x Phul Patas 72 "̂ 

Progenies 

1. 

Charafitfirs 
Days to Plant No. of Panicle 
heading height t i l l e r s length 

per plant 

2, 3 . 4 . 5 . 

F e r t i l i t y 100-
percentage grain 

weight 

6. 7 . 

Yield per 
plant 

8 . 

10 

11 

12 

•13 

15 

' l6 

•17 

^ 8 

19 

20 

21 

22 

23 

95.7 

97.2 

107.1 

98.9 

96.9 

102.4 

101.2 

97 . 7 

97 .0 

101.1 

101.8 

89.9 

92.4 

99.9 

98.5 

94.9 

90.9 

100.9 

93.7 

90.1 

97.1 

91.4 

95.9 

91.93 

72.5 

75.1 

67.0 

86.4 

84.2 

95.1 

67.6 

77.3 

86.6 

74.5 

67.1 

56.9 

59.2 

41.6 

75.7 

78.1 

92.3 

87.7 

94.9 

82.2 

8 i . 2 

99.7 

6.7 

5.0 

4 . 3 

6 .8 

5 .9 

5 .9 

4 . 9 

6 .4 

4 .5 

5 .7 

5.0 

7 .1 

8 .1 

5 .5 

4 . 2 

4 .7 

5 . 3 

4 . 7 

4 . 9 

5 . 5 

5 .2 

7 .5 

5 .2 

21.3 

20.6 

21.9 

20.9 

21.2 

21.3 

21.9 

19.9 

20.6 

ao.3 

21.0 

22.1 

19.5 

10.4 

21.3 

19.8 

21.3 

21.0 

23.2 

21.6 

22.7 

21.5 

22.3 

37.5 

50.0 

37.0 

^ . 0 

47.0 

¥ f .3 

53.6 

54.3 

49.6 

4 i . 5 

43.3 

62.7 

52.2 

37.4 

47.5 

33.2 

46.2 

i»8.8 

55.8 

53.3 

48.6 

51.3 

54.1 

2.28 

2.36 

1.80 

2.18 

2.28 

2.08 

1.96 

2.39 

2.51 

2.36 

1.73 

2.06 

2.92 

2.16 

2.01 

2.13 

2.29 

1.86 

2.30 

2.31 

2.09 

2.38 

2.37 

5.50 

6.51 

5.11 

6.52 

6.67 

8.20 

5.92 

5.75 

4.28 

5.42 

5.21 

10.39 

7.76 

5.04 

5.06 

5.53 

4.65 

7.18 

7.52 

7.01 

6.89 

9.44 

e.k9 



^3 

Table 

1 . 

^ ^ 

^25 

^26 

"?? 

^28 

^29 

^30 

^31 

^32 
p 

33 

^ 3 * 

^35 

^36 

^37 

"38 

"s 
• • to 

Mean 

2 . 

^ . 7 

101,0 

95.9 

9 6 . 3 

101.4 

95.1 

103.6 

109.2 

93.9 

91.8 

9^.1 

100.8 

91.1 

9^.0 

97 .4 

98 .3 

92.54 

97.12 

5.E(m)+ 0 .52 

CD 5% 

CD 1% 

CV 

6 .74 

8.90. 

.4 .36 

-

3 . 

71-4 

75 .5 

9 0 . 3 

79 .5 

7 0 . 3 

73 .4 

$e.e 

86 .9 

68.0 

86 .1 

88 .7 

86.0 

90.0 

59 .5 

101.9 

74.6 

92 .3 

77.89 

1.21 

13.38 

15.59 

10.47 

• 

4 . 

6 . 3 

5 . 2 

5 . 5 

7 .1 

4 .9 

5 .8 

5 .8 

4 .5 

5.2 

6 .7 

4 . 9 

4.0 

7 . 2 

5.5 

4.6 

4 . 3 

%Z 

5 . 6 i 

0 .12 

1.65 

2.17 

18.44 

-

5 . 

20.6 

21 .3 

22.6 

22.0 

21.7 

20.5 

21.6 

20.7 

21.0 

21.1 

21.4 

ao.7 

20.8 

21 .1 

23.0 

21.0 

21 .2 

21.24 

0 .11 

1.79 

2.35 

5 .25 

_ 

6 . 

51 .1 

38 .9 

44 .7 

47 .1 

5 0 . 2 

56 .6 

5 3 . 5 

46 .2 

47 .8 

51.5 

45 .4 

44 .1 

43 .9 

47 .0 

49.0 

49 .2 

43.7 

47.67 

0 .84 

12.85 

16.89 

16.84 

7 . 

2.05 

2.00 

2.26 

2 . ^ 

2.46 

2.31 

1.75 

2.31 

2 .42 

l l l p 

2.26 

2 .41 

2 .44 

2 .19 

2.26 

2.18 

2 .56 

2.24 

0 . 0 3 

0 .32 

0 .42 

8.91 

8 . 

7.45 

5 .15 

6.61 

5.97 

4.59 

7.97 

7.47 

5 .44 

5.61 

5.75 

5.81 

5.09 

5 .42 

5 .15 

4.70 

6 .15 

5 .71 

6.21 

0 .15 

1.85 

2 .43 

18.65 

Ran ĉ S9-9'/o^^ Shf-iot^ H-%o i<?.ff-;?3v3 S^-ez-r i-n-^^^ ^-Jis^/C'Sg 



Table 9 : Mean values of different 'progenies for various characters i n F, 
of the cross Hiraalaya-1 x China 988 

_, . Days to Plant Progenies , ,. v. • ui. • ^ heading height 

1. 2. 3 . 

Cha-rnctprs 
No. of Paihicle F e r t i l i t y 100-grain 
t i l l e r s ' " length percentage weigjit 
•per TDlant 
h. 5 . 6. 7. 

Yield 
per ' 
plant 
8 . 

^1 

h 
^ 

^ 

^5 

=•6 

^7 

^8 

^9 

•"lO 

^ 1 

^ 2 

" 1 3 

^-,k 

^ 5 

' l 6 

P 
17 

^ 8 

^ 9 

^20 

^21-

^22 

^23 

97.8 

92.5 

96.7 

93.9 

95.7 

96.3 

9^.5 

91.0 

9^.0 

9^.1 

99.2 

100.7 

97.9 

93.^ 

93.6 

100.4 

98.9 

90.8 

94.0 

86.3 

91.9 

95.1 

98.7 

51.6 

77.2 

66.2 

77.9 

84.4 

80.4 

82.5 

79.7 

73.1 

57.8 

80.1 

65.6 

53.2 

75.5 

82.1 

69.2 

72.1 

71.9 

80.0 

72.3 

85.2 

91.1 

81.4 

5 .2 

6.0 

6 .7 

6 . 3 

6 . 3 

7 .7 

7.9 

7 .1 

4.6 

6.9 

6 . 2 

7 .1 

6.6 

5 .4 

6 .7 

8.5 

6 .1 

5.0 

7 .1 

6 .7 

6 .8 

7 .7 

6 .2 

21.5 

19.8 

19.7 

22.0 

20.S 

20.8 

20.1 

21.2 

20.4 

20.9 

21.3 

21.4 

19.5 

20.9 

21.6 

20.2 

20.5 

aD.1 

21.7 

21.2 

19.9 

21.1 

20.7 

^ . 7 

55.6 

46.7 

51.0 

58.2 

59.0 

57.6 

50.5 

54.9 

49.4 

47.9 

51.7 

47.5 

54.9 

43.7 

48.3 

55.8 

54.9 

53.2 

62.7 

53.3 

56.1 

57.9 

2.45 

2.34 

2.44 

2.31 

2.32 

2.37 

2.54 

2.88 

2.30 

2.42 

2.25 

2.31 

2 . ^ 

2.62 

2.42 

2.35 

2.53 

2.24 

2.69 

2.4ff 

2.70 

2.56 

2.39 

5.50 

7.22 

4.66 

6.09 

8.51 

7.71 

3.36 

4 . ^ 

6.10 

8.40 

6.51 

6.09 

5.80 

4.98 

8.33 

3.73 

4.97 

6.09 

8.62 

7.80 

6.25 

9.50 

8.38 
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Table 9 contd^ 

1. 2. 3 . ^ . 5 . 6. 7. 8 . 

^ * 

^25 

^26 

p 
27 

^28 

?29 

^30 

^31 

^ 2 

" 3 3 

' ' ^ 

^35 

•"36 

"27 

^•38 

^39 

t̂o 
Mean 

S.E.(m) 

CD % 

CD ^% 

CV 

9^.2 

90 .5 

96.1 

92.8 

95 .9 

8 8 . 3 

9^.9 

101,1 

90.1 

99 .7 

. 9^.5 

98i9 

9^ .3 

86 .8 

101.3 

1 0 1 , ^ 

101.1 

95 .2^ 

+ 0 .60 

7 .93 

10.^2 

5.20 

53 .9 

9 2 . 3 

75 .5 

81 .9 

92 .7 

8 0 . 3 

7^ .3 

79 .9 

89.0 

85 .9 

83 .7 

89.6 

8 8 . if 

8 4 . if 

8if.2 

82 .8 

89 .6 

78.lif 

1.19 

11.17 

14.68 

8 .93 

5 .7 

(>.7 

5.8 

7 . 2 

7 .1 

5.1 

7 .7 

7 .7 

7 .2 

6 .7 

5 . 5 

7 .4 

6.5 

7 .2 

6.5 

7 .8 

6 .7 

6.64 

0 . 1 3 

1.92 

2.52 

18.44 

19.8 

20 .9 

20.6 

21.1 

21.8 

23 .4 

22.7 

21.6 

21 .4 

21 .3 

21.9 

21.8 

19 .3 

21 .2 

21.2 

21.0 

21.0 

20.91 

0 .17 

1.65 

2.16 

4 .92 

5 3 . 2 

32»3 

5 1 . 0 . 

48.9 

5 7 . 2 

5 0 . 3 

5 0 . 4 

51 .1 

46.1 

50 .6 

5 8 . 2 

47 .9 

4 2 . 2 

53 .6 

51 .7 

47 .6 

52 .1 

52.10 

0 .77 

13.14 

17.27 

15.76 

2.77 

2 .35 

2 .49 

2.45 

2.45 

2.66 

Z.Z? 

2.54 

2 .44 

2.24 

3.06 

2.52 

2.64 

2.33 

2.32 

2.37 

2.36 

2.46 

0 . 0 2 

0 .28 

0 .37 

7.18 

6.16 

8.89 

5.86 

5.40 

8.44 

5.51 

6.48 

6.67 

9.06 

8.26 

6.65 

12.68 

7.60 

8 .07 

11.39 

6.88 

5.15 

7.22 

0 .18 

i . l 4 i 

1.86 

12.22 

i?a7i^e %i,'i-icii-^ s-i-e~3z-f ^B-S-S /<?-3-«?;?-? ^7.Z'0.f ^-z^-^-oG '^•^^-t^-es 
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Table 10: Mean values of different progenies for variances characters in F,M 
of the cross Himalaya-1 x China 988 

- Characters • - -
p . Days to Plant No. of Panicle F e r t i l i t y 100-grain Held 

ogeni heading height t i l l e r s length percentage weight per p lant 
per plant . 

1. 2. k, 5. 6. 8. 

10 

11 

12 

13 

y 

15 

\6 
i 

17 
^ 8 

19 

20 

21 

22 

23 

85.7 

87.9 

92.1 

92.1 

85.8 

84.8 

90.6 

9^.2 

93.3 

97.3 

97.9 

82.1 

92.4 

87.8 

95.7 

84.7 

98.2 

96.5 

97.3 

94.6 

93.^ 

89.7 

101,4 

6 i . 3 

84.6 

81.4 

85.2 

80.7 

58.3 

53.7 

82.4 

64.8 

72.7 

58.9 

90.0 

86.1 

84.5 

85.5 

56.3 

51.0 

70.7 

80.2 

86.9 

89.9 

51.2 

53.5 

4.8 

5.9 

7.8 

4.9 

6.7 

6.5 

7.5 

6.5 

6.2 

6.1 

7.3 

6.5 

6.3 

6.5 

6.6 

5.2 

4.4 

6.7 

5.1 

6.9 

7.2 

3.S 

5.1 

20.7 

20.4 

21.3 

21.0 

20.7 

20.6 

20.2 

20.9 

21.2 

21.0 

20.1 

21.9 

21.4 

20.7 

22.1 

ao.o 

19.3 

21.9 

22.3 

21.3 

21.3 

19.7 

19.7 

3^.3 

51.7 

46.2 

52.2 

54.5 

45.1 

49.5 

59.8 

52.8 

47.6 

47.2 

58.8 

56.4 

43.8 

56.9 

66.2 

53.9 

48.1 

54.2 

44.0 

49.4 

52.3 

55.7 

contd. 

2.4l 

2.74 

2.62 

2.60 

2 . ^ 

2.09 

2.46 

2.31 

2.15 

2.85 

2.47 

2.29 

2.3^ 

2.6i 

2.23 

2.32 

2.22 

2.32 

2.4l 

2.39 

2.4i 

2.35 

2.23 

5.52 

6.65 

6.07 

4.68 

7.68 

4.58 

6.67 

6.98 

6.11 

6.45 

5.26 

9.80 

8.19 

5.61 

8.61 

4.69 

2.87 

9.99 

5.71 

5.87 

6.36 

4.06 

4.50 



7̂ 

Table 10 

1. 

^2k 

^S 

^A 
V 

27 

^28 

^29 

^30 

^31 

^32 

^33 

' ^ 
P 

35 

^36 

p 
37 

"^^ 

^39 

îfO 
Mean 

S.E.(in) + 

CD 5% 

CD 1% 

CV 

2. 

95 .5 

87.7 

89 .7 

96.5 

96.1 

101,3 

99.1 

9^.^ 

90 .7 

89 .2 

91.1 

95.8 

100.9 

101.8 

9^ .3 

87 .9 

88 .9 

92.91 

0 .6o 

7.¥^ 

9.78 

. 5.00 

3 . 

81.^* 

91.0 

68 .5 

8it.9 

77 .2 

53 .7 

62.1 

6 6 . 3 

8^.5 

84 .9 

62.1 

85 .2 

76.0 

8 8 . 3 

67.0 

86 .7 

76.1 

74. i 4 

1.28 

9.80 

12.88 

8.26 

h. 

6.6 

^•3 

6 . 3 

5 . 2 

6.0 

6 .5 

6 .1 

3»e 

6 . 2 

5 .6 

5 .4 

5 -^ 

3 .2 

5 .6 

4 .8 

e.3 

5 . 4 

5.98 

0.12 

1.62 

2.13 

16.9 

5 . 

20.1 

21.7 

20.4 

22.0 

22.6 

21.1 

20.4 

21.9 

22.6 

20.4 

22.0 

20.9 

22.3 

22.2 

21.6 

18.9 

ao.6 
21.02 

0.11 

1.42 

1.87 

4.22 

6 . 

47.4 

3Z.7 

^5.9 

5 7 . 5 . 

51.7 

44.9 

53 .^ 

59.1 

55.0 

51.6 

51.6 

53.5 

45.0 

56.2 

57.4 

^ . 2 

52.0 

50.32 

0.72 

11.96 

15.72 

1^.39 

7 . 

2.25 

2.51 

2.32 

2.69 

2.16 

2.00 

2.53 

2.3^ 

2.53 

2.35 

2.47 

2.49 

2.45 

2.48 

2.31 

2.53 

2.32 

2.40 

0.02 

0.32 

0.42 

8.24 

8 . 

4.63 

3M 

5.0a 

5.79 

8.08 

4.81 

6.30 

7.33 

6.46 

6.37 

5.38 

7.80 

3.55 

7.97 

5.23 

7.31 

4.78 

6.11 

0.16 

1.34 

1.76 

13.72 

Ramt $^-i'ivi-s ^i-o-^io zx-n i^-9-u€ M-i-a-z zto-ji-^s ^s?'f'7'=i 
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(5.8;^) as compared to F population in vAiich case these values were 

2.91%, 23.88?^, 2.79% and 5.96% respect ively . 

Plant height; In F_M population of the cross Himalaya-1 x Phiil Patas 72, 

a higher GCV (12.72%), PCV ( l 6 . W ) , estimates of h e r i t a b i l i t y (59.65%) 

and GA (16,17%) were observed as compared to the F , population in which 

case these value were 9,09/oj l6.07%» 32.05% and 8.77% respect ively . 

In the cross Himalaya-I x China 988, the estimates of a l l 

genetic ^parameters v i z . , genotypic coefficient of va r ia t ion , phenotypic 

coefficient of var ia t ion , h e r i t a b i l i t y and genetic advance were more 

in FJl population with respective values of 1 6 . 6 ^ , l8.50%, 80.21% and 

22.76% as compared to F population in which case the values were 12.58% 
• • • - • • . ' • . . _ p . - - - . -

15.̂ 33^1 16,^7% and 16.51% respect ively . 

Number of t i l l e r s per p lan t : The estimates for GCV (l1V'39%) PCV (25.51%) 

h e r i t a b i l i t y ih6,^%) and GA (l.22%) in F population of the cross 

Himalaya-1 x Phul Patas 72 were higher than the FJ l population vdiere 

these values were 15 .^%, 2^.05%, 4l.30% and 1.15% respect ively . 

Whereas, in the cross Himalaya-1 x China 988, the reverse was 

the case in vAiich the estimates of GCV (l1,26%), ,PCV(20.37%), h e r i t a b i l i t y 

(30.57%) and GA (0.77%) in F-M^ were higher than that of F population 

with respective values of 8,36%, 1 9 . 8 ^ , 17.65% and 0,hS%, 

However, in general the estimates of h e r i t a b i l i t y and genetic 

advance were v;ery low in different populations of both the crosses , 

thereby indicat ing a l i t t l e scope of improvement of th i s character 

through select ion in these populations, 



k9 

Panicle length; In the cross Himalaya-1 x Phul Patas 72, the F population 

had a higher GCV ( 2 . 5 ^ ) as well as the estimates of h e r i t a b i l i t y (2^,6%) 

and expected GA (0.56%) than the F,M poptilation where the values were 

2A2%, 17*Wo and 0 . 4 ^ respect ively . However, FJd had a higher PCV(5.7^) 

than the F_(5,11%), 

In the cross Himalaya-1 x China 988, the estimates of a l l 

genetic parameters v i z . GCV, PCV, h e r i t a b i l i t y and GA were more i n FJI 

populations with respective values of 3.52%, 5.50%, A-1,02% and 0.98% as 

compared to the F_ population in which case the values were 2.36%, 5»^%» 
3 

18,78% and 0 . 4 ^ respect ively . There i s also a very l i t t l e scope for 

improvement of th i s character through select ion in these populations, 

F e r t i l i t y percentage; The F population of the cross Himalaya-1 x Phul Patas 

72 had a higher GCV (l2.01%), estimates of h e r i t a b i l i t y (^7.92%) and GA 

(8.62%) but a lower PCV (17.35%) as compared to the FJ l population in 

which case these values were 7»82%, 17.73%, 3»2J/o and 18.5*?% respect ively . 

No s ignif icant differences were observed in both F_ and F_M_ 
3 3 2 

populations of the cross Himalaya-1 x China 988 for th i s character . 

100-grain weight; The estimates of GCV, PCV, h e r i t a b i l i t y and GA in 

FJa population of the cross Himalaya-1 x Phul Patas 72 with respective 

values of 9.08%, 12.73%» 50.8^)% and 0.32% were higher than the F_ 
- 3 .. 

population where these values were 7.8l%, 11.19%, ^ .66% and 0.25%. 

The F population of the cross Himalaya-1 x China 988 showed a 

higher GCV (5 .5W) , estimates of h e r i t a b i l i t y (57.57%) and genetic 

advance (0.17%) than the FJ l population with respective values of 5 . 5 ^ , 

31.05% and 0.15%. Whereas, the F M showed a higher PCV (9.92%) compared 
3 2 

to the F population (9.09%), 
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In general the different genetic parameters v;ere low in both 

the populations of the two crosses indicat ing there^tyl- l i t t l e scope for 

improvement through se lec t ion . 

Yield per p lan t ; In the cross Himalaya-1 x Phul Patas 72, the GCV (l9.77%)t 

PCV ( 2 8 . 2 ^ ) and the estimates of GA (1.8;^) were higher in the F 

population as compared to that of F;,^- population where these values were 

18,^3?^, 26.22^ and 1.66% respect ive ly . However, the estimate of 

h e r i t a b i l i t y ik9.k2%) was higher in the FJ i than i n the F (^.85%) 

population. 

The FJl population of the cross Himalaya-1 x China 988 had a 

higher GCV (2^.79%) and PCV (28.33^) as compared to 'that of F population 

in viiich case the values were 2h,hS°/o and 27«35% respect ively . However, 

higher estimates of h e r i t a b i l i t y (80,03PS) and GA (3.26%) were observed i n 

F_ as compared to F_M population where these values were 7 6 . 5 ^ and 

2.73P^ respect ive ly . 

Table 11 : Mean performance and genetic.parameters for'Days to 
heading in Parents , F.̂  and F_M generat ions. 

V a r i e t i e s / 
Treatments 

Himalaya-1 

Phul Pa ta3 72 

F-;( Himalaya-1 x 

Phul Pa tas 72) 

F J l (Himalaya-1 x 

Phul Pa tas 72) 

Himalaya-1 

China 988 

F (Himalaya-1 x 
^ China 988) 

F J l (Himalaya-1 x 
^ ' tJhina 988) 

Mean ± SE 

9^.93iP.98 

1 0 5 . 9 ^ . ^ 9 

97.08+0.60 

97.134053 

96.87+1.02 

100.39+0.83 

95.2^+0.60 

92.91+0.61 

GCV(%) 

NS 

NS 

^.70 

if.63 

NS 

NS, 

2.91 

3.87 

PCV(%) 

NS 

NS 

6.49 

6.82 

NS 

NS 

5.96 

5 .83 

\s^'^°'-

NS 

NS 

52.43 

^ . 1 7 

NS 

NS. 

23.88 

¥ t . i 6 

) GA(%) 

NS 

NS 

6.81 

6 .03 

NS 

NS 

2 .79 

5 .15 

NS - Non-significant. 
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Table 12 : Mean performance and genetic parameters for plant height 
in Parents, F and F_,M_ generations 

V a r i e t i e s / 
Treatments 

HLmalaya-1 

Phul P a t a s 72 

F (Himalaya-1 x 
•̂  Phul P a t a s 72) 

FJM (Himalaya-1 x 
^ T 'hu l Pa t a s 72) 

Himalaya-1 

China 988 

F (Himalaya-1 x 
^ China 988) 

FJW (Hxmalaya--
^ ' t lh ina 988) 

1 X 

Meanj^ SE 

56.19+1.01 

99.69+2.71 

82.68+1.26 

78.89+1.21 

56,90+0.86 

93.44+0.76 

78.14+1,19 

74,14+1.28 

GCV(%) 

NS 

NS 

9.09 

12.72 

NS 

NS, 

12,58 

16.64 

PCV(%) 

NS 

NS. 

16.07 

16.48 

NS 

NS. 

15.45 

18.57 

\ . 

NS 

NS. 

GA 

NS 

NS 

32.05 8.77 

59.65 16.17 

NS 

NS. 

66,47 

80.21 

NS 

NS. 

16.51 

22.76 

Table 13 : Mean performance and genetic parameters for number of 
t i l l e r s per plant in parents , F.̂  and FJI generations 

V a r i e t i e s / 
Treatments 

Himalaya-1 -

Phul Pa t a s 72 -

F (Himalaya-1 x 
-^hu l P a t a s 72) 

F M (Himalaya-1 x 
^ ^ Phul Pa t a s 72) 

Himalaya-1 

China 988 -

F (Himalaya-1 x 
^ China 988) 

F M (Himalaya-1 x 
^ ^ China 988) 

Mean+SE 

4 . 5 l j p . l 7 

3.80+0.18 

4.99+0.12 

5.61+0.12 

4.84+0.21 

6.35+0.33 

6.64+0,13 

5.98+0.12 

GCV(%) 

NS 

NS. . 

17.39 

15.46 

NS 

NS 

8.36 

11.26 

PCV(9 )̂ 

NS 

NS 

25.51 

24.05 

NS 

NS 

19.89 

20.37 

^ s 

NS 

NS 

^ . 4 6 

4 i . 3 0 

NS , 

NS. 

17.65 

30.57 

GA 

NS 

NS 

1.22 

1.15 

NS 

NS ' 

0 .48 

0 .77 

NS - Non-significant, 
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Table 1^ : Mean perfotmaace and,genetic parameters for Panicle length 
in parents , F and FJM generations 

S i : ^ e n l { Meanj^E GCV(%) I>CV(%) H ^ GA 

Himalaya-1 20.99+0.20 KS NS NS NS 

Phul P a t a s 72 22 .^^0 .^1 NS NS NS NS 

F_(Himalaya-1 X P h u l P a t a s 72) 21 .37+0 .12 2.5^ 5.11 2^.69 0.56 
J? — 

FJl (Himalaya-I x P h u l Patas 72) 2 i . 2 4 p . l l 2.^2 5.79 17.5^ O.Mf 

Himalaya-1 20.96+0.19 NS NS NS 1^ 

C h i n a 988 21.0^.18 NS NS. NS. . NS. 
F (Himalaya-1 x China 988) 20 .91+0 .11 2.36 5 . ^ 18.78 0.44 

FJl^CHiraalaya-l x China 988) 21.02+0.11 3.52 5.50 4 l .02 O.98 

Table 15 j Mean performance and genetic parameters for f e r t i l i t y 
percentage in parents , F.̂  and F_M- generations 

Himalaya-1 62.44*0.57 NS NS NS NS 

Phul Patas 72 53.37+1.25 NS. N S . NS NS 

F^(Himalaya-1 x Phul P a t a s 72) 50 .32+0 .81 12.01 17.35 47.92 8.62 

Fyi2(Himaaya-1 x Phul Patas 72) 47.67+0.85 7.82 l8.57 17.73 3.23 

Himalaya-1 56.4l_+1.02 NS NS NS NS 

China-988 50.65+1.09 NS NS NS NS 

F (Himalaya-1 x China 988) ' 52 .10+0.77 NS NS NS NS 

FM (Himalaya-1 x China 988) 51.95+0.72 NS NS NS NS 

NS - Non-significant. 

http://2i.24p.ll
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Table 16 J Mean performance and gene t i c parameters for 100-grain 
weight i n p a r e n t s , F_ and F J I generat ions 

S ^ I e n t ^ Mean^SE GCV(0;̂ ) PCV(%) H^^ GA 

Himalaya-1 

Phul Pa t a s 72 

F (Himalaya-1 x Phul Pa tas 72) 2.25+0.02 

2.05iP.02 

2.02ip.06 

2.25+0.02 

2.25ip.03 

2.03+0.01 

2.^¥),0^ 

2.^+0.02 

NS 

NS 

7.8l 

9.08 

NS 

NS 

5.57 

NS 

NS 

11.19 

12.73 

NS 

NS 

9.09 

NS 

NS 

48.66 

50.84 

NS 

NS 

37.57 

NS 

NS 

0.25 

0.32 

NS 

NS 

0.17 

F M (Himalaya-1 x Phul Pa tas72)2 .25sp .03 

Himalaya-1 

China 988 

F (Himalaya-1 x China 988) 

FM2(HimaLaya-1 X China 988) 2.^0*0.22 5 . 5 3 9.92 31.05 0 .15 

Table 17 : Mean perfotftmance and .gene t i c parameters for y i e l d pe r p l a n t 
i n p a r e n t s , F_ and FJ1_ genera t ions 

Himalaya-1 8 .25^0.^3 NS NS NS NS 

Phul Pa t a s 72 6.12*0.37 NS NS NS NS 

F (Himalaya-1 X Phul Pa tas 72) 6 . 4 : ^ . 1 7 19.4-7 28.29 48.85 1,83 

F_M (Himalaya-1 x Phul Pa t a s 72) 6,21+0.15 l 8 . 4 3 26.22 49 .42 1.66 

Himalaya-1 7.35+p»22 NS NS NS NS 

China 988 8.6740.35 NS NS NS NS 

F (Himalaya-1 x China 988) 7.22+0.18 24.46 27.35 80.03 3.26 

F M (Himalaya-1 x China 988) 6 . i i + p . l 6 24.79 28.23 76.54 2 .73 

NS - Non- s i g n i f i c a n t . 
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Pooled analysis of variance 

The resu l t s of pooled analysis of variance for various 

characters studied in two crosses are presented in Table l 8 , 

In the cross Himalaya-1 x Phul Patas 72, the pooled analysis 

of variance for treatments showed s igni f icant differences for a l l the 

characters studied except panicle length . The differences between 

Himalaya-1 and Phul Patas 72 were found to>be s igni f icant for a l l the 

characters except 100-grain weight, hov/ever, the differences between 

F and F_M were non-significant for a l l the charac ters . Significant 

differences between F , -̂jM verses parents were observed for days to 

heading, number of t i l l e r s per p lan t , f e r t i l i t y percentage, 100-grain 

weight and yield per p lan t , 

In the cross Himalaya-1 x China 988, the pooled analysis of 

variance for treatments showed s ignif icant differences for days to 

heading, p lant height , 100-grain weight and yield per p lant only. The 

differences between Himalaya-1 and China 988 were s igni f icant for plant 

height, 100-grain weight and yield per p l an t . Non-significant 

differences between F and FJd were observed for a l l characters studied 

except yield per p l an t . The differences between F_, F,M verses parents 
? J5 2 

were s ignif icant for days to heading, 100-grain weight and yield per 

plant only, 

The mean values for parents , F and F ^ for different-

characters are presented i n the Tables 1 9 - 2 0 separately for the two 

crosses, 
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Table 18 : Pooled analysis of variance for different characters i n 
Parents, F and FJI generations 

Source of Variation d.f, ' Mean squares 
Days Plant No.of Panicle Fer t i 100- Yield 
to height t i l l e r s / length l i t y g^ain per 
heading plant (cm) (.%) weight plant 

Himalaya~1 x Phul Patas 72 

Treatment 3 60.62* 96l.21* 1.76** 0.97 123.95 O.ol* 3.0^ 

Himalaya-1 Vs PP 72 1 156.0I* 2838.3^* Q.75 - 123.3* 0.00 6.8O 

F Vs FJl 1 0.00 11.65 0.58 - 10.56 0.00 0.06 

F , FJi^ Vs Parents 1 25.78* 33.6o 3.9^ - 237.99* O.13* 2.2? 

Error 6 2.43 25.76 0.12 0.21 1.96 0.00 O.36 

Himalaya-1 g China 988 

Treatment 3 29.66* 676.5^ I.87 0.01 13.38 O.13 * 3.3O 

Himalaya-1 Xs China 988 1 l8,59 2002.76* - - - O.30 2.^8 

F ^ V s F ^ 2 1 8 .1^ 2^.04 - - - 0.00 1.85 

F , FM^ Vs Parents 1 62.2S 2.83 - - - O.08* 3.3^* 

Error 6 6.20 7.21 0,6o 0.10 13.58 0.00 0.^ 

* - Significant at 3% l eve l 
** - Significant at •]% l eve l 

Days to heading 

In the oross Himalaya-1 x Phul Patas 72, the two parents were 

s ign i f ican t ly different as regards the days to heading. The mean number of 

days to heading in FJI population were almost same as F population and the 

differences were non-signif icant . The mean number of days to heading in F_ 
3 

and FJW were s ign i f ican t ly less as compared to Phul PataS 72, whereas, no 
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s igni f icant differences were observed when compared with Himalaya-1. 

In the cross Himalaya-1 x China 988, the two parents were 

s t a t i s t i c a l l y at par with each other in days to heading. The FJI took 

l e s s number of days to heading as compared to the F.^, however, the 

differences were non-signif icant . The mean number of days to heading 

in F and FJ l were s ign i f ican t ly l e s s as compared to China 988, viiereas, 

no s ignif icant differences were observed when compared with Himalaya-1. 

Plant height; 

In the cross Himalaya-1 x Phul Patas 72, the mean plant height 

of the parents were s ign i f ican t ly different from each other . The mean 

plant height of F population, was more than tha t of F ^ population, 

but the difference was not s ign i f ican t . The F 's and F_M ' s were 

s ign i f ican t ly shorter than the t a l l parent , v i z , , Phul Patas 72 but , 

s igni f icant ly t a l l e r than the short parent , v i a , , Himalaya-1, 

In the cross Himalaya-1 x China 988, the r e s u l t s were similar 

as observed in the cross Himalaya-1 x Phul Patas 72. 

Number of t i l l e r s per p lant ; 

In the cross Himalaya-1 x Phul Patas 72, the two parents were 

s ignif icant ly different from each other as regards the t i l l e r numbers per 

p l an t . The mean number of t i l l e r s per plant in F_M were same as that of 

the F , Both F aid FJ l had s ign i f ican t ly l ess number of t i l l e r s as 

compared to the parent Phul Patas 72. Only "^-^^ had s ign i f ican t ly higher 

number of t i l l e r s when compared to Himalaya-1, 

In the cross Himalaya-1 x China 988, non-significant differences 

were observed among various treatments for number of t i l l e r s per p l an t , 
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Panicle length: 

In both the crosses i . e . Himalaya-1 x Phul Patas 72 and Himalaya-1 

X China 988, the differences among the varioiis treatments were non-significant 

for panicle length, 

F e r t i l i t y percentage 

The parents involved in the cross Himalaya-1 x Phul Patas 72 

were s igni f icant ly different from each other as regard f e r t i l i t y percentage, 

The mean f e r t i l i t y percentage in FJl was s igni f icant ly l e s s when compared 

to F , In both F and FJ l , f e r t i l i t y percentage decreased s ign i f ican t ly 

as compared to the parents , 

The differences among treatments were non-significant in the 

cross Himalaya-1 x China 988 for f e r t i l i t y percentage. 

100-grain weight; 

In the cross Himalaya-1 x Phixl Patas 72, the two p.arents were 

s t a t i s t i c a l l y at par with each other as regards 100-grain weight. The 

difference between F and FJl for 100-grain weight was also non-signif icant , 

However, both F and FJM were having s ign i f ican t ly more 100-grain weight 

as compared to the parents , v i z . , Himalaya-1 and Phul Patas 72, 

In the cross Hlmalaya-1 x China 988, the parents involved were 

s ign i f ican t ly different from each other, however, the F and FJ l were 

s t a t i s t i c a l l y at par with each other . The mean 100-grain weight of both 

F and F_M was s ign i f ican t ly more as compared to Himalaya-1, however, 

there was no s ignif icant . - difference when compared with China 988, 

Yield per p lant 

In the cross Himalaya-1 x Phul Patas 72, the two parents differed 

s ign i f ican t ly from each other in yield per p lan t . No s ignif icant differences 
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•w&re observed in the mean when F and FJ^- were compared for yield per 

p l an t . The mean yield per plant of F and FJM were s igni f icant ly l e s s as 

compared to the higher yielding parent i . e . Himalaya-1, however, no 

s ignif icant differences were observed when compared to Phul Patas 72» 

The parents involved in the cross Himalaya-1 x China 988 were 

s igni f icant ly different from each other as regards yield per p l an t . The 

mean yield per p lant of FJl decreased s ign i f ican t ly as compared to the 

F_, The FJl had s igni f icant ly l ess yield as compared to the two parents , 

however^ only F had s igni f icant ly l e s s yield as compared to China 988, 
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Table 19 : Mean performance for different characters in Parents , F and 
FJi of the cross Himalaya-1 x Phul PataS 72 ^ 

Var ie t i es / Days to Plant No. of Panicle F e r t i l i t y 100- Yield/ 
Treatments heading height t i l l e r s length (.%) grain plant 

(cm) per plant (cm) weight(g) (g) 

Himalaya-1 9^.95lp.98 56.19+1.00 ^^40 .21 aD.99ip.20 62.^l4p.57 2.05ip.02 8,25jpM 

Phul 105.15+0.^9 99.69i2.71 6.5+0.32 22.3^M 53.37+1.28 2.0140.06 6.12+0.37 
Patas 72 "" "* - -

E (Himalaya-1 

X Phul Pat 
72) 

^7.08+0.59 82.68+1.26 4.99+0.11 21.37+0.12 50.32*0.81 2.25+0.02 6.45K).1 

FJI^(Himalaya-1 ^ ' 
X Phul 97.12+0.60 77.89+1.21 5.61+0.12 21.2^+0.11 47.67+0.84 2.24+0.03 6.12^p.15 

Patas 72) 

SB(m)+ 

CD 3% 

CD 1% 

cv 

+0.90 

2.73 

3.79 

1.58 

+2.93 

8.89 

12.32 

6.37 

+0.20 

0.63 

0.84 

7.29 

+0.27 

NS 

NS 

2. l4 

+0.08 

2.46 

3 . ^ 

2.62 

+0.02 

0.07 

0.09 

1.76 

+0.35 

1.05 

1.45 

8.87 

NS - Not s ign i f ican t . 

http://99.69i2.71
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Table 20 : Mean performance for different characters in Parents , F and 
F_M of the cross Himalaya-1 x China 988. ^ 

Var ie t i e s / Days to Plant No. of Panicle F e r t i l i t y 100- Yield per 
Treatments heading Heijght t i l l e r s length (%) grain plant (g) 

(cm) per plant (cm) weight(g) 

Himalaya-1 96.87+1.02 56.9040.86 ^.51+0.1? 20.96+0.19 56.^1+1.02 2 . 0 ^ . 0 1 7 . 5 ^ . 2 2 

China 988 100.39+0.83 9 3 . ^ ^ . 7 6 3.80¥).l8 2 1 . 0 ^ . 1 8 50 .65« ,09 2 . ^ 4 0 . 0 3 8.67+0.35 

F^(Himala- 95,3/1^.60 78 . l4+i . i9 6 .6%.13 20.19+0.11 52.10+0.77 2 . 6 ^ . 0 2 7 . 2 ^ 2 8 8 
ya-1 X China 
988) 

F_M XHima-
laya-1 x 92.9l+p.6l 7^.1^+1.28 5.98+0.11 21.02+0.11 5l .95lp .72 2 .^+0 .02 6.11+O.16 

Ghana 988) 

SE(m) 

CD 5% 

CB 1% 

CV 

+ 1 . % 

4.36 

6.95. 

2.62 

•1.55 

^.70 

6.52 

3.55 

ip.A-5 

HS 

NS 

13.01 

ip .19 

. NS 

NS 

1.5^ 

+2.12 

NS 

NS 

6.92 

+0.02 

0.08 

0.10 

1.84 

+0.28 

0.86 

1.20 

6.70 

NS - Not Significant. 

http://5l.95lp.72


DISCUSSION 



Chapter - 3 

DISCUSSION 

The major problem in breeding autogamous species is creation 

of useful and usable variation either through hybridization or mutagenesis, 

Mutation breeding offers an alternative to hybridization since quantitative 

Variation generated by two methods is equally heritable (Gregary, 1956; 

Gregory, 1961). In mutation induction programmes, the choice of genotype 

to be treated is very important since different genotypes differ in their 

response to mutagenic agents and although mutations increase the variance, 

in the absence of selection or correlated response, they shift the population 

mean away from its previous breeding history (Brock, 1965). It has, 

therefore, been proposed that mutagenesis should be applied to supplement 

the Variation generated following hybridization (Gregory, l96l). Due to the 

heterozygous nature of hybrid seed exposed to mutagenesis, release of 

Variability commences in the first generation following treatments. The 

treatment of heterozygous and heterogeneous F material allows mutational 

events to occur at both Heteroaiygous and homozygous loci. Variation in the 

treated hybrid may be caused in one or set of characters by point mutations, 

by enhancement of recombination rate and by chromosomal aberrations so as 

to release the latent variability in the blocks of linked genes and hence 

offer the same advantages as generally escpeoted from interraating in the early 

segregating generations, 

Gaul (1965)* discussing the usefulness of micro-mutations in plant 

breeding, opines that they might occur most frequently and on account of 

their being less deleterious, might not so aften result in reduced vitality, 
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Work done on induced mutations in polygenic characters in various crop 

plants has been reviewed extensively by Scossirol i (1965). I t i s evident 

from th i s review as well as subsequently published works tha t s tudies on 

micro-mutations had largely been fundamental in nature . This was i n sp i t e 

of the c l a s s i ca l work of Gregory (1968) on groundnut for the development 

of high yielding improved mutant va r ie t i es with micro-rautational approach. 

Among the various physical mutagens, gamma rays have been widely 

employed for the induction of genetic v a r i a b i l i t y , Sharma (1985) i n a 

review on induced mutagenesis in r i ce reported that UDI-Q r - rays ranged from 

25 kR for China 988 to ko kH for Jhona-351. 

Therefore, the present invest igat ion was dndertakoa to study the 

effects of gamma radiat ion (25 kR) on various metric characters inT->(F M ) 

and the following segregating generations (FJl-) in two crosses of r i c e , 

viz,, , Hiraalaya-1 x Phul Patas 72 and Himalaya-1 x China 988 to assess the 

magnitude of induced polygenic va r i ab i l i t y for yield and some quant i ta t ive 

characters and to study the ppectrum aid frequency of macromutations induced, 

The r e su l t s of the invest igat ion have been discussed as follows generationwise, 

1. Induction of polygenic v a r i a b i l i t y in F M generation 

Plant height decreased s ignif icant ly following 25 kR gamma 

i r r ad ia t ion of F seeds as compared to the F generations following 

hybridization in both the crosses . The observed decrease in plant height 

might e i ther be due to physiological damage or chromosomal aberrat ions, 

Reduction in plant height after i r r ad ia t ion of F seeds has also been 

reported by Saini and Shairaa (1970) and Virk et a l . (l978) in r i c e , 
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The number of t i l l e r per plant remained nnaffected in cross 

Himalaya-1 x China 988 after i r r ad ia t ion (^pM.,) when compared vdth 

unirradiated F . These observations are in agrement •with Virk jet al. (l978) 

who have also reported non-significant decrease of t i l l e r number in 

i r rad ia ted segregating generation as compared to unirradiated, \ifhereas, 

in cross Himalay.a-1 x Phul Patas 72i a s igni f icant increase in t i l l e r 

number was observed following gaiffina-irradiation of F seeds when compared 

with untreated F , No information i s available in the l i t e r a t u r e regarding 

increase in t i l l e r number after i r r ad ia t ion of F seeds as compared to F , 

Regarding panicle length, i r r ad ia t ion of F seeds did not effect 

the same s igni f ican t ly in cross Hiraalaya-1 x Phul Patas 72j however a 

s igni f icant decrease in panicle loagth following gamma-irradiation of F 

seeds of the cross Himalaya-1 x China 988 was observed as compared to the 

unirradiated F ' s . 

F e r t i l i t y percentage decreased d ras t i ca l ly in the 5" M of both 

the • . crosses as con5)ared to the F , The decrease in f e r t i l i t y percentage 

in the i r rad ia ted F may be due to chromosomal aberration as reported by 

Yeh and Henderson (1963) in pure breeding va r i e t i e s of r i c e . Similar r e su l t s 

have been reported in the M generations in r i c e after neutron and gamma 

i r r ad ia t ion by Miah et̂  a l . (1970) . The decrease in f e r t i l i t y percentage in 

the M generation following gamma-irradiation has also been repotted by 

Dogar (1981) and Bi j ra l (1982) in different r i ce v a r i e t i e s , 

100-grain weight was not affected by gamma-irradiation of F 

seeds in the cross Himalaya-1 x Phul Patas 72, whereas, s ignif icant decrease 

in weight of i r rad ia ted F was observed in the cross Himalaya-1 x China 988 

file:///ifhereas


when compared with the respective F »s . No information seems to be 

a^vailable in l i t e r a t u r e regarding the effect of i r r ad ia t ion of F seeds 

in r i c e for 100-grain weight. However, i t i s ^pa ren t from these r e s u l t s 

that i r r ad ia t ion has d i f fe ren t i a l effect on lOO-grain weight depending upon 

the genetic const i tut ion of backgrotmd genotype, 

The grain yield per plant decreased following gaBima-irradiation 

of F seeds in both the crosses as compared to the F segregating generation, 

The reduction in yield after i r r ad ia t ion may be due to the cummulative 

deterimental effect on a l l the yield contributing charac ters , especial ly 

reduced panicle length and reduced f e r t i l i t y . Similar r e su l t s of reduction 

in yield in M generation after gamma-irradiation have been reported by 

various workers, v i z . , Bhatia (l973)» Mehra (1975). Dogar (1981) and B i j r a l 

(1982) in pure va r i e t i e s of r i c e , 

In terms of variance, i t has been observed that i n F M generation 

(after i r r ad ia t ion of F seeds) , the variance increased s ign i f ican t ly for 

f e r t i l i t y percentage and lOO-grain weight in both the crosses , however, i t 

decreased s ign i f ican t ly for yield per p lant in comparison to F generation, 

For other characters , v i a . , p lant height, number of t i l l e r s per plant said 

panicle length the variance was almost the same in the F and i r r ad ia ted F 

generations, Gregory (1956) i n peanuts reported that in terms of standard 

deviation there was more var ia t ion generated i n both i r rad ia ted parents and 

i r rad ia ted hybrids than in unirradiated hybrids. In gaaeral , i t has been 

observed that p lants in M generation are chimeric in nature and the immediate 

change in plant character i s not of a permanent na ture . Changed genetic 

composition and the physiological disturbances comprise the phenotypic 

expression of M p l a n t s . The affect of physiological disturbances i s 



65 

eliminated almost completely in the subsequent generations. However, the 

manifestation of mutated character i s modified by backgrovind genotypes, 

but even then the extent of change in the genetic composition can 

ef f ic ien t ly be estimated in the M and subsequent generat ions. 

Spectrum and frequency of induced chlorophyll mutations in ^-M-, generation 

Regarding the spectrum of chlorophyll mutations, induced by 

gatmia rays treatments in the present study, albinas had the highest 

frequency in both the crosses followed by xantha« s t r i a t a , xantha-alba 

and v i r i d i s . Out of the t o t a l chlorophyll mutations, 63,71 p ^ cent and 

31.03 per cent of albinas were observed in the cross Himalaya-1 x Phul 

Patas 72 and Hiraalaya-1 x China 988 respect ive ly . Differences i n spectra 

of chlorophyll mutations induced by physical and chemical mutagens in r i c e 

have been reported by Konak _et_ _^ . ( i96 l ) Swaminathan jet _^.(1982), Basu and 

Basu (1969), Sharma (1970), Miah and Awan (1971), Kaushik ( l97^), Gupta (1976), 

Seetharam et a l ( l978), Nallathambi (1982), Sharma (l985) and many o thers . 

They have also reported the higher proportion of albina after i r r ad ia t ion 

as compared to the other chlorophyll mutations. The v i r i d i s was the r a r e s t 

of a l l chlorophyll mutations. Similar observations have been made by 

Basu (1969) in r i c e . The chlorophyll mutations have also been reported to 

a r i se spontaneously in r i ce (Imai, 1935; Ramiah and Rao, 1953)* However no 

spontaneous chlorophyll mutations were observed in the present study, 

In the cross Himalaya-1 x Phul Patas 72, the overal l frequency 

of chlorophyll mutations in the i r rad ia ted FJ1_ population based on M plant 

progeny basis was 27.83^^ and was higher than tha t calculated on the basis 

of M seedlings (3.09%). Similar ly, in the cross Himalaya-1 x China 988, 
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the overal l frequency calculated on M plant progeny baisis (30,6l%) was 

higher than that calculated on M seedlings basis (1.26?^). This suggests 

that a l l the t i l l e r s of a plant did no contain mutations, and only a few 

seedlings from different t i l l e r s contained mutations. Similar r e su l t s 

were obtained by Dogar ( l98l) in M and Gupta (1976) and Sharma (1977) in 

M , The frequency of chlorophyll mutations based on M plant progeny 

was higher in cross Himalaya-1 x China 988 as con^ared to cross Himalaya-1 

X Phul Patas 72 whereas, on M seedlings basis i t was higher in the cross 

Himalaya-1 x Phul Patas 72. This also suggest tha t the manifestation of 

mutated characters were modified by background genotypes. 

Albina was the most frequently occured chlorophyll mutations in both the 

crosses (l.97% in cross Himalaya-1 x Phul Patas 72 and 0.39% in cross 

Himalaya-1 x China 988) followed by Xantha (0.32% in cross Himalaya-1 x 

Phul Patas 72 and 0.28% in the cross Himalaya-1 x China 988), st i iat^ (0,37% 

in cross Himalaya-1 x Phul Patas 72 and 0.30% in cross Himalaya-1 x China 

988) ,xantha-allba (0.30% in cross Himalaya-1 x Phul Patas 72 and 0.20 in 

cross Himalaya-1 x China 988) and v i r i d i s ( O . l ^ in cross Himalaya-1 x Phul 

Patas 72 and 0.09% in cross Himalaya-1 x China 988). The frequency of 

Various chlorophyll mutations in the above order has also been refforted by 

Nallathambi (1982) in r i c e . The observed differences in the frequency of 

albina mutations in the two crosses may be due to the d i f fe ren t ia l response 

of different genotypes to mutagenic agents. However no desireable phenotypic 

mutants were available in the mater ia l . 
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Induction of polygenic va r i ab i l i t y in FJM generation 

In view of the economic importance of quant i ta t ive t r a i t s , 

the v a r i a b i l i t y induced by gamma rays iia M generation (F^M ) for various 

characters studied are discussed below. 

Significant differences have been observed within F., and FJ i 

progenies of the two grosses ,v iz , Himalaya-1 x PhulPatas 72 and Hiraalaya-1 

X China 988 for a l l the characters i . e . days to heading, plant height , 

number of t i l l e r s per p lan t , panicle length, f e r t i l i t y percentage, 100-grain 

weight and yield per plant except for f e r t i l i t y percentage in both F^ and 

F J i of the cross Hiraalaya-1 x China 988, 

The mean values for days to heading in FJI i n the two crosses , 

v i z . , Himalaya-1 x Phul Patas 72 and Himalaya-1 x China 988 remained 

unaffected following gamma-irradiation of F_ seeds as compared to the F ' s 

of the two crosses respect ively , thereby, suggesting tha t the mutations 

with plus and minus effects may have occured equally frequently in both 

the direct ions and thus the mean values remained same in F-il and F , 

populations. These r e su l t s are in conformity with the findings of Saini 

and Sharma (1970) vJio have reported that the mean values for days to heading 

in i r radia ted hybrid and unir r iadia ted hybrid segregating generations in 

r i c e were s imi la r . Similar r e su l t s have also been reported by Oka Qt_ jJL, 

(1958) and Bi j ra l (1982) in M generation of pure breeding va r i e t i e s t rea ted 

with gamma rays . The variance was higher i n the F_M as compared to F^ 

population of the cross Himalaya-1 x China 988 and the case was reverse in 

the ctoss Himalaya-1 x Phul Patas 72. However, the differences in variance 

between F and F_M of both the crosses were non-signif icant . Increase 

in va r i ab i l i t y for daysv to heading following mutagenic treatment of hybrid 
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seed in r i c e has also been reported by Saini and Sharraa (l970). Moderate 

estimates of h e r i t a b i l i t i e s in F_ and F_M„ (52.^5% and ij6.l7%) of the 
3 3 2 

cross Kimalaya-1 x Phul Patas 72 and only in FJL (¥f,l6%) of the cross 

Himalaya-1 x China 988 alongwith genetic advance as 6 ,8 l , 6.03 and 5.10 

per cent respect ively indicated the scope of improvement in the desired 

direct ion through se lec t ion . 

The mean values of the i r rad ia ted populations (F M »s) in the two 

crosses with respect to p lant height was almost the same as that of F , 

populations, thereby suggesting the poss ib i l i t y that the mutations with plus 

and minus effects occured equally frequently in both the d i rec t ions , Ihese 

findings are in agreement with those of Saini and Sharraa (l970) and Virk e_t al« 

(1978). In both the crosses, v i z . Himalaya-1 x Phul Patas 72 and Himalaya-1 

X China 988, the variances were higher in the i r rad ia ted segregating 

generation i^J^p) as compared to the unirradiated segregating generation 

(F ) . However the increase in variances in F-Jl over F in the two crosses 

were not s ign i f i can t . Increase i n variance was also reported by Miah and 

Yamaguchi (1964) and Saini and Sharma ^1970), Moderate estimates of 

h e r i t a b i l i t y in FJ l ( 5 9 . 6 ^ ) of the cross Himalaya-1 x Hiul Patas 72 and 

in both F and FJl^ (66.47% and 8o.21%) of the cross Himalaya-1 x China 988 

alongwith genetic advance as 16.17, 16.51 and 22.76 per cent res5>iectively 

suggest tha t select ion can be effective in these populations, 

The mean values for number of t i l l e r s per plant remained unaffected 

in the gamma rays treated populations (FJM ) of the two crosses, v i z . , 

Himalaya-1 x Phul Patas 72 and Himalaya-1 x China 988 aS compared to the 

respective F segregating populations. The observed non-significant differences 
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in the mean values of i r rad ia ted segregating and unirradiated segregating 

generation suggests t ha t mutations with plus and minus effects have 

occured equally frequently in both the d i rec t ions . Similar r e su l t s were 

also reported by Saini and Sharraa (l970) and Virk_et al.(1978)« Variances 

in the ^J^^ populatioiis were higher i n both the crosses as compared to 

thei r respect ive F populations, however, the differences were non­

s ign i f ican t , The estimates of h e r i t a b i l i t y and genetic advance were low 

in both F and FJl generations of the two crosses , indicat ing thereby 

very l i t t l e scope of improvement through se lec t ion for number of t i l l e r s 

per p lan t , 

The average panicle length remained xinaffected in F_M_ 

generations of both the crosses as compared to thd . r respective F ' s . No 

information i s available regarding the effect on panicle length after 

i r rad ia t ion of hybrid seeds in r i c e . Similar ly , the variances in FJ4 ' s 

and F ' s were same in both the crosses, IHie estimates of h e r i t a b i l i t y 

and expected genetic advance in both F and FJl populations were low in 

the two crosses indicat ing l i t t l e scope of improvement through select ion 

for th i s character in these populations, 

The f e r t i l i t y percentage decreased s ign i f ican t ly in the F,M^ 
D 2 

population as compared to F in the cross Himalaya-1 x Phul Patas 72 indica t ing 

possible occurence of polygenic mutations in the minus d i rec t ion , however, 

no differences were observed between F and FJ l of the cross Himalaya-1 x 

China 988, The variance was also higher in F_M population of the cross 

Himalaya-1 x Phul Patas 72 as compared to F • but, the differences were 

non-signif icant . The moderate estimates of h e r i t a b i l i t y (^7,92?^) and 

genetic advance (8.62^) were observed i n the F population of the cross 
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Himalaya-1 x Phul Patas 72. MhereaiS, in the FJl population the values 

of h e r i t a b i l i t y ( 1 7 . 7 ^ ) and genetic advance (3«23^) were low, indicat ing 

l i t t l e scope for improvement through se lec t ion , 

The average 100-grain weight did not change s ign i f ican t ly in the 

FJI populations in the two crosses as compared to the respective F ' s , 

These findings are in agreement with those of Sato (1966), Mehra (l975) and 

Bi j ra l (1982) in pure breeding r i ce v a r i e t i e s . In the cross Himalaya-1 x 

Phul Patas 72, the variance in the i r rad ia ted population was higher than 

that of unirradiated, v*.ereas, in the cross Himalaya-1 x China 988, the 

reverse was the case, however, the differences were non-significant in both 

the Cases, Although in the cross Himalaya-1 x Phul Patas 72, the estimates 

of h e r i t a b i l i t y were moderate in both F and F_M populations yet the values 

of genetic advance were low. However, in the cross Himalaya-1 x China 988, 

the estimates of both h e r i t a b i l i t y as well as goiet ic advance were low in 

both F , and F_jM , This indicates very l i t t l e scope for improvement t h r o u ^ 

select ion of 100-grain weight in a l l these populations, 

In the cross Himalaya-1 x Phul Patas 72, the mean yield per plant 

i n the FJ4 population remained unchanged as compared to the F , population, 

Similar r e su l t s have been reported by Saini and Sharraa (1970), Virk _et a l . 

(1978). They reported s imilar mean values for yield in the conventional 

segregating population and in the population produced after i r r ad ia t ion of 

hybrid seed in r i c e . On the other hand, the mean value for yield per plant 

i n the cross Himalaya-1 x China 988 in FJl was s ign i f ican t ly less as 

compared to F y ie ld . Sakai and Suauki (l96^) observed a s igni f icant sh i f t 

for plant height , plant weight and grain yield in r i ce var ie ty Norin-8 when 
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t reated vdth gamma rays (20 kR). The sh i f t in the mean might have been 

resul ted from induced polygenic mutations with unequal effects (Bateman, 

1959). A decrease in variance in the F J l was observed viien compared with 

tha t of the F i n both the crosses for yield per p lan t , however, the 

decrease was s ignif icant only in the cross Himalaya-1 x China 988. Virk 

_et a l , (1978) observed no increase in var ia t ion following i r r ad ia t ion of 

segregating generation for yield i n r i c e . They reported tha t the observed 

genetic 'variances in the i r rad ia ted hybrid in general are lower than expected 

because of the absence of any increase in F^ variance following i r r a d i a t i o n , 

The estimates of various genetic parameters, v i z , l j e r i t ab i l i t y and genetic 

advance are moderate to high only in the cross Himalaya-1 x China 988 i n 

both F and F M populations, thereby indicat ing bet ter scope of select ion 

for improvement of yield in tiiis case as compared to the cross Himalaya-1 x 

Phul Patas 72 where these estimates are very low, 

Some of the progenies l ike number 9 in F_ and number 12 in FJ l 

of the cross Himalaya-1 x Phul Patas IZ had higher yields p ^ plant in 

comparison to the highest yielding progeny of standard var ie ty , Himalaya-1, 

Similarly in the cross Himalaya-1 x China 988, progeny numbers 35 and 39 in 

F and number 18 in FJl had higher yields per p lant as compared to the 

highest yielding progaay of the recomended var ie ty . These progenies were also 

superior for one or more yield components l i k e number of t i l l e r s per p l an t , 

panicle length and 100-grain weight. Therefore, se lect ion of above progenies 

from the different populations and further advancing and evaluating them for 

yield and other component t r a i t s may lead to development of high yielding 

genotypes in r i c e , 

Concluding remarks 

Results of the present invest igat ion revealed th'at in the cross 

Himalaya-1 x Phul Patas 72, the means in i r rad ia ted F population (F M ) when 
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compared with unirradiated F showed s ignif icant decrease for panicle 

length, f e r t i l i t y percentage and yield per p lant ; increase for number of 

t i l l e r s per p lan t , whereas remained unaffected for plant height and 100-

grain weight. In the cross Himalaya-I x China 988, when i r rad ia ted j^\)o^'^^'<^ 

(F M ) was compared with unirradiated F , s igni f icant decrease in p lant 

height , panicle length, f e r t i l i t y percentage, 100 grain weight and yield 

per plant was observed in the i r rad ia ted F , The means however remained 

unaffected for number of t i l l e r s per p lan t , 

In both the crosses, the variance for yield per p lant decreased 

s ign i f ican t ly whereas, for f e r t i l i t y percentage and 100-grain weight 

the Variance increased s igni f icant ly following gamraa-ir?:adiation of 
'/Seeds 

F -VCF M ) seeds as compared to the unirradiated F , However, for p lant 

height , number of t i l l e r s per p lant and panicle length,Ino s ignif icant 

increajse or decrease in variances were observed between F and F M 

generations, 

Regarding the spectrum and frequency of chlorophyll mutation, 

i t has been observed tha t in both the crosses, albinas had the highest 

frequency followed by Xantha, s t r i a t a , xantha-alba and v i r i d i s . I t has 

also been observed that in both the crosses , the overal l frequency based 

on M̂  plant progeny was higher than that calculated on the basis of 

M„ seedl ings. In the FJ l generation the mean values for dif ferent 

characters in general , decreased as compared to F in both the crosses, 

In the F_M of the crossi: Himalaya-1 x Phul Patas 72, the mean values for 

plant height , panicle length, f e r t i l i t y percentage, 100-grain weight and 

yield per plant decreased as compared to F but wa3 signif icant only for 

f e r t i l i t y percentage. For characters , v i z , days to heading and number of 
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t i l l e r s per p lant the deviations were towards plus di rect ion but were 

non-signif icant . In the cross Himalaya-1 x China 988, the mean values in 

F J l shifted towards negative as compared to F for various characters , 

v i a . , days to heading, plant height , number of t i l l e r s per p l an t , f e r t i l i ty -

percentage, 100-grain weight and yield per p lan t , being s ignif icant only 

for yield per p lan t . However, for panicle length the mean shifted towards 

pos i t ive direct ion but was non-signif icant . 

Regarding the r e l a t i v e variances for various characters in F^ and 

F_M of the cross Hiraalaya-1 x Phul Patas 72, i t has been observed that in 

FJl the Variance decreased for days to heading, plant height , number of 

t i l l e r s per p lan t , panicle length, f e r t i l i t y percentage and yield per plant 

and increased only for 100-grain weight. However, the increase and decrease 

in Variances were non-signif icant . In the cross Himalaya-1 x China 988, the 

variances increased for days to heading, plant height, number of t i l l e r s 

per p lan t , panicle length, f e r t i l i t y percentage and 100-grain weight in 

F_M as compared to F^, but the increase was non-signif icant , whereat for 

yield per p lant the variance decreased s ign i f ican t ly , 

In general , there i s no evidence that the var ia t ion in the hybrid 

increase following i r r ad ia t ion for most of the characters . The effect of 

i r r ad ia t ion on the segregating population in producing her i table mutations, 

therefore, seems to be balancing out with no net gain or loss to the t o t a l 

phenotypic v a r i a b i l i t y as observed in the unirradiated segregating populations, 

The observed genetic variances in the i r rad ia ted hybrid, i n general , are 

lower than esppected, which may be because of the absence of any increase in 

F variance following i r r ad ia t ion (Virk et a l . 1978), 
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A few progenies^viz. , number 9 in F , and number 12 in FJM of 

the cross Himalaya-1 x Phul Pata3 72» and progeny numbers 35 and 39 in 
of-ffte crass Jumaie^d-l X China. ^S9 

F and number 18 in FJH^had higher yields per plant as compared to 

the highest yielding progeny of the recommended va r i e ty . These progenies 

were also superior for one or more of yield components, Therefore these 

progenies may be selected for fvirther t e s t ing and evaluation for yield 

and other component t r a i t s alongwith the recommended va r i e t i e s for 

developing high yielding genotypes in r i c e . 
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Chapter •« 6 
SUMMARY 

The p r e s e n t i n v e s t i g a t i o n was under taken t o s tudy the n a t u r e 

of Var i a t i on induced by gamma r a y s i n t h e seg rega t ing gene ra t ion of two 

c r o s s e s of r i c e and was c a r r i e d out dur ing the Kharif seasons of 1983 and 

198^. Dry F . s e e d s , s t a b i l i z e d a t ^y/o m o i s t u r e , of two c ros se s of r i c e , 
- 2 

v i z . Himalaya-1 x Phul Pa tae 72 and Himalaya-1 x China 988 were i r r a d i a t e d 

with 25 kR gamma r a y s . The experimental m a t e r i a l f o r t h e t r i a l dur ing 

kha r i f 1983 comprised F , F M of t h e two c rosses alongwith t h e i r p a r e n t s , 

During Kharif 198^, the ejcperimental m a t e r i a l comprised of F , F J l and 

t h e p a r e n t s of the above c r o s s e s . 

The o b j e c t i v e s of the p resen t i n v e s t i g a t i o n were as fo l lows : 

1. To a s se s s t h e magnitude of induced v a r i a b i l i t y fo r y i e l d and 

some q u a n t i t a t i v e t r a i t s , 

2 . To s tudy the spectrum and frequency of macj?o-mutation induced by 

gamma rays 

3« To explore the p o s s i b i l i t i e s of i s o l a t i n g d e s i r a b l e phenotypic 

mutan t s , 

Resu l t s of t h e p r e s e n t i n v e s t i g a t i o n revea led t h a t i n t h e c r o s s 

Himalaya-1 x Phul Pa tas 72 , t h e mean va lues i n the i r r a d i a t e d F popu la t ion 

(FJ l ) for some' c h a r a c t e r s , v i z , p a n i c l e l e n g t h , f e r t i l i t y percen tage and 

y i e l d per p l a n t decreased and for number of t i l l e r s per p l a n t i nc r ea sed 

s i g n i f i c a n t l y , as compared to x in i r radia ted F , However, for p l a n t he igh t 

and 100~grain weight , no d i f f e r e n c e s were observed i n t h e two p o p u l a t i o n s , 
ptajbcddion 

In the c ross Himalaya-1 x China 988, when i r r a d i a t e d F i(F M ) was compgtred 

with u n i r r a d i a t e d F , s i g n i f i c a n t decrease i n p l a n t h e i g h t , p a n i c l e l e n g t h , 

f e r t i l i t y p e r c e n t a g e , 100-grain weight and y i e l d per p l a n t was observed i n 

t h e i r r a d i a t e d F , The means however, remained unaffec ted for number of 

t i l l e r s per p l a n t , 
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In both the crosses, the variance for yield per p lant decreaised 

s igni f icant ly , whereas for f e r t i l i t y percentage and 100-grain weight the 

variance increased s igni f icant ly following gamma-irradiation of F seeds 

as compared to the unirradiated F , However, for plant height, number of 

t i l l e r s , per plant and panicle length, no s igni f icant increase or decrease 

in variances were observed between F and F M generations, 

Regarding the spectrum of chlorophyll mutations in the seedlings 

of FJ l g^ierat ion i t was observed tha t chlorophyll mutations comprised 

mostly of al bin a i . e . 67,31% in the cross Himalaya-1 x Phul Patas 72 and 

31.0;^ in the cross Himalaya-1 x China 988 of the t o t a l chlorophyll 

mutations, followed by xanthai s t r i a t a , xantha-alba and v i r i d i s . In the 

cross Himalaya-1 x Phul Patas 72, the overa l l frequency of chlorophyll 

mutations in the i r rad ia ted F population (J-Mp) based on M plant progeny 

was higher i2?,8j/o) than that calculated on the basis of M seedlings 

(3.09%). Similar ly, in the cross Himalaya-1 x China 988, the overa l l 

frequency calculated on M plant progeny basis was higher (30.61%) than 

that calculated on M seedling basis (1,26%), This suggests t ha t 

mutations did not occur in a l l the t i l l e r s of a plant and actual ly only a 

few seedlings from different t i l l e r s were mutated. No desirable phenotypic 

mutants were available in the present study, 

In the F M generation, the mean values for dif ferent 

characters , in general , decreased as compared to F in both the crosses , 

In the F M of the cross Himalaya-1 x Phul Patas 72, the mean values for 

plant height, panicle length, f e r t i l i t y percentage, 100-grain weight and 

yield per p lant decreased as compared to F but was s igni f icant only for 
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f e r t i l i t y percentage. For other characters , v i z , days to heading and 

number of t i l l e r s per plant the deviations were towards plus direct ion 

but were non-signif icant . In the cross Himalaya-1 x China 988, the 

mean values in F_M shifted towards negative as compared to F^ for 

characters , v i z , days to heading, plant height, number of t i l l e r s per 

p lan t , f e r t i l i t y percentage, 100-grain weight and yield per p lan t , being 

s igni f icant ly only for yield per p l an t . However for panicle length 

the mean shifted towards pos i t ive direct ion but was non-signif icant , 

Regarding the r e l a t i v e variances for various characters in F 

and FJ4 of the cross Himalaya-I x Phul Patas 72, i t hag been observed 

that in FJl the variance decreased for days to heading, plant height , 

number of t i l l e r s per p lan t , panicle length, f e r t i l i t y percentage and 

yield per plant and increased only for 100-grain weight. However, the 

increase and decrease in variances were non-s ig i i f i can t . In the cross 

Hifflalaya-1 x China 988, i t has been observed tha t the variances increased 

for days to heading, plant height, number of t i l l e r s per p l an t , panicle 

length, f e r t i l i t y percentage and100-grain weight in FJ l as compared to 

F , but the increase was non-significant whereas, for yield per plant the 

Variance decreased s ign i f ican l ly , 

In general , there i s no evidence that the var ia t ion in the 

hybrid increases following i r r ad ia t ion for most of the characters . The 

effect of i r r ad ia t ion on the segregating population in producing her i table 

mutations, therefore , seems to be balancing out with no net gain or loss to 

the t o t a l phenotypic v a r i a b i l i t y observed in the lanirradiated F , generations, 

A few progenies l i k e number 9 in F and number 12 in FJl of the 

cross Himalaya-1 x Phul Patas 72; and progeny numbers 35 and 39 in F , and 
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number 18 in F M̂  of the cross HimaLaya-1 x China 988, had higher yields 
J? 2 

per plant as compared to the highest yielding progeny of the recommended 

check Variety, These progenies were also superior for one or more yield 

components, v iz ntmiber of t i l l e r s per p lan t , panicle length and 100-grain 

weight. Further tes t ing and evaluation of these progenies mgiy lead to 

development of high yielding genotypes in r i c e , 
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